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Preface 

This document is the 3rd of 12 Parts of the official triennial compilation and publication of the 
adoptions, alnendments and repeal of administrative regulations to California Code of Regulations, Title 
24, also referred to as the California Building Standards Code. This Part is known as the California 
Electrical Code and incorporates, by adoption, the 2011 edition of the National Electrical Code of the 
National Fire Protection Association with the California amendments 

The California Building Standards Code is published in its entirety every three years by order of the 
California legislature, with supplements published in intervening years. The California legislature 
delegated authority to various State agencies, boards, comn1issions and departments to create building 
regulations to implement the State's statutes. These building regulations or standards, have the same 
force of law, and take effect 180 days after their publication unless otherwise stipulated. The California 
Building Standards Code applies to occupancies in the State of California as annotated. 

A city, county or city and county may establish more restrictive building standards reasonably necessary 
because of local climatic, geological or topographical conditions. Findings of the local condition( s) and 
the adopted local building standard(s) must be filed with the California Building Standards Commission 
to become effective and may not be effective sooner than the date filed with the California Building 
Standards Commission and in no case sooner than the effective date of this edition of California 
Building Standards Code. Local building standards that were adopted and applicable to previous 
editions of the California Building Standards Code do not apply to this edition without appropriate 
adoption and the required filing. 

To familiarize yourself with the format of this code, it is suggested that users review the following 
contents: 

• How To Distinguish Model Code Language From California Amendments 

• Matrix Adoption Tables, located at the beginning of each chapter. 

Should you find publication (e.g., typographical) errors or inconsistencies in this code or wish to offer 
comments toward improving its format, please address your comments to: 

2013 California Electrical Code 

California Building Standards Commission 
2525 Natomas Park Drive, Suite 130 

Sacramento, CA 95833-2936 

Phone: (916) 263-0916 
FAX: (916) 263-0959 

Web Page: www.bsc.ca.gov 
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How to Distinguish Between Model Code Language 

California Amendments 

To distinguish between model code language and the incorporated California amendments, including 
exclusive Califonlia standards, California amendments will appear in italics. 

Symbols in the margins indicate the status of code changes as follows: 

This symbol identifies which State agency( s), by its "acronym", has an1ended a section of the 
model code. For a complete listing of the State agency acronyn1s, see the Application Section 
within Chapter 1. 

C 
A This symbol indicates a California amendment has been made to the model code. 

This symbol indicates that a change has been made to a California amendment. 

This symbol indicates deletion of California language. 

NOTATIONS USED NATIONAL ELECTRICAL CODE 

The following notation appears in the National Electrical Code to aid the user: 

The user 
should inspect this text carefully, as some requirements may have been changed. 

I A vertical line in the Inargin indicates an entirely new article. 
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Example: 

CALIFORNIA MATRIX ADOPTION TABLES 

California Matrix Adoption Tables 

Format of the Matrix Adoption Tables 

The matrix adoption tables, which follow, show the user which state agencies have 
adopted and/or amended given sections of model code for applications within their 
respective authorities. See Article 89, Sections 089.102 through 89.114, for building 
application and enforcement responsibilities. 

The side headings identify the scope of the state agencies' adoption as follows: 

Adopt the entire NEC article without state amendments 

If there is an "X" under a particular state agency's acronym in this row, it means that 
particular state agency has adopted the entire model code chapter without any state 
amendments. 

ARTICLE 89· GENERAL CODE PROVISIONS 

Adopting Agency BSC SFM HCD DSA OSHPD 

1 2 AC SS 1 2 3 

Adopt Entire Article 

Adopt Entire Article as amended 
(amended sections listed below) 

..•... ,,, .... , .... 

~ T- .- -- - r - - I Adopt only those sections that are X 
listed below I ", I 

'~ .. - - " ,-~ 

Article I Section 

89.101 X X 

89.102 X X 

Adopt the entire NEC article as amended (amendments listed below) 

If there is an "X" under a particular state agency's acronym in this row, it means that 
particular state agency has adopted the entire model code chapter, with state amendments. 

Each state-amended section that the agency has added to that particular chapter is 
listed. There will be an "X" in the colmnn, by that particular section, under the agency's 
acronym, as well as an "X" by each section that the agency has adopted. 

2013 California Electrical Code 
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CALIFORNIA MATRIX ADOPTION TABLES 

Example: 
ARTICLE 89 • GENERAL CODE PROVISIONS 

Adopting Agency SSC SFM HCD DSA OSHPD 

1 2 AC SS 1 2 3 4 

Adopt Entire Article 

Adopt Entire Article as amended X 
(amended sections listed below) 

1.--- ,- ._- ' -

i 
-~ r--. r- - r- - -

Adopt only those sections that are listed I 

below I ': 
I / ---

,- ,- - - ,-

Article / Section 

89.101 X 

89.102 X 

Adopt only those sections which are listed below: 

If there is an "X" under a particular state agency's acronym in this row, it means that 
particular state agency is adoption only specific model code or state-amended sections 
within this chapter. There will be an "X" in the column under the agency's acronym, as 
well as an "X" by each section that the agency has adopted. 

Example: 
ARTICLE 89 • GENERAL CODE PROVISIONS 

Adopting Agency SSC SFM HCD DSA OSHPD 

1 2 AC SS 1 2 

Adopt Entire Article 

Adopt Entire Article as amended 
(amended sections listed below) 

~ 

Adopt only those sections that are listed X 
\ .... 

I I 

below 
I 

\ 

Article / Section ....... , .... .•..•...• ...... .. 

89.101 X 

89.102 X 

Legend of Abbreviations of Adopting State Agencies 

BSC 
SFM 

California Building Standards Commission 
Office of the State Fire Marshal 
Department of Housing and Community Development 
Division of the State Architect - Access Compliance 
Division of the State Architect - Structural Safety 

3 

l 
...• .. . ..... 

I 

I 

DPH 

DPH 

4 

HCD 
DSA-AC 
DSA-SS 
DSA-SS/CC 
OSHPD 
DPH 

Division of the State Architect - Structural Safety/Community Colleges 
Office of Statewide Health Planning and Development 
California Department of Public Health 
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ARTICLE 89 - CALIFORNIA MATRIX ADOPTION TABLE 

CALIFORNIA ARTICLE 89 .. GENERAL CODE PROVISIONS 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

I 

1 1·AC 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article 

Adopt Entire Article as amended 
(amended sections listed below) 

I 

Adopt only those sections that are X X X X X X X X X X X X X 
listed below 

! 

Article / Section i 
89.101 X X X X X X X X X X X I 

89.102 X 

89.107 X 
I 

89.108 X X X 

89.109 X 

89.109.1 X 

89.109.2 X X 

89.110.1 X 

89.110.2 X 

89.110.3 X 

89.110.4 X I 
89.111 X 
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CALIFORNIA ARTICLE 89 GENERAL CODE PROVISIONS 

CALIFORNIA ARTICLE 89 
GENERAL CODE PROVISIONS 

SECTION 89.101 

GENERAL 

89.101.1 Title. These regulations shall be known as the 
California Electrical Code, may be cited as such and will be 
referred to herein as "this code. '.' The California Electrical 
Code is Part 3 of twelve parts of the official compilation and 
publication of the adoption, amendment, and repeal of 
electrical regulations to the California Code of Regulations, 
Title 24, also referred to as the California Building Standards 
Code. This part incorporates by adoption the 2011 National 
Electrical Code ~f the National Fire Protection Association 
with necessaty California amendments. 

89.101.2 Purpose. The pUJpose of this code is to establish the 
minimum requirements to sqfeguard the public health safety 
and general welfare through structural strength means of 
egress facilities, stability, access to persons with disabilities, 
sanitation, adequate lighting and ventilation, and energy 
conservation,' sqjety to life and property from fire and other 
hazard~ attributed to the built environment,' and to provide 
sqjety to fire fighters and emergency responders during 
emergency operations. 

89.101.3 Scope. The provisions of this code shall apply to the 
construction, alteration movement, enlargement, replacement, 
repair, equipment, use and occupancy, location, maintenance, 
removal and demolition of every building or structure or anv 
appurtenances connected or attached to such building ;r 
structures throughout the State of California. 

89.101.3.1 Nonstate-Regulated Buildings, Structures, 
and Applications. Except as modified by local ordinance 
pursuant to Section 89.101.8, the building standards in 
the California Code of Regulations, Title 24, Parts 2, 
3, 4, 5, 6, 9, 10 and 11 shall apply to all occupancies and 
applications not regulated by a state agency. 

89.101.3.2 State-Regulated Buildings, Structures, and 
Applications. The model code, state amendments to the 
model code, andlor state amendments where there are no 
relevant model code provisions shall apply to the 
follOWing buildings, structures, and applications 
regulated by state agencies and as specified in Sections 
89.102 through 89.114, except where modified by local 
ordinance pursuant to Section 89.101.8. When adopted 
by a state agency, the provisions of this code shall be 
enforced by the appropriate enforcing agency, but only to 
the extent of authority granted to such agency by the state 
legislature. 

2013 California Electrical Code 

Note: See Preface to distinguish the model code 
provisions from the California provisions. 

1. State-owned buildings, including buildings 
constructed by the Trustees of the Caltfornia State 
University, and to the extent permitted by California 
laws, buildings designed and constructed by the 
Regents of the University of California, and regulated 
by the Building Standards Commission. See Section 
89.102 for additional scope provisions. 

2. Reserved for Corrections Standards Authority. See 
Section 89.103 for additional scope provisions. 

3. Reserved for the Department of Consumer Affairs. 
See Section 89.104 for additional scope provisions. 

4. Reserved for the California Energy Commission. 
See Section 89.105 for additional scope provisions. 

5. Reserved for the Department of Food and Agriculture. 
See Section 89.106 for additional scope provisions. 

6. Organized camps, laborat01Y animal quarters, public 
swimming pools, radiation protection, commissaries senJing 
mobile food preparation vehicles and wild animal 
quarantine facilities regulated by the California Department 
of Public Health (DPHj. See Section 89.107/01' additional 
scope provisions. 

7. Hotel~~ motel'), lodging houses, apartment houses, 
dwellings, donnitories, condominiums, shelters for 
homeless persons, congregate residences, employee 
housing, factory-built housing, and other types of dwellings 
containing sleeping accommodations with or without 
common toilets or cooking facilities. See Section 
89.108.2.1.1 for additional scope provisions. 

8. Accommodations for persons with disabilities in 
buildings containing newly constructed covered 
multifamily dwellings, new common use spaces serving 
existing covered multifamily dwellings, additions to 
existing buildings where the addition alone meets the 
definition of "COVERED MULTIFAMILY 
DWELLINGS, II and common-use spaces serving 
covered multifamily dwellings which are regulated by 
the Department of Housing and Community 
Development. See Section 89.108.2.1.2 for additional 
scope provisions. 
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A 9. Permanent buildings and permanent accessory 

buildings or structures constructed within mobilehome 
parks and ~pecial occupancy parks regulated by the C 
Department of Housing and Community Development. See A 
Section 89.108.2.1.3 for additional scope provisions. C 

A 
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10. Accommodations for persons with disabilities 
regulated by the Division of the State Architect. See 
Section 89.109.1 for additional scope provisions. 

11. Public elementary and secondary schools, 
community college buildings, and state-owned or state
leased essential service buildings regulated by the 
Division of the State Architect. See Section 89.109.2 for 
additional scope provisions. 

12. Qualified historical buildings and structures and 
their associated sites regulated by the State Historical 
Building Safety Board with the Division of the State 
Architect. See Section 89.109.3 for additional scope 
provisions. 

13. General acute care hospitals, acute psychiatric 
hospitals, skilled nursing and/or intermediate care 
facilities, clinics licensed by the California Department 
of Public Health (DPH) and correctional treatment 
centers regulated by the Office of Statewide Health 
Planning and Development. See Section 89.110 for 
additional scope provisions. 

14. Applications regulated by the Office of the State 
Fire Marshal include, but are not limited to, the 
following in accordance with Section 89.111: 

70-2 

1. Buildings or structures used or intended for use as an: 

1.1. Asylum, jail, prison. 

1.2. Mental hospital, hospital, home for the elderly, 
children's nursery, children's home or institution, 
school or any similar occupancy of any capacity. 

1.3. Theater, dancehall, skating rink, auditorium, 
assembly hall, meeting hall, nightclub, fair building, or 
similar place of assemblage where 50 or more persons 
may gather together in a building, room or structure 
for the purpose of amusement, enteJ1ainment, 
instruction, deliberation, worship, drinking or dining, 
awaiting transportation, or education. 

1.4. Small family day care homes, large family day 
care homes, residential facilities and residential 
facilities for the elderly and residential care facilities. 

1.5. State institutions or other state-owned or state
occupied buildings. 

1.6. High rise structures. 

1.7. Motion picture production studios. 

1.8. Organized camps. 

1.9. Residential structures. 

2. Tents, awnings or other fabric enclosures used in 
connection with any occupancy. 

3. Fire alarm devices, equipment and systems in 
connection with any occupancy. 

4. Hazardous materials, flammable and 
combustible liquids. 

5. Public school automatic fire detection, alarm, and 
sprinkler systems. 

6. Wildland-Urban Interface (WUI) fire areas. 

15. Reserved for the State Librarian. See Section 89.112 for 
additional scope provisions. 

16. Reserved for the Department of Water Resources. See 
Section 89.113 for additional scope provisions. 

17. Reserved for the California State Lands Commission. 
See Section 89.114 for additional scope provisions. 

89.101.3.3 Exemptedfrom this Code. This code does 
not cover: 

(A) 1. Installations in ships, watercraft other than 
floating dwelling units, railway rolling stock, 
aircraft, automotive vehicles, commercial coaches, 
mobilehomes, and recreational vehicles. 

(B) 2. Installations underground in mines, mine 
shafts and tunnels. 

(C) 3. Installations of railways for generation, 
transformation, transmission, or distribution of 
power used exclusively for operation of rolling stock 
or installations used exclusively for signaling and 
communication purposes. 

(D) 4. Installation of communication equipment 
under the exclusive control of communication 
utilities, located outdoors or in building spaces used 
exclusively for such installations. 

(E) 5. Installations under the exclusive control of 
electrical utilities for the purpose of communication, 
or metering; or for the generation, control, 
transformation, transmission, and distribution of 
electrical energy located in buildings used 
exclusively by utilities for such purposes or located 
outdoors on property owned or leased by the utility 
or on public highways, streets, roads, etc., or 
outdoors by established rights on private property. 

Exception to (D)4 and (E) 5: In places of 
employment, the following shall apply: installations 
of conductors, equipment and associated enclosures 
subject to the jurisdiction of the California Public 
Utilities Commission, that are owned, operated and 
maintained by an electric, communications or 
electric railway utility, but not including conduit, 
vaults, and other like enclosures containing 
conductors and equipment of such a utility when 
located indoors or on premises not used exclusively 
for utility purposes, but do not apply to the utility's 
conductors and equipment therein. 

(F) 6. Installations on highways or bridges. 
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C 89.101.4 Annexes. Provisions contained in the annexes of 
A this code shall not apply unless specifically adopted by a 
C state agency or adopted by a local enforcing agency in 
A compliance with Health and Safety Code Section 18901 et 
~ seq. for Building Standards Law, Health and Sqfety Code 
C Section 17950 for State Housing Law and Health and 
A Safety Code Section 13869.7 for Fire Protection Districts. 
C See Section 89.101.8 of this code. 
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89.101.5 Referenced Codes. The codes, standards and 
publications adopted and set forth in this code, including 
other codes, standards and publications referred to therein 
are, by title and date of publication, hereby adopted as 
standard reference documents of this code. When this code 
does not specifically cover any subject related to building 
design and construction, recognized architectural or 
engineering practices shall be employed. The National Fire 
Codes, standards and the Fire Protection Handbook of the 
National Fire Protection Association are permitted to be 
used as authoritative guides in determining recognized fire 
prevention engineering practices. 

89.101.6 Non-Building Standards, Orders and 
Regulations. Requirements contained in the National 
Electrical Code, or in any other referenced standard, code 
or document, which are not building standards as defined 
in Health and Safety Code Section 18909 shall not be 
construed as part of the provisions of this code. For 
nonbuilding standards, orders, and regulations, see other 
titles of the California Code of Regulations. 

89.101.7 Order of Precedence and Use. 

89.101. 7.1 Differences. In the event of any differences 
between these building standards and the standard 
reference documents, the text of these building standards 
shall govern. 

89.101. 7.2 Specific Provisions. Where a specific 
provision varies from a general provision, the specific 
provision shall apply. 

89.101. 7.3 Conflicts. When the requirements of this code 
conflict with the requirements of any other part of the 
California Building Standards Code, Title 24, the most 
restrictive requirements shall prevail. 

89.101.8 City, County, or City and County Amendments, 
Additions or Deletions. The provisions of this code do not 
limit the authority of city, county, or city and county 
governments to establish more restrictive and reasonably 
necessaty differences to the provisions contained in this 
code pursuant to complying with Section 89.101.8.1. The 
effective date of amendments, additions, or deletions to 
this code by city, county or city and county filed pursuant 
to Section 89.101.8.1 shall be the date filed. However, in 
no case shall the amendments, additions or deletions to 
this code be effective any sooner than the effective date of 
this code. 
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Local modifications shall comply with Health and Safety 
Code Section 18941.5 for Building Standards Law, Health 
and Safety Code Section 17958 for State Housing Law or 
Health and Safety Code Section 13869.7 for Fire 
Protection Districts. 

89.101.8.1 Findings and Filings. 

1. The city, county, or city and county shall make 
express findings for each amendment, addition or 
deletion based upon climatic, topographical, or 
geological conditions. 

Exception: Hazardous building ordinances and 
programs mitigating unreiriforced masonry buildings. 

2. The city, county, or city and county shall file the 
amendments, additions, or deletions expressly 

marked and identified as to the applicable findings. 
Cities, counties, cities and counties, and fire 

departments shall file the amendments, additions or 
deletions, and the findings with the California 
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Building Standards Commission at 2525 Natomas A 
Park Drive, Suite 130, Sacramento, CA 95833. C 

3. Findings prepared by .fire protection districts ~ 
shall be ratified by the local city, county, or city and A 
county and filed with the California Department of C 
Housing and Community Development, Division of A 
Codes and Standards, P.D. Box 1407, Sacramento, CA C 
95812-1407 or at 1800 3rd Street, Room 260, A 
Sacramento. CA 95811. C 

89.101.9 Effective Date of this Code. Only those standards ~ 
approved by the California Building Standards Commission A 
that are effective at the time an application for building permit C 
is submitted shall apply to the plans and specifications for. and A 
to the construction petjormed under, that permit. For the C 
effective dates of the provisions contained in this code, see the A 
Hist01Y Note page of this code. C 

89.101.10 Availability of Codes. At least one complete ~ 
copy each of Titles 8, 19, 20, 24, and 25 with all revisions A 
shall be maintained in the o.ffice of the building official C 
responsible for the administration and enforcement of this A 
code. Each state department concerned and each city, C 
county or city and county shall have an up-to-date copy of A 
the code available for public inspection. See Health and C 
Safety Code Section 18942 (d) (1) and (2). ~ 
89.101.11 Format. This part fundamentally adopts the C 
National Electrical Code by reference on a chapter-by- A 
chapter basis. When a specific chapter of the National C 
Electrical Code is not printed in the code and is marked A 
"Reserved", such chapter of the National Electrical Code ~ 
is not adopted as a portion of this code. When a specific C 
chapter of the National Electrical Code is marked "Not A 
adopted by the State of California" but appears in the C 
code, it may be available for adoption by local ordinance. A 
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C Note: Matrix Adoption Tables at the front of each 
A chapter may aid the code user in determining which 
C chapter or sections within a chapter are applicable to 
A buildings under the authority of a specific state 
~ agency, but they are not to be considered regulatory. 

C 89.101.12 Validity. {f any chapter, article, section, 
A subsection, sentence, clause or phrase of this code is for 
C any reason held to be unconstitutional, contrary to statute, 
A exceeding the authority of the state as stipulated by 
C statutes, or otherwise inoperative, such decision shall not 
A C affect the validity of the remaining portion of this code. 
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SECTION 89.102 

BUILDING STANDARDS COMMISSION 

89.102.1 Specific scope of application of the agency 
responsible for enforcement, the enforcement agency, and 
the specific authority to adopt and enforce such 
provisions of this code, unless otherwise stated. 

70-4 

1. State Buildings for all occupancies. 

Application State buildings (all occupancies), including 
buildings constructed by the Trustees of the California 
State University and the Regents of the University of 
California where no state agency ha. ... the auth01ity to adopt 
building standards applicable to such buildings. 

Enforcing Agency - State or local agency specified by 
the applicable provisions of law. 

Authority Cited - Health and Safety Code section 
18934.5. 

Reference - Health and Safety Code, Division 13, Part 
2.5, commencing with section 18901. 

2. University of California, California State Universities, 
and California Community Colleges. 

Application - Standards for lighting for parking lots 
and primary campus walkways at the University of 
California, Cahfornia State Universities, and 
Cal(fornia Community Colleges. 

Enforcing Agency State or local agency specified by 
the applicable provisions of law. 

Authority Cited - Government Code section 14617. 

Reference - Government Code section 14617. 

3. Existing State-Owned Buildings, including those owned 
by the University of California and by the California State 
University- Building seismic retrofit standards including 
abating falling hazards of structural and nonsffuctural 
components and strengthening qf building sffuctures. See 
also Division qf the State Architect. 

Enforcing Agency State or local agency specified by 
the applicable provisions qf law. 

Authority Cited - Government Code section 16600 

Reference - Government Code sections 16600 
through 16604 

4. Unreinforced Masonry Bearing Wall Buildings. 

C 
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Application - Minimum seismic strengthening standards C 
for buildings spectfied in Appendix Chapter 1 of the A 
California Code for Building Conservation, except for C 

A 
buildings subject to building standards adopted pursuant C 
to Part 1.5 (commencing with Section 17910). A 

Enforcing Agency State or local agency specified by C 
the applicable provisions qf law. A 

C 
Authority Cited - Health and Safety Code section A 
18934.6 C 

Reference Health and Safety Code sections 18901 
through 18949 

89.102.2 Alternative Materials, Design And Methods Of 
Construction And Equipment 

The provisions of this code are not intended to prevent the 
installation of any material or to prohibit any design or 
method of consffuction not specifically prescribed by this 
code, provided that any such alternative has been approved 
An alternative material, design or method of construction shall 
be approved where the building official finds that the proposed 
design is satisfactory and complies with the intent of the 
provisions of this code, and that the material, method or work 
offered is, for the purpose intended, at least the equivalent of 
that prescribed in this code in quality, strength, effoctiveness, 
fire resistance, durability and safety. 

89.102.2.1 Research Reports. Supporting data, where 
necessary to assist in the approval of materials or 
assemblies not specifically provided for in this code, shall 
consist of valid research reports/rom approved sources. 

89.102.2.2 Tests. Whenever there is insufficient evidence 
qf compliance with the provisions of this code, or 
evidence that a material or method does not conform to 
the requirements of this code, or in order to substantiate 
claims for alternative materials or methods, the building 
official shall have the authority to require tests as 
evidence 0/ compliance to be made at no expense to the 
jurisdiction. Test methods shall be as specified in this 
code or by other recognized test standards. In the 
absence of recognized and accepted test methods, the 
building official shall approve the testing procedures. 
Tests shall be peiformed by an approved agency. Reports 
of such tests shall be retained by the building official for 
the period required for retention of public records. 

SECTION 89.103 

RESERVED FOR CORRECTIONS STANDARDS 
AUTHORITY 

SECTION 89.104 

RESERVED FOR THE DEPARTMENT OF 
CONSUMER AFFAIRS 
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SECTION 89.105 

RESERVED FOR THE CALIFORNIA ENERGY 
COMMISSION 

SECTION 89.106 

RESERVED FOR THE DEPARTMENT OF FOOD 
AND A GRIGULTURE 

SECTION 89.107 

CALIFORNIA DEPARTMENT OF PUBLIC 
HEALTH 

C 89.107 Specific scope of application of the agency 
A responsible for enforcement, the enforcement agency, and 
C the specific authority to adopt and enforce such 
~ provisions of this code, unless otherwise stated. 
;..if 
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Application -Commissaries serving mobile food 
preparation units and public swimming pools 

Enforcing Agency The California Department of 
Public Health and the local health agency. 

Authority Cited Health and Safety Code sections, 
114304,116050, and 131200. 

Reference - Health and Safety Code sections 
114304,116050,116053 and 131200. 

SECTION 89.108 

DEPARTMENT OF HOUSING AND COMMUNITY 
DEVELOPMENT 

89.108.1 Purpose. The purpose of this code is to 
establish minimum standards to protect the health, 
safety, and general welfare of the occupant and the 
public against hazards that may arise from the use of 
electricity by governing the design, construction, 
reconstruction, installation, quality of materials, 
location, operation, and maintenance or use of 
electrical equipment, wiring and systems. 

89.108.2 AUTHORITY AND ABBREVIATIONS 

89.108.2.1 General. The Department of Housing 
and Community Development is authorized by law 
to promulgate and adopt building standards and 
regulations for several types of building 
applications. The applications under the authority 
of the Department of Housing and Community 
Development are listed in Sections 89.108.2.1.1 
through 89.108.2.1.3. 

89.108.2.1.1 Housing Construction. Application -
Hotels, motels, lodging houses, apartment houses, 
ihvellings, dormitories, condominiums, shelters for 
homeless persons, congregate residences, employee 
housing, factory-built housing and other types of 
dYvellings containing sleeping accommodations with or 
without common toilet or cooking facilities including 
accessOlY buildings, facilities, and uses thereto. 
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Sections of this code which pertain to applications C 
listed in this section are identified using the A 
abbreviation "HCD 1 ". C 

Enforcing Agency-Local building department 
or the Department of Housing and Community 
Development. 

Authority Cited: Health and Safety Code 
Sections 17040, 17050, 17920.9, 17921, 
17921.3, 17921.6, 17921.10, 17922, 17922.6, 
17922.12,17927,17928,17959.6,18300,18552, 
18554, 18620, 18630, 18640, 18670, 18690, 
18691, 18865, 18871.3, 18871.4, 18873, 
18873.1, 18873.2, 18873.3, 18873.4, 18873.5, 
18938.3, 18944.11, and 19990; and Government 
Code Section 12955.1. 

Reference: Health and Safety Code Sections 
17000 through 17062.5, 17910 through 17995.5, 
18200 through 18700, 18860 through 18874, and 
19960 through 19997; and Government Code 
Sections 12955.1 and 12955.1.1. 

89.108.2.1.2 Housing Accessibility. Application
Covered multifamily dwellings as defined in 
Chapter 11A of the California Code of 
Regulations, Title 24, Part 2, also known as the 
California Building Code (CBC) including, but not 
limited to, lodging houses, dormitories, 
times hares, condominiums, shelters for homeless 
persons, congregate residences, apartment houses, 
dwellings, employee housing, factory-built housing 
and other types of dwellings containing sleeping 
accommodations with or without common toilet or 
cooking facilities. 

Sections of this code identified by the 
abbreviation "HCD 1-AC" require specific 
accommodations for "PERSONS WITH 
D1SABILITIES," as defined in CBC Chapter 
11A. The application of such provisions shall 
be in conjunction with other requirements of 
this code and apply only to newly-constructed 
"COVERED MULTIFAMILY DWELLINGS" as 
defined in CBC Chapter 11A. "HCD 1-AC" 
applications include, but are not limited to, the 
following: 

(1) All newly constructed "COVERED 
MULTIFAJvflLY DWELLINGS" as defined in CBC 
Chapter 11 A. 

(2) New "COMMON USE AREAS" as defined in 
CBC Chapter 11A serving existing covered 
multifamily dwellings. 
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(3) Additions to existing buildings, where the 
addition alone meets the definition of 
"COVERED MULTIFAMILY DWELLINGS" as 
defined in CBC Chapter liA. 

(4) Common use areas serving covered 
multifamily dwellings. 

(5) Where any portion of a building's exterior is 
preserved, but the interior of the building is 
removed, including all structural portions of 
floors and ceilings, the building is considered a 
new building for determining the application of 
CBC, Chapter liA. 

"HCD l-AC" building standards generally do 
not apply to public use areas or public 
accommodations such as hotels and motels. 
Public use areas, public accommodations and 
housing which is publicly funded as defined in 
Chapter 2 of the CBC are subject to the Division 
of the State Architect (DSA-AC) and are 
referenced in Section 109.1. 

Enforcing Agency-Local building department or 
the Department of Housing and Community 
Development. 

Authority Cited: Health and Safety Code 
Sections 17040, 17050, 17920.9, 17921, 
17921.3, 17921.6, 17921.10, 17922, 17922.6, 
17922.12,17927,17928,17959.6,18300,18552, 
18554, 18620, 18630, 18640, 18670, 18690, 
18691, 18865, 18871.3, 18871.4, 18873, 
18873.1, 18873.2, 18873.3, 18873.4, 18873.5, 
18944.11, and 19990; and Government Code 
Section 12955.1. 

Reference: Health and Safety Code Sections 
17000 through 17062.5,17910 through 17995.5, 
18200 through 18700, 18860 through 18874, 
and 19960 through 19997,' and Government 
Code Sections 12955.1 and 12955.1.1. 

C 89.108.2.1.3 Permanent Buildings in Mobilehome 
A Parks and Special Occupancy Parks. Application 
C Permanent buildings, and permanent accessory 
A buildings or structures, constructed within 
C A mobilehome parks and special occupancy parks that 
C are under the control and ownership of the park 
A operator. Sections of this code which pertain to 
C applications listed in this section are identified using 
A the abbreviation "HCD 2 n. 
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Enforcing Agency- Local building department or 
other local agency responsible for the enforcement of 
Health and Safety Code, Division 13, Part 2.1, 
commencing with Section 18200 for mobilehome 
parks and Health and Safety Code, Division 13, Part 
2.3, commencing with Section 18860 for special 

occupancy parks; or the Department of Housing and 
Community Development. 

Authority Cited: Health and Safety Code Sections 
17040, 17050, 17920.9, 17921, 17921.3, 17921.6, 
17921.10, 17922, 17922.6, 17922.12, 17927, 
17928, 17959.6, 18300, 18552, 18554, 18620, 
18630, 18640, 18670, 18690, 18691, 18865, 
18871.3, 18871.4, 18873, 18873.1, 18873.2, 
18873.3, 18873.4, 18873.5, 18944.11, and 19990; 
and Government Code Section 12955.1. 

Reference: Health and Safety Code Sections 
17000 through 17062.5, 17910 through 17995.5, 
18200 through 18700, 18860 through 18874, and 
19960 through 19997; and Government Code 
Sections 12955.1 and 12955.1.1. 

89.108.3 LOCAL ENFORC1NG AGENCY 

89.108.3.1 Duties and Powers. The building 
department of every city, county or city and county 
shall enforce all the provisions of law. this code, and 
the other rules and regulations promulgated by the 
Department of Housing and Community Development 
pertaining to the installation, erection, construction, 
reconstruction, movement, enlargement, conversion, 
alteration, repair, removal, demolition or 
arrangement of apartment houses, hotels, motels, 
lodging houses and dwellings, including accessory 
buildings, facilities, and uses thereto. 

The prOvisions regulating the erection and 
construction of dwellings and appurtenant structures 
shall not apply to existing structures as to which 
construction is commenced or approved prior to the 
effective date of these regulations. Requirements 
relating to use, maintenance and occupancy shall 
apply to all dwellings and appurtenant structures 
approved for construction or constructed before or 
after the effective date of this code. 

For additional information regarding the use and 
occupancy of existing buildings and appurtenant 
structures, see Cal~fornia Code of Regulations, Title 
25, Division 1, Chapter 1, Subchapter I, 
commencing with Article 1, Section 1. 

89.108.3.2 Laws, Rules, and Regulations. Other than 
the building standards contained in this code, and 
notwithstanding other provisions of law, the statutOlY 
authority and location of the laws, rules, and 
regulations to be enforced by local enforcing agencies 
are listed by statute in Sections 89.108.3.2.1 through 
89.108.3.2.5 below: 

89.108.3.2.1 State Housing Law. Refer to the State 
Housing Law, California Health and Safety Code, 
Division 13, Part 1.5, commencing with Section 
17910 and California Code of Regulations, Title 
25, Division 1, Chapter 1, Subchapter 1, 

2013 California Electrical Code 

c 
p 
C 
A 
C 
A 
C 
A 
C 
I
C 
A 
C 
A 
C 
p 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
J 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 



C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 

CALIFORNIA ARTICLE 89 - GENERAL CODE PROVIS10NS 

commencing with Section 1, for the erection, 
construction, reconstruction, movement, 
enlargement, conversion, alteration, repair, 
removal, demolition or arrangement of apartment 
houses, hotels, motels, lodging houses and 
dwellings, including accessOlY buildings, facilities, 
and uses thereto. 

89.108.3.2.2 Mobilehome Parks Act. Refer to 
the Mobilehome Parks Act, Cal~fornia Health 
and Safety Code, Division 13, Part 2.1, 
commencing with Section 18200 and California 
Code of Regulations, Title 25, Division 1, 
Chapter 2, commencing with Section 1000 for 
mobilehome park administrative and 
enforcement authority, permits, plans, fees, 
violations, inspections and penalties both within 
and outside mobilehome parks. 

Exception: Mobilehome parks where the 
Department of Housing and Community 
Development is the enforcing agency. 

89.108.3.2.3 Special O(~cupa"cy Parks Act. Refer 
to the Special Occupancy Parks Act, California 
Health and Safety Code, Division 13, Part 2.3, 
commencing with Section 18860 and California 
Code of Regulations, Title 25, Division 1, Chapter 
2.2, commencing with Section 2000 for special 
occupancy park administrative and enforcement 
authority, permits, fees, violations, inspections and 
penalties both within and outside of special 
occupancy parks. 

Exception: Special occupancy parks where the 
Department of Housing and Community 
Development is the enforcing agency. 

89.108.3.2.4 Employee Housing Act. Refer to the 
Employee Housing Act, California Health and 
Safety Code, Division 13, Part 1, commencing with 
Section 17000 and California Code of Regulations, 
Title 25, Division 1, Chapter 1, Subchapter 3, 
commencing with Section 600 for employee 
housing administrative and enforcement authority, 
permits, fees, violations, inspections and penalties. 

89.108.3.2.5 Factory-Built Housing Law. Refer to 
the Factory-Built Housing Law, California Health 
and Safety Code, Division 13, Part 6, commencing 
with Section 19960 and California Code Qf 
Regulations, Title 25, Division 1, Chapter 3, 
Subchapter 1, commencing with Section 3000 for 
factory-built housing administrative and 
enforcement authority, permits, fees, violations, 
inspections and penalties. 
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89.108.4 PERMITS, FEES, APPLICATIONS AND 
INSPECTIONS 

C 
A 
C 

89.108.4.1 Permits. (a) Except as exempted in A 
paragraph (b) Qf this subsection, a written construction C 
permit shall be obtained fro111 the enforcing agency A 
prior to the erection, construction, reconstruction, C 
installation, movement, or alteration of any electrical A 
system. 

(b) Consistent with the requirements of Section 17960 of 
the Health and Safety Code, the local enforcing agency 
shall enforce the requirements of this code, but shall 
exempt the following activities from the requirement for 
a permit or inspection. 

1. Listed cord and plug connected temporary 
decorative lighting. 

2. Reinstallation of attachment plug receptacles, but 
not the outlets therefore. 

3. Repair or replacement of branch circuit 
overcurrent devices of the required capacity in the 
same location. 

4. Installation or maintenance of communications 
wiring, devices, appliances, apparatus or equipment. 

Exemptions from permit and inspection requirements 
shall not be deemed to grant authorization for any work 
to be done in any manner in violation of any other 
provision of law or this code. 

89.108.4.2 Fees. Subject to other provisions of law, the 
governing body of any city, county or city and county 
may prescribe fees to defray the cost of enforcement of 
niles and regulations promulgated by the Department of 
Housing and Community Development. The amount of 
the fees shall not exceed the amount reasonably 
necessary! to administer or process permits, certificates, 
forms, or other documents, or to defray the costs of 
enforcement. For additional information, see State 
Housing Law, Health and Safety Code, Division 13, 
Part 1.5, Section 17951 and California Code of 
Regulations, Title 25, Division 1, Chapter 1, Subchapter 
1, Article 3, commencing with Section 6. 

89.108.4.3 Plan Review and Time Limitations. Subject to 
other provisions of law, provisions related to plan 
checking, prohibition of excessive delays and contracting 
with or employment of private parties to peiform plan 
checking are set forth in State Housing Law, Health and 
Sqfety Code Section 17960.1 J and for employee hOUSing, 
in Health and Safety Code Section 17021. 

89.108.4.3.1 Retention of Plans. The building 
department Qf every city, county or city and county 
shall maintain an official copy, microfilm, or 
electronic or other type of photographic copy of the 
plans of every building, during the life of the building, 
for which the department issued a building permit. 
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Exceptions: 

1. Single or multiple dwellings not more than two 
stories and basement in height. 

2. Garages and other structures appurtenant to 
buildings listed in Exception (1). 

3. Farm or ranch buildings appurtenant to 
buildings listed in Exception (1). 

4. Anyone-story building where the span between 
bearing walls does not exceed 25 feet (7620 mm), 
except a steel frame or concrete building. 

A II plans for common interest developments as 
defined in Section 1351 of the California Civil Code 
shall be retained. For additional information 
regarding plan retention and reproduction of plans 
by an enforcing agency, see Health and Safety Code 
Sections 19850 through 19852. 

89.108.4.4 Inspections. Construction or work for which 
a permit is required shall be subject to inspection by the 
building official and such construction or work shall 
remain accessible and exposedfor inspection purposes 
until approved. Approval as a result of an inspection 
shall not be construed to be an approval of a violation 
of the provisions of this code or other regulations of the 

C Department of Housing and Community Development. 

A 89.108.5 RIGHT OF ENTRY FOR ENFORCEMENT 
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89.108.5.1 General. Subject to other provisions of law, 
officers and agents of the enforcing agency may enter 
and inspect public and private properties to secure 
compliance with the rules and regulations promulgated 
by the Department of Housing and Community 
Development. For limitations and additional 
information regarding enforcement, see the following: 
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1. For applications subject to State Housing Law as 
referenced in Section 89.108.3.2.1 of this code, refer 
to Health and Safety Code, Division 13, Part 1.5, 
commencing with Section 17910 and California 
Code of Regulations, Title 25, Division 1, Chapter 1, 
Subchapter 1, commencing with Section 1. 

2. For applications subject to the Mobilehome Parks 
Act as referenced in Section 89.108.3.2.2 of this code, 
refer to Health and Safety Code, Division 13, Part 
2.1, commencing with Section 18200 and California 
Code of Regulations, Title 25, Division 1, Chapter 2, 
commencing with Section 1000. 

3. For applications subject to the Special Occupancy 
Parks Act as referenced in Section 89.108.3.2.3 of 
this code, refer to Health and Safety Code, Division 
13, Part 2.3, commencing with Section 18860 and 
California Code o.f Regulations, Title 25, Division 1, 
Chapter 2.2, commencing with Section 2000. 

4. For applications subject to the Employee Housing 
Act as referenced in Section 89.108.3.2.4 of this code, 

refer to Health and Safety Code, Division 13, Part C 
l,commencing with Section 17000 and California A 
Code of Regulations, Title 25, Division 1, Chapter 1, C 
Subchapter 3, commencing with Section 600. A 
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5. For applications subject to the Factory-Built 
Housing Law as referenced in Section 89.108.3.2.5 of 
this code, refer to Health and Safety Code, Division 
13, Part 6, commencing with Section 19960 and 
California Code of Regulations, Title 25, Division 1, 
Chapter 3, Subchapter 1, commencing with Section 
3000. 

89.108.6 LOCAL MODIFICATION BY ORDINANCE 
OR REGULATION 

89.108.6.1 General. Subject to other provisions of law, 
a city, county or city and county may make changes to 
the provisions adopted by the Department of Housing 
and Community Development. If any city, county or city 
and county does not amend, add, or repeal by local 
ordinances or regulations the provisions published in 
this code or other regulations promulgated by the 
Department of Housing and Community Development, 
those provisions shall be applicable and shall become 
effective 180 days after publication by the California 
Building Standards Commission. Amendments, 
additions and deletions to this code adopted by a city, 
county or city and county pursuant to California Health 
and Safety Code Sections 17958.5, 17958.7 and 
18941.5, together with all applicable portions o.f this 
code, shall also become effective 180 days after 
publication of the California Building Standards Code 
by the California Building Standards Commission. 

89.108.6.2 Findings, Filings, and Rejections of Local 
Modifications. Prior to making any modifications or 
establishing more restrictive building standards, the 
governing body shall make express findings and filings, as 
required by California Health and Safety Code Section 
17958.7, showing that such modifications are reasonably 
necessary due to local climatic, geological, or 
topographical conditions. No modification shall become 
effective or operative unless the following requirements 
are met: 

1. The express findings shall be made available 
as a public record. 

2. A copy of the modification and express 
finding, each document marked to cross
reference the other, shall be filed with the 
California Building Standards Commission for a 
city, county or city and county and with the 
Department of Housing and Community 
Development forfire protection districts. 

3. The California Building Standards Commission 
has not rejected the modification or change. 
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Nothing in this section shall limit the authority of fire 
protection districts pursuant to California Health and 
Safety Code Section 13869.7 (a). 

89.108.7 ALTERNATE MATERIALS, DESIGNS, 
TESTS AND METHODS OF CONSTRUCTION 

89.108.7.1 General. The provisions of this code as 
adopted by the Department of Housing and 
Community Development are not intended to prevent 
the use of any alternate material. appliance, 
in.)'tallation, device, arrangement, design or method 
of construction not spec~fically prescribed by this 
code. Consideration and approval of alternates 
shall comply with Section 89.108.7.2 for local 
building departments and Section 89.108.7.3 for the 
Department of Housing and Community 
Development. 

89.108.7.2 Local Building Departments. The building 
department of any city, county or city and county may 
approve alternates for use in the erection, construction, 
reconstruction, movement, enlargement, conversion, 
alteration, repair, removal, demolition or arrangement 
of an apartment house, hotel, motel, lodging house, 
dwelling, or an accessOlY structure, except for the 
following: 

1. Structures located in mobilehome parks as defined in 
Cal~fornia Health and Safety Code Section 18214. 

2. Structures located in special occupancy parks as 
defined in California Health and Safety Code Section 
18862.43. 

3. Factmy-built housing as defined in California 
Health and Safety Code Section 19971. 

89.108.7.2.1 Approval of Alternates. The consideration 
and approval of alternates by a local building 
department shall comply with the following procedures 
and limitations: 

1. The approval shall be granted on a case-by-case basis. 

2. Evidence shall be submitted to substantiate claims 
that the proposed alternate, in peiformance, safety, and 
protection of life and health, conforms to, or is at least 
equivalent to, the standards contained in this code and 
other rules and regulations promulgated by the 
Department of Housing and Community Development. 

3. The local building department may require 
tests performed by an approved testing agency at 
the expense of the owner or owner's agent as proof 
of compliance. 

4. If the proposed alternate is related to accessibility in 
covered multifamily dwellings or in facilities serving 
"COVEREDMULTIFA}v1JLY DWELLINGS" as defined 
in CBC Chapter 11 A, the proposed alternate must also 
meet the threshold set for "EQUIVALENT 
FACiLITATION" as defined in CBC Chapter liA. 
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For additional information regarding approval of 
alternates by a local building department pursuant to 
the State Housing Law, see California Health and 
Safety Code Section 17951(e) and Cal~fornia Code of 
Regulations, Title 25, Division 1, Chapter 1, 
Subchapter i. 

89.108.7.3 Department of Housing and Community 
Development. The Department of Housing and 
Community Development may approve alternates for 
use in the erection, construction, reconstruction, 
movement, enlargement, conversion, alteration, repair, 
removal or demolition of an apartment house, hotel, 
motel, lodging house, dwelling, or an accessOlJi thereto. 
The consideration and approval of alternates shall 
comply with thefollowing: 

1. The department may require tests at the expense of 
the owner or owner's agent to substantiate compliance 
with the California Building Standards Code. 

2. The approved alternate shall, for its intended 
pwpose, be at least equivalent in peljormance and 
safety to the materials, designs, tests, or methods of 
construction prescribed by this code. 

89.108.8 APPEALS BOARD 

89.108.8.1 General. EvelY city, county or city and 
county shall establish a local appeals board and a 
housing appeals board. The local appeals board and 
housing appeals board shall each be comprised of at 
least five voting members who shall serve at the 
pleasure of the city, county or city and county. 
Appointees shall not be employees of the jurisdiction 
and shall be qual(fied and specifically knowledgeable 
in the California Building Standards Codes and 
applicable local ordinances. 

89.108.8.2 Definitions. The following terms shall for 
the purposes of this section have the meaning shown. 

Housing Appeals Board. The board or agency of a city, 
county or city and county which is authorized the 
governing body of the county or city and county to 
hear appeals regarding the requirements of the city, 
county or city and county relating to the use, 
maintenance and change of occupancy of buildings and 
structures, including requirements governing 
alteration, additions, repair, demolition, and moving. In 
any area in which there is no such board or agency, 
"Housing Appeals Board" means the local appeals 
board havingjurisdiction over the area. 

Local Appeals Board The board or agency of a city, county 
or city and county which is authorized by the governing 
body qf the city, county or city and county to hear appeals 
regarding the building requirements of the city, county or 
city and county. In any area in which there is no such board 
or agency, ''Local Appeal<; Board" means the goveming 
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C body of the city. county or city and county having 
A jurisdiction over the area. 

~ 89.108.8.3 Appeals. Except as otherwise provided by law, 
C any person, .finn, or c01poration adverse~y a/focted by a 
A decision, order, or detennination by a city, county or city 
C and county relating to the application qf building standards 
A published in the California Building Standards Code, or any 
C other applicable 11lle or regulation adopted by the 
A Department qf Housing and Community Development, or 
C any lawfitlly enacted ordinance by a city, county or city and 
A county, may appeal the issue for resolution to the local 
C A appeals board or housing appeals board as appropriate. 

C The local appeals board shall hear appeals relating to new 
A building construction and the housing appeals board shall 
C hear appeals relating to existing buildings. 

A 89.108.9 UNSAFE BUILDINGS OR STRUCTURES 
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89.108.9.1 Authority to En.!orce. Subject to other 
provisions of law, the administration, enforcement, actions, 
proceedings, abatement, violations and penalties for unsafo 
buildings and structures are contained in the following 
statutes and regulations: 

1. For applications su~ject to State Housing Law as 
referenced in Section 89.108.3.2.1 of this code, refer to 
Health and Safety Code, Division 13, Part 1.5, 
commencing with Section 17910 and California Code of 
Regulations, Title 25, Division 1, Chapter 1, Subchapter 
1, commencing with Section 1. 

2. For applications subject to the Mobilehome Parks 
Act as referenced in Section 89.108.3.2.2 ~f this code. 
refer to Health and Safoty Code, Division 13, Part 2.1, 
commencing with Section 18200 and California Code of 
Regulations, Title 25, Division 1, Chapter 2, commencing 
with Section 1000. 

3. For applications subject to the Special Occupancy 
Parks Act as referenced in Section 89.108.3.2.3 of this 
code, refer to Health and Safety Code, Division 13, Part 
2.3, commencing with Section 18860 and California 
Code of Regulations, Title 25, Division 1, Chapter 2.2, 
commencing with Section 2000. 

4. For applications subject to the Employee Housing 
Act as referenced in Section 89.108.3.2.4 of this code, 
refer to Health and Safety Code, Division 13, Part 1, 
commencing with Section 17000 and California Code of 
Regulations, Title 25, Division 1, Chapter 1, Subchapter 
3, commencing with Section 600. 

5. For applications subject to the Fact01y-Built 
Housing Law as reforenced in Section 89.108.3.2.5 of this 
code, refer to Health and Safety Code, Division 13, Part 
6, commenCing with Section 19960 and California Code 
of Regulations, Title 25, Division 1, Chapter 3, 
Subchapter 1, commencing with Section 3000. 
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89.108.9.2 Actions and Proceedings. Subject to other 
provisions of law, punishments, penalties and .fines for 
violations of building standards are contained in the 
follOWing statutes and regulations: 

1. For applications subject to State Housing Law as 
referenced in Section 89. 108.3.2.1 of this code, refer to 
Health and Safety Code, Division 13, Part 1.5, 
commencing with Section 17910 and Califbrnia Code of 
Regulations, Title 25, Division 1, Chapter I, Subchapter 
1, commencing with Section 1. 

2. For applications subject to the Mobilehome Parks 
Act as reforenced in Section 89.108.3.2.2 of this code, 
refer to Health and Safety Code, Division 13, Part 2.1, 
commencing with Section 18200 and California Code of 
Regulations. Title 25, Division 1, Chapter 2, commencing 
with Section 1000. 

3. For applications subject to the Special Occupancy 
Parks Act as referenced in Section 89.108.3.2.3 of this 
code, refer to Health and Safoty Code, Division 13, Part 
2.3, commencing with Section 18860 and California 
Code of Regulations, Title 25, Division 1, Chapter 2.2, 
commencing with Section 2000. 

4. For applications subject to the Employee Housing 
Act as rt!ferenced in Section 89.108.3.2.4 of this code, 
refor to Health and Safoty Code, Division 13, Part 1, 
commencing with Section 17000 and California Code of 
Regulations, Title 25, Division I, Chapter 1, Subchapter 
3, commencing with Section 600. 

5. For applications subject to the Factory-Built 
Housing Law as referenced in Section 89.108.3.2. 5 of this 
code, refor to Health and Sqfety Code, Division 13, Part 
6, commencing with Section 19960 and California Code 
of Regulations, Title 25, Division 1, Chapter 3, 
Subchapter 1, commencing with Section 3000. 

89.108.10 OTHER BUILDING REGULATIONS 

89.108.10.1 Existing Structures. Subject to the 
requirements of California Health and Safety Code Sections 
17912,17920.3, 17922,17922.3,17958.8 and 17958.9, the 
provisions contained in Chapter 34 of the CBC relating to 
existing structures shall only apply as identified in the 
A,fatrix Adoption Table under the authority of the 
Department of Housing and Community Development as 
listed in Sections 89.108.2.1.1 through 89.108.2.1.3 ~fthis 
code. 

89.108.10.2 Moved Structures. Subject to the requirements 
of California Health and Safety Code Sections 17922.3 and 
17958. 9, the provisions relating to a moved residential 
structure shall, after July 1, 1978, permit the retention of 
existing materials and methods of construction so long as 
the structure does not become or continue to be a 
substandard building. 
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SECTION 89.109 

DIVISION OF THE STATE ARCHITECT 

A 89.109.1 DSA-AC - Division of the State Architect-Access 
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Compliance. 

Note: For applications listed in Section 1.9.1 of the 
California Building Code, regulated by the Division of 
the State Architect-Access Compliance see Calffornia 
Code C!f Regulations, Title 24, Part 2 (California Building 
Code), Chapter 1 (Division 1 Caltfornia Administration) 
under authority cited by Government Code Section 4450 
and in r~ference cited by Government Code Sections 
4450, through 4461,12955.1 and Health and Safety Code 
Sections 18949.1,19952 through 19959. 

89.109.2 DSA-SS -- Division of the State Architect -
Structural Safety. 

89.109.2.1. DSA-SS (Division of the State 
Architect - Structural Safety) 

1. Application - Public elementary and secondary 
schools, community college buildings, and state-owned 
or state-leased essential services buildings. 

Enforcing Agem,y - Division of the State Architect -
Strnctural Sqfety (DSA-SS). 

The Division C!f the State Architect has been delegated 
the responsibility and authority by the Department of 
General Services to review and approve the design and 
oversee the construction C!f public elementary and 
secondalY schools, community colleges, and state
owned or state-leased essential services buildings. 

Authority Cited - Education Code section 17310 and 
81142, and Health and Safety Code section 16022. 

Reference - Education Code Sections 17280 through 
17317 and 81130 through 81147, and Health & Safety 
Code Sections 16000 through 16023. 

89.109.2.2. DSA-SS/CC (Division of the State 
Architect - Structural Safety/Community Colleges) 

Application - Community Colleges. 

The Division of the State Architect has been 
delegated the authori~y by the Department of General 
Services to promulgate alternate building standards 
for application to community colleges, which a 
community college may elect to use in lieu of 
standards promulgated by DSA -SS in accordance 
with Section 89.109.2.1. Refer to Title 24, Part 2, 
Section 1.9.2.4. 

Enforcing Agency - Division of the State Architect -
Structural Safety/Community Colleges (DSA -SS/CC) 

The Division of the State Architect has been 
delegated the authority by the Department of General 
Services to review and approve the design and 
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oversee construction of community colleges electing C 
to use the alternative building standards as provided A 
in this section. C 

Authority Cited - Education Code Section 81053. 

Reference - Education Code Sections 81052, 81053, 
and 81130 through 81147. 

89.109.3 SHB - State Historical Building Safety Board. 

See California Code of Code of Regulations, Title 24, 
Part 8 (California Historical Building Code). 

SECTION 89.110 

OFFICE OF STATEWIDE HEALTH PLANNING 
AND DEVELOPMENT 

89.110.1. OSHPD 1. Specific scope of application of the 
agency responsible for enforcement, enforcement agency, 
specific authority to adopt and enforce such provisions C!f this 
code, unless otherwise stated 

OSHPD1 

Application - General acute-care hospitals and acute 
psychiatric hospitals, excluding distinct part units or 
distinct part freestanding buildings providing skilled 
nursing or intermediate-care services. For Structural 
Regulations: Skilled nursing facilities and/or 
intermediate-care facilities except those skilled nursing 
facilities and intermediate care facilities of single story, 
Type V, wood or light steel-frame construction. 

Enforcing Agency -qIJice of Statewide Health Planning 
and Development (OSHPD). The C!fjice shall enforce the 
Division C!f the State Architect access compliance 
regulations and the regulations of the qffice of the State 
Fire Marshal for the above stated facility types. 

89.110.1.1 Applicable administrative standards. 

1. Title 24, Part 1, California Code of Regulations: 
Chapters 6 & 7. 

2. Title 24, Part 2, California Code of Regulations: 
Sections 101 and 110 of California Chapter 1 and 
Appendix Chapter 1. 

89.110.1.2 Applicable building standards. 
California Building Standards Code, Title 24, Parts 
2,3,4,5,9, 10 and 12. 

89.110.2. OSHPD 2. Specific scope of application of the 
agency responsible for enforcement, enforcement agency, 
specific authority to adopt and enforce such provisions of 
this code, unless othenvise stated. 

OSHPD2 

Application --Skilled nursing facilities and intermediate
care facilities, including distinct part skilled nursing and 
intermediate-care services on a general acute-care or 
acute psychiatric hospital license, provided either in a 
separate unit or a freestanding building. For Structural 
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C Regulations: Single-story, Type V skilled nursing facility 
A and/or intermediate-care facilities utilizing wood or light 
C steel-frame construction. 
A 
C Enforcillg Agency - Office of Statewide Health Planning 
A and Development (OSHPD). The office shall also enforce the 
C Division of the State Architect access compliance regulations 
A and the regulations of the Office of the State Fire Marshal for 
C the above stated facility type. 
A 
C 89.110.2.1 Applicable administrative standards: 
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1. Title 24, Part 1. California Code of Regulations: 
Chapter 7. 

2. Title 24, Part 2. California Code of Regulations: 
Sections 101 and 110 of California Chapter 1 and 
Appendix Chapter 1. 

89.110.2.2 Applicable building standards. 
California Building Standards Code, Title 24, Parts 
2,3,4,5,9,10 and 12. 

89.110. 3. OSHPD 3. Specific scope of application of the 
agency responsible for enforcement, enforcement agency, 
specific authority to adopt and enforce such provisions of 
this code, unless otherwise stated. 

OSHPD3 

Application --Licensed clinics and any freestanding 
building under a hospital license where outpatient 
clinical services are provided. 

Enforcing Agency--Local building department. 

89.110.3.1 Applicable administrative standards. 

1. Title 24, Part 1, California Code of Regulations: 
Chapter 7. 

2. Title 24, Part 2, Cal([ornia Code of Regulations: 
Sections 101 and 110 q[ California Chapter 1 and 
Appendix Chapter 1. 

89.110.3.2 Applicable building standards. 
California Building Standards Code, Title 24, Parts 
2,3,4,5,9,10 and 12. 

89.110.4. OSHPD 4. Specific scope of application of the 
agency responsible for enforcement. enforcement agency, 
specific authority to adopt and enforce such provisions of 
this code, unless otherwise stated. 

OSHPD4 

Application --Correctional Treatment Centers. 

Enforcing Agency -- Office of Statewide Health Planning 
and Development (OSHPD). The Office shall also enforce 
the Division of the State Architect access compliance 
regulations and the regulations of the qlfice of the State 
Fire Marshal for the above stated facility types. 

89.110.4.1 Applicable administrative standards. 

1. Title 24, Part 1, California Code of Regulations: 
Chapter 7. 
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2. Title 24, Part 2, California Code of Regulations: C 
Sections 101 and 110 of Cal([ornia Chapter 1 and A 
Appendix Chapter 1. C 
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89.110.4.2 Applicable building standards. California 
BUilding Standards Code, Title 24, Parts 2, 3, 4, 5, 9, 10 
and 12. 

SECTION 89.111 

OFFICE OF THE STATE FIRE MARSHAL 

89.111.1 SFM-Office of the State Fire Marshal. 
Specific scope of application of the agency responsible for 
enforcement, the enforcement agency and the specific 
authority to adopt and enforce such provisions of this 
code, unless othe1wise stated. 

Application: 

Institutional, educational or any similar occupancy. Any 
building or structure used or intended for use as an 
asylum, jail, mental hospital, hospital, sanitarium, home 
for the age~ children's nurse,}', children's home, school 
or any similar occupancy q[ any capacity. 

Authority cited-Health and Safety Code Section 13143. 

Reference-Health and Safety Code Section 13143. 

Assembly or similar place of assemblage. Any theater, 
dancehall, skating rink, auditorium, assembly hall, 
meeting hall, nightclub, fair building or similar place of 
assemblage where 50 or more persons may gather 
together in a building, room or structure for the purpose 
of amusement, entertainment, instruction, deliberation, 
worship, drinking or dining, awaiting transportation, or 
education. 

Authority cited-Health and Safety Code Section 13143. 

Reference-Health and Safety Code Section 13143. 

Small family day care homes. 

Authority cited-Health and Safety Code Sections 
1597.45,1597.54,13143 and 17921. 

Reference - Health and Safety Code Section 13143. 

Large family day care homes. 

Authority cited-Health and Safety Code Sections 
1597.46, 1597.54 and 17921. 

Reference - Health and Safety Code Section 13143. 

Residential facilities and residential facilities for the 
elderly. 

Authority cited-Health and Safety Code Section 13133. 

Reference-Health and Safety Code Section 13143. 

Any state institution or other state-owned or state
occupied building. 

Authority cited-Health and Safety Code Section 13108. 

Reference-Health and Safety Code Section 13143. 
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C High-rise structures. 

~ Authority cited-Health and Safety Code Section 13211. 
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Reference~Health and Safety Code Section 13143. 

Motion picture production studios. 

Authority cited-Health and Safety Code Section 13143.1. 

Reference-Health and Safety Code Section 13143. 

Organized camps. 

Authority cited-Health and Sqfety Code Section 18897.3. 

Reference-Health and Safety Code Section 13143. 

Residential. All hotels, motels, lodging houses, apartment 
houses and dwellings, including congregate residences and 
buildings and structures aCCeSSOf)1 thereto. Multiple-story 
structures existing on January 1, 1975, let for human 
habitation, including and limited to, hotels, motels and 
apartment houses, less than 75 feet (22 860 mm) above the 
lowest floor level having building access, wherein rooms 
used for sleeping are let above the groundfloor. 

Authority cited-:Health and Safety Code Sections 
13143.2 and 17921. 

Reference-Health and Safety Code Section 13143. 

Residential care facilities. Certified family care homes, 
out-oi-home placement facilities, halfway houses, drug 
and/or alcohol rehabilitation facilities and any building 
or stnlcture used or intended for use as a home or 
institution for the housing of any person of any age when 
such person is referred to or placed within such home or 
institution for protective social care and supervision 
services by any governmental agency. 

Authority cited-Health and Safety Code Section 13143.6. 

Reference-Health and Sqfety Code Section 13143. 

Tents, awnings or other fabric enclosures used in 
connection with any occupancy. 

Authority cited-Health and Safety Code Section 13116. 

Reference-Health and Sqfety Code Section 13143. 

Fire alarm devices, equipment and systems in 
connection with any occupancy. 

Authority cited-Health and Safety Code Section 13114. 

Reference-Health and Safety Code Section 13143. 

Hazardous materials. 

Authority cited-Health and Safety Code Section 13143.9. 

Reference-Health and Sqfety Code Section 13143. 

Flammable and combustible liquids. 

Authority cited-Health and Safety Code Section 13143.6. 

Reference-Health and Safety Code Section 13143. 
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Public School Automatic Fire Detection, Alarm and C 
Sprinkler Systems. A 
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Authority cited-Health and Safety Code Section 13143 
and California Education Code Article 7.5, Sections 
17074.50, 17074.52 and 17074.54. 

Reference-Government Code Section 11152.5, Health 
and Safety Code Section 13143 and California Education 
Code Chapter 12.5, Leroy F. Greene School Facilities Act 
of 1998, Article 1. 

Wildland-Urban Interface Fire Area. 

Authority cited-Health and Safety Code Sections 13143, 
13108.5(a) and 18949.2(b) and and Government Code 
Section 51189. 

Reference-Health and Safety Code Sections 13143, 
Government Code Sections 51176, 51177, 51178 and 
51179 and Public Resources Code Sections 4201 through 
4204. 

89.111.2 Duties and Powers of the Enforcing Agency 

89.111.2.1 Enforcement. 

89.111.2.1.1 The responsibility for enforcement of 
building standards adopted by the State Fire 
Marshal and published in the California Building 
Standards Code relating to fire and panic safety 
and other regulations of the State Fire Marshal 
shall except as provided in Section 89.111.2.1.2 be 
as follows: 

1. The city, county or city and county with 
jurisdiction in the area qffected by the standard 
or regulation shall delegate the enforcement of 
the building standards relating to fire and panic 
safety and other regulations of the State Fire 
Marshal as they relate to Group R-3 
occupancies, as described in Section 310.1 of 
Part 2 of the California Building Standards 
Code, to either Qf the following: 

1.1. The chief of the fire authority Qf the city, county 
or city and county, or an authorized representative. 

1.2. The chief building Qlficial of the city, county or 
city and county, or an authorized representative. 

2. The chief of any city or county fire department 
or of any fire protection district, and authorized 
representatives, shall enforce within the 
jurisdiction the building standards and other 
regulations of the State Fire Marshal, except 
those described in Item 1 or 4. 

3. The State Fire Marshal shall have authority to 
enforce the building standards and other 
regulations of the State Fire Marshal in areas 
outside of corporate cities and districts 
providingfire protection services. 
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4. The State Fire Marshal shall have authority to 
enforce the building standards and other 
regulations of the State Fire Marshal in 
corporate cities and districts providing fire 
protection services on request of the chief fire 
official or the governing body. 

5. Any fee charged pursuant to the enforcement 
authority of this section shall not exceed the 
estimated reasonable cost of providing the 
service for which the fee is charged pursuant to 
Section 66014 of the Government Code. 

89.111.2.1.2 Pursuant to Health and Safety Code 
Section 13108, and except as otherwise provided in 
this section, building standards adopted by the 
State Fire Marshal published in the California 
Building Standards Code relating to fire and panic 
safety shall be enforced by the State Fire Marshal 
in all state-owned buildings, state-occupied 
buildings, and state institutions throughout the 
state. Upon the written request of the chief fire 
official of any city, county or fire protection 
district, the State Fire Marshal may authorize such 
chief fire official and his or her authorized 
representatives, in their geographical area of 
responsibility, to make fire prevention inspections 
of state-owned or state-occupied buildings, other 
than state institutions, for the purpose of enforcing 
the regulations relating to fire and panic safety 
adopted by the State Fire Marshal pursuant to this 
section and building standards relating to fire and 
panic safety published in the California Building 
Standards Code. Authorization from the State Fire 
Marshal shall be limited to those fire departments 
or fire districts which maintain a fire prevention 
bureau staffed by paid personnel. 

Pursuant to Health and Safety Code Section 13108, 
any requirement or order made by any chief fire 
official who is authorized by the State Fire 
Marshal to make fire prevention inspections of 
state-owned or state-occupied buildings, other than 
state institutions, may be appealed to the State Fire 
Marshal. The State Fire Marshal shall, upon 
receiving an appeal and subject to the provisions 
of Chapter 5 (commencing with Section 18945) of 
Part 2.5 of Division 13 qf the Health and Safety 
Code, determine ~f the requirement or order made 
is reasonably consistent with the fire and panic 
safety regulations adopted by the State Fire 
Marshal and building standards relating to fire 
and panic safety published in the California 
Building Code. 

Any person may request a code intelpretation from 
the State Fire Marshal relative to the intent of any 
regulation or provision adopted by the State Fire 

Marshal. When the request relates to a specific 
project, occupancy or building, the State Fire 
~"vfarshal shall review the issue with the appropriate 
local enforcing agency prior to rendering such 
code interpretation. 

89.111.2.1.3 Pursuant to Health and Safety Code 
Section 13112, any person who violates any order, 
rule or regulation of the state fire marshal is guilty 
of a misdemeanor punishable by a fine of not less 
than $100.00 or more than $500.00, or by 
imprisonment for not less than six months, or by 
both. A person is guilty of a separate offense each 
day during which he or she commits, continues or 
permits a violation of any provision of, or any 
order, rule or regulation of, the state fire marshal 
as contained in this code. 

Any inspection authority who, in the exercise of his 
or her authority as a deputy state fire marshal, 
causes any legal complaints to be filed or any 
arrest to be made shall notifY the state fire marshal 
immediately following such action. 

89.111.2.2 Right of entry. 

The fire chief of any city, county or fire-protection 
district, or such person's authorized representative, 
may enter any state institution or any other state
owned or state-occupied building for the purpose of 
preparing afire-suppression preplanning program or 
for the purpose qf investigating any fire in a state
occupied building. 

The State Fire Marshal, his or her deputies or 
salaried assistants, the chief qf any city or county fire 
department or fire protection district and his or her 
authorized representatives may enter any building or 
premises not used for dwelling purposes at any 
reasonable hour for the purpose of enforcing this 
chapter. The ownel~ lessee, manager or operator of 
any such building or premises shall permit the State 
Fire Marshal, his or her deputies or salaried 
assistants and the chief of any city or county fire 
department or fire-protection district and his or her 
authorized representatives to enter and inspect them 
at the time and for the pUJpose stated in this section. 

89.111.2.3 More Restrictive Fire and Panic Safety 
Building Standards. 

89.111.2.3.1 Any fire-protection district organized 
pursuant to Health and Safety Code Part 2.7 
(commencing with Section 13800) of Division 12 
may adopt building standards relating to fire and 
panic safety that are more stringent than those 
building standards adopted by the State Fire 
Marshal and contained in the California Building 
Standards Code. For these purposes, the district 
board shall be deemed a legislative body and the 
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district shall be deemed a local agency. Any 
changes or mod(fications that are more stringent 
than the requirements published in the California 
Building Standards Code relating to fire and panic 
safety shall be subjectto 101.8.1. 

89.111.2.3.2 Any fire protection district that 
proposes to adopt an ordinance pursuant to this 
section shall, not less than 30 days prior to noticing 
a proposed ordinance for public hearing, provide a 
copy of that ordinance, together with the adopted 
findings made pursuant to Section 89.111.2.3.1, to 
the city, county, or city and county where the 
ordinance will apply. The city, county, or city and 
county, may provide the district with written 
comments, which shall become part qf the fire 
protection district's public hearing record. 

89.111.2.3.3 The .fire-protection district shall 
transmit the adopted ordinance to the city, county, 
or city and county where the ordinance will apply. 
The legislative body of the city, county, or city and 
county, may ratifjJ, modify or deny an adopted 
ordinance and transmit its determination to the 
district within 15 days of the determination. Any 
modification or denial of an adopted ordinance shall 
include a written statement describing the reasons 
for any modifications or denial. No ordinance 
adopted by the district shall be effective until 
ratification by the city, county, or city and county 
where the ordinance will apply. Upon ratification of 
an adopted ordinance, the city, county, or city and 
county, shall file a copy qf the findings qf the 
district, and any findings of the city, county, or city 
and county, together with the adopted ordinance 
express~y marked and identified to which each 
finding r~fers, in accordance with Section 101.8.1:3. 

89.111.2.4 Request/or alternate means o/protection. 
Requests for approval to use an alternative material, 
assembly or materials, equipment, method of 
construction. method of installation qf equipment, or 
means of protection shall be made in writing to the 
enforcing agency by the owner or the owner's 
authorized representative and shall be accompanied 
by a full statement of the conditions. Sl1fficient 
evidence or proof shall be submitted to substantiate 
any claim that may be made regarding its 
conformance. The enforcing agency may require tests 
and the submission of a test report fi'om an approved 
testing organization as set forth in Title 19, Caltfornia 
code of Regulation, to substantiate the equivalency of 
the proposed alternative means of protection. 

The authority having jurisdiction may consider 
implementation of the findings and recommendations 
identified in a Risk Management Plan (RMP) as 
developed in accordance with Title 19, Division 2, 
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Chapter 3, when evaluating requests' for alternative C 
means qf protection. A 

C 
Approval of a request for use of an alternative A 
material, assembly of materials} equipment, method qf C 
constnlction, method qf installation of equipment, or A 
means of protection made pursuant to these provisions C 
shall be limited to the particular case covered by A 
request and shall not be construed as establishing any C 
precedent for anyfitture request. A 

C 
89.111.2.5 Appeals. When a request for an alternate A 
means of protection has been denied by the enforcing C 
agency, the applicant may file a written appeal to the A 
state fire marshal for consideration qf the applicant's C 
proposal. In considering such appeal, the state fire A 
marshal may seek the advice qf the State Board of Fire C 
Services. The State Fire 1vIarshal shall, qfter A 

C 
considering all of the facts presented, including any A 
recommendations qf the State board Qf Fire Services, C 
determine V the proposal is for the putposes intended, A 
at least equivalent to that specified in these regulations C 
in quality, strength, e::!fectiveness, fire resistance, A 
durability and safety} and shall transmit such findings C 
and any recommendations to the applicant and to the A 
enforcing agency. C 

A 
89.111.3 Construction Documents. In addition to the 
provisions Qf this Section, see Title 24, Part 2, California 
Building Code, Appendix Chapter 1, Section 106 for 
additional requirements. 

89.111.3.1 Public schools. Plans and .\pectfications 
for the construction, alteration or addition to any 
building owned, leased or rented by any public school 
district shall be submitted to the Division of the State 
Architect. 

89.111.3.2 Movable walls and partitions. Plans or 
diagrams shall be submitted to the enforcing agency 
for approval before the installation of, or 
rearrangement of, any movable wall or partition in 
any occupancy. Approval shall be granted only tf there 
is no increase in the fire hazard. 

89.111.3.3 New construction high-rise buildings. 

1. Complete plans or specifications, or both, shall be 
prepared covering all work required to comply with 
new construction high-rise buildings. Such plans 
and specifications shall be submitted to the 
enforcing agency havingjurisdiction. 

2. All plans and spectfications shall be prepared 
under the responsible charge of an architect or a 
civil or structural engineer authorized by law to 
develop construction plans and specifications} or by 
both such architect and engineer. Plans and 
specifications shall be prepared by an engineer duly 
qualified in that branch of engineering necessary to 
perform such services. Administration qf the work of 
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constmction shall be under the charge of the 
responsible architect or engineer except that where 
plans and specifications involve alterations or 
repairs, such work of construction may be 
administered by an engineer duly qualified to 
perform such services and holding a valid cert~ficate 
under Chapter 7 (commencing with Section 65700) 
of Division 3 of the Business and Professions Code 
for pelfonnance of services in that branch of 
engineering in which said plans, specifications and 
estimates and lvork of construction are applicable. 

This section shall not be construed as preventing the 
design of .fire-extinguishing systems by persons 
holding a C-16 license issued pursuant to Division 
3, Chapter 9, Business and Professions Code. In 
such instances, however, the responsibility charge of 
this section shall prevail. 

89.111.3.4 Existing high-rise buildings. 1. Complete 
plans or specifications, or both, shall be prepared 
covering all work required by Section 3412, for 
existing high-rise buildings. Such plans or 
spec!fications shall be submitted to the enforcing 
agency having jurisdiction. 

C 
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C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
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C 
A 
C 
A 
C 
A 
C 
A 
C 
A 2. When new construction is required to conform 
C with the provisions of these regulations, complete 
A plans or specifications, or both, shall be prepared in 
C accordance with the provisions of this subsection. As 
A used in this section "new constmction" is not 
C intended to include repairs, replacements or minor 
A alterations which do not dismpt or appreciably add 
~ to or affect the structural a!>Jpects of the building. 

C 89.111.3.5 Retention of Plans. Refer to Building 
A Standards Law, Health and Safety Code Sections 
C 19850 and 19851, for permanent retention ofplans. 
A 
C 89.111.4 Fees 
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89.11.1.4.1 Other fees. Pursuant to Health and Safety 
Code Section 13146.2, a city, county or district which 
inspects a hotel, motel, lodging house, or apartment 
house may charge and collect a fee for the inspection 
from the owner of the structure in an amount, as 
determined by the city, county or district, sufficient to 
pay its costs of that inspection. 

89.111.4.2 Large Family Day Care. Pursuant to 
Health and Safety Code Section 1597.46, Large 
Family Day-care Homes, the local government shall 
process any required permit as economically as 
possible, and fees chargedfor review shall not exceed 
the costs of the review and permit process. 

89.111.4.3 High-Rise. Pursuant to Health and Sqfoty 
Code Section 13217, High-rise Structure Inspection: Fees 
and Costs, a local agency which inspects a high-rise 
structure pursuant to Health and Safety Code Section 
13217 may charge and collect a fee for the inspection 
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from the owner of the high-rise structure in an amount, as 
detetmined by the local agency, sufficient to pay its costs 
of that inspection. 

89.111.4.4 Fire Clearance Preinspection. Pursuant to 
Health and Safety Code Section 13235, Fire Clearance 
Preinspection, fee,- upon receipt qf a request from a 
prospective licensee of a community care facility, as 
defined in Section 1502, qf a residential-care facility for 
the elderly, as defined in Section 1569.2, or qf a child 
day-care facility, as defined in Section 1596.750, the local 
fire enforcing agency, as d~fined in Section 13244, or 
state fire marshal, whichever has primalY jurisdiction, 
shall conduct a preinspection of the facility prior to the 
final fire clearance approval. At the time of the 
preinspection, the primary fire enforcing agency shall 
price consultation and interpretation of the fire safety 
regulations, and shall notifY the prospective licensee of 
the facility in writing of the specific fire safoty regulations 
which shall be enforced in order to obtain fire clearance 
approval. A foe equal to, but not exceeding, the actual 
cost qf the preinspection services may be chargedfor the 
preinspection qf a facility with a capacity to serve 25 or 
fewer persons. A fee equal to, but not exceeding, the 
actual cost of the pre inspection services may be charged 
for a preinspection of a facility 1,1/ith a capacity to serve 26 
or more persons. 

89.111.4.5 Care Facilities. The primary fire enforcing 
agency shall complete the final fire clearance inspection 
for a community care facility, residential-care facility for 
the elderly, or child day-care facility within 30 days of 
receipt qf the request for the .final inspection, or as of the 
date the prospective facility requests the final 
prelicensure inspection by the State Department of Social 
Services, whichever is later. 

Pursuant to Health and Sqfety Code Section 13235, a 
preinspection fee equal to, but not exceeding, the actual 
cost qf the preinspection services may be charged for a 
facility with a capacity to serve 25 or less clients. A foe 
equal to, but not exceeding, the actual cost of the 
preinspection services may be charged for a 
preinspection of a facility with a capacity to serve 26 or 
more clients. 

Pursuant to Health and Safety Code Section 13131.5, a 
reasonable final inspection fee, not to exceed the actual 
cost of inspection selvices necessa;y to complete a final 
inspection may be chargedfor Occupancies classified as 
residential carefacilities for the elderly (RCFE). 

Pursuant to Health and Safoty Code Section 1569.84, 
neither the state fire marshal nor any local public entity 
shall charge any fee for enforcing fire inspection 
regulations pursuant to state law or regulation or local 
ordinance, with respect to residential-care facilities for 
the elderly (RCFE) which service six orfower persons. 
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C 
A 
C 
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C 
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89.111.4.6 Requests of the Office of the State FiI'e 
Marshal Requests. Whenever a local authority having 
jurisdiction requests that the State Fire Marshal 
peiform plan review and/or inspection services related 
to a building permit, the applicable fees for such shall 
be payable to the Office of the State Fire Marshal. 

~ 89.111.5 Inspections. Work performed subject to the 
C provisions of this code shall comply with the inspection 
A requirements of Title 24, Part 2, California Building 
C Standards Code, Sections 109.1, 109.3, 109.3.4, 109.3.5, 
A 109.3.6, 109.3.8, 109.3.9, 109.3.10 109.5 and 109.6 as 
C adopted by the Office of the State Fire Marshal. 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 

89.111.5.1 Existing Group 1-1 or R occupancies. 
Licensed 24-hour care in a Group /-1 or R occupancy 
in existence and originally class!fied under 
previously adopted state codes be reinspected under 
the appropriate previous code provided there is no 
change in the use or character which would place the 
facility in a different occupancy group. 

89.111.6 Certificate of Occupancy. A Certificate of 
Occupancy shall be issued as specified in Title 24, Part 
2, California Building Code, Section 111. 
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Exception: Group R, Division 3 and Group U 
occupancies. 

89.111.7 Temporary Structures and Uses. See Title 24, 
Part 2, California Building Code, Section 108. 

89.111.8 Service Utilities. See Title 24, Part 2, California 
Building Code Sectioni12. 

89.111.9 Stop Work Order. See Title 24, Part 2, 
California Building Code, Section 115. 

89.111.10 Unsafe Buildings, Structures and Equipment See 
Title 24, Part 2, California Building Code, Section 116. 

SECTION 89.112 

RESERVED FOR THE STATE LIBRARIAN 

SECTION 89.113 

RESERVED FOR THE DEPARTMENT OF WATER 
RESOURCES 

SECTION 89.114 

RESERVED FOR THE CALIFORNIA STATE 
LANDS COMJl1ISSION 
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ARTICLE 90 - CALIFORNIA MATRIX ADOPTION TABLE 

ARTICLE 90 • INTRODUCTION 
Adopting Agency BSC SFM HCD D5A 05HPD DPH 

1 2 AC 55 55/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are listed 
below 

Article / Section 

Coordination (Selective) 
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NFPA 70 

National Electrical Code® 

20 II Edition 

Copyright © 2010, National Fire Protection Association®. All Rights Reserved 

This edition of NFP A 70, National Electrical Code, was prepared by the National Electrical Code Committee and acted on 
by NFPA at its June Association Technical Meeting held June 7-10,2010, in Las Vegas, NY. It was issued by the Standards 
Council on August 5, 2010, with an effective date of August 25,2010, and supersedes all previous editions. 

This edition ofNFPA 70 was approved as an American National Standard on August 25, 2010. 

History and DevelopmentHistory and Development of the National Electrical Code® 

The National Fire Protection Association has acted as sponsor of the National Electrical Code since 191]. The original Code 
document was developed in 1897 as a result of the united efforts of various insurance, electrical, architectural, and allied 
interests. 

In accordance with the provisions of the NFPA Regulations Governing Committee Projects, a National Electrical Code 
Committee Report on Proposals containing proposed amendments to the 2008 National Electrical Code was published by 
NFPA in July 2009. This report recorded the actions of the various Code-Making Panels and the Correlating Committee of 
the National Electrical Code Committee on each proposal that had been made to revise the 2008 Code. The report was 
circulated to all members of the National Electrical Code Committee and was made available to other interested NFP A 
members and to the public for review and comment. Following the close of the public comment period, the Code-Making 
Panels met, acted on each comment, and reported their action to the Correlating Committee. NFPA published the National 
Electrical Code Committee Report on Comments in March 2010, which recorded the actions of the Code-Making Panels and 
the Correlating Committee on each public comment to the National Electrical Code Committee Report on Proposals. The 
National Electrical Code Committee Report on Proposals and the National Electrical Code Committee Report on Comments 
were presented to the 20 I 0 June Association Technical Meeting for adoption. 

NFP A has an Electrical Section that provides particular opportunity for NFP A members interested in electrical safety to 
become better informed and to contribute to the development of the National Electrical Code and other NFP A electrical 
standards. At the Electrical Section Codes and Standards Review Session held at the 2010 NFP A Conference and Expo, 
Section members had opportunity to discuss and review the report of the National Electrical Code Committee prior to the 
adoption of this edition of the Code by the Association at its 2010 June Technical Session. 

This 52nd edition supersedes all other previous editions, supplements, and printings dated 1897, 1899, 1901, 1903, 1904, 
1905,1907,1909,1911 , 1913,1915,1918,1920,1923,1925, 1926, 1928, 1930, 1931,1933,1935,1937,1940,1942,1943, 
1947,1949,1951,1953,1954,1955,1956,1957,1958, 1959, 1962, 1965, 1968, 1971,1975, ]978, 1981, 1984, 1987, 1990, 
1993, 1996, 1999,2002,2005, and 2008. 

This Code is purely advisory as far as NFPA is concerned. It is made available for a wide variety of both public and 
private uses in the interest of life and property protection. These include both use in law and for regulatory purposes, 
and use in private self-regulation and standardization activities such as insurance underwriting, building and faciJities 

construction and management, and product testing and certification 
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NFPA 70 

National Electrical Code® 

2011 Edition 

IMPORTANT NOTE: This NFPA document is made 
available for use subject to important notices and legal 
disclaimers. These notices and disclaimers appear in all 
publications containing this document and may be 
found under the heading "Important Notices and 
Disclaimers Concerning NFPA Documents." They can 
also be obtained on request from NFPA or viewed at 
www.nfpa.orgldisclaimers. 

This 2011 edition includes the following usability 
features as aids to the user. Changes other than editorial 
are highlighted with gray shading within sections and 
with vertical ruling for large blocks of changed or new 
text and for new tables and changed or new figures. 
Where one or more complete paragraphs have been 
deleted, the deletion is indicated by a bullet (.) between 
the paragraphs that remain. The index now has dictionary
style headers with helpful identifiers at the top of every 
index page. 

90.1 Purpose. 

ARTICLE 90 
Introduction 

(A) Practical Safeguarding. The purpose of this Code is 
the practical safeguarding of persons and property from 
hazards arising from the use of electricity. 

(B) Adequacy. This Code contains provisions that are 
considered necessary for safety. Compliance therewith 
and proper maintenance results in an installation that is 
essentially free from hazard but not necessarily efficient, 
convenient, or adequate for good service or future 
expansion of electrical use. 

Informational Note: Hazards often occur because of 
overloading of wiring systems by methods or usage not 
in conformity with this Code. This occurs because initial 
wiring did not provide for increases in the use of 
electricity. An initial adequate installation and 
reasonable provisions for system changes provide for 
future increases in the use of electricity. 

(C) Intention. This Code is not intended as a design 
specification or an instruction manual for untrained persons. 

(D) Relation to Other International Standards. The 
requirements in this Code address the fundamental 
principles of protection for safety contained in Section 
131 of International Electrotechnical Commission 
Standard 60364-1, Electrical Installations of Buildings. 
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Informational Note: lEe 60364-1, Section 131, contains 
fundamental principles of protection for safety that 
encompass protection against electric shock, protection 
against thermal effects, protection against overcurrent, 
protection against fault currents, and protection against 
overvoltage. All of these potential hazards are addressed 
by the requirements in this Code. 

90.2 Scope. 

(A) Covered. This Code covers the installation of electrical 
conductors, equipment, and raceways; signaling and 
communications conductors, equipment, and raceways; and 
optical fiber cables and raceways for the following: 

(l) Public and private premises, including buildings, 
structures, mobile homes, recreational vehicles, and 
floating buildings 

(2) Yards, lots, parking lots, carnivals, and industrial 
substations 

(3) Installations of conductors and equipment that connect to 
the supply of electricity 

(4) Installations used by the electric utility, such as office 
buildings, warehouses, garages, machine shops, and 
recreational buildings, that are not an integral part of a 
generating plant, substation, or control center. 

(B) Not Covered. This Code does not cover the following: 

(1) Installations in ships, watercraft other than floating 
buildings, railway rolling stock, aircraft, or automotive 
vehicles other than mobile homes and recreational 
vehicles 

Informational Note: Although the scope of this Code 
indicates that the Code does not cover installations in ships, 
portions of this Code are incOlporated by reference into Title 
46, Code of Federal Regulations, Parts 110-113. 

(2) Installations underground in mines and self-propelled 
mobile surface mining machinery and its attendant 
electrical trailing cable 

(3) Installations of railways for generation, transfonnation, 
transmission, or distribution of power used exclusively 
for operation of rolling stock or installations used 
exclusively for signaling and communications purposes 

(4) Installations of communications equipment under the 
exclusive control of communications utilities located 
outdoors or in building spaces used exclusively for such 
installations 

(5) Installations under the . exclusive control of an electric 
utility where such installations 

a. Consist of service drops or service laterals, and 
associated metering, or 

b. Are on property owned or leased by the electric 
utility for the purpose of communications, metering, 
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generation, control, transformation, transmission, or 
distribution of electric energy, or 

c. Arc located mlegaHyestabllslltxl easements or 
rights-ot:wsy or 

d. Are located by other wrinen agreements either, 
designak.'<i by or recognized by public service 
comnu Ions. utility comml lOllS. or other 
regulatory agencies having jurisdiction for such 
installations. These written agreements shall be 
limited to installations lor the purpose of 
communications.. metering, generation. control. 
transfonnation. transmi ion. or distribution of 
electric energy where legally established casements 
or rights..of-" ay calUlol be obtained. nlt~se 
installations shall be limited to federal lands. native 
American reservations through the U.S. Departm nl 
of the Interior Bureau of Indian Affairs. mjlitary 
bases. lands controlled by port authorities and ~1ate 
agencies and de~Jl1en~~~, ,arl,(L .1':l!lg~.gwT~~g , J?y 
railroads. 

Tnfonnational Note to (4) and (5): Examples of utilities may 
include those entities that are typically designated or recognized 
by governmental law or regulation by public service/utility 
commissions and that install, operate, and maintain electric 
supply (such as generation, transmission, or distribution systems) 
or communicatio~ systems (such as telephone, CATV, Intemet, 
satellite, or data selvices). Utiljties may be subject to compliance 
with codes and standards covering their regulated activities as 
adopted lli1der governmental law or regulation. Additional 
infonnation can be found through consultation 'with the 
appropriate govemmental bodies, such as state regulatory 
commissions, the Federal Energy Regulatoty Commission, and 
the Federal Communications Commission. 

(C) Special Permission. The authority having jurisdiction for 
enforcing this Code may grant exception for the installation of 
conductors and equipment that are not under the exclusive 
control of the electric utilities and are used to connect the 
electric utility supply system to the service conductors of the 
premises served, provided such installations are outside a 
bllildiI1g or structure. or terminate ili~(;!I1~~L~h~ pom1QI 
~ntrnnce of~l~e sel"Y!£~~l!QlI(:t~~: 
90.3 Code Arrangement. This Code is divided into the 
introduction and nine chapters, as shown in Figure 90.3. 
Chapters 1, 2, 3, and 4 apply generally; Chapters 5, 6, and 7 
apply to special occupancies, special equipment, or other 
special conditions. These latter chapters supplement or modify 
the general rules. Chapters 1 through 4 apply except as 
amended by Chapters 5,6, and 7 for the particular conditions. 

Chapter 8 covers communications systems and is not subject 
to the requirements of Chapters 1 through 7 except where the 
requirements are specifically referenced in Chapter 8. 
Chapter 9 consists of tables that are applicable as referenced. 
Informative annexes are not part of the requirements of this 
Code but are included for infonnational purposes only. 
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I Chapter 1 - General 

I Chapter 2 - Wiring and Protection Applies generally 
to all electrical 
installations Chapter 3 ~ Wiring Methods and Materials 

I Chapter 4- Equipment for General Use 

Supplements or modifies 
Chapters 1 through 4 

"Chap~r 5 '-Special ()ccu~ancies I 
Chapter 6 - Special Equipment 

I Chapter 7 - Special Conditions 

Chapter 8 is not subject 
to the requirements of 

, . . } Chapters 1 through 7 except 
Chapter 8 ~ Communications Systems where the req iremenlS are 

speafically referenced ·n 
Chapter 8. 

I Chapter 9 _. Tables I} Applicable as referenced 

[ Annex A through Annex HI} ~~~:~~;t~~~nIY ; 
Figure 90.3 Code Arrangement 

90.4 Enforcement. This Code is intended to be suitable for 
mandatory application by governmental bodies that exercise 
legal jurisdiction over electrical installations, including 
signaling and communications systems, and for use by 
insurance inspectors. The authority having jurisdiction for 
enforcement of the Code has the responsibility for making 
interpretations of the rules, for deciding on the approval of 
equipment and materials, and for granting the special 
pelTIlission contemplated in a number ofthe rules. 

By special pennission, the authority having jurisdiction 
may waive specific requirements in this Code or permit 
alternative methods where it is assured that equivalent 
objectives can be achieved by establishing and maintaining 
effective safety. 

This Code may require new products, constructions, or 
materials that may not yet be available at the time the Code is 
adopted. In such event, the authority having jurisdiction may 
pelTIlit the use of the products, constructions, or materials that 
comply with the most recent previous edition of this Code 
adopted by the jurisdiction. 

90.5 Mandatory Rules, Permissive Rules, and Explanatory 
Material. 

(A) Mandatory Rules. Mandatory rules of this Code are those 
that identify actions that are specifically required or prohibited 
and are characterized by the use of the tenns shall or shall not. 
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(B) Permissive Rules. Permissive rules of this Code are 
those that identify actions that are allowed but not 
required, are normally used to describe options or 
alternative methods, and are characterized by the use of 
the terms shall be permitted or shall not be required. 

(C) Explanatory Material. Explanatory material, such as 
references to other standards, references to related 
sections of this Code, or information related to a Code 
rule, is included in this Code in the form of jnromlationa~ 
notes. Such notes are informational only and are not 
enforceable as requirements of this Code. 

Brackets containing section references to another NFP A 
document are for informational purposes only and are provided 
as a guide to indicate the source of the extracted text These 
bracketed references immediately follow the extracted text. 

Informational Note: The format and language used in 
this Code follows guidelines established by NFPA and 
published in the NEC Style Manual. Copies of this 
manual can be obtained from NFP A. 

(D) Informative nnexes. Nonmandatory information 
relative to the use of the NEe is provided in informative 
annexes. Informative annexes are nOI part of the 
enforceable rcquir ments of the NEe. but are included for 
i!lfQ,~!1la,>t.i,()JlPllrpOs.cS only., 

90.6 Formal Interpretations. 

To promote uniformity of interpretation and application 
of the provisions of this Code, formal interpretation 
procedures have been established and are found in the 
NFP A Regulations Governing Committee Projects. 

90.7 Examination of Equipment for Safety. 

For specific items of equipment and materials referred to 
in this Code, examinations for safety made under standard 
conditions provide a basis for approval where the record 
is made generally available through promulgation by 
organizations properly equipped and qualified for 
experimental testing, inspections of the run of goods at 
factories, and service-value determination through field 
inspections. This avoids the necessity for repetition of 
examinations by different examiners, frequently with 
inadequate facilities for such work, and the confusion that 
would result from conflicting reports on the suitability of 
devices and materials examined for a given purpose. 

It is the intent of this Code that factory-installed internal 
wiring or the construction of equipment need not be 
inspected at the time of installation of the equipment, 
except to detect alterations or damage, if the equipment 
has been listed by a qualified electrical testing laboratory 
that is recognized as having the facilities described in the 
preceding paragraph and that requires suitability for 
installation in accordance with this Code. 
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Informational Note No.1: See requirements in 
110.3. 

Informational Note No.2: Listed is defined in 
Article 100. 

Informational Note No.3: Informative Annex A 
contains an informative list of product safety 
standards for electrical equipment. 

90.8 Wiring Planning. 

(A) Future Expansion and Convenience. Plans and 
specifications that provide ample space in raceways, spare 
raceways, and additional spaces allow for future increases 
in electric power and communications circuits. 
Distribution centers located in readily accessible locations 
provide convenience and safety of operation. 

(B) Number of Circuits in Enclosures. It is elsewhere 
provided in this Code that the number of wires and 
circuits confined in a single enclosure be varyingly 
restricted. Limiting the number of circuits in a single 
enclosure minimizes the effects from a short circuit or 
ground fault in one circuit. 

90.9 Units of Measurement. 

(A) Measurement System of Preference. For the 
purpose of this Code, metric units of measurement are in 
accordance with the modernized metric system known as 
the International System of Units (SI). 

(B) Dual System of Units. SI units shall appear first, and 
inch-pound units shall immediately follow in parentheses. 
Conversion from inch-pound units to SI units shall be 
based on hard conversion except as provided in 90.9(C). 

(C) Permitted Uses of Soft Conversion. The cases given in 
90.9(C)(1) through (C)(4) shall not be required to use hard 
conversion and shall be permitted to use soft conversion. 

(1) Trade Sizes. Where the actual measured size of a 
product is not the same as the nominal size, trade size 
designators shall be used rather than dimensions. Trade 
practices shall be followed in all cases. 

(2) Extracted Material. Where material is extracted from 
another standard, the context of the original material shall 
not be compromised or violated. Any editing of the 
extracted text shall be confined to making the style 
consistent with that of the NEe. 

(3) Industry Practice. Where industry practice is to 
express units in inch-pound units, the inclusion of SI units 
shall not be required. 

(4) Safety. Where a negative impact on safety would 
result, soft conversion shall be used. 
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(D) Compliance. Conversion from inch-pound units to SI 
units shall be permitted to be an approximate conversion. 
Compliance with the numbers shown in either the SI 
system or the inch-pound system shall constitute 
compliance with this Code. 

Informational Note No. I: Hard conversion is 
considered a change in dimensions or properties of an 
item into new sizes that might or might not be 
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interchangeable with the sizes used in the original 
measurement. Soft conversion is considered a direct 
mathematical conversion and involves a change in the 
description of an existing measurement but not in the 
actual dimension. 

Informational Note No.2: SI conversions are based on 
IEEE/ASTM SI 10-1997, Standard for the Use of the 
International System of Units (SI): The Modern Metric 
System. 

70-25 



CHAPTER 1 CALIFORNIA MATRIX ADOPTION TABLES 

70-25.1 2013 California Electrical Code 



CHAPTER 1 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 100 .. DEFINITIONS 
Adopting Agency BSe I SFM DSA OSHPD DPH 

HCD 
i 1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X v v X X 

Adopt Entire Article as amended X X X X 
(amended sections listed below) 

Adopt only those sections that are listed 
below 

Article I Section 

Coordination (Selective) X X X X 

ARTICLE 110 - REQUIREMENTS FOR ELECTRICAL INSTALLATIONS 

Adopting Agency 

BS±dir2 

DSA OSHPD DPH 

AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X 

Adopt Entire Article as amended X X X X 
(amended sections listed below) 

I 

Adopt only those sections that are listed 
below 

Article I Section 

110.2 X X X X 

110.13(C) X X X 
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ARTICLE 100 - DEFINITIONS 

Chapter 1 General 

ARTICLE 100 
Definitions 

Scope. This article contains only those definitions essential 
to the proper application of this Code. It is not intended to 
include commonly defined general terms or commonly 
defined technical terms from related codes and standards. 
In general, only those terms that are used in two or more 
articles are defined in Article 100. Other definitions are 
included in the article in which they are used but may be 
referenced in Article 100. 

Part I of this article contains definitions intended to apply 
wherever the terms are used throughout this Code. Part II 
contains definitions applicable only to the parts of articles 
specifically covering installations and equipment operating 
at over 600 volts, nominal. 

I. General 

Accessible (as appJied to equipment). Admitting close 
approach; not guarded by locked doors, elevation, or other 
effective means. 

Accessible (as applied to wiring methods). Capable of 
being removed or exposed without damaging the building 
structure or finish or not permanently closed in by the 
structure or finish of the building. 

Accessible, Readily (Readily Accessible). Capable of 
being reached quickly for operation, renewal, or 
inspections without requiring those to whom ready access 
is requisite to climb over or remove obstacles or to resort 
to portable ladders, and so forth. 

Ampacity. The maximurTi current, in amperes, that a 
conductor can carry continuously under the conditions of 
use without exceeding its temperature rating. 

Appliance. Utilization equipment, generally other than 
industrial, that is normally built in standardized sizes or 
types and is installed or connected as a unit to perform 
one or more functions such as clothes washing, air 
conditioning, food mixing, deep frying, and so forth. 

Approved. Acceptable to the authority having jurisdiction. 

Arc-Fault Circuit Interrupter (AFCI). A device intended 
10 provide protection from the effects of arc taults by 
recognizing characteri lies unique to arcing aDd by functioning 
10 dc--cnergize the circuit when an arc HlUlt is detected. 

Askarel. A generic term for a group of nonflammable 
synthetic chlorinated hydrocarbons used as electrical 
insulating media. Askarels of various compositional types 
are used. Under arcing conditions, the gases produced, while 
consisting predominantly of noncombustible hydrogen 
chloride, can include varying amounts of combustible gases, 
depending on the askarel type. 
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Attachment Plug (Plug Cap) (Plug). A device that, by 
insertion in a receptacle, establishes a connection between 
the conductors of the attached flexible cord and the 
conductors connected permanently to the receptacle. 

Authority Having Jurisdiction (AHJ). An organization, 
office, or individual responsible for enforcing the 
requirements of a code or standard, or for approving 
equipment, materials, an installation, or a procedure. 

Informational Note: The phrase "authority having 
jurisdiction," or its acronym ARl, is used in NFP A 
documents in a broad manner, since jurisdictions and 
approval agencies vary, as do their responsibilities. 
Where public safety is primary, the authority having 
jurisdiction may be a federal, state, local, or other 
regional department or individual such as a fire chief; 
fire marshal; chief of a fire prevention bureau, labor 
department, or health department; building official; 
electrical inspector; or others having statutory authority. 
For insurance purposes, an insurance inspection 
department, rating bureau, or other insurance company 
representative may be the authority having jurisdiction. 
In many circumstances, the property owner or his or her 
designated agent assumes the role of the authority 
having jurisdiction; at government installations, the 
commanding officer or departmental official may be the 
authority having jurisdiction. 

Automatic. Perfomling a function without the neCegSil~ 
of human intervention. 

Ballasted Solar Photovoltaic System [BSC, SFM, HCD1 
& HCD2] A roof mounted system composed of solar 
photovoltaic panels and supporting members that are 
unattached or partially attached to the roof and must rely 
on their weight, aerodynamics and jhction to counter the 
effect of wind and seismic forces. 

Bathroom. An area including a basin with one or more of 
the fol1owing: a toilet, a u~iImL a tub, a shower, a bidet. or 
similar plumbing thotures. "'-, 

Bonded (Bonding). Connected to establish electrical 
continuity and conductivity. 

Bonding Conductor or. Jumper. A reliable conductor to 
ensure the required electrical conductivity between metal 
parts required to be electrically connected. 

Bonding Jumper, Equipment. The connection between 
two or more portions of the equipment grounding conductor. 

Bonding Jumper, Main. The connection between the 
grounded circuit conductor and the equipment grounding 
conductor at the service. 

Bo'li,fi-o-g -jllmper ,System~ The colll1cctioo 'btween the 
grounded circuit conductor and the supply-side bonding 
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jUlllper.ortheeql1ipment grounding conductor. or both. at 
a separately d~rjv~4s~~t!I~.~ 

Branch Circuit. The circuit conductors between the final 
overcurrent device protecting the circuit and the outlet(s). 

Branch Circuit, Appliance. A branch circuit that 
supplies energy to one or more outlets to which 
appliances are to be connected and that has no 
permanently connected luminaires that are not a part of 
an appliance. 

Branch Circuit, General-Purpose. A branch circuit that 
supplies two or more receptacles or outlets for lighting 
and appJiances. 

Branch Circuit, Individual. A branch circuit that 
supplies only one utilization equipment. 

Branch Circuit, Multiwire. A branch circuit that 
consists of two or more ungrounded conductors that have 
a voltage between them, and a grounded conductor that 
has equal volt~ge between it and each ungrounded 
conductor of the circuit and that is connected to the 
neutral or grounded conductor of the system. 

Building. A structure that stands alone or that is cut off 
from adjoining structures by fire walls with all openings 
therein protected by approved fire doors. 

Cabinet. An enclosure that is designed for either surface 
mounting or flush mounting and is provided with a frame, 
mat, or trim in which a swinging door or doors are or can 
be hung. 

Circuit Breaker. A device designed to open and close a 
circuit by nonautomatic means and to open the circuit 
automatically on a predetermined overcurrent without 
damage to itself when properly applied within its rating. 

Informational Note: The automatic opening means can 
be integral, direct acting with the circuit breaker, or 
remote from the circuit breaker. 

Adjustable (as applied to circuit breakers). A qualifying 
term indicating that the circuit breaker can be set to trip at 
various values of current, time, or both, within a 
predetermined range. 

Instantaneous Trip (as applied to circuit breaker~). A 
qualifying term indicating that no delay is purposely 
introduced in the tripping action of the circuit breaker. 

Inverse Time (as applied to circuit breakers). A 
qualifying term indicating that there is purposely 
introduced a delay in the tripping action of the circuit 
breaker, which delay decreases as the magnitude of the 
current increases. 

Nonadjustable (as applied to circuit breakers). A 
qualifying term indicating that the circuit breaker does not 
have any adjustment to alter the value of current at which 
it will trip or the time required for its operation. 
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Setting ((~fcircuit breakers). The value of current, time, or 
both, at which an adjustable circuit breaker is set to trip. 

Clothes Closet. A non-habitable room or space intended 
primarily for storage of garments and apparel. 

Communications Equipment. The electronic equipment 
that performs the telecommunications operations for the 
transmission of audio, video, and data, and includes 
power equipment (e.g., dc converters, inverters, and 
batteries) and technical support equipment (e.g., 
computers). 

Concealed. Rendered inaccessible by the structure or 
finish of the building. Wires in concealed raceways are 
considered concealed, even though they may become 
accessible by withdrawing them. 

Conductor, Bare. A conductor having no covering or 
electrical insulation whatsoever. 

Conductor, Covered. A conductor encased within 
material of composition or thickness that is not 
recognized by this Code as electrical insulation. 

Conductor, Insulated. A conductor encased within 
material of composition and thickness that is recognized 
by this Code as electrical insulation. 

Conduit Body. A separate portion of a conduit or tubing 
system that provides access through a removable cover(s) 
to the interior of the system at a junction of two or more 
sections of the system or at a terminal point of the system. 

Boxes such as FS and FD or larger cast or sheet metal 
boxes are not classified as conduit bodies. 

Connector, Pressure (Solderless). A device that 
establishes a connection between two or more conductors 
or between one or more conductors and a terminal by 
means of mechanical pressure and without the use of 
solder. 

Continuous Load. A load where the maximum current is 
expected to continue for 3 hours or more. 

Controller. A device or group of devices that serves to 
govern, in some predetermined manner, the electric power 
delivered to the apparatus to which it is connected. 

Cooking Unit, Counter-Mounted. A cooking appliance 
designed for mounting in or on a counter and consisting 
of one or more heating elements, internal wiring, and 
built-in or mountable controls. 

Coordination (Selective). Localization of an overcurrent 
condition to restrict outages to the circuit or equipment 
affected, accomplished by the choice of overcurrent 
protective devices and their ratings or settings. 

Copper-Clad Aluminum Conductors. Conductors 
drawn from a copper-clad aluminum rod with the copper 
metallurgically bonded to an aluminum core. The copper 
forms a minimum of 10 percent of the cross-sectional area 
of a sol id conductor or each strand of a stranded conductor. 
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Cutout Box. An enclosure designed for surface mounting 
that has swinging doors or covers secured directly to and 
telescoping with the walls of the box proper. 

Dead Front. Without live parts exposed to a person on the 
operating side ofthe equipment. 

Demand Factor. The ratio of the maximum demand of a 
system, or part of a system, to the total connected load of a 
system or the part of the system under consideration. 

Device. A unit of an electrical system that carries or controls 
electric energy as its principal function. 

Disconnecting Means. A device, or group of devices, or 
other means by which the conductors of a circuit can be 
disconnected from their source of supply. 

Dusttight. Constructed so that dust will not enter the 
enclosing case under specified test conditions. 

Duty, Continuous. Operation at a substantially constant load 
for an indefinitely long time. 

Duty, Intermittent. Operation for alternate intervals of (1) 
load and no load; or (2) load and rest; or (3) load, no load, 
and rest. 

Duty, Periodic. Intennittent operation in which the load 
conditions are regularly recurrent. 

Duty, Short-Time. Operation at a substantially constant load 
for a short and definite, specified time. 

Duty, Varying. Operation at loads, and for intervals of time, 
both of which may be subject to wide variation. 

Dwelling, One-Family. A building that consists solely of 
one dwelling unit 

Dwelling, Two-Family. A building that consists solely of 
two dwelling units. 

Dwelling, Multifamily. A building that contains three or 
more dwelling units. 

Dwelling Unit. A single unit, providing complete and 
independent living facilities for one or more persons, 
including permanent provisions for living, sleeping, cooking, 
and sanitation. 

Electric Sign. A fixed, stationary, or portable self-contained, 
electrically illuminated utilization equipment with words or 
symbols designed to convey information or attract attention. 

Electric Power Production and Distribution Network. 
Power production, distribution, and utilization equipment 
and facilities, such as electric utility systems that deliver 
electric power to the connected loads, that are external to and 
not controlled by an interactive system. 
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Enclosed. Surrounded by a case, housing, fence, or wall( s) 
that prevents persons from accidentally contacting energized 
parts. 

Enclosure. The case or housing of apparatus, or the fence or 
walls surrounding an installation to prevent personnel from 
accidentally contacting energized parts or to protect the 
equipment from physical damage. 

Infonnational Note: See Table 
enclosure types. 

for examples of 

Energized. Electrically connected to, or is, a source of 
voltage. 

Equipment. A general tenn, including fittings, devices, 
appliances, luminaires, apparatus, machinery, and the like 
used as a part of, or in connection with, an electrical 
installation. 

Explosionproof enclosed in a case 
that is capable of withstanding an explosion of a specified 
gas or vapor that may occur within it and of preventing the 
ignition of a specified gas or vapor surrounding the enclosure 
by sparks, flashes, or explosion of the gas or vapor within, 
and that operates at such an external temperature that a 
surrounding flammable atmosphere will not be ignited 
thereby. 

Infomlational Note: For further information, see ANSJ/UL 
Explosion-Proof and Dust-ib,:rnition-Proof 

Electrical Equipment Use in Hazardous (Class!fied) 
Locations. 

Exposed (as applied to live parts). Capable of being 
inadvertently touched or approached nearer than a safe 
distance by a person. It is applied to parts that are not 
suitably guarded, isolated, or insulated. 

Exposed (as applied to wiring methods). On or attached to 
the surface or behind panels designed to allow access. 

Externally Operable. Capable of being operated without 
exposing the operator to contact with live parts. 

Feeder. All circuit conductors between the service 
equipment, the source of a separately derived system, or 
other power supply source and the final branch-circuit 
overcurrent device. 

Festoon Lighting. A string of outdoor lights that is 
suspended between two points. 

Fitting. An accessory such as a locknut, bushing, or other 
part of a wiring system that is intended primarily to perform 
a mechanical rather than an electrical function. 

Garage. A building or portion of a building in which one or 
more self-propelled vehicles can be kept for use, sale, 
storage, rental, repair, exhibition, or demonstration purposes. 

Infonnational Note: For commercial garages, repair and 
storage, see Article 511. 

20 J 3 California Electrical Code 



ARTICLE 100 - DEFINITIONS 

Ground. The earth. 

Grouod -Fa'uii'. An -unrntentlonai~electrically conducting 
conn ction between an ungrounded conductor of an 
electrical circuit and the nommlly nOD--<urrent-carrying 
conductors. metallic nclosur s, metallic rae ways, 
metall ic equipment. or earth. 

Grounded (Grounding). Connected (connecting) to 
ground or to a conductive body that extends the ground 
connection. 

Grounded, Solidly. Connected to ground without 
inserting any resistor or impedance device. 

Grounded Conductor. A system or circuit conductor that 
is intentionally grounded. 

Ground-Fault Circuit Interrupter (GFCI). A device 
intended for the protection of personnel that functions to 
de-energize a circuit or portion thereof within an 
established period of time when a current to ground 
exceeds the values established for a Class A device. 

Informational Note: Class A ground-fault circuit 
interrupters trip when the current to ground is 6 
rnA or higher and do not trip when the current to 
ground is less than 4 rnA. For further 
information, see UL 943, Standard for Ground
Fault Circuit Interrupters. 

Ground-Fault Protection of Equipment. A system 
intended to provide protection of equipment from 
damaging line-to-ground fault currents by operating to 
cause a disconnecting means to open all ungrounded 
conductors of the faulted circuit. This protection is 
provided at current levels less than those required to 
protect conductors from damage through the operation of 
a supply circuit overcurrent device. 

Grounding Conductor, Equipment (EGC). The 
conductive path( ) installed to connect normally non
current-carrying metal parts of equipment together and to 
the system grounded conductor or to the grounding 
electrode conductor, or both. 

Informational Note No.1: It is recognized that the 
equipment grounding conductor also performs bonding. 

Informational Note No. 2: See 250.118 for a list of 
acceptable equipment grounding conductors. 

Grounding Electrode. A conducting object through 
which a direct connection to earth is established. 

Grounding Electrode Conductor. A conductor used to 
connect the system grounded conductor or the equipment 
to a grounding electrode or to a point on the grounding 
electrode system. 

Guarded. Covered, shielded, fenced, enclosed, or 
otherwise protected by means of suitable covers, casings, 
barriers, rails, screens, mats, or platforms to remove the 
likelihood of approach or contact by persons or objects to 
a point of danger. 
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Guest Room. An accommodation combining living, 
sleeping, sanitary, and storage facilities within a 
compartment. 

Guest Suite. An accommodation with two or more 
contiguous rooms comprising a compartment, with or 
without doors between such rooms, that provides living, 
sleeping, sanitary, and storage facilities. 

Handhole Enclosure. An enclosure for use in 
underground systems, provided with an open or closed 
bottom, and sized to allow personnel to reach into, but not 
enter, for the purpose of installing, operating, or 
maintaining equipment or wiring or both. 

Hoistway. Any shaftway, hatchway, well hole, or other 
vertical opening or space in which an elevator or 
dumbwaiter is designed to operate. 

Identified (as applied to equipment). Recognizable as 
suitable for the specific purpose, function, use, 
environment, application, and so forth, where described in 
a particular Code requirement. 

Informational Note: Some examples of ways to 
determine suitability of equipment for a specific 
purpose, environment, or application include 
investigations by a qualified testing laboratory (listing 
and labeling), an inspection agency, or other 
organizations concerned with product evaluation. 

In Sight From (Within Sight From, Within Sight). 
Where this Code specifies that one equipment shall be "in 
sight from," "within sight from," or "within sight of," and 
so forth, another equipment, the specified equipment is to 
be visible and not more than 15 m (50 ft) distant from the 
other. 

Interactive System. An electric power production system 
that is operating in parallel with and capable of delivering 
energy to an electric primary source supply system. 

Interrupting Rating. The highest current at rated voltage 
that a device is identi tied to interrupt under standard test 
conditions. 

Informational Note: Equipment intended to interrupt 
current at other than fault levels may have its 
interrupting rating implied in other ratings, such as 
horsepower or locked rotor current. 

Intersystem Bonding Termination. A device that 
provides a means for connecting bonding conductors for 
communications systems 10 Ihe grounding electro~(} 

system. 

Isolated (as applied to location). Not readily accessible 
to persons unless special means for access are used. 

Kitchen. An area with a sink and permanent provision~ 
for food preparation and cooking. 
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Labeled. Equipment or materials to which has been 
attached a label, symbol, or other identifying mark of an 
organization that is acceptable to the authority having 
jurisdiction and concerned with product evaluation, that 
maintains periodic inspection of production of labeled 
equipment or materials, and by whose labeling the 
manufacturer indicates compliance with appropriate 
standards or performance in a specified manner. 

Lighting Outlet. An outlet intended for the direct 
connection of a lampholder or luminaire. 

Listed. Equipment, materials, or services included in a 
list published by an organization that is acceptable to the 
authority having jurisdiction and concerned with 
evaluation of products or services, that maintains periodic 
inspection of production of listed equipment or materials 
or periodic evaluation of services, and whose listing states 
that either the equipment, material, or service meets 
appropriate designated standards or has been tested and 
found suitable for a specified purpose. 

Informational Note: The means for identifying 
listed equipment may vary for each organization 
concerned with product evaluation, some of 
which do not recognize equipment as listed 
unless it is also labeled. Use of the system 
employed by the listing organization allows the 
authority having jurisdiction to identify a listed 
product. 

Live Parts. Energized conductive components. 

Location, Damp. Locations protected from weather and 
not subject to saturation with water or other liquids but 
subject to moderate degrees of moisture. Examples of 
such locations include partially protected locations under 
canopies, marquees, roofed open porches, and like 
locations, and interior locations subject to moderate 
degrees of moisture, such as some basements, some barns, 
and some cold-storage warehouses. 

Location, Dry. A location not normally subject to 
dampness or wetness. A location classified as dry may be 
temporarily subject to dampness or wetness, as in the case 
of a building under construction. 

Location, Wet. Installations underground or in concrete 
slabs or masonry in direct contact with the earth; in 
locations subject to saturation with water or other liquids, 
such as vehicle washing areas; and in unprotected 
locations exposed to weather. 

Luminaire. A complete lighting unit consisting of a light 
source such as a lamp or lamps, together with the parts 
designed to position the light source and connect it to the 
power supply. It may also include parts to protect the light 
source or the ballast or to distribute the light. A 
lampholder itself is not a luminaire. 
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Metal-Enclosed Power Switchgear. A switchgear 
assembly completely enclosed on all sides and top with 
sheet metal ( except for ventilating openings and 
inspection windows) and containing primary power 
circuit switching, interrupting devices, or both, with buses 
and connections. The assembly may include control and 
auxiliary devices. Access to the interior of the enclosure is 
provided by doors, removable covers, or both. Metal
enclosed power switchgear is available in non-arc
resistant or arc-resistant constructions. 

Motor Control Center. An assembly of one or more 
enclosed sections having a common power bus and 
principally containing motor control units. 

Multioutlet Assembly. A type of surface, flush, or 
freestanding raceway designed to hold conductors and 
receptacles, assembled in the field or at the factory. 

Neutral Conductor. The conductor connected to the 
neutral point of a system that is intended to carry current 
under normal conditions. 

Neutral Point. The common point on a wye-connection 
in a polyphase system or midpoint on a single-phase, 3-
wire system, or midpoint of a single-phase portion of a 3-
phase delta system, or a midpoint of a 3-wire, direct
current system. 

Informational Note: At the neutral point of the system, 
the vectorial sum of the nominal voltages from an other 
phases within the system that utilize the neutral, with 
respect to the neutral point, is zero potential. 

Nonautomatic. 

Nonlinear Load. A load where the wave shape of the 
steady-state current does not follow the wave shape of the 
applied voltage. 

Informational Note: Electronic equipment, 
electronic/electric-discharge lighting, adjustable-speed 
drive systems, and similar equipment may be nonlinear 
loads. 

Outlet. A point on the wiring system at which current is 
taken to supply utilization equipment. 

Outline Lighting. An arrangement of incandescent 
lamps, electric-discharge lighting, or other electrically 
powered light sources to outline or call attention to certain 
features such as the shape of a building or the decoration 
ofa window. 

Overcurrent. Any current in excess of the rated current 
of equipment or the ampacity of a conductor. It may result 
from overload, short circuit, or ground fault. 

Informational Note: A cutTent in excess of rating may be 
accommodated by certain equipment and conductors for a 
given set of conditions. Therefore, the rules for overcurrent 
protection are specific for particular situations. 
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QY~~~ll~"~lIt .. p'r()t~cti"e . l)evic;e,IJ!~llc~ .. ~~rcuit. A 
device capable of p~oviding protection for service, feeder, 
and branch circuits and equipment over the full range of 
overcurrents between its rated current and its interrupting 
rating. Branch-circuit overcurrent protective devices are 
provided with interrupting ratings appropriate for the 
intended use but no less than 5000 amperes. 

Ov~rcurrent .. Pr()tective "De,;ice,Supplemeotary: A 

device intended to provide limited overcurrent protection 
for specific applications and utilization equipment such as 
luminaires and appliances. This limited protection is in 
addition to the protection provided in the required branch 
circuit by the branch-circuit overcurrent protective device. 

Overload. Operation of equipment in excess of normal, 
full-load rating, or of a conductor in excess of rated 
ampacity that, when it persists for a sufficient length of 
time, would cause damage or dangerous overheating. A 
fault, such as a short circuit or ground fault, is not an 
overload. 

Panelboard. A single panel or group of panel units 
designed for assembly in the form of a single panel, 
including buses and automatic overcurrent devices, and 
equipped with or without switches for the control of light, 
heat, or power circuits; designed to be placed in a cabinet 
or cutout box placed in or against a wall, partition, or 
other support; and accessible only from the front. 

Plenum. A compartment or chamber to which one or 
more air ducts are connected and that forms part of the air 
distribution system. 

Power Outlet. An enclosed assembly that may include 
receptacles, circuit breakers, fuseholders, fused switches, 
buses, and watt-hour meter mounting means; intended to 
supply and control power to mobile homes, recreational 
vehicles, park trailers, or boats or to serve as a means for 
distributing power required to operate mobile or 
temporarily installed equipment. 

Premises Wiring (System). Interior and exterior wiring, 
inc1uding power, lighting, control, and signal circuit 
wiring together with all their associated hardware, 
fittings, and wiring devices, both permanently and 
temporarily installed. This includes (a) wiring from the 
service point or power source to the outlets or (b) wiring 
from and including the power source to the outlets where 
there is no service point. 

Such wiring does not include wiring internal to 
appliances, luminaires, motors, controllers, motor control 
centers, and similar equipment. 

Qualified Person. One who has skills and knowledge 
related to the construction and operation of the electrical 
equipment and installations and has received safety 
training to recognize and avoid the hazards involved. 
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Informational Note: Refer to NFPA 70£-2009, 
Standard for Electrical Safety in the Workplace, for 
electrical safety training requirements. 

Raceway. An enclosed channel of metal or nonmetallic 
materials designed expressly for holding wires, cables, or 
busbars, with additional functions as permitted in this 
Code. Raceways include, but are not limited to, rigid 
metal conduit, rigid nonmetallic conduit, intermediate 
metal conduit, liquidtight flexible conduit, flexible 
metallic tubing, 11exible metal conduit, electrical 
nonmetallic tubing, electrical metallic tubing, underfloor 
raceways, cellular concrete floor raceways, cellular metal 
1100r raceways, surface raceways, wireways, and 
busways. 

Rainproof. Constructed, protected, or treated so as to 
prevent rain from interfering with the successful operation 
of the apparatus under specified test conditions. 

Raintight. Constructed or protected so that exposure to a 
beating rain will not result in the entrance of water under 
specified test conditions. 

Receptacle. A receptacle is a contact device installed at 
the outlet for the connection of an attachment plug. A 
single receptacle is a single contact device with no other 
contact device on the same yoke. A multiple receptacle is 
two or more contact devices on the same yoke. 

Receptacle Outlet. An outlet where one or more 
receptacles are installed. 

Remote-Control Circuit. Any electrical circuit that 
controls any other circuit through a relay or an equivalent 
device. 

Sealable Equipment. Equipment enclosed in a case or 
cabinet that is provided with a means of sealing or locking 
so that live parts cannot be made accessible without 
opening the enclosure. The equipment mayor may not be 
operable without opening the enclosure. 

Separately Derived System. A premises wiring system 
whose power is derived from a source of electric energy 
or equipment other than a service. Such systems have no 
direct connection from circuit conuuctors of one syst~m (0 

circuit conductors of another system, other than 
connections through the ~arth. metal enclosures, metallic 
raceways. or equipment grounding conductors. 

Service. The conductors and equipment for delivering 
electric energy from the serving utility to the wiring 
system of the premises served. 

Service Cable. Service conductors made up in the form 
of a cable. 

Service Conductors. The conductors from the service 
point to the service disconnecting means. 
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Sen'ice Condudors, Overhead. The overhead 
conductors between the servicl! point and the fir t point of 
connection to the 'ervice-cntrance conductor at the 
bui ldiogor otherSlrtlctllre., 

Service Cooductors,Uodergr'ound. The underground 
conductors between the ervice point and the t1rst point of 
conn,cction to the service-entrance conductors in a 
terminal box, meter, or other enclosure. inside or outsid 
the building\vaII. 

Informational Note: Whercihcrcls··'no'ierll1illa) ···· bOx, 
meh~r. or other enclosure. the point of connection is 
considered 10 be the point of entrance of (he en ice 
£QI!~':I(;!Qr~ , iJl~~ , t ,h~~lIj1 ~.ill g. 

Service Drop. The overhead conductors betwee)~the 

ulilityt;I~,<:tricstJPplysy~t~r!lalld lh~ ~er\'ic::.e, .PQi~!~ 

Service-Entrance Conductors, Overhead System. The 
service conductors between the terminals of the service 
equipment and a point usually outside the building, clear 
of building walls, where joined by tap or splice to the 

servi ce ~r()p2T()y~~~~~~~~rVice . <:()ll~lJc:t(l~~~ 

Service-Entrance Conductors, Underground System. 
The service conductors between the terminals of the 
service equipment and the point of connection to the 
service lateral or ~~l~~rgrO\lllQ~~,~fY-i<;,~ .. c.(?,ndl1ct()rs. 

Informational Note: Where service equipment is 
located outside the building walls, there may be 
no service-entrance conductors or they may be 
entirely outside the building. 

Service Equipment. The necessary equipment, usually 
consisting of a circuit breaker(s) or switch(es) and fusees) 
and their accessories, connected to the load end of service 
conductors to a building or other structure, or an 
otherwise designated area, and intended to constitute the 
main control and cutoff of the supply. 

Service Lateral. The underground conductors between 
the utility electric supply system and the service point. 

Service Point. The point of connection between the 
facilities of the serving utility and the premises wiring. 

Intonnational Note: The en'icc point can be described 
as the point of demarcation between where the fving 
utility ends and the prcmis wiring begins. The serving 
utility g nemlly specitic the location of tbe cnice 
point based on the condition of~eT\ ic . 

Short-Circuit Current Rating. The prospective 
symmetrical fault current at a nominal voltage to which 
an apparatus or system is able to be connected without 
sustaining damage exceeding defined acceptance criteria. 

Show Window. Any window used or designed to be 
used for the display of goods or advertising material, 
whether it is fully or partly enclosed or entirely open at 
the rear and whether or not it has a platform raised higher 
than the street floor level. 
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Signaling Circuit. Any electrical circuit that energizes 
signaling equipment. 

Solar Photovoltaic System. The total components and 
subsystems that, in combination, convert solar energy into 
electric energy suitable for connection to a utilization 
load. 

Special Permission. The written consent of the authority 
having jurisdiction. 

Structure. That which is built or constructed. 

Surge Arrester. A protective device for limiting surge 
voltages by discharging or bypassing surge current; it also 
prevents continued flow of follow current while 
remaining capable of repeating these functions. 

Surge-Protective Device (SPD). A protective device for 
limiting transient voltages by diverting or limiting surge 
current; it also prevents continued flow of follow cunent 
while remaining capable of repeating these functions and 
is designated as follows: 

Type 1: Permanently connected SPDs intended for 
installation between the secondary of the service 
transformer and the line side of the service disconnect 
overcurrent device. 

Type 2: Permanently connected SPDs intended for 
installation on the load side of the service disconnect 
overcurrent device, including SPDs located at the branch 
panel. 

Type 3: Point of utilization SPDs. 

Type 4: Component SPDs, including discrete components, 
as well as assemblies. 

Informational Note: For further information on Type 1, 
Type 2, Type 3, and Type 4 SPDs, see UL 1449, 
Standard for Surge Protective Devices. 

Switch, Bypass Isolation. A manually operated device 
used in conjunction with a transfer switch to provide a 
means of directly connecting load conductors to a power 
source and of disconnecting the transfer switch. 

Switch, General-Use. A switch intended for use in 
general distribution and branch circuits. It is rated in 
amperes, and it is capable of interrupting its rated current 
at its rated voltage. 

Switch, General-Use Snap. A form of general-use switch 
constructed so that it can be installed in device boxes or 
on box covers, or otherwise used in conjunction with 
wiring systems recognized by this Code. 

Switch, Isolating. A switch intended for isolating an 
electrical circuit from the source of power. It has no 
interrupting rating, and it is intended to be operated only 
after the circuit has been opened by some other means. 
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Switch, Motor-Circuit. A switch rated in horsepower 
that is capable of interrupting the maximum operating 
overload current of a motor of the same horsepower rating 
as the switch at the rated voltage. 

Switch, Transfer. An automatic or nonautomatic device 
for transferring one or more load conductor connections 
from one power source to another. 

Switchboard. A large single panel, frame, or assembly of 
panels on which are mounted on the face, back, or both, 
switches, overcurrent and other protective devices, buses, 
and usually instruments. Switchboards are generally 
accessible from the rear as well as from the front and are 
not intended to be installed in cabinets. 

Thermal Protector (as applied to motors). A protective 
device for assembly as an integral part of a motor or 
motor-compressor that, when properly applied, protects 
the motor against dangerous overheating due to overload 
and fai lure to start. 

Informational Note: The thennal protector may consist 
of one or more sensing elements integral with the motor 
or motor-compressor and an external control device. 

Thermally Protected (as applied to motors). The words 
Thermally Protected appearing on the nameplate of a 
motor or motor-compressor indicate that the motor is 
provided with a thermal protector. 

Ungrounded. Not connected to ground or to a conductive 
body that extends the ground connection. 

Uninterruptible Power Supply. A power upply used to 
provide alternating curr~nt power to a load for some 
period of time in the event of a power failure. 

Informational Note: Ln addition. it nlay prO' id~ a more 
con tant \·ohagc and frequ~Dcy supply to (he load. 
reducing the effects of voltage and frequency \ riation . 

UtiHty-Interactive Inverter. An inverter intended for use 
in parallel with an electric utility to supply common loads 
that may deliver power to the utility. 

Utilization Equipment. Equipment that utilizes electric 
energy for electronic, electromechanical, chemical, 
heating, lighting, or similar purposes. 

Ventilated. Provided with a means to permit circulation 
of air sufficient to remove an excess of heat, fumes, or 
vapors. 

Volatile Flammable Liquid. A flammable liquid having 
a flash point below 38°C (100°F), or a flammable liquid 
whose temperature is above its flash point, or a Class II 
combustible liquid that has a vapor pressure not 
exceeding 276 kPa (40 psia) at 38°C (lOO°F) and whose 
temperature is above its flash point. 
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Voltage (of a circuit). The greatest root-mean-square 
(nns) (effective) difference of potential between any two 
conductors of the circuit concerned. 

Informational Note: Some systems, such as 3-phase 4-
wire, single-phase 3-wire, and 3-wire direct current, may 
have various circuits of various voltages. 

Voltage, Nominal. A nominal value assigned to a circuit 
or system for the purpose of conveniently designating its 
voltage class (e.g., 1201240 volts, 480Y/277 volts, 600 
volts). The actual voltage at which a circuit operates can 
vary from the nominal within a range that permits 
satisfactory operation of equipment. 

Informational Note: See ANSI C84.1-2006, Voltage 
Ratings for Electric Power Systel11s and Equipment (60 
Hz). 

Voltage to Ground. For grounded circuits, the voltage 
between the given conductor and that point or conductor 
of the circuit that is grounded; for ungrounded circuits, 
the greatest voltage between the given conductor and any 
other conductor of the circuit. 

Watertight. Constructed so that moisture will not enter 
the enclosure under specified test conditions. 

Weatherproof. Constructed or protected so that 
exposure to the weather will not interfere with successful 
operation. 

Informational Note: Rainproof, raintight, or watertight 
equipment can fulfill the requirements for weatherproof 
where varying weather conditions other than wetness, 
such as snow, ice, dust, or temperature extremes, are not 
a factor. 

II. Over 600 Volts, Nominal 

Whereas the preceding definitions are intended to apply 
wherever the terms are used throughout this Code, the 
following definitions are applicable only to parts of the 
article specifically covering installations and equipment 
operating at over 600 volts, nominal. 

Electronically Actuated Fuse. An overcurrent protective 
device that generally consists of a control module that 
provides current sensing, el.ectronically derived time
current characteristics, energy to initiate tripping, and an 
interrupting module that interrupts current when an 
overcurrent occurs. Electronically actuated fuses mayor 
may not operate in a current-limiting fashion, depending 
on the type of control selected. 

Fuse. An overcurrent protective device with a circuit
opening fusible part that is heated and severed by the 
passage of overcurrent through it. 

Informational Note: A fuse comprises all the parts that 
form a unit capable of performing the prescribed 
functions. It may or may not be the complete device 
necessary to connect it into an electrical circuit. 
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Controlled Vented Power Fuse. A fuse with provision for 
controlling discharge circuit interruption such that no solid 
material may be exhausted into the surrounding atmosphere. 

fuformational Note: The fuse is designed so that discharged 
gases wiLl not ignite or damage insulation in the path of the 
discharge or propagate a flashover to or between grounded 
members or conduction members in the path of the discharge 
where the distance between the vent and such insulation or 
conduction members conforms to manufacturer's 
recommendations. 

Expulsion Fuse Unit (Expulsion Fuse). A vented fuse unit in 
which the expulsion effect of gases produced by the arc and 
lining of the fuseholder, either alone or aided by a spring, 
extinguishes the arc. 

Nonvented Power Fuse. A fuse without intentional provision 
for the escape of arc gases, liquids, or solid particles to the 
atmosphere during circuit interruption. 

Power Fuse Unit. A vented, nonvented, or controlled vented 
fuse unit in which the arc is extinguished by being drawn 
through solid material, granular material, or liquid, either alone 
or aided by a spring. 

Vented Power Fuse. A fuse with provision for the escape of 
arc gases, liquids, or solid particles to the surrounding 
atmosphere during circuit interruption. 

Multiple Fuse. An assembly of two or more single-pole fuses. 

Switching Device. A device designed to close, open, or both, 
one or more electrical circuits. 

Circuit Breaker. A switching device capable of making, 
caITying, and interrupting currents under normal circuit 
conditions, and also of making, carrying for a specified time, 
and interrupting currents under specified abnormal circuit 
conditions, such as those of short circuit. 

Cutout. An assembly of a fuse support with either a 
fuseholder, fuse carrier, or discomlecting blade. The 
fuseholder or fuse carrier may include a conducting element 
(fuse link) or may act as the discOlmecting blade by the 
inclusion of a nonfusible member. 

Disconnecting Means. A device, group of devices, or other 
means whereby the conductors of a circuit can be 
disconnected from their source of supply. 

Disconnecting (or Isolating) Switch (Disconnector, Isolator). 
A mechanical switching device used for isolating a circuit or 
equipment from a source of power. 

Interrupter Switch. A switch capable of making, carrying, and 
interrupting specified currents. 

Oil Cutout (Oil-Filled Cutout). A cutout in which all or part of 
the fuse support and its fuse link or discomlecting blade is 
mounted in oil with complete immersion of the contacts and 
the fusible portion of the conducting element (fuse link) so that 
arc interruption by severing of the fuse link or by opening of 
the contacts will occur under oil. 

Oil Switch. A switch having contacts that operate under oil (or 
askarel or other suitable liquid). 

70-34 

Regulator Bypass Switch. A specific device or combination of 
devices designed to bypass a regulator. 

ARTICLE 110 
Requirements for ElectricallnstaUations 

I. General 

110.1 Scope. This article covers general requirements for the 
examination and approval, installation and use, access to and 
spaces about electrical conductors and equipment; enclosures 
intended for personnel entry; and tumIel installations. 

110.2 Approval. The conductors and equipment required or 
permitted by this Code shall be acceptable only if approved. 

[OSHPD 1, 2, 3 & 4] Equipment shall be approvable if it is C 
listed, labeled or certified for its use by a Nationally A 
Recognized Testing Laboratory (NRTL) as recognized by the C 
Us. department of Labor, Occupational Safety and Health A 
Administration. C 

Informational Note: See 90.7, Examination of 
Equipment for Safety, and 110.3, Examination, 
Identification, Installation, and Use of Equipment. 
See definitions of Approved, Identified, Labeled, and 
Listed. 

110.3 Examination, Identification, Installation, and Use of 
Equipment. 

(A) Examination. In judging equipment, considerations such 
as the following shall be evaluated: 

(I) Suitability for installation and use in conformity with the 
provisions of this Code 

fuformational Note: Suitability of equipment use may be 
identified by a description marked on or provided with a 
product to identifY the suitability ofthe product for a specific 
purpose. environment, or application. Special conditIOnS 01 
~ or other limitalions and othl.'r pertinent mformation may 
pe marked on the equipmenl included in the product 
instructions.. or included in the appropriate li ing and labeling 
Illfonna.~()Ll. Suitability of equipment may be evidenced by 
listing or labeling. 

(2) Mechanical strength and durability, including, for parts 
designed to enclose and protect other equipment, the 
adequacy of the protection thus provided 

(3) Wire-bending and connection space 

(4) Electrical insulation 

(5) Heating effects under nomlal conditions of use and also 
under abnormal conditions likely to arise in service 

(6) Arcing effects 

(7) Classification by type, size, voltage, current capacity, and 
specific use 

(8) Other factors that contribute to the practical safeguarding 
of persons using or likely to come in contact with the 
equipment 
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(B) Installation and Use. Listed or labeled equipment 
shall be installed and used in accordance with any 
instructions included in the listing or labeling. 

110.4 Voltages. Throughout this Code, the voltage 
considered shall be that at which the circuit operates. The 
voltage rating of electrical equipment shall not be less 
than the nominal voltage of a circuit to which it is 
connected. 

110.5 Conductors. Conductors normally used to carry 
current shall be of copper unless otherwise provided in 
this Code. Where the conductor material is not specified, 
the material and the sizes given in this Code shall apply to 
copper conductors. Where other materials are used, the 
size shall be changed accordingly. 

Informational Note: For aluminum and copper-clad 
aluminum conductors, see 310.15. 

110.6 Conductor Sizes. Conductor sizes are expressed in 
American Wire Gage (A WG) or in circular mils. 

110.7 Wiring Integrity. Completed wiring installations 
shall be free from short circuits, ground faults, or any 
connections to ground other than as required or permitted 
elsewhere in this Code. 

110.8 Wiring Methods. Only wiring methods recognized 
as suitable are included in this Code. The recognized 
methods of wiring shall be permitted to be installed in any 
type of building or occupancy, except as otherwise 
provided in this Code. 

110.9 Interrupting Rating. Equipment intended to 
interrupt current at fault levels shall have an interrupting 
rating the nominal circuit voltage and the 
current that is available at the line terminals of the 
equipment. 

Equipment intended to intermpt current at other than 
fault levels shall have an interrupting rating at nominal 
circuit voltage the current that must be 
interrupted. 

110.10 Circuit Impedance, 
and Other Characteristics. The overcurrent 

protective devices, the total impedance, the 
short-circuit current ratings, and other characteristics of 
the circuit to be protected shall be selected and 
coordinated to permit the circuit protective devices used 
to clear a fault to do so without extensive damage to the 
electrical equipment of the circuit. This fault shal1 be 
assumed to be either between two or more of the circuit 
conductors or between any circuit conductor and the 
equipment grounding conductor(s) permitted in 250.118. 
Listed equipment applied in accordance with their listing 
shall be considered to meet the requirements of this 
section. 
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110.11 Deteriorating Agents. Unless identified for use in 
the operating environment, no conductors or equipment shall 
be located in damp or wet locations; where exposed to gases, 
fumes, vapors, liquids, or other agents that have a 
deteriorating effect on the conductors or equipment; or where 
exposed to excessive temperatures. 

Informational Note No.1: See 300.6 for protection against 
corrosion. 

Informational Note No.2: Some cleaning and lubricating 
compounds can cause severe deterioration of many plastic 
materials used for insulating and structural applications in 
equipment. 

Equipment not identified for outdoor use and equipment 
identified only for indoor use, such as "dry locations," 
"indoor use only," "damp locations," or enclosure Types 1, 
2, 5, 12, 12K, and/or 13, shall be protected 
from the weather 

Informational Note No.3: See Table for 
appropriate enclosure-type designations. 

110.12 Mechanical Execution of Work. Electrical 
equipment shall be installed in a neat and workmanlike 
manner. 

Informational Note: Accepted industry practices are 
described in ANSIINECA 1-2006, Standard Practices for 
Good Workmanship in Electrical Contracting, and other 
ANSI-approved installation standards. 

(A) Unused Openings. Unused openings, other than those 
intended for the operation of equipment, those intended for 
mounting purposes, or those permitted as part of the design 
for listed equipment, shall be closed to afford protection 
substantially equivalent to the wall of the equipment. Where 
metallic plugs or plates are used with nonmetallic enclosures, 
they shall be recessed at least 6 nun (Y4 in.) from the outer 
surface of the enclosure. 

(B) Integrity of Electrical Equipment and Connections. 
Internal parts of electrical equipment, including busbars, 
wiring terminals, insulators, and other surfaces, shall not be 
damaged or contaminated by foreign materials such as paint, 
plaster, cleaners, abrasives, or corrosive residues. There shall 
be no damaged parts that may adversely affect safe operation 
or mechanical strength of the equipment such as parts that 
are broken; bent; cut; or deteriorated by corrosion, chemical 
action, or overheating. 

110.13 Mounting and Cooling of Equipment. 

(A) Mounting. Electrical equipment shall be fIrmly secured 
to the surface on which it is mounted. Wooden plugs driven 
into holes in masonry, concrete, plaster, or similar materials 
shall not be used. 

Exception: [BSC, SFM, HCD] & HCD2] Roofmounted C 
ballasted solar photovoltaic systems provided that the A 
wlrmg and interconnections are designed to C 
accommodate for maximum system displacement. ~ 
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(B) Cooling. Electrical equipment that depends on the 
natural circulation of air and convection principles for 
cooling of exposed surfaces shall be installed so that room 
airflow over such surfaces is not prevented by walls or by 
adjacent installed equipment. For equipment designed for 
floor mounting, clearance between top surfaces and adjacent 
surfaces shall be provided to dissipate rising warm air. 

C (C) [OSHPD 1, 2, 3 & 4} Hospitals. Electrical equipment 
A and its supporting structure installed in hospital buildings 
C shall be anchored and braced to withstand the lateral 
A forces, and shall accommodate calculated displacements as 
~ required by Part 2, Title 24, C. C.R. 

Electrical equipment provided with ventilating openings 
shall be installed so that walls or other obstructions do not 
prevent the free circulation of air through the equipment. 

110.14 Electrical Connections. Because of different 
characteristics of dissimilar metals, devices such as 
pressure terminal or pressure splicing connectors and 
soldering lugs shall be identified for the material of the 
conductor and shall be properly installed and used. 
Conductors of dissimilar metals shall not be intermixed in 
a terminal or splicing connector where physical contact 
occurs between dissimilar conductors (such as copper and 
aluminum, copper and copper-clad aluminum, or 
aluminum and copper-clad aluminum), unless the device 
is identified for the purpose and conditions of use. 
Materials such as solder, fluxes, inhibitors, and 
compounds, where employed, shall be suitable for the use 
and shall be of a type that will not adversely affect the 
conductors, installation, or equipment. 

Connectors andtenl1lna)slor conductors more finely 
stranded than Clas B and Class C stranding as shown in 
Chapter 9. Table 10, shall be identified for the specific! 
conductor class or c1as es. 

Informational Note: Many terminations and equipment 
are marked with a tightening torque. 

(A) Terminals. Connection of conductors to terminal 
parts shall ensure a thoroughly good connection without 
damaging the conductors and shall be made by means of 
pressure connectors (including set-screw type), solder 
lugs, or splices to flexible leads. Connection by means of 
wire-binding screws or studs and nuts that have upturned 
lugs or the equivalent shall be permitted for lOA WG or 
smaller conductors. 

Terminals for more than one conductor and terminals 
used to connect aluminum shall be so identified. 

(B) Splices. Conductors shall be spliced or joined with 
splicing devices identified for the use or by brazing, 
welding, or soldering with a fusible metal or alloy. 
Soldered splices shall first be spliced or joined so as to be 
mechanically and electrically secure without solder and 
then be soldered. All splices and joints and the free ends 
of conductors shall be covered with an insulation 
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equivalent to that of the conductors or with an insulating 
device identified for the purpose. 

Wire connectors or splicing means installed on 
conductors for direct burial shall be listed for such use. 

(C) Temperature Limitations. The temperature rating 
associated with the ampacity of a conductor shall be 
selected and coordinated so as not to exceed the lowest 
temperature rating of any connected termination, 
conductor, or device. Conductors with temperature ratings 
higher than specified for terminations shall be permitted 
to be used for ampacity adjustment, correction, or both. 

(1) Equipment Provisions. The determination of 
termination provisions of equipment shall be based on 
110.l4(C)(l)(a) or (C)(l)(b). Unless the equipment is listed 
and marked otherwise, conductor ampacities used in 
determining equipment termination provisions shall be 
based on Table 310.15(8)(16) as appropriately modified by 
310.15(8)(6). 

(a) Termination provisions of equipment for circuits 
rated 100 amperes or less, or marked for 14 A WG through 
1 AWG conductors, shall be used only for one of the 
following: 

(1) Conductors rated 60°C (140°F). 

(2) Conductors with higher temperature ratings, provided 
the ampacity of such conductors is determined based 
on the 60°C (140°F) ampacity of the conductor size 
used. 

(3) Conductors with higher temperature ratings if the 
equipment is listed and identified for use with such 
conductors. 

(4) For motors marked with design letters B, C, or D, 
conductors having an insulation rating of 75°C (167°F) 
or higher shall be permitted to be used, provided the 
ampacity of such conductors does not exceed the 75°C 
(167°F) ampacity. 

(b) Termination provisions of equipment for circuits 
rated over 100 amperes, or marked for conductors Jarger 
than 1 AWG, shall be used only for one of the following: 

(1) Conductors rated 75°C (167°F) 

(2) Conductors with higher temperature ratings, provided 
the ampacity of such conductors does not exceed the 
75°C (167°F) ampacity of the conductor size used, or 
up to their ampacity if the equipment is listed and 
identified for use with such conductors 

(2) Separate Connector Provisions. Separately installed 
pressure connectors shall be used with conductors at the 
ampacities not exceeding the ampacity at the listed and 
identified temperature rating of the connector. 

Informational Note: With respect to llO.14(C)(1) and 
(C)(2), equipment markings or listing infonnation may 
additionally restrict the sizing and temperature ratings of 
connected conductors. 
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110.15 High-Leg Marking. On a 4-wire, delta-connected 
system where the midpoint of one phase winding is 
grounded, only the conductor or busbar having the higher 
phase voltage to ground shall be durably and permanently 
marked by an outer finish that is orange in color or by other 
effective means. Such identification shall be placed at each 
point on the system where a connection is made if the 
grounded conductor is also present. 

110.16 ~~f:.-Flash H_~tl .. d Warning. Electrical equipment, 
such as switchboards, panelboards, industrial control panels, 
meter socket enclosures, and motor control centers, that are 
in other than dwelling units, and are likely to require 
examination, adjustment, servicing, or maintenance while 
energized shall be field marked to warn qualified persons of 
potential electric arc flash hazards. The marking shall be 
located so as to be clearly visible to qualified persons before 
examination, adjustment, servicing, or maintenance of the 
equipment. 

Infonnational Note No.1: NFPA 70E-2009, Standard 
for Electrical Safety in the Workplace, provides 
assistance in determining severity of potential exposure, 
planning safe work practices, and selecting personal 
protective equipment. 

Infonnational Note No.2: ANSI Z535.4-l998, Product 
Safety Signs and Labels, provides guidelines for the design 
of safety signs and labels for application to products. 

110.18 Arcing Parts. Parts of electrical equipment that 
in ordinary operation produce arcs, sparks, flames, or 
molten metal shall be enclosed or separated and isolated 
from all combustible material. 

Informational Note: For hazardous (classified) locations, 
see Articles 500 through 517. For motors, see 430.14. 

110.19 Light and Power from Railway Conductors. 
Circuits for lighting and power shall not be connected to 
any system that contains trolley wires with a ground return. 

Exception: Such circuit connections shall be permitted in 
car houses, power houses, or passenger and fi-eight 
stations operated in connection with electric railways. 

110.21 Marking. The manufacturer's name, trademark, or 
other descriptive marking by which the organization 
responsible for the product can be identified shall be placed 
on all electrical equipment. Other markings that indicate 
voltage, current, wattage, or other ratings shall be provided 
as specified elsewhere in this Code. The marking shall be of 
sufficient durability to withstand the environment involved. 

110.22 Identification of Disconnecting Means. 

(A) General. Each disconnecting means shall be legibly 
marked to indicate its purpose unless located and arranged 
so the purpose is evident. The marking shall be of sufficient 
durability to withstand the environment involved. 
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(B) Enginee .. ed Series Combination§yst~~s. 

J;:quipment cndosures fOf: circuit breakers or fus s applied 
in compliance with series combination ratings selected 
under engineering supervision it} · ··· accordance\\;.'ih 
240.86(A) shall be legibly marked in the field ~s directed 
kylhe . eJ.1gi l1cer to indicate the equipment has been 
applied with a series combination rating. The marking 
shall be readily visible and state the following: 

CAUTION - ENGINEERED SERIES COMBINATION 
SYSTEM RATED AMPERES. IDENTIFIED 
REPLACENIENT COMPONENTS REQUIRED. 

(C) Tested Series Combination Systems. Equipment 
~nclo ures for circuit breakers or fuses applied in 
compliance with the series combination ratings marked on 
the equipment by the manufacturer in accordanct: with 
240.86(B) shall be legibly marked in the field to indicate 
the equipment has been applied with a series combination 
rating. The marking shall be readily visible and state the 
following: 

CAUTION - SERIES COMBINATION SYSTEM 
RATED AMPERES. IDENTIFIED REPLACEMENT 
COMPONENTS REQUIRED. 

110.23 Current Transformers. 

Unused current transformers associated with potentially 
energized circuits shall be short-circuited. 

110.24 Available Faull Current. 

(A) Field Marking. Service equipment in other than 
dwelling units shall be legibly marked in the field ~ ilh the 
maximum available UlUlt current. The field marking(s) 
shall include the date the fault current calculation was 
performed and be of sufTtcient durability to withstand the 
environment involved. 

(8) lodifications. whcn · nlodlt1catiof1s · ····lotlledectrt~11 
installation occur that afToct thl! maximum available fault 
CUITent at the service, the maximum a ailablc limit current 
shall be verified or recalculated as necessary to ensure the 
service equipment ratings are ufficient for th\! maximum 
available fault current at th line tcnninals oflhe equipment. 
The required fidd marking(s) in IIO.24(A) shall be adjusted 
10 reflect the new level of maximum available fault current. 

Ex(eption: 171efield marking requirements in IIO.24(A) and 
110.24(8) hall not be required ill indus/rial ins/alia/ions 
'w/u!re condition.... of mmnl('nanc(! and sU{'e11'i 'ion ensure 

!&'ll(!lJ~l' qllalijif.clp~I,~Q'!~~·fg2·!~(! the. (!qllfpt!!~"'t 

II. 600 Volts, Nominal, or Less 

110.26 Spaces About Electrical Equipment. Access and 
working space shall be provided and maintained about all 
electrical equipment to permit ready and safe operation 
and maintenance of such equipment. 

70-37 



110.26 ARTICLE 110 - REQUIREMENTS FOR ELECTRICAL INSTALLATIONS 

(A) Working Space. Working space for equipment 
operating at 600 volts, nominal, or less to ground and 
likely to require examination, adjustment, servicing, or 
maintenance while energized shall comply with the 
dimensions of II0.26(A)(l), (A)(2), and (A)(3) or as 
required or permitted elsewhere in this Code. 

(1) Depth of Working Space. The depth of the working 
space in the direction of live parts shall not be less than that 
specified in Table 110.26(A)(l) unless the requirements of 
IlO.26(A)(1)(a), (A)(1)(b), or (A)(l)(c) are met. Distances 
shall be measured from the exposed live parts or from the 
enclosure or opening if the live parts are enclosed. 

Table 1l0.26(A)(1) Working Spaces 

Nominal 
Voltage to 
Ground 

0-150 

151-600 

Minimum Clear Distance 

Condition 1 

914 mm (3 ft) 

914 mm (3 ft) 

Condition 2 Condition 3 

914 mm (3 ft) 914 mm (3 ft) 

1.07m(3ft6in.) 1.22m(4ft) 

Note: Where the conditions are as follows: 
Condition 1 - Exposed live parts on one side of the working space 
and no live or grounded pat1S on the other side of the working space, 
or exposed live parts on both sides of the working space that are 
effectively guarded by insulating materials. 
Condition 2 - Exposed live parts on one side of the working space 
and grounded pmts on the other side of the working space. Concrete, 
brick, or tile walls shall be considered as grounded. 
Condition 3 - Exposed live parts on both sides of the working 
space. 

(a) Dead-Front Assemblies. Working space shall not 
be required in the back or sides of assemblies, such as 
dead-front switchboards or motor control centers, where 
all connections and all renewable or adjustable parts, such 
as fuses or switches, are accessible from locations other 
than the back or sides. Where rear access is required to 
work on nonelectrical parts on the back of enclosed 
equipment, a minimum horizontal working space of 762 
mm (30 in.) shall be provided. 

(b) Low Voltage. By special permission, smaller 
working spaces shall be permitted where all exposed live 
parts operate at not greater than 30 volts rms, 42 volts 
peak, or 60 volts dc. 

(c) Existing Buildings. In existing buildings where 
electrical equipment is being replaced, Condition 2 
working clearance shall be permitted between dead-front 
switchboards, panelboards, or motor control centers 
located across the aisle from each other where conditions 
of maintenance and supervision ensure that written 
procedures have been adopted to prohibit equipment on 
both sides of the aisle from being open at the same time 
and qualified persons who are authorized will service the 
installation. 
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(2) Width of Working Space. The width of the working 
space in front of the electrical equipment shall be the 
width of the equipment or 762 mm (30 in.), whichever is 
greater. In all cases, the work space shall permit at least a 
90 degree opening of equipment doors or hinged panels. 

(3) Height of Working Space. The work space shall be 
clear and extend from the grade, floor, or platform to a 
height of 2.0 m (6~ fl) or the height of the equipment, 
\Whichever is great~r. Within the height requirements of 
this section, other equipment that is associated with the 
electrical installation and is located above or below the 
electrical equipment shall be permitted to extend not more 
than 150 mm (6 in.) beyond the front of the electrical 
equipment. 

Exception No. 1: In existing dwelling ullits. service 
equipment or pandhoards fhal do not exceed 200 
amperes shall be permitted in space where the height of 
fhe working space is Ie s than 2.0 m (6'JJ /I). 
Exception No.2: Meters thaI are ins/ailed ill mell!r 
sockets shall be permitt<.'d to e.xtend beyond Ih<.' ofhcr 
equipment. The meier socket s~fJlI be req"i~ed" to [f!UO~ 
fhe rul(j~olt!~i " sectiql,. 

(B) Clear Spaces. Working space required by this section 
shall not be used for storage. When normally enclosed 
live parts are exposed for inspection or servicing, the 
working space, if in a passageway or general open space, 
shall be suitably guarded. 

(C) Entrance to and Egress from Working Space. 

(1) Minimum Required. At least one entrance of 
sufficient area shall be provided to give access to and 
egress from working space about electrical equipment. 

(2) Large Equipment. For equipment rated 1200 
amperes or more and over 1.8 m (6 ft) wide that contains 
overcurrent devices, switching devices, or control 
devices, there shall be one entrance to and egress from the 
required working space not less than 610 mm (24 in.) 
wide and 2.0 m (612 ft) high at each end of the working 
space. 

A single entrance to and egress from the required working 
space shall be permitted where either of the conditions in 
11 0.26(C)(2)(a) or (C)(2)(b) is met. 

(a) Unobstructed Egress. Where the location 
permits a continuous and unobstructed way of egress 
travel, a single entrance to the working space shall be 
permitted. 

(b) Extra Working Space. Where the depth of the 
working space is twice that required by 1 IO.26(A)(l), a 
single entrance shall be permitted. It shall be located such 
that the distance from the equipment to the nearest edge 
of the entrance is not less than the minimum clear 
distance specified in Table 11 0.26(A)( 1) for equipment 
operating at that voltage and in that condition. 

2013 California Electrical Code 



ARTICLE 110 - REQUIREMENTS FOR ELECTRICAL INSTALLATIONS 110.28 

(3) Personnel Doors. Where equipment rated 1200 A or 
more that contains overcurrent devices, switching devices, or 
control devices is installed and there is a personnel door(s) 
intended for entrance to and egress from the working space 
less than 7.6 m (25 ft) from the nearest edge of the working 
space, the door(s) shall open in the direction of egress and be 
equipped with panic bars, pressure plates, or other devices 
that are normally latched but open under simple pressure. 

(D) Illumination. Illumination shall be provided for all 
working spaces about service equipment, switchboards, 
p(lIl~I~oards,or 1110t()r coIltr()l centers .. installed .. indoors and 
~hnll not be controlled by automatic means only. Additional 
lighting outlets shall not be required where the work space is 
illuminated by an adjacent light source or as permitted by 
21O.70(A)(1), Exception No.1, for switched receptacles. 

(£ ) Dedicated Equipment Space. All switchboards, 
panelboards, and motor control centers shall be located in 
dedicated spaces and protected from damage. 

Exception: Control equipment that by its very nature or 
because of other rules of the Code must be adjacent to or 
within sight of its operating machinery shall be permitted in 
those locations. 

(1) In<ioor. Indoor illstallations shall comply with 
110.26(£)(1 )(a) through (E)(1 )(d). 

( a) Dedicated Electrical Space. The space equal to the 
width and depth of the equipment and extending from the 
floor to a height of 1.8 m (6 ft) above the equipment or to the 
structural ceiling, whichever is lower, shall be dedicated to 
the electrical installation. No piping, ducts, leak protection 
apparatus, or other equipment foreign to the electrical 
installation shall be located in this zone. 

Exception: Suspended ceilings with removable panels shall 
be permitted within the 1.8-m (6-ft) zone. 

(b ) Foreign Systems. The area above the dedicated 
space required by 110.26(E)(1)(a) shall be permitted to 
contain foreign systems, provided protection is installed to 
avoid damage to the electrical equipment from condensation, 
leaks, or breaks in such foreign systems. 

( c) Sprinkler Protection. Sprinkler protection shall be 
permitted for the dedicated space where the piping complies 
with this section. 

(d) Suspended Ceilings. A dropped, suspended, or 
similar ceiling that does not add strength to the building 
structure shall not be considered a structural ceiling. 

(2) Outdoor. Outdoor electrical equipment shall be installed 
in suitable enclosures and shall be protected from accidental 
contact by unauthorized personnel, or by vehicular traffic, or 
by accidental spillage or leakage from piping systems. The 
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working clearance space shall include the zone described in 
110.26(A). No architectural appurtenance or other equipment 
shall be located in this zone. 

(F) Locked Electrical Equipment Rooms or Enclosures. 
Electrical equipment rooms or enclosures housing electrical 
apparatus that are controlled by a lock( s) shall be considered 
accessible to qualified persons. 

110.27 Guarding of Live Parts. 

(A) Live Parts Guarded Against Accidental Contact. 
Except as elsewhere required or permitted by this Code, live 
parts of electrical equipment operating at 50 volts or more 
shall be guarded against accidental contact by approved 
enclosures or by any of the following means: 

(1) By location in a room, vault, or similar enclosure that is 
accessible only to qualified persons. 

(2) By suitable permanent, substantial partitions or screens 
arranged so that only qualified persons have access to 
the space within reach of the live parts. Any openings in 
such partitions or screens shall be sized and located so 
that persons are not likely to come into accidental 
contact with the live parts or to bring conducting objects 
into contact with them. 

(3) By location on a suitable balcony, gallery, or platform 
elevated and arranged so as to exclude unqualified 
persons. 

(4) By elevation of 2.5 m (8 ft) or more above the floor or 
other working surface. 

(B) Prevent Physical Damage. In locations where electrical 
equipment is likely to be exposed to physical damage, 
enclosures or guards shall be so arranged and of such 
strength as to prevent such damage. 

(C) Warning Signs. Entrances to rooms and other guarded 
locations that contain exposed live parts shall be marked with 
conspicuous warning signs forbidding unqualified persons to 
enter. 

Informational Note: For motors, see 430.232 and 430.233. 
For over 600 volts, see 110.34. 

11 O.2~ Enclosure Types. Enclosures (other than 
surrounding fences or walls) of switchboards, panelboards, 
industrial control panels, motor control centers, meter 
sockets, enclosed switches. transfer switches, power outlets. 
circuit breakers. adjuslsble-speed drive systems. pullout 
switches. portable power distribution equipm\!nt. termination 
boxes, general-purpo'c tranSfOnllers. fire pump controllers. 
ftre pump molors. and motor controllers, rated not over 600 
volts nominal and intended for such locations, shall be 
Il1(lr~~4 with an enclosure-type number as shown in Table 
110.28. 

Table .110.28 shall be used for selecting these enclosures 
for use in specific locations other than hazardous (classified) 
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110.30 ARTICLE 110 - REQUIREMENTS FOR ELECTRICAL INSTALLATIONS 

locations. The enclosures are not intended to protect against 
conditions such as condensation, icing, corrosion, or 
contamination that may occur within the enclosure or enter 
via the conduit or unsealed openings 

III. Over 600 Volts, Nominal 

110.30 General. 

Conductors and equipment used on circuits over 600 
volts, nominal, shall comply with Part I of this article and 
with 110.30 through 110.40, which supplement or modify 
Part 1. In no case shall the provisions of this part apply to 
equipment on the supply side ofthe service point. 

110.31 Enclosure for Electrical Installations. 

Electrical installations in a vault, room, or closet or in an 
area surrounded by a wall, screen, or fence, access to 
which is controlled by a lock(s) or other approved means, 
shall be considered to be accessible to qualified persons 
only. The type of enclosure used in a given case sha1l be 
designed and constructed according to the nature and 
degree ofthe hazard(s) associated with the installation. 

For installations other than equipment as described in 
1l0.3l(D), a wall, screen, or fence shall be used to 
enclose an outdoor electrical installation to deter access 
by persons who are not qualified. A fence shal1 not be less 
than 2.1 m (7 ft) in height or a combination of l.8 m (6 ft) 
or more of fence fabric and a 300-mm (I-ft) or more 
extension uti1izing three or more strands of barbed wire or 
equivalent. The distance from the fence to live parts shall 
be not less than given in Table 110.31. 

Table 110.31 Minimum Distance from Fence to Live Parts 

Nominal Voltage 

601 - 13,799 

13,800 - 230,000 

Over 230,000 

Minimum Distance to Live Parts 

m 

3.05 

4.57 

5.49 

ft 

10 

15 

18 

Note: For clearances of conductors for specific system 
voltages and typical BIL ratings, see ANSI C2-2007, National 
Electrical Safety Code. 

Informational Note: See Article 450 for 
construction requirements for transformer vau lts. 

(A) Ele-ctrical Vaults. Where an electrical vault is 
required or specified for conductors and equipment 
operating at over 600 volts. nominal. the following hall 
apply. 

(I) Walls and Roof. The walls and roof hall be 
constructed of materials that have adequate structural 
strength for the conditions, with a minimum fire rating of 
3 hours. For the purpose of . this ection, studs and 
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wallboard construction shall not be permitted. 

(2) Floors. The floors of vaults in contact with the earth 
shall be of concrete that is not less than 102 mm (4 in.) 
thick, but where the vault is constructed with a vacant 
space or other stories below it, the floor shall have 
adequate structural strength for the load imposed on it and 
a minimum fire resistance of 3 hours. 

(3) Doors. Each doof\\ay leading into a vault fTom the 
building interior shall be provided with a tight-l1tting door 
that has a minimum fire rating of 3 hours. The authority 
having jurisdiction shall be permitted to require slich a 
door for an exterior wall opening where conditions 
warrant. 

Excep'ioll 10 (I). (2). and (3): lYJU're the vault is 
protected with aUlomalic sprinkler, waleI' .~pray. carbon 
dioxide. or halol1, construction with a I-hollr rating shall 
be permilled 

(4) Locks. Doors shall be equipped with locks. and doors 
shall be kept locked. with access allowed only 10 qualified 
persons. Personnel doors shall swing out and be equipped 
with panic bars, pressure plates. or other devices that are 
nomlally latched but that open under simplc pre surc. 

(5) Transformers. Where a transformer is installed in a 
vault as required by Article 450. tbe vault shall be 
constructed in acc()rdallCe\viththe reqtlir~fl1llts()f part 
III of Article 450. 

Informational Note No.1: For additional infomlation, 
see ANSIIASTM EI19-1995. Method/mo Fire Test of 
Building Con..\/rI,,·lion and Wat('1';ol. • PA 251-2006, 
SlafldClrd Melhod of reslf of Fire Resl5lance of 
Bu;ltiing COffl'lntction and Materiab, and NFPA RO-
20) 0, Siandard for Fi r£' QQ()r::'Clnt!QIIt~rgIJtt.lliIl8 
Pro/eel ivt'(j. 

Informational Note No.2: A typical 3-hour construction, 
i~ ..... I?() ... rJ1I1l .. ( .~ .... ill .~.) ... t~.i~k .. ~c:illf()rc~~ . c:(}I\cr\!t~~ 

(B) Indoor Installations. 

(1) In Places Accessible to Unqualified Persons. Indoor 
electrical installations that are accessible to unqualified 
persons shall be made with metal-enclosed equipment. 
Metal-enclosed switchgear, unit substations, transformers, 
pull boxes, connection boxes, and other similar associated 
equipment shall be marked with appropriate caution signs. 
Openings in ventilated dry-type transformers or similar 
openings in other equipment shall be designed so that 
foreign objects inserted through these openings are 
deflected from energized parts. 

(2) In Places Accessible to Qualified Persons Only. 
Indoor electrical installations considered accessible only 
to qualified persons in accordance with this section shall 
comply with 110.34, 110.36, and 490.24. 

2013 Califomia Electrical Code 



ARTICLE 110 - REQUIREMENTS FOR ELECTRICAL INSTALLATIONS 

Table lIojj Enclosure Selection 

Provides a Degree of 
Protection Against the 

Following Environmental 
Conditions 

Incidental contact with the 
enclosed equipment 

Rain, snow, and sleet 

Sleet* 

Windblown dust 

Hosedown 

Corrosive agents 

Temporary submersion 

Prolonged submersion 

Provides a Degree of 
Protection Against the 

Following .Environmental 
Conditions 

Incidental contact with the 
enclosed equipment 

Falling dirt 

Falling liquids and light 
splashing 

Circulating dust, lint, fibers, and 
flyings 

Settling airborne dust, lint, 
fibers, and flyings 

Hosedown and splashing water 

Oil and coolant seepage 

Oil or coolant spraying and 
splashing 

Corrosive agents 

Temporary submersion 

Prolonged submersion 

3 

X 

X 

X 

1 

X 

X 

3R 

X 

X 

2 

X 

X 

X 

*Mechanism shall be operable when ice covered. 

3S 

X 

X 

X 

X 

4 

X 

X 

X 

X 

X 

X 

For Outdoor Use 

Enclosure-Type Number 

3X 

X 

X 

X 

x 

3RX 

X 

X 

X 

3SX 

x 

x 
X 

X 

X 

For Indoor Use 

Enclosure-Type Number 

4X 

X 

X 

X 

X 

X 

X 

X 

5 

X 

X 

X 

X 

6 

X 

X 

X 

X 

X 

x 

X 

4 

X 

x 

x 
X 

6P 

X 

X 

X 

X 

x 

X 

x 
X 

X 

4X 

X 

X 

X 

X 

X 

12 

x 

X 

X 

X 

x 

X 

6 

X 

X 

X 

X 

X 

12K 

X 

X 

X 

X 

X 

X 

110.31 

6P 

x 

X 

X 

X 

X 

X 

X 

13 

X 

X 

X 

X 

X 

X 

X 

Informational Note ~).I : The term raintight is typically used in conjunction with Enclosure Types 3, 3S, 3SX, 3X, 4, 4X, 6, and 6P. The 
tenn rainproofis typically used in conjunction with Enclosure Types 3R, and 3RX. The tenn watertight is typically used in conjunction 
with Enclosure Types 4, 4X, 6, 6P. The tenn driptight is typically used in conjunction with Enclosure Types 2, 5, 12, 12K, and 13. The 
term dusttight is typically used in conjunction with Enclosure Types 3, 3S, 3SX, 3X, 5, 12, 12K, and 13. 

)nfonnalionaJ Note No. :!: Jn~ prot(.~tion (lP) ratings may b found in ANSlINEMA 60529. Degn'e~ of Protection Pro,'idt·d by 
'f;nc/osure . IP ratings are not a ub titule for Enclosure Type ratings. 
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110.32 ARTICLE 110 

(C) Outdoor InstaHations. 

(1) In Places Accessible to Unqualified Persons. 
Outdoor electrical installations that are open to 
unqualified persons shall comply with Parts I, II, and III 
of Article 225. 

(2) In Places Accessible to Qualified Persons Only. 
Outdoor electrical installations that have exposed live 
parts shall be accessible to qualified persons only in 
accordance with the first paragraph of this section and 
shall comply with 1 10.34, 110.36, and 490.24. 

(D) Enclosed Equipment Accessible to Unqualified 
Persons. Ventilating or similar openings in equipment 
shall be designed such that foreign objects inserted 
through these openings are deflected from energized 
parts. Where exposed to physical damage from vehicular 
traffic, suitable guards shall be provided. Nonmetallic or 
metal-enclosed equipment located outdoors and 
accessible to the general public shall be designed such 
that exposed nuts or bolts cannot be readily removed, 
permitting access to live parts. Where nonmetallic or 
metal-enclosed equipment is accessible to the general 
public and the bottom of the enclosure is less than 2.5 m 
(8 ft) above the floor or grade level, the enclosure door or 
hinged cover shall be kept locked. Doors and covers of 
enclosures used solely as pull boxes, splice boxes, or 
junction boxes shall be locked, bolted, or screwed on. 
Underground box covers that weigh over 45.4 kg (100 Ib) 
shall be considered as meeting this requirement. 

110.32 Work Space About Equipment. 

Sufficient space shall be provided and maintained about 
electrical equipment to permit ready and safe operation 
and maintenance of such equipment. Where energized 
parts are exposed, the minimum clear work space shall be 
not less than 2.0 m ft) high (measured vertically from 
the floor or platform) or not less than 914 mm (3 ft) wide 
(measured parallel to the equipment). The depth shall be 
as required in 110.34(A). In all cases, the work space 
shall permit at least a 90 degree opening of doors or 
hinged panels. 

110.33 Entrance to Enclosures and Access to Working 
Space. 

(A) Entrance. At least one entrance to enclosures for 
electrical insta11ations as described in 110.31 not less than 
610 mm (24 in.) wide and 2.0 m (6Y:z ft) high shall be 
provided to give access to the working space about 
electrical equipment. 

(1) Large Equipment. On switchboard and control panels 
exceeding 1.8 m (6 ft) in width, there shall be one entrance 
at each end of the equipment. A single entrance to the 
required working space shall be permitted where either of 
the conditions in 11 0.33(A)(l )(a) or (A)(1 )(b) is met. 

70-42 

FOR ELECTRICAL INSTALLATIONS 

(a) Unobstructed Exit. Where the location permits 
a continuous and unobstructed way of exit travel, a single 
entrance to the working space shall be permitted. 

(b) Extra Working Space. Where the depth of the 
working space is twice that required by 110.34(A), a 
single entrance shall be permitted. It shall be located so 
that the distance from the equipment to the nearest edge 
of the entrance is not less than the minimum clear 
distance specified in Table 1l0.34(A) for equipment 
operating at that voltage and in that condition. 

(2) Guarding. Where bare energized parts at any voltage 
or insulated energized parts above 600 volts, nominal, to 
ground are located adjacent to such entrance, they shall be 
suitably guarded. 

(3) Personnel Doors. Where there is a personnel door(s) 
intended for entrance to and egress from the working 
space less than 7.6 m (25 ft) from the nearest edge of the 
working space, the door(s) shall open in the direction of 
egress and be equipped with panic bars, pressure plates, 
or other devices that are normally latched but open under 
simple pressure. 

(B) Access. Permanent ladders or stairways shall be 
provided to give safe access to the working space around 
electrical equipment installed on platforms, balconies, or 
mezzanine floors or in attic or roof rooms or spaces. 

110.34 Work Space and Guarding. 

(A) Working Space. Except as elsewhere required or 
permitted in this Code, equipment likely to require 
examination, adjustment, servicing, or maintenance while 
energized shall have clear working space in the direction of 
access to live parts of the electrical equipment and shall be 
not less than specified in Table 11 0.34(A). Distances shall 
be measured from the live parts, if such are exposed, or 
from the enclosure front or opening if such are enclosed. 

Exception: Working space shall not be required in back 
of equipment such as dead-front switchboards or control 
assemblies where there are no renewable or adjustable 
parts (such as fuses or switches) on the back and where 
all connections are accessible from locations other than 
the back. Where rear access is required to work on 
nonelectrical parts on the back of enclosed equipment, a 
minimum working space of 762 mm (30 in.) horizontally 
shall be provided. 

(B) Separation from Low-Voltage Equipment. Where 
switches, cutouts, or other equipment operating at 600 
volts, nominal, or less are installed in a vault, room, or 
enclosure where there are exposed live parts or exposed 
wiring operating at over 600 volts, nominal, the high
voltage equipment shall be effectively separated from the 
space occupied by the low-voltage equipment by a 
suitable partition, fence, or screen. 
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ARTICLE 110 FOR ELECTRICAL INSTALLATIONS 

Table 110.34(A) Minimum Depth of Clear Working Space 
at Electrical 

Minimum Clear Distance 
Nominal 

VoUageto 
Ground Condition 1 Condition 2 Condition 3 

601-2500 V 900mm(3 ft) 1.2 m (4 ft) 1.5111(5 ft) 

2501~9000V 1.2 m (4 ft) 1.5 111 (5 ft) 1.8 m(6 ft) 

9001-25,000 V 1.5 m (5 ft) 1.8 m(6 ft) 2.8 m (9 ft) 

25,001 V-75 kV 1.8 m (6 ft) 2.5 m (8 ft) 3.0 m (lOft) 

Above75kV 2.5 m(8 ft) 3.0m(lOft) 3.7 m (12 ft) 

Note: Where the conditions are as follows: 
Condition 1 - Exposed live parts on one side of the working 
space and no live or grounded parts on the other side of the 
working space, or exposed live parts on both sides of the 
working space that are effectively guarded by insulating 
materials. 
Condition 2 Exposed live parts on one side of the working 
space and grounded parts on the other side of the working space. 
Concrete, brick, or tile walls shall be considered as grounded. 
Condition 3 Exposed live parts on both sides of the working 
space. 

Exception: Switches or other equipment operating at 600 
volts, nominal, or less and serving on~y equipment within 
the high-voltage vault, room, or enclosure shall be 
permitted to be installed in the high-voltage vault, room, 
or enclosure without a partition, fence, or screen (I' 
accessible to quahfied persons only. 

(C) Locked Rooms or Enclosures. The entrance to all 
buildings, vaults, rooms, or enclosures containing 
exposed live parts or exposed conductors operating at 
over 600 volts, nominal, shall be kept locked unless such 
entrances are under the observation of a qualified person 
at all times. 

Where the voltage exceeds 600 volts, nominal, 
permanent and conspicuous warning signs shall be 
provided, reading as follows: 

DANGER HIGH VOLTAGE -KEEP OUT 

(D) Illumination. Illumination shall be provided for all 
working spaces about electrical equipment. The lighting 
outlets shall be arranged so that persons changing lamps 
or making repairs on the lighting system are not 
endangered by live parts or other equipment. 

The points of control shall be located so that persons 
are not likely to come in contact with any live part or 
moving part of the equipment while turning on the lights. 

(E) Elevation of Unguarded Live Parts. Unguarded live 
parts above working space shall be maintained at 
elevations not less than required by Table] 10.34(E). 
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Table 110.34([) Elevation of Unguarded Live Parts Above 
Working Space 

Elevation 

Nominal Voltage 
Between Phases m ft 

601-7500 V 2.8 9 

7501-35,000 V 2.9 9 t16 in. 

Over 35 kV 2.9 m + 9.5 9 it 6 in. + 0.37 
mmlk V above 35 in.lkV above 35 

(F) Protection of Service Equipment, Metal-Enclosed 
Power Switchgear, and Industrial Control Assemblies. 
Pipes or ducts foreign to the electrical installation and 
requiring periodic maintenance or whose malfunction 
would endanger the operation of the electrical system 
shall not be located in the vicinity of the service 
equipment, metal-enclosed power switchgear, or 
industrial control assemblies. Protection shall be provided 
where necessary to avoid damage from condensation 
leaks and breaks in such foreign systems. Piping and other 
facilities shaH not be considered foreign if provided for 
fire protection of the electrical installation. 
110.36 Circuit Conductors. Circuit conductors shaH be 
pernlitted to be installed in raceways; in cable trays; as 
metal-clad cable, as bare wire, cable, and busbars; or as 
Type MV cables or conductors as provided in 300.37, 
300.39, 300.40, and 300.50. Bare live conductors shall 
comply with 490.24. 

Insulators, together with their mounting and 
conductor attachments, where used as supports for wires, 
single-conductor cables, or busbars, shall be capable of 
safely withstanding the maximum magnetic forces that 
would prevail if two or more conductors of a circuit were 
subjected to short-circuit current. 

Exposed runs of insulated wires and cables that have 
a bare lead sheath or a braided outer covering shall be 
supported in a manner designed to prevent physical 
damage to the braid or sheath. Supports for lead-covered 
cables shall be designed to prevent electrolysis of the 
sheath. 

110.40 Temperature Limitations at Terminations. 
Conductors shall be permitted to be terminated based on 
the 90°C (l94°F) temperature rating and ampacity as 
given in Table 310.60(C)(67) through Table 
310.60(C)(86), unless otherwise identified. 

IV. Tunnel Installations over 600 Volts, Nominal 

110.51 General. 

(A) Covered. The provisions of this part shall apply to 
the installation and use of high-voltage power distribution 
and utilization equipment that is portable, mobile, or both, 
such as substations, trailers, cars, mobile shovels, 
draglines, hoists, drills, dredges, compressors, pumps, 
conveyors, underground excavators, and the like. 
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110.52 ARTICLE 110-

(B) Other Articles. The requirements of this part shall be 
additional to, or amendatory of, those prescribed in 
Articles 100 through 490 of this Code. 

(C) Protection Against Physical Damage. Conductors 
and cables in tunnels shall be located above the tunnel 
floor and so placed or guarded to protect them from 
physical damage. 

110.52 Overcurrent Protection. Motor-operated 
equipment shall be protected from overcurrent in 
accordance with Parts III, IV, and V of Article 430. 
Transformers shall be protected from overcurrent in 
accordance with 450.3. 

110.53 Conductors. High-voltage conductors in tunnels 
shall be installed in metal conduit or other metal raceway, 
Type Me cable, or other approved multi conductor cable. 
Multiconductor portable cable shall be permitted to 
supply mobile equipment. 

110.54 Bonding and Equipment Grounding 
Conductors. 

(A) Grounded and Bonded. All non-current-carrying 
metal parts of electrical equipment and all metal raceways 
and cable sheaths shall be solidly grounded and bonded to 
all metal pipes and rails at the portal and at intervals not 
exceeding 300 m (1000 ft) throughout the tunnel. 

(B) Equipment Grounding Conductors. An equipment 
grounding conductor shall be run with circuit conductors 
inside the metal raceway or inside the multiconductor 
cable jacket. The equipment grounding conductor shall be 
permitted to be insulated or bare. 

110.55 Transformers, Switches, and Electrical 
Equipment. All transformers, switches, motor 
controllers, motors, rectifiers, and other equipment 
installed belowground shall be protected from physical 
damage by location or guarding. 

110.56 Energized Parts. Bare terminals of transformers, 
switches, motor controllers, and other equipment shall be 
enclosed to prevent accidental contact with energized 
parts. 

110.57 Ventilation System Controls. Electrical controls 
for the ventilation system shall be arranged so that the 
airflow can be reversed. 

110.58 Disconnecting 'Means. A switch or circuit breaker 
that simultaneously opens all ungrounded conductors of 
the circuit shall be installed within sight of each 
transformer or motor location for disconnecting the 
transformer or motor. The switch or circuit breaker for a 
transformer shall have an ampere rating not less than the 
ampacity of the transformer supply conductors. The 
switch or circuit breaker for a motor shall comply with the 
applicable requirements of Article 430. 
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FOR ELECTRICAL INSTALLATIONS 

110.59 Enclosures. Enclosures for use in tunnels shall be 
dripproof, weatherproof, or submersible as required by 
the environmental conditions. Switch or contactor 
enclosures shall not be used as junction boxes or as 
raceways for conductors feeding through or tapping off to 
other switches, unless the enclosures comply with 312.8. 

V. Manholes and Other Electrical Enclosures 
Intended for Personnel Entry, All Voltages 

110.70 General. Electrical enclosures intended for 
personnel entry and specifically fabricated for this 
purpose shall be of sufficient size to provide safe work 
space about electrical equipment with live parts that is 
likely to require examination, adjustment, servicing, or 
maintenance while energized. Such enclosures shall have 
sufficient size to permit ready installation or withdrawal 
of the conductors emp10yed without damage to the 
conductors or to their insulation. They shall comply with 
the provisions of this part. 

Exception: Where electrical enclosures covered by Part 
V of this article are part of an industrial wiring system 
operating under conditions of maintenance and 
supervision that ensure that only qualified persons 
monitor and supervise the system, they shall be permitted 
to be designed and installed in accordance with 
appropriate engineering practice. If required by the 
authority having jurisdiction. design documentation shall 
be provided. 

110.71 Strength. Manholes, vaults, and their means of 
access shall be designed under qualified engineering 
supervision and shall withstand all loads likely to be 
imposed on the structures. 

Infonnational Note: See ANSI C2-2007, National 
Electrical Safety Code, for additional information on the 
loading that can be expected to bear on underground 
enclosures. 

110.72 Cabling Work Space. A clear work space not less 
than 900 mm (3 ft) wide shall be provided where cables 
are located on both sides, and not less than 750 mm (2Y:! 
ft) where cables are only on one side. The vertical 
headroom shall be not less than 1.8 m (6 ft) unless the 
opening is within 300 mm (1 ft), measured horizontally, 
of the adjacent interior side wal] of the enclosure. 

Exception: A manhole containing only one or more of the 
follOWing shall be permitted to have one of the horizontal 
work space dimensions reduced to 600 mm (2 ft) where 
the other horizontal clear work space is increased so the 
sum of the two dimensions is not less than 1.8 m (6ft): 

(1) Optical fiber cables as covered in Article 770 
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ARTICLE 110 - REQUIREMENTS FOR ELECTRICAL INSTALLATIONS '110.79 

(2) Power-limited fire alarm circuits supplied in 
accordance with 760.121 

(3) Class 2 or Class 3 remote-control and signaling 
circuits, or both, supplied in accordance with 
725.121 

110.73 Equipment Work Space. Where electrical 
equipment with live parts that is likely to require 
examination, adjustment, servicing, or maintenance while 
energized is instaUed in a manhole, vault, or other 
enclosure designed for personnel access, the work space 
and associated requirements in 110.26 shall be met for 
installations operating at 600 volts or less. Where the 
installation is over 600 volts, the work space and 
associated requirements in 110.34 shall be met. A 
manhole access cover that weighs over 45 kg (l00 lb) 
shall be considered as meeting the requirements of 
110.34(C). 

lTO.74 Conductor Instalhltiofl:"Con'ductorsinstalled in 
nan holes and other enclosures int~nded tor personnel 

'entry shall be cabled. racked up, or arranged in an 
approved manner that provides ready and safe access tor: 
per ons to cnt r for installation and maintenance. Th~ 
installation shall comply with IIO.74(A) or 110.74(8), a~ 
~ppH~~I(!:. 

(. ) 600 Volts, Nominal, oruss. Wire bending space for 
conductors op rating al 600 volls or less shall be provided 
i~~~~9!~8!1S.~ wit~ the requirement of 314.28. 

(S)OVer600·V olts,NGminal . . Cond\icto~··opc!rntIng~iij 
over 600 volts hall b~ provided with bending space i~ 
accordance with 314.71(A) and (B). as applicable. 

Exception: Where 314.71 (B) applies, each row or column 
of ducts on one wall of the enclosure shall be calculated 
individually, and the single row or column that provides 
the maximum distance shall be used. 

110.75 Access to Manholes. 

(A) Dimensions. Rectangular access openings shall not 
be less than 650 mm x 550 mm (26 in. x 22 in.). Round 
access openings in a manhole shall be not less than 650 
mm (26 in.) in diameter. 

Exception: A manhole that has a fixed ladder that does 
not obstruct the opening or that contains only one or 
more of the following shall be permitted to reduce the 
minimum cover diameter to 600 mm (2 ft): 

(1) Opticalfiber cables as covered in Article 770 

(2) Power-limited fire alarm circuits supplied in 
accordance with 760.121 

(3) Class 2 or Class 3 remote-control and signaling 
circuits, or both, supplied in accordance with 
725.121 
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(B) Obstructions. Manhole openings shall be free of 
protrusions that could injure personnel or prevent ready 
egress. 

(C) Location. Manhole openings for personnel shall be 
.Iocated where they are not directly above electrical 
equipment or conductors in the enclosure. Where this is 
not practicable, either a protective barrier or a fixed ladder 
shall be provided. 

(D) Covers. Covers shall be over 45 kg (l00 lb) or 
otherwise designed to require the use of tools to open. 
They shall be designed or restrained so they cannot fall 
into the manhole or protrude sufficiently to contact 
electrical conductors or equipment within the manhole. 

(E) Marking. Manhole covers shall have an identifying 
mark or logo that prominently indicates their function, 
such as "electric." 

110.76 Access to Vaults and Tunnels. 

(A) Location. Access openings for personnel shall be 
located where they are not directly above electrical 
equipment or conductors in the enclosure. Other openings 
shall be permitted over equipment to facilitate installation, 
maintenance, or replacement of equipment. 

(B) Locks. In addition to compliance with the 
requirements of 110.34, if applicable, access openings for 
personnel shall be arranged such that a person on the 
inside can exit when the access door is locked from the 
outside, or in the case of normally locking by padlock, the 
locking arrangement shall be such that the padlock can be 
closed on the locking system to prevent locking from the 
outside. 

110.77 Ventilation. Where manholes, tunnels, and vaults 
have communicating openings into enclosed areas used 
by the public, ventilation to open air shall be provided 
wherever practicable. 

110.78 Guarding. Where conductors or equipment, or 
both, could be contacted by objects falling or being 
pushed through a ventilating grating, both conductors and 
live parts shall be protected in accordance with the 
requirements of 110.27(A)(2) or 1l0.31(B)(1), depending 
on the voltage. 

110.79 Fixed Ladders. Fixed ladders shall be corrosion 
resistant. 
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CHAPTER 2 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 200 • USE AND IDENTIFICATION OF GROUNDED CONDUCTORS 
ng Agency 

'--I"" _nUre Article 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are listed 
below 

Article I Section 

Adopting Agency 

Adopt Entire Article 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are listed 
below 

Article I Section 

210.50(0), (E) 

Adopting Agency 

Adopt Entire Article 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are listed 
below 

Article I Section 

BSC SFM HCD 

~ 
OSHPD 

1 2 ICC 1 2 3 

X X X X X X X X X 

ARTICLE 210 - BRANCH CIRCUITS 
BSC SFM HCD DSA OSHPD 

1 2 AC ~CC 1 2 3 

X X X 
I X X X X X X 

ARTICLE 215 • FEEDERS 
M HCD 

2 AC 

X X X X 

ARTICLE 220- BRANCH-CIRCUIT, FEEDER, AND SERVICE CALCULATIONS 
Adopting Agency 

Adopt Entire Article 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

Table 220.42 
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BSC SFM HCD DSA 
1---,---+-----;---

1 2 AC 

X X X X 

OSHPD 

SS/CC 2 3 

X X X 

X 

X 

DPH 
4 

X 

DPH 

4 

X 

X 

X 



CHAPTER 2 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 225 - OUTSIDE BRANCH CIRCUITS AND FEEDERS 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are X 
listed below 

Article / Section 

225.19(E) X 

ARTICLE 230 • SERVICES 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article / Section 

ARTICLE 240 - OVERCURRENT PROTECTION 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article / Section 

ARTICLE 250 - GROUNDING AND BONDING 

Adopting Agency BSC SFM HCD DSA OSHPD DPH 
1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article / Section 
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CHAPTER 2 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 280 - SURGE ARRESTERS 
Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 --i1 AC 
SS SS/CC 1 2 3 4 I 

Adopt Entire Article X X X X X X X X X 

Adopt Entire Article as amended 
i (amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 
! i 

ARTICLE 285 - TRANSIENT VOLTAGE SURGE SUPPRESSORS: TYPE TVSSs 
Adopting Agency BSC SFM HCD DSA OSHPD DPH ! 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section I 
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CHAPTER 2 ARTICLE 200 - USE AND IDENTIFICATION OF GROUNED CONDUCTORS 

Chapter 2 Wiring and Protection 

ARTICLE 200 
Usc and Identification of Grounded 

Conductors 

200.1 Scope. 

This article provides requirements for the following: 

(I) Identification of terminals 

(2) Grounded conductors in premises wiring systems 

(3) Identification of grounded conductors 

Infonnational Note: See Article 100 for definitions of 
Grounded Conductor, Eqllipmcm Grounding 
C(}nductor. and Grounding Electrode Conductor. 

200.2 General. Grounded conductors shall comply with 
200.2(A) and (B). 

(A) Insulation. The grounded conductor, where insulated, 
shall have insulation that is (1) suitable, other than color, 
for any ungrounded conductor of the same circuit on 
circuits of less than 1000 volts or impedance grounded 
neutral systems of 1 kV and over, or (2) rated not less 
than 600 volts for solidly grounded neutral systems of 1 
kV and over as described in 250.184(A). 

(B) Continuity. The continuity of a grounded conductor 
shall not depend on a connection to a metallic enclosure 
raceway, or cable armor. ' 

Informational Note: Sec 300.13(9) for the conlimllty of 
gT01mded conducto~ used in multh\ ire branch circuit . 

200.3 Connection to Grounded System. Premises 
wiring shall not be electrically connected to a supply 
system unless the latter contains, for any grounded 
conductor of the interior system, a corresponding 
conductor that is grounded. For the purpose of this 
section, electrically connected shall mean connected so as 
to be capable of canying current, as distinguished from 
connection through electromagnetic induction. 

Exception: Listed utility-interactive inverters identified 
for use in distributed resource generation systems such as 
photovoltaic and .filel cell power systems shall be 
permitted to be connected to premises wiring without a 
grounded conductor where the connected premises wiring 
or utility system includes a grounded conductor. 

200.4 Neutral to[l(fuCtors~Neulraf conductors hall not 
be used for more than one branch circuit. for more than 
one ffiultiwire branch circuit. or for more than one set of 
ungrounded feeder conductors unless pecifically 
pernl~tted elsewhere in this Code. 
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200.6 Means of Identifying Grounded Conductors. 

(A) Sizes 6 A WG or Smaller. An insulated grounded 
conductor of 6 AWG or smaller shall be identified by one 
<?fthe following means: 
(I) A~ontinuous whit~ outerflnlsh: 
(2) fA continuous gray outcrfillisll-. 

(3) rrhree continuous white stripe,; along ttlecondu-cio?s 
entire length on other than green insulation. 

(4) iWires that hay their outer covering filtishcd to show 
a white or gray color but have colored tracer threads 
in the braid identifYing the source of manufacture 
shall be considered as meeting the provisions of this 
section. 

(5) The grounded conductor of a mineral-insulated, 
metal-sheathed cable shall be identified at the time of 
installation by distinctive marking at its terminations. 

(6) A single-conductor, sunlight-resistant, outdoor-rated 
cable used as a grounded conductor in photovoltaic 
power systems, as permitted by 690.31, shall be 
identified at the time of installation by distinctive 
white marking at all terminations. 

(7) Fixture wire shall comply with the requirements for 
grounded conductor identification as specified in 
402.8. 

(8) For aerial cable, the identification shall be as above 
or by means of a ridge located on the exterior of th~ 
cable so as to identify it. 

(B) Sizes 4 AWG or Larger. An insulated grounded 
conductor 4 AWG or larger shall be identified by one of 
the following means: 

(1) A continuous white outer finish. 

(2) A continuolJsgray outer t1nj'sh 
(3) Three continuous white stripes along its entire length 

on other than green insulation. 

(4) At the time of installation, by a distinctive white or 
gray marking at its terminations. This marking shall 
encircle the conductor or insulation. 

(C) Flexible Cords. An insulated conductor that is 
intended for use as a grounded conductor, where 
contained within a flexible cord, shall be identified by a 
white or gray outer finish or by methods permitted by 
400.22. 

(D) Grounded Conductors of Different Systems. Where 
grounded conductors of different systems are installed in 
the same raceway, cable, box, auxiliary gutter, or other 
type of enclosure, each grounded conductor shall be 
identified by system. Identification that distinguishes each 
system grounded conductor shall be permitted by one of 
the following means: 
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ARTICLE 200 - USE AND IDENTIFICATION OF GROUNDED CONDUCTORS 200. 10 

(I) One system grounded conductor shall have an outer 
covering conforming to 200.6(A) or (B). 

(2) The grounded conductor(s) of other systems shall 
have a different outer covering conforming to 
200.6(A) or 200.6(B) or by an outer covering of 
white or gray with a readily distinguishable colored 
stripe other than green running along the insulation. 

(3) Other and different means of identification as 
allowed by 200.6(A) or (B) that will distinguish each 
system grounded conductor. 

The means of identification shall be documented in a 
manner that is readily avanableorshall be pen1l8nently 
posted where the conductors of different systems 
originate. 

(E) Grounded Conductors of Multiconductor Cables. 
The insulated grounded conductors in a multi conductor 
cable shall be identified by a continuous white or gray 
outer finish or by three continuous white stripes on other 
than green insulation along its entire length. 
Multiconductor flat cable 4 AWG or larger shal1 be 
permitted to employ an external ridge on the grounded 
conductor. 

Exception No.1: Where the conditions of maintenance 
and supervision ensure that only qualified persons service 
the installation, grounded conductors in multiconductor 
cables shall be permitted to be permanently identified at 
their terminations at the time of installation by a 
distinctive white marking or other equally effective 
means. 

Exception No.2: The grounded conductor of a 
multiconductor varnished-cloth-insulated cable shall be 
permitted to be identified at its terminations at the time of 
installation by a distinctive white marking or other 
equally effective means. 

Informational Note: The color gray may have been used 
in the past as an ungrounded conductor. Care should be 
taken when working on existing systems. 

200.7 Use of Insulation of a White or Gray Color or 
with Three Continuous White Stripes. 

(A) General. The following shall be used only for the 
grounded circuit conductor, unless otherwise permitted in 
200.7(B) and (C): 

(I) A conductor with continuous white or gray covering 

(2) A conductor with three continuous white stripes on 
other than green insulation 

(3) A marking of white or gray color at the termination 

(B) Circuits of Less Than 50 Volts. A conductor with 
white or gray color insulation or three continuous white 
stripes or having a marking of white or gray at the 
termination for circuits of less than 50 volts shall be 
required to be grounded only as required by 250.20(A). 
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(C) Circuits of 50 Volts or More. The use of insulation 
that is white or gray or that has three continuous white 
stripes for other than a grounded conductor for circuits of 
50 volts or more shall be permitted only as in (1) 1l.r:tQ{7l 

(1) If part of a cable assembly th::lt.h~~ the insulation 
permanently reidentified to indicate its use as an 
ungrounded conductor :by marking tape. painting. or 
other effective means at its termination and at each 
location where the conductor is visible and 
accessible. Identification shall encircle the insulation 
and shall be a color other than white gray, or green. 
1 f used for single-pole. 3-way or 4-way witch loops. 
the reidentified conductor with while or gray 
insulation or three continuous white stripes shall be 
used only for the supply to the switch. but not as a 
retum conductor from the SWitch to the outlet. 

(2) A flexible cord, having one conductor identified by a 
white or gray outer finish or three continuous white 
stripes or by any other means permitted by 400.22, 
that is used for connecting an appliance or equipment 
permitted by 400.7. This shall apply to flexible cords 
connected to outlets whether or not the outlet is 
supplied by a circuit that has a grounded conductor. 

Informational Note: The color gray may have been used 
in the past as an ungrounded conductor. Care should be 
taken when working on existing systems. 

200.9 Means of Identification of Terminals. The 
identification of terminals to which a grounded conductor 
is to be connected shall be substantially white in color. 
The identification of other terminals shall be of a readily 
distinguishable different color. 

Exception: Where the conditions of maintenance and 
supervision ensure that only qualified persons service the 
installations, terminals for grounded conductors shall be 
permitted to be permanently identified at the time of 
installation by a distinctive white marking or other 
equally effective means. 

200.10 Identification of Termina1s. 

(A) Device Terminals. All devices, excluding 
panelboards, provided with terminals for the attachment 
of conductors and intended for connection to more than 
one side of the circuit shall have terminals properly 
marked for identification, unless the electrical connection 
of the terminal intended to be connected to the grounded 
conductor is clearly evident. 

Exception: Terminal identffication shall not be required 
for devices that have a normal current rating of over 30 
amperes, other than polarized attachment plugs and 
polarized receptacles for attachment plugs as required in 
200.l0(B). 
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200.11 ARTICLE 210 - BRANCH CIRCUITS 

(B) Receptacles, Plugs, and Connectors. Receptacles, 
polarized attachment plugs, and cord connectors for plugs 
and polarized plugs shall have the terminal intended for 
connection to the grounded conductor identified as 
follows: 

(1) Identification shan be by a metal or metal coating 
that is substantially white in color or by the word 
white or the letter W located adjacent to the 
identified terminal. 

(2) If the terminal is not visible, the conductor entrance 
hole for the connection shall be colored white or 
marked with the word white or the letter W. 

Informational Note: See 250.l26 for identification of 
wiring device equipment grounding conductor tenninals. 

(C) Screw Shells. For devices with screw shells, the 
terminal for the grounded conductor shall be the one 
connected to the screw shell. 

(D) Screw Shell Devices with Leads. For screw shell 
devices with attached leads, the conductor attached to the 
screw shell shall have a white or gray finish. The outer 
finish of the other conductor shall be of a solid color that 
will not be confused with the white or gray finish used to 
identify the grounded conductor. 

Informational Note: The color gray may have been used 
in the past as an ungrounded conductor. Care should be 
taken when working on existing systems. 

(E) Appliances. Appliances that have a single-pole 
switch or a single-pole overcurrent device in the line or 
any line-connected screw shell lampholders, and that are 
to be connected by (1) a permanent wiring method or (2) 
field-installed attachment plugs and cords with three or 
more wires (including the equipment grounding 
conductor), shall have means to identify the terminal for 
the grounded circuit conductor (if any). 

200.11 Polarity of Connections. No grounded conductor 
shall be attached to any terminal or lead so as to reverse 
the designated polarity. 

ARTICLE 210 
Branch Circuits 

I. General Provisions 

210.1 Scope. This article covers branch circuits except for 
branch circuits that supply only motor loads, which are 
covered in Article 430. Provisions of this article and 
Article 430 apply to branch circuits with combination 
loads. 
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210.2 Other Articles for Specific-Purpose Branch 
Circuits. Branch circuits shall comply with this article 
and also with the applicable provisions of other articles of 
this Code. The provisions for branch circuits supplying 
equipment listed in Table 210.2 amend or supplement the 
provisions in this article and shall apply to branch circuits 
referred to therein. 

210.3 Rating. Branch circuits recognized by this article 
shall be rated in accordance with the maximum permitted 
ampere rating or setting of the overcurrent device. The 
rating for other than individual branch circuits shall be 15, 
20, 30, 40, and 50 amperes. Where conductors of higher 
ampacity are used for any reason, the ampere rating or 
setting of the specified overcurrent device shall determine 
the circuit rating. 

Exception: Multioutlet branch circuits greater than 50 
amperes shall be permitted to supply nonlighting outlet 
loads on industrial premises where conditions of 
maintenance and supervision ensure that only qualified 
persons service the equipment. 

210.4 Multiwire Branch Circuits. 

(A) General. Branch circuits recognized by this article 
shall be permitted as multiwire circuits. A multi wire 
circuit shall be permitted to be considered as multiple 
circuits. All conductors of a multiwire branch circuit shall 
originate from the same panelboard or similar distribution 
equipment. 

Informational Note: A 3-phase, 4-wire, wye-connected 
power system used to supply power to nonlinear loads 
may necessitate that the power system design allow for 
the possibility of high harmonic currents on the neutral 
conductor. 

(B) Disconnecting Means. Each multiwire branch circuit 
shall be provided with a means that will simultaneously 
disconnect all ungrounded conductors at the point where 
the branch circuit originates. 

Infonnational Note: See 240.15(B) for information 011 

~he use of single-pole circuit b~ak rs as the 
'di connecting I11caJlS~ 

(C) Line-to-Neutral Loads. Multiwire branch circuits 
shall supply only line-to-neutralloads. 

Exception No.1: A multiwire branch circuit that supplies 
only one utilization equipment. 

Exception No.2: Where all ungrounded conductors of 
the multiwire branch circuit are opened simultaneously 
by the branch-circuit overcurrent device. 

Infonnational Note: See 300.13(B) for continuity of 
grounded conductor on multi wire circuits. 
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Table 210.2 Specific-Purpose Branch Circuits (D) Grouping. The ungrounded and grounded circui~ 

conductors of each multiwire branch circuit shall be 
grouped by cable til.:s or similar means in at least one 
location \\ i thin .... t hepancl bO(l~~ or .. c;>t h~L .. P9i!l~ ... _Qf 
~rig.!!l~H~I!: 

Egui~ment 

Air-conditioning and 
refrigerating equipment 

Audio signal processing, 
amplification, and 
reproduction equipment 

Busways 
Circuits and equipment 

operating at less than 50 
volts 

Central heating equipment 
other than fixed electric 
space-heating equipment 

Class 1, Class 2, and Class 3 
remote-control, signaling, 
and power-limited circuits 

Cranes and hoists 
Electric signs and outline 

lighting 
Electric welders 
Electrified truck parking 

space 
Elevators, dumbwaiters, 

escalators, moving walks, 
wheelchair lifts, and 
stairway chair lifts 

Fire alarm systems 
Fixed electric heating 

equipment for pipelines and 
vessels 

Fixed electric space-heating 
equipment 

Fixed outdoor electrical deicing 
and snow-melting 
equipment 

Information technology 
equipment 

Infrared lamp industrial 
heating equipment 

Induction and dielectric 
heating equipment 

Marinas and boatyards 
Mobile homes, manufactured 

homes, and mobile home 
parks 

Motion picture and television 
studios and similar 
locations 

Motors, motor circuits, and 
controllers 

Pipe organs 
Recreational vehicles and 

recreational vehicle parks 
Switchboards and 

panel boards 
Theaters, audience areas of 

motion picture and 
television studios, and 
similar locations 

X-rayegui2ment 
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Article Section 
440.6,440.31, 

440.32 
640.8 

368.17 
720 

422.12 

725 

610.42 
600.6 

630 
626 

620.61 

760 
427.4 

424.3 

426.4 

645.5 

422.48,424.3 

665 

555.19 
550 

530 

430 

650.7 
551 

408.52 

520.41 , 
520.52, 
520.62 

660.2,517.73 

Exception: The requirement for grouping shall not apply 
if the circuit enters from a cable or raceway unique to the 
circuit that makes the grouping obvious. 

210.5 Identification for Branch Circuits. 

(A) Grounded Conductor. The grounded conductor of a 
branch circuit shall be identified in accordance with 
200.6. 

(B) Equipment Grounding Conductor. The equipment 
grounding conductor shall be identified in accordance 
with 250.119. 

(C) Identification of Ungrounded Conductors. 
Ungrounded cond1lctors shall be identilied in accordance 
with 21 O.5(C)( I). (2). and (3). 

(I) Application. Where the premise wiring system has 
branch circuits uppli d from more lhan one nominal 
voltage system. each ungrounded conductor of a branch 
circuit hall be identifi~d by phase or line and system at 
all termination. connection. and splice points. 

(2) Means of Identification. The means of identification 
shall be permitted to be by separate color coding, markjng 
tape. lagging, or other approved means. 

(3) Posting"of Idell' ·itic8tion· ~lean-: The "nleth"od uti liz d 
for conductors originating within each branch-circuit 
panclboard or similar branch-circuit distribution 
equipment shall be documented in a manner that is readily 
available or hall be permanently po ted at each braneh
circuit panclbonrd or similar branch-circuit distribution 
equipment. 

210.6 Branch-Circuit Voltage Limitations. 

The nominal voltage of branch circuits shall not exceed 
the values permitted by 21 0.6(A) through (E). 

(A) Occupancy Limitation. In dwelling units and guest 
rooms or guest suites of hotels, motels, and similar 
occupancies, the voltage shall not exceed 120 volts, 
nominal, between conductors that supply the terminals of 
the following: 

(1) Luminaires 

(2) Cord-and-plug-connected loads 1440 volt-amperes, 
nominal, or less or less than 1f4 hp 

(B) 120 Volts Between Conductors. Circuits not 
exceeding 120 volts, nominal, between conductors shall 
be permitted to supply the following: 

(1) The terminals of lampholders applied within their 
voltage ratings 

(2) Auxiliary equipment of electric-discharge lamps 

(3) Cord-and-plug-cOlmected or permanently connected 
utilization equipment 
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210.7 ARTICLE 210 - BRANCH CIRCUITS 

(C) 277 Volts to Ground. Circuits exceeding 120 volts, 
nominal, between conductors and not exceeding 277 volts, 
nominal, to ground shall be pennitted to supply the 
following: 

(1) Listed electric-discharge pr listed Iight~mitting diode~ 
typ luminaires 

(2) Listed incandescent luminaires, where supplied at 120 
volts or less from the output of a stepdown 
autotransfonner that is an integral component of the 
luminaire and the outer shell tenninal is electrically 
connected to a grounded conductor of the branch circuit 

(3) Luminaires equipped with mogul-base screw shell 
lampholders 

(4) Lampholders, other than the screw shell type, applied 
within their voltage ratings 

(S) Auxiliary equipment of electric-discharge lamps 

(6) Cord-and-plug-connected or pennanently connected 
utilization equipment 

(D) 600 Volts Between Conductors. Circuits exceeding 277 
volts, nominal, to ground and not exceeding 600 volts, 
nominal, between conductors shall be pennitted to supply the 
following: 

(1) The auxiliary equipment of electric-discharge lamps 
mounted in pennanently installed luminaires where the 
luminaires are mounted in accordance with one of the 
following: 

a. Not less than a height of 6.7 m (22 ft) on poles or 
similar structures for the illumination of outdoor 
areas such as highways, roads, bridges, athletic 
fields, or parking lots 

b. Not less than a height of S.S m (18 ft) on other 
structures such as tunnels 

(2) Cord-and-plug-connected or pennanently connected 
utilization equipment other than luminaires 

(3) Luminaires powered from direct-current systems where 
the luminaire contains a listed, dc-rated ballast that 
provides isolation between the de power source and the 
lamp circuit and protection from electric shock when 
changing lamps. 

Infonnational Note: See 410.l38 for auxiliary 
equipment limitations. 

Exception No.1 to (B), (C), and (D): For lampholders of 
infi-ared industrial heating appliances as provided in 422.14. 

Exception No.2 to (B), (C), and (D): For railway properties 
as described in 110.19. 

(E) Over 600 Volts Between Conductors. Circuits 
exceeding 600 volts, nominal, between conductors shall be 
pennitted to supply utilization equipment in installations 
where conditions of maintenance and supervision ensure that 
only qualified persons service the installation. 
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~!~~7 ..... f\.lliliiple Branch Circuits • . 'Where "two or more 
branch circuits upply d vices or equipm nt on the same 
yoke. a means to simultaneously disconnect the ungrounded 
conductors supplying those device shall be provided at the 
point at which the branch circuits originat . 

210.8 Ground-Fault Circuit-Interrupter Protection for 
Personnel. Ground-fault circuit-intenuption for personnel 
~hall be provided as required in 21O.8(A) through (C). The 
ground-fault circuit-intenupter shaJl be installed in a readily 
accessible location. 

Infonnational Note: See 215.9 for ground-fault circuit
intenupter protection for personnel on feeders. 

(A) Dwelling Units. All 12S-volt, single-phase, IS- and 20-
ampere receptacles installed in the locations specified in 
21O.8(A)(1) through (8) shall have ground-fault circuit
interrupter protection for personnel. 

(1) Bathrooms 

(2) Garages, and also accessory buildings that have a floor 
located at or below grade level not intended as habitable 
rooms and limited to storage areas, work areas, and 
areas of similar use 

(3) Outdoors 

Exception to (3): Receptacles that are not readily accessible 
and are supplied by a branch circuit dedicaled 10 electric 
snow-melting, deicing. or pipeline and \>esse/ healing 
equipment shall be permitted to be installed in accordance 
with 426.28 0,.427.22. as applicable. 

(4) Crawl spaces - at or below grade level 

(S) Unfinished basements - for purposes of this section, 
unfinished basements are defined as portions or areas of 
the basement not intended as habitable rooms and 
limited to storage areas, work areas, and the like 

Exception to (5): A receptacle supplying only a permanently 
installed fire alarm or burglar alarm system shall not be 
required to have ground-fault circuit-interrupter protection. 

Infonnational Note: See 760.41 (B) and 760.121 (B) for power 
supply requirements for fire alarm systems. 

Receptacles installed under the exception to 21O.8(A)(S) shall 
not be considered as meeting the requirements of210.S2(G). 

(6) Kitchens- where the receptacles are installed to serve 
the countertop surfaces 

(7) Sinks - located in areas olher than kitchens where 
receptacles are installed within 1.8 m (6 ft) of the outside 
edge of the sink 

(8) Boathouses 

2013 CalifoOlia Electrical Code 



ARTICLE 210 - BRANCH CIRCUITS 210.11 

(B) Other Than Dwelling Units. All 125-volt, single-phase, 
15- and 20-ampere receptacles installed in the locations 
specified in 2IO.8(B)(1) through (8) shall have ground-fault 
circuit-interrupter protection for personnel. 

(1) Bathrooms 

(2) Kitchens 

(3) Rooftops 

(4) Outdoors 

Exception No. 1 to (3) and (4): Receptacles that are not 
readily accessible and are supplied by a branch circuit 
~/edicali?d 10 e/ffcfric snow-melting. deiciJlg. or pipeline and 
'wssel healing equipmenl shall be permitted 10 be installed in 
accordance with 426.28 uI"427.22. ill applicable. 

Exception No. 2 to (4): In industrial establishments only, 
where the conditions of maintenance and supervision ensure 
that only qualified personnel are involved, an assured 
equipment grounding conductor program as specified in 
590.6(B)(2) shall be permittedfor only those receptacle outlets 
used to supply equipment that would create a greater hazard if 
power is interrupted or having a design that is not compatible 
with GFCI protection. 

(5) Sinks - where receptacles are installed within 1.8 m (6 
ft) of the outside edge of the sink. 

Exception No.1 to (5): In industrial laboratories, receptacles 
used to supply equipment where removal of power would 
introduce a greater hazard shall be permitted to be installed 
without GFCI protection. 

Exception No.2 to (5): For receptacles located in pafil'nt bed 
locations qlgeneral care 01' critical care ur(laj of heallil cal't! 
facilities oIlier than those covered under 210.8(B)(}). GFCI 
pmteclion . hall not be reqlllred. 

(6) 'ndoor wet locations 

(7) ~ockcr rooms with associaiedsho\veringfaclfiti~ 

(8) Garages. service bays, and similar areas where electrical 
diagnostic equipment, electrical hand tools. or portable 
lighting equipment are t() tJe. usci 

(C) Boat Hoists. GFCI protection shall be provided for outlets 
not exceeding 240 volts that supply boat hoists installed in 
dwelling unit locations. 

210.9 Circuits Derived from Autotransformers. Branch 
circuits shall not be derived from autotransformers unless the 
circuit supplied has a grounded conductor that is electrically 
connected to a grounded conductor of the system supplying 
the autotransformer. 

Exception No.1: An autotransformer shall be permitted 
without the connection to a grounded conductor where 
tran!Jjorming fi'om a nominal 208 volts to a nominal 240-volt 
supply or similarly from 240 volts to 208 volts. 
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Exception No.2: In industrial occupancies, where conditions 
of maintenance and supervision ensure that only qualified 
persons service the installation, autotransformers shall be 
permitted to supply nominal 600-volt loads Jrom nominal 480-
volt systems, and 480-volt loads from nominal 600-volt 
systems, without the connection to a similar grounded 
conductor. 

210.10 Ungrounded Conductors Tapped from Grounded 
Systems. Two-wire dc circuits and ac circuits of two or more 
ungrounded conductors shall be permitted to be tapped from 
the ungrounded conductors of circuits that have a grounded 
neutral conductor. Switching devices in each tapped circuit 
shall have a pole in each ungrounded conductor. All poles of 
multipole switching devices shall manually switch together 
where such switching devices also serve as a disconnecting 
means as required by the following: 

(1) 410.93 for double-pole switched lampholders 

(2) 4IO.I04(B) for electric-discharge lamp auxiliary 
equipment switching devices 

(3) 422.31(B) for an appliance 

(4) 424.20 for a fixed electric space-heating unit 

(5) 426.51 for electric deicing and snow-melting equipment 

(6) 430.85 for a motor controller 

(7) 430.l 03 for a motor 

210.11 Branch Circuits Required. Branch circuits for 
lighting and for appliances, including motor-operated 
appliances, shall be provided to supply the loads calculated in 
accordance with 220.10. In addition, branch circuits shall be 
provided for specific loads not covered by 220.l0 where 
required elsewhere in this Code and for dwelling unit loads as 
specified in 210.11(C). 

(A) Number of Branch Circuits. The minimum number of 
branch circuits shall be determined from the total calculated 
load and the size or rating of the circuits used. In all 
installations, the number of circuits shall be sufficient to 
supply the load served. In no case shall the load on any circuit 
exceed the maximum specified by 220.18. 

(B) Load Evenly Proportioned Among Branch Circuits. 
Where the load is calculated on the basis of YQIk:!!I!'~r~S ~f 
square meter or per square foot, the wiring system up to and 
including the branch-circuit panelboard(s) shall be provided to 
serve not less than the calculated load. This load shall be 
evenly proportioned among multioutlet branch circuits within 
the panelboard(s). Branch-circuit overcurrent devices and 
circuits shall be required to be installed only to serve the 
connected load. 
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(C) Dwelling Units. 

(1) Small-Appliance Branch Circuits. In addition to the 
number of branch circuits required by other parts of this 
section, two or more 20-ampere small-appliance branch 
circuits shall be provided for all receptacle outlets specified by 
210.52(B). 

(2) Laundry Branch Circuits. In addition to the number of 
branch circuits required by other parts of this section, at least 
one additional 20-ampere branch circuit shall be provided to 
supply the laundry receptacle outlet(s) required by 210.52(F). 
This circuit shall have no other outlets. 

(3) Bathroom Branch Circuits. In addition to the number of 
branch circuits required by other parts of this section, at least 
one 20-ampere branch circuit shall be provided to supply 
bathroom receptacle outlet(s). Such circuits shall have no other 
outlets. 

Exception: Where the 20-ampere circuit supplies a single 
bathroom, outlets for other equipment within the same 
bathroom shall be permitted to be supplied in accordance with 
21 0.23 (A) (1) and (A)(2). 

Infonnational Note: See Examples Dl(a), Dl(b), D2(b), and 
D4( a) in Infonnative Annex D. 

210.12 Arc-Fault Circuit-Interrupter Protection. 

(A) Dwelling Units. All 120-volt, single phase, 15- and 20-
ampere branch circuits supplying outlets installed in dwelling 
unit family rooms, dining rooms, living rooms, parlors, 
libraries, dens, bedrooms, sunrooms, recreation rooms, closets, 
hallways, or similar rooms or areas shall be protected by a 
listed arc-fault circuit interrupter, combination-type, installed 
to provide protection of the branch circuit. 

Infonnational Note No.1: For infonnation on types of arc
fault circuit interrupters, see UL 1699-1999, Standard for 
Arc-Fault Circuit Interrupters. 

C Infonnational Note No.2: See ~ 29.6.3(5) of NFPA 
A 72-2010, National Fire Alann and Signaling Code, for 

infonnation related to secondary power supply requirements 
for smoke alanns installed in dwelling units. 

Infonnational Note No.3: See 760Al(B) and 760.121 (B) for 
power-supply requirements for fire alarm systems. 

Exception No.1: If RA1C, I,WC. EAfT.T.v/JeMC, -ol' stee~ 
armored 1)pe AC cables meeting the requirements of250.1 J~ 
and metal ou/lel and jllnclioll boxes are ins/al/ed lilr Ih~ 
purtion of Ihe branch circuiJ hetween Ihe brallch-circuii 
overcunY!1I1 device and Ihe first oil/lei. il hall be pennilled to, 
;ns/all an QUliel branch-cirellittype .4.FC! all"e.fir~1 oUllell(1 

provide prolccfiOll fot:Jh~ ,I:~,!l~~ilJiJ1gl!t:!~Jl()}1ofl!ll!J~I:~I,!~'1~ 
ciYL1lit. 
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Exception No.2: Where a li'5led melal 0,. nonmetallic conduit 
or tubing il eflcased ill not fes.'i than 50 mm (2 in.) of concrete 
for the portion qf'ile branch circuit bern 'een 'he hrancJ,-circlIil 
overClln"cnl device and the first ollilef. it shall be penni/ted to 
install an 011 I/. I hrandl-circuit type A FC! at/he first OIltlel 10 

pro"'ide pro/celion for the remaining portion of 'he hranch 
circuit. 

Exception No.3: Where ~"lin(iil;iJ"al branch circuit to a fir:e 
alann system installed in accordance with 760.4 1 (B) ~;" 
760.121 (B) is installed in RMC, fMC, EMF, or steel-sheafhed 
cable. Type A C q/:TJ]J(!,\tf(. meeting the requirements of 
250.118, with metal outlet and junction boxes, AFCf 
protection shall be pel'mitted to be omitted. 

(B) Branch Circuit Extensions or Modifications -
Dwelling Units. In any of the areas specified in 210.l2(A), 
where branch-circuit wiring is modified, replaced, or extended, 
the branch circuit shall be protected by one of the following: 

(1) A listed combination-type AFCI located at the origin of 
the branch circuit 

(2) A listed outlet branch-circuit type AFCI located at the 
first receptacle outlet of the existing branch circuit 

210.18 Guest Rooms and Guest Suites. 
Guest rooms and guest suites that are provided with permanent 
provisions for cooking shall have branch circuits installed to 
meet the rules for dwelling units. 

II. Branch-Circuit Ratings 

210.19 Conductors - Minimum Ampacity and Size. 

(A) Branch Circuits Not More Than 600 Volts. 

(1) General. Branch-circuit conductors shall have an ampacity 
not less than the maximum load to be served. Where a branch 
circuit supplies continuous loads or any combination of 
continuous and noncontinuous loads, the minimum branch
circuit conductor size, before the application of any adjustment 
or correction factors, shall have an allowable ampacity not less 
than the noncontinuous load plus 125 percent of the 
continuous load. 

Exception: If the assembly, including the overcun-ent devices 
protecting the branch circuit(s), is listedfor operation at 100 
percent of its rating, the allowable ampacity of the branch 
circuit conductors shall be pel'mitted to be not less than the 
sum of the continuous load plus the noncontinuous load. 

Infonnational Note No.1: See 310.15 for ampacity ratings of 
conductors. 

Informational Note No.2: See Part II of Article 430 for 
minimum rating of motor branch-circuit conductors. 

Infonnational Note No. 3: See 310.15(A)(3) for temperature 
limitation of conductors. 
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Informational Note NO.4: Conductors for branch circuits 
as defined in Article 100, sized to prevent a voltage drop 
exceeding 3 percent at the farthest outlet of power, 
heating, and lighting loads, or combinations of such loads, 
and where the maximum total voltage drop on both 
feeders and branch circuits to the farthest outlet does not 
exceed 5 percent, provide reasonable efficiency of 
operation. See Infonnational Note No.2 of 215.2(A)(3) 
for voltage drop on feeder conductors. 

(2) Branch Circuits 
Conductors of branch circuits supplying more one 
receptacle for cord-and-plug-connected portable loads shall 
have an ampacity of not less than the rating of the branch 
circuit. 

(3) Household Ranges and Cooking Appliances. Branch
circuit conductors supplying household ranges, wall
mounted ovens, counter-mounted cooking units, and other 
household cooking appliances shall have an ampacity not 
less than the rating of the branch circuit and not less than 
the maximum load to be served. For ranges of 8% kW or 
more rating, the minimum branch-circuit rating shall be 40 
amperes. 

Exception No.1: Conductors tapped from a 50-ampere 
branch circuit supplying electric ranges, lvall-mounted 
electric ovens, and counter-mounted electric cooking units 
shall have an ampacity of not less than 20 amperes and 
shall be sufficient for the load to be served. These tap 
conductors include any conductors that are a part of the 
leads supplied with the appliance that are smaller than the 
branch-circuit conductors. The taps shall not be longer 
than necessary jar servicing the appliance. 

Exception No.2: The neutral conductor of a 3-wire branch 
circuit supplying a household electric range, a wall
mounted oven, or a counter-mounted cooking unit shall be 
permitted to be smaller than the ungrounded conductors 
It,here the max:imum demand of a range of 83f4-kW or more 
rating has been calculated according to Column C of Table 
220.55, but such conductor shall have an ampacity of not 
less than 70 percent of the branch-circuit rating and shall 
not be smaller than 10 A WG. 

(4) Other Loads. Branch-circuit conductors that supply 
loads other than those specified in 210.2 and other than 
cooking appliances as covered in 210.19(A)(3) shall have 
an ampacity sufficient for the loads served and shall not be 
smaller than 14 AWG. 

Exception No.1: Tap conductors shall have an ampacity 
suffiCient for the load served. In addition, they shall have 
an ampacity of not less than J 5 for circuits rated less than 
40 amperes and not less than 20 for circuits rated at 40 or 
50 amperes and only where these tap conductors supply 
any of the/allowing loads: 
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(a) Individuallampholders or luminaires with taps extending 
not longer than 450 mm (18 in.) beyond any portion of 
the lampholder or luminaire. 

(b) A lwninaire having tap conductors as provided in 
410.117. 

(c) Individual outlets, other than receptacle outlets, with taps 
not over 450 mm (18 in.) long. 

(d) Infrared lamp industrial heating appliances. 

(e) Nonheating leads of deicing and snow-melting cables and 
mats. 

Exception No.2: Fixture wires and flexible cords shall be 
pennitted to be smaller than 14 A we as pennitted by 240.5. 

(B) Branch Circuits Over 600 Volts. The ampacity of 
conductors shall be in accordance with 310.15 and 310.60, as 
applicable. Branch-circuit conductors over 600 volts sha11 be 
sized in accordance with 210.19(B)(1) or (B)(2). 

(1) General. The ampacity of branch-circuit conductors shall 
not be less than 125 percent of the designed potential load of 
utilization equipment that will be operated simultaneously. 

(2) Supervised Installations. For supervised installations, 
branch-circuit conductor sizing shall be permitted to be 
determined by qualified persons under engineering 
supervision. Supervised installations are defined as those 
portions of a facility where both of the following conditions 
are met: 

(1) Conditions of design and installation are provided tmder 
engineering supervision. 

(2) Qualified persons with documented training and 
experience in over 600-volt systems provide 
maintenance, monitoring, and servicing of the system. 

210.20 Overcurrent Protection. Branch-circuit conductors 
and equipment shall be protected by overcurrent protective 
devices that have a rating or setting that complies with 
210.20(A) through (D). 

(A) Continuous and Noncontinuous Loads. Where a branch 
circuit supplies continuous loads or any combination of 
continuous and noncontinuous loads, the rating of the 
overcurrent device shall not be less than the noncontinuous 
load plus 125 percent of the continuous load. 

Exception: Where the assemb~v, including the overcurrent 
devices protecting the branch circuit(s), is listed for operation 
at 100 percent of its rating, the ampere rating of the 
overcurrent device shall be permitted to be not less than the 
sum of the continuous load plus the noncontinuous load. 

(B) Conductor Protection. Conductors shaH be protected in 
accordance with 240.4. Flexible cords and fixture wires shall 
be protected in accordance with 240.5. 

(C) Equipment. The rating or setting of the overcurrent 
protective device shall not exceed that specified in the 
applicable mtkles referenced in Table 240.3 for equipment. 
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(D) Outlet Devices. The rating or setting shall not exceed 
that specified in 210.21 for outlet devices. 

210.21 Outlet Devices. 

Outlet devices shall have an ampere rating that is not less 
than the load to be served and shall comply with 
210.21(A) and (B). 

(A) LamphoJders. Where connected to a branch circuit 
having a rating in excess of20 amperes, lampholders shall 
be of the heavy-duty type. A heavy-duty lamp holder shall 
have a rating of not less than 660 watts if of the 
admedium type, or not less than 750 watts if of any other 
type. 

(B) Receptacles. 

(1) Single Receptacle on an Individual Branch Circuit. 
A single receptacle installed on an individual branch 
circuit shall have an ampere rating not less than that of the 
branch circuit. 

Exception No.1: A receptacle installed in accordance 
with 430.81 (B). 

Exception No.2: A receptacle installed exclusively for 
the use of a cord-and-plug-connected arc welder shall be 
permitted to have an ampere rating not less than the 
minimum branch-circuit conductor ampacity determined 
by 630.11 (Aj for arc welders. 

Informational Note: See the definition of receptacle in 
Article 100. 

(2) Total Cord-and-Plug-Connected Load. Where 
connected to a branch circuit supplying two or more 
receptacles or outlets, a receptacle shall not supply a total 
cord-and-plug-connected load in excess of the maximum 
specified in Table 210.2] (B)(2). 

Table 210.21(B)(2) Maximum Cord-and-Plug-Connected 
Load to Ke4=eptacle 

Receptacle 
Circuit Rating Rating Maximum Load 

(Amperes) (Amperes) (Amperes) 

15 or 20 15 12 

20 20 16 

30 30 24 

(3) Receptacle Ratings. Where connected to a branch 
circuit supplying two or more receptacles or outlets, 
receptacle ratings shall conform to the values listed in 
Table 210.21(B)(3), or, where rated higher than 50 
amperes, the receptacle rating shall not be less than the 
branch-circuit rating. 

Exception No.1: Receptacles for one or more cord-and
plug-connected arc welders shall be permitted to have 
ampere ratings not less than the minimum branch-circuit 
conductor ampacity permitted by 630.11 (Aj or (Bj, as 
applicable for arc welders. 
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Exception No.2: The ampere rating of a receptacle 
installed for electric discharge lighting shall be permitted 
to be based on 410. 62 (C). 

Table 210.21 (B)(3) Receptacle Ratings for Various Size Circuits 
Circuit Rating 

20 

30 

40 

50 

Receptacle Rating 

15 or 20 

30 

40 or 50 

50 

(4) Range Receptacle Rating. The ampere rating of a 
range receptacle shall be permitted to be based on a single 
range demand load as specified in Table 220.55. 

210.23 Permissible Loads. In no case shall the load 
exceed the branch-circuit ampere rating. An individual 
branch circuit shall be permitted to supply any load for 
which it is rated. A branch circuit supplying two or more 
outlets or receptacles shall supply only the loads specified 
according to its size as specified in 210.23(A) through (D) 
and as summarized in 210.24 and Table 210.24. 

(A) 15- and 20-Ampere Branch Circuits. A 15- or 20-
ampere branch circuit shall be permitted to supply 
lighting units or other utilization equipment, or a 
combination of both, and shall comply with 210.23(A)(1) 
and (A)(2). 

Exception: The small-appliance branch circuits, laundry 
branch circuits, and bathroom branch circuits required in 
a dwelling unit(sj by 210.11(Cj(1), (Cj(2j, and (C)(3) 
shall supply only the receptacle outlets specified in that 
section. 

(1) Cord-and-Plug-Connected Equipment Not 
Fastened in Place. The rating of anyone cord-and-plug
connected utilization equipment not fastened in place shall 
not exceed 80 percent of the branch-circuit ampere rating. 

(2) Utilization Equipment Fastened in Place. The total 
rating of utilization equipment fastened in place, other 
than luminaires, shall not exceed 50 percent of the 
branch-circuit ampere rating where lighting units, cord
and-plug-connected utilization equipment not tastened in 
place, or both, are also supplied. 

(B) 30-Ampere Branch Circuits. A 30-ampere branch 
circuit shall be permitted to supply fixed lighting units with 
heavy-duty lampholders in other than a dwelling unites) or 
utilization equipment in any occupancy. A rating of any 
one cord-and-plug-connected utilization equipment shall 
not exceed 80 percent ofthe branch-circuit ampere rating. 
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(C) 40- and 50-Ampere Branch Circuits. A 40- or 50-
ampere branch circuit shall be permitted to supply cooking 
appliances that are fastened in place in any occupancy. In 
other than dwelling units, such circuits shall be permitted to 
supply fixed lighting units with heavy-duty lampholders, 
infrared heating units, or other utilization equipment. 

(D) Branch Circuits Larger Than 50 Amperes. Branch 
circuits larger than 50 amperes shall supply only 
nonlighting outlet loads. 

210.24 Branch-Circuit Requirements - Summary. 

The requirements for circuits that have two or more 
outlets or receptacles, other than the receptacle circuits of 
210.11(C)(l). are summarized in Table 
2] 0.24. This table provides only a summary of minimum 
requirements. See 210.19, 210.20, and 210.21 for the 
specific requirements applying to branch circuits. 

210.25 Branch Circuits in Buildings with More Than 
One Occupancy. 

(A) Dwelling Unit Branch Circuits. Branch circuits in 
each dwelling unit shall supply only loads within that 
dwelling unit or loads associated only with that dwelling unit. 

Common Area Branch Circuits. Branch circuits 
Inst.allc:~d for the purpose of lighting, central alarm, signal, 
communications, or other for public or common 
areas of a two-family dwelling, a multifamily dweUing, or a 
multi-occupancy building shall not be supplied from 
equipment that supplies an individual dwelling unit or 
tenant space. 

In. Required Outlets 

210.50 General. Receptacle outlets shall be installed as 
specified in 210,52 through 210.63. 

(A) Cord Pendants. A cord connector that is supplied by a 
permanently connected cord pendant shall be considered a 
receptacle outlet. 

(B) Cord Connections. A receptacle outlet shall be installed 

of Branch-Circuit I-l PlluilrpnlPnh: 

Circuit 15 A 20A 

Conductors (min, size): 
I 14 ]2 Circuit wires 

Taps 14 14 

Fixture wires and cords see 240.5 

Overcurrent Protection 15 A 20A 

Outlet devices: 

Lampholders permitted Any type Any type 

Receptacle rating 15 max. A 150r20A 

Maximum Load 15 A 20A 

Permissible load See 21 0.23(A) See 2 10.23 (A) 

gauges are for copper conductors. 

wherever flexible cords with attachment plugs are used. Where 
flexible cords are permitted to be permanently connected, 
receptacles shall be permitted to be omitted for such cords. 

(C) Appliance Receptacle Outlets. Appliance receptacle 
outlets installed in a dwelling unit for specific appliances, 
such as laundry equipment, shall be installed within 1.8 m 
(6 ft) of the intended location of the appliance. 

(D) {DPHj Commissary Service Outlet. A commissmy which C 
services food preparation units shall provide one outlet for each A 
vehicle requiring electrical poyverfor mechanical refrigeration. C 

A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 

(E) {DPH wi exceptionsl Installation Height. The center of 15-, 
20-, and 30-ampere receptacle outlets required by sections 210-
52 (A), (B), and (C) shall be installed not less than 12 inches 
above the/loar or working platform. 

Exception No.1: Receptacle outlets installed as part of 
permanently installed baseboard heaters are exempt. 

Exception No.2: Required receptacle outlets shall be permitted 
in/laars when adjacent to sliding panels or walls. 

Exception No.3: Baseboard electrical outlets used in relocatable 
partitions, window walls or other electrical convenience floor 
outlets are not subject to the minimum height requirements. 

210.52 Dwelling Unit Receptacle Outlets. This section 
provides requirements for I 25-volt, 15- and 20-ampere 
receptacle outlets. The receptacles required by this section 
shall be in addition to any receptacle that is: 

(1) Part of a luminaire or appliance, or 

(2) Controlled by a wall switch in accordance with 
210.70(A)(1), Exception No.1, or 

(3) Located within cabinets or cupboards, or 

(4) Located more than 1.7 m (5Y2 ft) above the floor 

Permanently installed electric baseboard heaters equipped 
with factory-installed receptacle outlets or outlets provided 
as a separate assembly by the manufacturer shall be permitted 
as the required outlet or outlets for the wall space util ized 
by such permanently installed heaters. Such receptacle 
outlets shall not be connected to the heater circuits. 

30 A 

10 

30A 

Heavy duty 

30A 

30A 

See 210.23(B) 

40A 

8 

12 

40A 

Heavy duty 

40 or 50 A 

40A 

See 2] 0.23(C) 

50A 

6 

12 

50A 

Heavy duty 

50A 

50A 

See 21 0.23(C) 

2For receptacle rating of cord-connected electric-discharge luminaires (lighting fixtures), .... cC"9.'"'~U~l'1L 
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210.52 ARTICLE 210 - BRANCH CIRCUITS 

Informational Note: Listed baseboard heaters include 
instructions that may not permit their installation below 
receptacle outlets. 

(A) General Provisions. In every kitchen, family room, 
dining room, living rOOlD, parlor, library, den, sunroom, 
bedroom, recreation room, or similar room or area of 
dwelling units, receptacle outlets shal1 be installed in 
accordance with the general provisions specified III 

210.52(A)(l) through (A)(3). 

(1) Spacing. Receptacles shall be installed such that no 
point measured horizontally along the floor line of any 
wall space is more than 1.8 m (6 ft) from a receptacle 
outlet. 

(2) Wall Space. As used in this section, a wall space shall 
include the following: 

(1) Any space 600 mm (2 ft) or more in width (including 
space measured around corners) and unbroken along 
the floor line by doorways ~nd similar openings, 
fireplaces, and fixed cabinets 

(2) The space occupied by fixed panels in exterior walls, 
excluding sliding panels 

(3) The space afforded by fixed room dividers, such as 
freestanding bar-type counters or railings 

(3) Floor Receptacles. Receptacle outlets in floors shall 
not be counted as part of the required number of 
receptacle outlets unless located within 450 mm (18 in.) 
of the wall. 

~4) Countertop Receptacles. Receptacles installed for 
bountertop surfaces as specified in 210.52(C) hall not be 
considered as tbe receptacles required by 21 O.52(A). 

(B) Small Appliances. 

(1) Receptacle Outlets Served. In the kitchen, pantry, 
breakfast room, dining room, or similar area of a dwelling 
unit, the two or more 20-ampere small-appliance branch 
circuits required by 21 0.l1 (C)(I) shall serve all wall and 
floor receptacle outlets covered by 210.52(A), all 
countertop outlets covered by 210.52(C), and receptacle 
outlets for refrigeration equipment. 

Exception No.1: In addition to the required receptacles 
specified by 210.52, switched receptacles suppliedfrom a 
general-purpose branch circuit as defined in 
210. 70 (A) (1), Exception No.1, shall be permitted. 

Exception No.2: The receptacle outlet jor refrigeration 
equipment shall be permitted to be supplied from an 
individual branch circuit rated 15 amperes or greater. 

(2) No Other Outlets. The two or more small-appliance 
branch circuits specified in 21 0.52(B)(I) shall have no 
other outlets. 
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Exception No.1: A receptacle installed solely for the 
electrical supply to and support of an electric clock in any 
of the rooms specified in 210.52(B)(1). 

Exception No.2: Receptacles installed to provide power 
for supplemental equipment and lighting on gas-fired 
ranges, ovens, or counter-mounted cooking units. 

(3) Kitchen Receptacle Requirements. Receptacles installed 
in a kitchen to serve countertop surfaces shall be supplied by 
not fewer than two small-appliance branch circuits, either or 
both of which shall also be permitted to supply receptacle 
outlets in the same kitchen and in other rooms specified in 
21 0.52(B)(1). Additional small-appliance branch circuits shall 
be permitted to supply receptacle outlets in the kitchen and 
other rooms specified in 210.52(B)(1). No small-appliance 
branch circuit shall serve more than one kitchen. 

(C) Countertops. In kitchens, pantries, breakfast rooms, 
dining rooms, and similar areas of dwelling units, 
receptacle outlets for countertop spaces shall be installed 
in accordance with 210.52(C)(1) through (C)(5). 

(1) Wall Countertop Spaces. A receptacle outlet shall be 
installed at each wall countertop space that is 300 mm (12 in.) 
or wider. Receptacle outlets shall be installed so that no point 
along the wall line is more than 600 mm (24 in.) measured 
horizontally from a receptacle outlet in that space. 

Exception: Receptacle outl,ets shall not be required on a 
wall directly behind a range, counter-mounted cooking 
unit, or sink in the installation described in Figure 
21 O. 52 (C) (1). 

(2) Island Countertop Spaces. At least one receptacle 
shall be installed at each island countertop space with a 
long dimension of 600 mm (24 in.) or greater and a short 
dimension of300 mm (12 in.) or greater. 

(3) Peninsular Countertop Spaces. At least one 
receptacle outlet shall be installed at each peninsular 
countertop space with a long dimension of 600 mm (24 
in.) or greater and a short dimension of 300 mm (12 in.) 
or greater. A peninsular countertop is measured from the 
connecting edge. 

(4) Separate Spaces. Countertop spaces separated by 
rangetops, refrigerators, or sinks shall be considered as 
separate countertop spaces in applying the requirements 
of 210.52(C)(l). If a rangc t counter-mounted cooking 
unit, or ink is in tailed in all i land or a peninsular 
countertop and the depth of the countertop behind the 
range. counter-mounted cooking unit, or sink is Ie s than 
300 mm (12 in.). the range. counter-mounted cooking 
unit. or sink shall be considered to divide the countc,rtop 
space into two separate countenop spaces. Each separate 
countcrtop space shall comply with the applicable 
requirements in 21 O.S2( C). 
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~ Outlet within ~ Space exempt from wall ~,outlet within :r1 
600 mm (24 in.) line if X < 300 mm (12 in.) 600 mm (24 in.) 

i 
X 

~ 

Range, counter-mounted cooking unit extending 
from face of counter 

Space exempt from wall line .- Outlet within 600 mm (24 in.) ..... ~ 
if X < 450 mm (18 in.) ! 

i 
Outlet within 

600mm 
(24 in .) 

~ 
X 

~L-......--..... 
Range, counter-mounted cooking unit mounted in corner 

; 

Figure 210.S2(C)(1) Determination of Area Behind a Range, 
or Counter-Mounted Cooking Unit or Sink. 

(5) Receptacle Outlet Location. Receptacle outlets shall 
be located on or above,~I:l~!'l()t more than 500 mm (~O in.) 
::t~ove, thec()ul1tertop. Recept'acLe outlet assemblies listed 
for the application shall be pennitted to bl! installed in 
counlertops. Receptacle outlets rendered not readily 
accessible by appliances fastened in place, appliance 
garages, sinks, or rangetops as covered in 210.52(C)(1), 
Exception, or appliances occupying dedicated space shall 
not be considered as these required outlets. 

~l1fofll1atic.ll1al1'-r0te: See 406.5(E) tor requir ment for 
installailono(rcceptacles in countenop . 

Exception to (5).' To comply with the conditions specified 
in (1) or (2), receptacle outlets shall be permitted to be 
mounted not more than 300 mm (12 in.) below the 
countertop. Receptacles mounted below a countertop in 
accordance with this exception shall not be located where 
the countertop extends more than 150 mm (6 in.) beyond 
its support base. 
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(1) Construction for the physically impaired 

(2) On island and peninsular countertops where the 
countertop is jlat across its entire surface (no 
backsplashes, dividers, etc.) and there are no means 
to mount a receptacle within 500 mm (20 in.) above 
the countertop, such as an overhead cabinet 

(D) Bathrooms. In dwelling units, at least one receptacle 
outlet shall be installed in bathrooms within 900 mm (3 ft) 
of the outside edge of each basin. The receptacle outlet 
shall be located on a wall or partition that is adjacent to 
the basin or basin countertop, located on th~C:{)lJlll~~{)p, 
or installed on the side or face of the basin cabinet not 
more than 300 mm (12 in.) below the countertop. 
Receptacle outlet a emblies listed for the application 
~.llflll .... be .p~~~ittedto .... ~.~.jllJflII.~4JI} ... ~~f! ... c:.{)untertop. 

Informational Note: See 406.5(E) for rcquirefT1~rytsJo~ 
installation of reccptac1 in countcl1ops. 

(E) Outdoor Outlets. Outdoor receptacle outlets shall be 
installed in accordance with (E)(1) through (E)(3). [See 
210. 8 (A) (3).] 

(1) One-Family and Two-Family Dwellings. For a one
family dwelling and each unit of a two-family dwelling 
that is at grade level, at least one receptacle outlet 
accessible while standing at grade level and located not 
more than 2.0 m (61'2 ft) above grade shall be installed at 
the front and back of the dwelling. 

(2) Multifamily Dwellings. For each dwelling unit of a 
multifamily dwelling where the dwelling unit is located at 
grade level and provided with individual exterior 
entrance/egress, at least one receptacle outlet accessible 
from grade level and not more than 2.0 m (6Y2 ft) above 
grade shall be installed. 

(3) Balconies, Decks, and Porches. Balconies, decks, 
and porches that are accessible from inside the dwelling 
unit shall have at least one receptacle outlet installed 
within the perimeter of the balcony, deck, or porch. The 
receptacle shall not be located more than 2.0 m (61'2 ft) 
above the balcony, deck, or porch surface. 

(F) Laundry Areas. In dwelling units, at least one 
receptacle outlet shall be installed for the laundry. 

Exception No.1: In a dwelling unit that is an apartment 
or living area in a multifamily building where laundry 
facilities are provided on the premises and are available 
to all building occupants, a laundry receptacle shall not 
be required. 

Exception No.2: In other than one-family dwellings 
where laundry facilities are not to be installed or 
permitted, a laundry receptacle shall not be required. 
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(G) Basements, For a 
one-family dwelling, the following provisions shall apply: 

(1 ) At least one receptacle outlet, in addition to those for 
specific equipment, shall be installed in each basement, 
in each attached garage, and in each detached garage or 
accessory buildil'112 with electric power. 

(2) Where a portion of the basement is finished into one or 
more habitable rooms, each separate unfinished portion 
shall have a receptacle outlet installed in accordance 
with this section. 

(H) Hallways. In dwelling units, hallways of3.0 m (10 ft) or 
more in length shall have at least one receptacle outlet. 

As used in this subsection, the length shall be 
considered the length along the centerline of the 
without passing through a doorway. 

(I) Foyers. Foyers that are not part of a hallway in 
accordance with 210.52(H) and that have an area that is 

greater than 5.6 (60 ft2) shall have a receptacle(s) located 
in each wall space 900 mm (3 ft) or more in width and 
unbroken by doorways, floor-to-ceiling windows, and 
similar openings. 

210.60 Guest Rooms, Guest Suites, Dormitories, and 
Similar Occupancies. 
(A) General. Guest rooms or guest suites in hotels, motels, 
sleeping rooms in dormitories, and similar occupancies shall 
have receptacle outlets installed in accordance with 
210.52(A) and (D). Guest rooms or guest suites provided 
with permanent provisions for cooking shall have receptacle 
outlets installed in accordance with all of the applicable rules 
in 210.52. 

(B) Receptacle Placement. In applying the provisions of 
210.52(A), the total number of receptacle outlets sha11 not be 
less than the minimum number that would comply with the 
provisions of that section. These receptacle outlets shan be 
permitted to be located conveniently for permanent furniture 
layout. At least two receptacle outlets shall be readily 
accessible. Where receptacles are installed behind the bed, 
the receptacle shall be located to prevent the bed from 
contacting any attachment plug that may be installed or the 
receptacle shall be provided with a suitable guard. 

210.62 Show Windows. At least one receptacle outlet shall 
be installed within 450 mm (18 in.) of the top of a show 
window for each 3.7 linear m (12 linear ft) or major fraction 
thereof of show window area measured horizontally at its 
maximum width. 

210.63 Heating, Air-Conditioning, and Refrigeration 
Equipment Outlet. A 125-volt, single-phase, 15- or 20-
ampere-rated receptacle outlet shall be installed at an 
accessible location for the servicing of heating, air
conditioning, and refrigeration equipment. The receptacle 
shall be located on the same level and within 7.5 m (25 ft) of 
the heating, air-conditioning, and refrigeration equipment. 
The receptacle outlet shall not be connected to the load side 
of the equipment disconnecting means. 
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Exception: A receptacle outlet shall not be required at 
one- and two-family dwellings for the service of 
evaporative coolers. 

InfOlmational Note: See 21 0.8 for ground-fault circuit
interrupter requirements. 

210.70 Lighting Outlets Required. Lighting outlets shall 
be installed where specified in 210.70(A), (B), and (C). 

(A) Dwelling Units. In dwelling units, lighting outlets 
shall be installed in accordance with 210.70(A)(l), (A)(2), 
and (A)(3). 

(1) Habitable Rooms. At least one waH switch
controlled lighting outlet shaH be installed in every 
habitab Ie room and bathroom. 

Exception No.1.' In other than kitchens and bathrooms, 
one or more receptacles controlled by a wall switch shall 
be permitted in lieu of lighting outlets. 

Exception No.2: Lighting outlets shall be permitted to be 
controlled by occupancy sensors that are (1) in addition 
to wall switches or (2) located at a customalY wall switch 
location and equipped with a manual override that will 
allow the sensor to function as a wall switch. 

(2) Additional Locations. Additional lighting outlets 
shall be installed in accordance with (A)(2)(a), (A)(2)(b), 
and (A)(2)(c). 

(a) At least one wall switch-controlled lighting 
outlet shall be installed in hallways, stairways, attached 
garages, and detached garages with electric power. 

(b) For dwelling units, attached garages, and 
detached garages with electric power, at least one wall 
switch-controlled lighting outlet shall be installed to 
provide illumination on the exterior side of outdoor 
entrances or exits with grade level access. A vehicle door 
in a garage shall not be considered as an outdoor entrance 
or exit. 

(c) Where one or more lighting outlet(s) are installed 
for interior stairways, there shall be a wall switch at each 
floor level, and landing level that includes an entryway, to 
control the lighting outlet(s) where the stairway between 
floor levels has six risers or more. 

Exception to (A) (2) (a), (A) (2) (b), and In 
hallways, in stairways, and at outdoor entrances, remote, 
central, or automatic control of lighting shall be 
permitted. 

(3) Storage or .Equipment Spaces. For attics, undedloor 
spaces, utility rooms, and basements, at least one lighting 
outlet containing a switch or controlled by a wall switch 
shall be installed where these spaces are used for storage 
or contain equipment requiring servicing. At least one 
point of control shall be at the usual point of entry to these 
spaces. The lighting outlet shall be provided at or near the 
equipment requiring servicing. 
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(B) Guest Rooms or Guest Suites. In hotels, motels, or 
similar occupancies, guest rooms or guest suites shall 
have at least one wall switch-controlled lighting outlet 
installed in every habitable room and bathroom. 

Exception No.1: In other than bathrooms and kitchens 
where provided, one or more receptacles controlled by a 
wall switch shall be permitted in lieu oflighting outlets. 

Exception No.2: Lighting outlets shall be permitted to be 
controlled by occupancy sensors that are (J) in addition 
to wall switches or (2) located at a custommy wall switch 
location and equipped with a manual override that allows 
the sensor to function as a wall switch. 

(C) Other Than Dwelling Units. For attics and 
underfloor spaces containing equipment requiring 
servlcmg, such as heating, air-conditioning, and 
refrigeration equipment, at least one lighting outlet 
containing a switch or controlled by a wall switch shall be 
installed in such spaces. At least one point of control shall 
be at the usual point of entry to these spaces. The lighting 
outlet shall be provided at or near the equipment requiring 
servlcmg. 

215.1 Scope. 

ARTICLE 215 
f~"(!,<;I~r~ .. 

This article covers the installation 
requirements, overcurrent protection requirements, 
m1l11mUm size, and ampacity of conductors for feeders 
supplying branch-circuit loads. 

Exception: Feeders for electro~ytic cells as covered in 
668.3(C)(J) and (C)(4). 

215.2 Minimum Rating and Size. 

(A) Feeders Not More Than 600 Volts. 

(1) General. Feeder conductors shall have an ampacity 
not less than required to supply the load as calculated in 
Parts III, IV, and V of Article 220. The minimum feeder
circuit conductor size, before the application of any 
adjustment or correction factors, shall have an allowable 
ampacity not less than the noncontinuous load plus 125 
percent of the continuous load. 

Exception No.1 : If the assemb~y, including the 
overcurrent devices protecting the feeder(s), is listed for 
operation at 100 percent of its rating, the allowable 
ampacity of the feeder conductors shall be permitted to be 
not less than the sum of the continuous load plus the 
noncontinuous load. 

Exception No.2: Grounded conductors that are not 
connected to an overcurrent device shall be permitted to 
be sized at 100 percent of the continuous and 
noncontinuous load. 
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(2) Grounded Conductor. The size of the feeder circuit 
grounded conductor shall not be smaller than that 
required by 250.122, except that 250.122(F) shall not 
apply where grounded conductors are run in parallel. 

Additional minimum sizes shall be as specified in 
215.2(A)(2) and (A)(3) under the conditions stipulated. 

(3) Ampacity Relative to Service Conductors. The 
feeder conductor ampacity shall not be less than that of 
the service conductors where the feeder conductors carry 
the total load supplied by service conductors with an 
ampacity of 55 amperes or less. 

(4) Individual Dwelling Unit or Mobile Home 
Conductors. Feeder conductors for individual dwelling 
units or mobile homes need not be larger than service 
conductors. Paragraph 310.15(B)(6) shall be permitted 
to be used for conductor size. 

Informational Note No. I: See Examples D I through 
Dll in Informative Annex D. 

Informational Note No.2: Conductors for feeders as 
defined in Article 100, sized to prevent a voltage drop 
exceeding 3 percent at the farthest outlet of power, 
heating, and lighting loads, or combinations of such 
loads, and where the maximum total voltage drop on 
both feeders and branch circuits to the farthest outlet 
does not exceed 5 percent, will provide reasonable 
efficiency of operation. 

Informational Note No.3: See 210.l9(A), 
Informational Note No. 4, for voltage drop for branch 
circuits. 

(B) Feeders over 600 Volts. The ampacity of 
conductors shall be in accordance with 310.15 and 
310.60 as applicable. Where installed, the size of the 
feeder-circuit grounded conductor shall not be smaller 
than that required by 250.122, except that 250.122(F) 
shall not apply where grounded conductors are run in 
parallel. Feeder conductors over 600 volts shall be sized 
in accordance with 215.2(B)(l), (B)(2), or (B)(3). 

(1) Feeders Supplying Transformers. The ampacity of 
feeder conductors shall not be less than the sum of the 
nameplate ratings of the transformers supplied when 
only transformers are supplied. 

(2) Feeders Supplying Transformers and Utilization 
Equipment. The ampacity of feeders supplying a 
combination of transformers and utilization equipment 
shall not be less than the sum of the nameplate ratings of 
the transformers and 125 percent of the designed 
potential load of the utilization equipment that will be 
operated simultaneously. 
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(3) Supervised Installations. For supervised 
installations, feeder conductor sizing shall be permitted to 
be determined by qualified persons under engineering 
supervision. Supervised installations are defined as those 
portions of a facility where all of the following conditions 
are met: 

(1) Conditions of design and installation are provided 
under engineering supervision. 

(2) Qualified persons with documented training and 
experience in over 600-volt systems provide 
maintenance, monitoring, and servicing of the 
system. 

215.3 Overcurrent Protection. Feeders shall be 
protected against overcurrent in accordance with the 
provisions of Part J of Article 240. Where a feeder 
supplies continuous loads or any combination of 
continuous and noncontinuous loads, the rating of the 
overcurrent device shall not be less than the 
noncontinuous load plus 125 percent of the continuous 
load. 

Exception No.1: Where the assembly, including the 
overcurrent devices protecting the feeder(s}, is listed for 
operation at 100 percent of its rating, the ampere rating 
of the overcurrent device shall be permitted to be not less 
than the sum of the continuous load plus the 
noncontinuous load. 

Exception No.2: Overcurrent protection for feeders over 
600 volts, nominal, shall comply with Part IX of Article 
240. 

215.4 Feeders with Common Neutral Conductor. 

(A) Feeders with Common Neutral. Up to three sets of 
3-wire feeders or two sets of 4-wire or 5-wire feeders 
shall be permitted to utilize a common neutral. 

(B) In Metal Raceway or Enclosure. Where instal1ed in 
a metal raceway or other metal enclosure, all conductors 
of all feeders using a common neutral conductor shall be 
enclosed within the same raceway or other enclosure as 
required in 300.20. 

215.5 Diagrams of Feeders. If required by the authority 
having jurisdiction, a diagram showing feeder details shall 
be provided prior to the installation of the feeders. Such a 
diagram shall show the area in square feet of the building 
or other structure supplied by each feeder, the total 
calculated load before applying demand factors, the 
demand factors used, the calculated load after applying 
demand factors, and the size and type of conductors to be 
used. 

215.6 Feeder Equipment Grounding Conductor. 
Where a feeder supplies branch circuits in which 
equipment grounding conductors are required, the feeder 
shal] include or provide an equipment grounding 
conductor in accordance with the provisions of 250.134, 
to which the equipment grounding conductors of the 
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branch circuits shall be connected. Where the feeder 
supplies a separate building or structure, the requirements 
of250.32(B) shall apply. 

215.7 Ungrounded Conductors Tapped from 
Grounded Systems. Two-wire dc circuits and ac circuits 
of two or more ungrounded conductors shall be permitted 
to be tapped from the ungrounded conductors of circuits 
having a grounded neutral conductor. Switching devices 
in each tapped circuit shall have a pole in each 
ungrounded conductor. 

215.9 Ground-Fault Circuit-Interrupter Protection for 
Personnel. Feeders supplying 15- and 20-ampere 
receptacle branch circuits shall be permitted to be 
protected by a ground-fault circuit interrupter in lieu of 
the provisions for such interrupters as specified in 210.8 
and 590.6(A). 

215.10 Ground-Fault Protection of Equipment. Each 
feeder disconnect rated 1000 amperes or more and 
installed on solidly grounded wye electrical systems of 
more than ] 50 volts to ground, but not exceeding 600 
volts phase-to-phase, shall be provided with ground-fault 
protection of equipment in accordance with the provisions 
of230.95. 

Informational Note: For buildings that contain health 
care occupancies, see the requirements of 517.17. 

Exception No.1: The provisions of this section shall not 
apply to a disconnecting means for a continuous 
industrial process where a nonorderly shutdown will 
introduce additional or increased hazards. 

Exception No.2: The provisions of this section shall not 
apply if ground-fault protection of equipment is provided 
on the supply .';ide qf the feeder and on the load side of 
any transformer supplying the feeder. 

215.11 Circuits Derived from Autotransformers. 
Feeders shall not be derived from autotransformers unless 
the system supplied has a grounded conductor that is 
electrically connected to a grounded conductor of the 
system supplying the autotransformer. 

Exception No.1: An autotransformer shall be permitted 
without the connection to a grounded conductor where 
transforming fi'om a nominal 208 volts to a nominal 240-
volt supply or similarly from 240 volts to 208 volts. 

Exception No.2: In industrial occupancies, where 
conditions of maintenance and supervision ensure that 
only qual{lied persons service the installation, 
autotransformers shall be permitted to supply nominal 
600-volt loads from nominal 480-volt systems. and 480-
volt loads from nominal 600-volt systems, without the 
connection to a similar grounded conductor. 

215.12 Identification for Feeders. 

(A) Grounded Conductor. The grounded conductor of a 
feeder shall be identified in accordance with 200.6. 
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(B) Equipment Grounding Conductor. The equipment 
grounding conductor shall be identified in accordance 
with 250.119. 

(C) Ungrounded Conductors. Where the premises 
wiring system has feeders supplied from more than one 
nominal voltage system, each ungrounded conductor of a 
feeder shall be identified by phase or line and system at 
all termination, connection, and splice points. The means 
of identification shall be permitted to be by separate color 
coding, marking tape, tagging, or other approved means. 
The method utilized for conductors originating within 
each feeder panel board or similar feeder distribution 
equipment shall be documented in a manner that is readily 
available or shall be permanently posted at each feeder 
panelboard or similar feeder distribution equipment. 

ARTICLE 220 
Branch-Circuit, Feeder, and Service 

CaJculations 
I. General 

220.1 Scope. 

This article provides requirements for calculating branch
circuit, feeder, and service loads. Part I provides for 
general requirements for calculation methods. Part II 
provides calculation methods for branch-circuit loads. 
Parts III and IV provide calculation methods for feeders 
and services. Part V provides calculation methods for 
farms. 

Informational Note: See Figure 220.] for 
information on the organization of Article 220. 

220.3 Application of Other Articles. 

In other articles applying to the calculation of loads in 
specialized applications, there are requirements provided 
in Table 220.3 that are in addition to, or modifications of, 
those within this article. 

220.5 Calculations. 

(A) Voltages. Unless other voltages are specified, for 
purposes of calculating branch-circuit and feeder loads, 
nominal system voltages of 120, 120/240, 208Y 1120, 240, 
347, 480Y/277, 480, 600Y/347, and 600 volts shall be 
used. 

(B) Fractions of an Ampere. C,iculatlons ball be 
pennilled to b rounded to the nearest whole a~p~~~ ~.~it~ 
decimal fractions mailer than 0.5 d~op~~) 

II. Branch-Circuit Load Calculations 

220.10 General. 

Branch-circuit loads shall be calculated as shown ill 

220.12,220.14, and 220.16. 
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I Part I General J 
I 

I Part II Branch-circuit load calculations I 
I I 

Part IV 
Part III 

220.61 Optional 
Feeder and 
service load - Neutral I---- feeder and 

calculations Loads service load 
calculations 

I I 

Farm dwellings Farm dwellings 
only only 

I I 
I I 
I I 

I Part V Farm load calculations I 
Figure 220.1 Branch-Circuit, Feeder, and Service 
Calculation Methods. 

220.12 Lighting Load for Specified Occupancies. 

A unit load of not less than that specified in Table 220.12 
for occupancies specified therein shall constitute the 
minimum lighting load. The floor area for each floor shall 
be calculated from the outside dimensions of the building, 
dwelling unit, or other area involved. For dwelling units, 
the calculated floor area shall not include open porches, 
garages, or unused or unfinished spaces not adaptable for 
future use. 

Informational Note: The unit values herein are based on 
minimum load conditions and 100 percent power factor 
and may not provide sufficient capacity for the 
installation contemplated. 

220.14 Other Loads - All Occupancies. 

In aU occupancies, the minimum load for each outlet for 
general-use receptacles and outlets not used for general 
illumination shall not be less than that calculated in 
220.14(A) through (L), the loads shown being based on 
nominal branch-circuit voltages. 

Exception: The loads of outlets serving switchboards and 
switching frames in telephone exchanges shall be waived 
from the calculations. 

(A) Specific Appliances or Loads. An outlet for a 
specific appliance or other load not covered in 220.14(B) 
through (L) shall be calculated based on the ampere rating 
of the appliance or load served. 

(B) Electric Dryers and ~Iectric Cooking Appliances 
in Dwellingf.!l1i.t. Load calculations shall be permitted 
as specified in 220.54 for electric dryers and in 220.55 for 
electric ranges and other cooking appliances. 
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Table 220.3 Additional Load Calculation References 

Calculation 

Air-Conditioning and Refrigerating Equipment, Branch-Circuit 
Conductor Sizing 

Cranes and Hoists, Rating and Size of Conductors 

Electric Welders, ampacity calculations 

Electrically Driven or Controlled Irrigation Machines 

Electrified truck parking space 

Electrolytic Cell Lines 

Electroplating, Branch-Circuit Conductor Sizing 

Elevator Feeder Demand Factors 

Fire Pumps, Voltage Drop (mandatory calculation) 

Fixed Electric Heating Equipment for Pipelines and Vessels, Branch-
Circuit Sizing 

Fixed Electric Space Heating Equipment, Branch-Circuit Sizing 

Fixed Outdoor Electric Deicing and Snow-Melting Equipment, 
Branch-Circuit Sizing 

Industrial Machinery, Supply Conductor Sizing 

Marinas and Boatyards, Feeder and Service Load Calculations 

Mobile Homes, Manufactured Homes, and Mobile Home Parks, Total 
Load for Determining Power Supply 

Mobile Homes, Manufactured Homes, and Mobile Home Parks, 
Allowable Demand Factors for Park Electrical Wiring Systems 

Motion Picture and Television Studios and Similar Locations Sizing 
of Feeder Conductors for Television Studio Sets 

Motors, Feeder Demand Factor 

Motors, Multimotor and Combination-Load Equipment 

Motors, Several Motors or a Motor(s) and Other Load(s) 

Over 600 Volt Branch Circuit Calculations 

Over 600 Volt Feeder Calculations 

Phase Converters, Conductors 

Recreational Vehicle Parks, Basis of Calculations 

Sensitive Electrical Equipment, Voltage Drop (mandatory calculation) 

SolarPhotovoltaic Systems, Circuit Sizing and Current 

Storage-Type Water Heaters 

Theaters, Stage Switchboard Feeders 

(C) Motor Loads. Outlets for motor loads shall be 
calculated in accordance with the requirements in 430.22, 
430.24, and 440.6. 

(D) Luminaires. An outlet supplying luminaire(s) shall 
be calculated based on the maximum volt-ampere rating 
of the equipment and lamps for which the luminaire( s) is 
rated. 

(E) Heavy-Duty Lampholders. Outlets for heavy-duty 
lampholders shall be calculated at a minimum of 600 volt
amperes. 
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Article Section (or Part) 

440 Part IV 

610 610.14 

630 630.11, 630.31 

675 675.7(A),675.22(A) 

626 

668 668.3(C) 

669 669.5 

620 620.14 

695 695.7 

427 427.4 

424 424.3 

426 426.4 

670 670.4(A) 

555 555.12 

550 550.18(B) 

550 550.31 

530 530.19 

430 430.26 

430 430.25 

430 430.24 

210 210.19(B) 

215 215.2(B) 

455 455.6 

551 551.73(A) 

647 647.4(D) 

690 690.8 

422 422.] l(E) 

520 520.27 

(F) Sign and Outline Lighting. Sign and outline lighting 
outlets shall be calculated at a minimum of 1200 volt
amperes for each required branch circuit specified in 
600.5(A). 

(G) Show Windows. Show windows shall be calculated 
in accordance with either of the following: 

(1) The unit load per outlet as required in other 
provisions of this section 

(2) At 200 volt-amperes per 300 mm (1 ft) of show window 
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I Table 220.12 General Lighting Loads by Occupancy 

Type of Occupancy 

Armories and auditoriums 
Banks 
Barber shops and beauty 

parlors 
Churches 
Clubs 
Court rooms 
Dwelling unitsa 
Garages commercial 

(storage) 
Hospitals 
Hotels and motels, including 

apartment houses without 
provision for cooking by 
tenantsa 

Industrial commercial (loft) 
buildings 

Lodge rooms 
Office buildings 
Restaurants 
Schools 
Stores 
Warehouses (storage) 
In any of the preceding 

occupancies except one
family dwellings and 
individual dwelling units 
of two-family and 
multifamily dwellings: 

Unit Load 
Volt- Volt-

Amperes Amperes 
per Square per Square 

Meter Foot 
11 1 

39b 3Y2b 
33 3 

11 1 
22 2 
22 2 
33 3 
6 Yz 

22 2 
22 2 

22 2 

17 1 Y2 
39b 3Yzb 

22 2 
33 3 
33 3 
3 ~ 

Assembly halls and 11 
auditoriums 

Halls, corridors, closets, 6 
stairways 

bSee 220.14(K). 

(8) Fixed Multioutlet Assemblies. Fixed multioutlet 
assemblies used in other than dwelling units or the guest 
rooms or guest suites of hotels or motels sha11 be 
calculated in accordance with (H)(1) or (H)(2). For the 
purposes of this section, the calculation shall be permitted 
to be based on the portion that contains receptacle outlets. 

(1) Where appliances are unlikely to be used 
simultaneously, each 1.5 m (5 ft) or fraction thereof 
of each separate and continuous length shall be 
considered as one outlet of not less than 180 volt
amperes. 

(2) Where appliances are likely to be used 
simultaneously, each 300 mm (1 ft) or fraction 
thereof sha11 be considered as an outlet of not less 
than 180 volt-amperes. 
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(I) Receptacle Outlets. Except as covered in 220.14(J) 
and (K), receptacle outlets shall be calculated at not less 
than 180 volt-amperes for each single or for each multiple 
receptacle on one yoke. A single piece of equipment 
consisting of a multiple receptacle comprised of four or 
more receptacles shall be calculated at not less than 90 
volt-amperes per receptacle. This provision shall not be 
applicable to the receptacle outlets specified in 
210.11(C)(1) and (C)(2). 

(J) Dwelling Occupancies. In one-family, two-family, 
and multifamily dwell ings and in guest rooms or guest 
suites of hotels and motels, the outlets specified in (J)(1), 
(1)(2), and (1)(3) are included in the general lighting load 
calculations of 220.12. No additional load calculations 
shall be required for such outlets. 

(1) All general-use receptacle outlets of20-ampere rating 
or less, including receptacles connected to the circuits 
in 210.11(C)(3) 

(2) The receptacle outlets specified in 21 0.52(E) and (G) 

(3) The lighting outlets specified in 210. 70(A) and (B) 

(K) Banks and Office Buildings. In banks or office 
buildings, the receptacle loads shall be calculated to be 
the larger of (l) or (2): 

(l) The calculated load from 220.14(1) 

(2) 11 volt-amperes/m2 or 1 volt-ampere/ft2 

(L) Other Outlets. Other outlets not covered in 
220. 14(A) through (K) shall be calculated based on 180 
volt-amperes per outlet. 

220.16 Loads for Additions to Existing Installations. 

(A) Dwelling Units. Loads added to an existing dwelling 
unites) shall comply with the following as applicable: 

(1) Loads for structural additions to an existing dwelling 
unit or for a previously unwired portion of an existing 

dwelling unit, either of which exceeds 46.5 m2 (500 

ft2), shall be calculated in accordance with 220.12 
and 220.14. 

(2) Loads for new circuits or extended circuits in 
previously wired dwelling units shall be calculated in 
accordance with either 220.12 or 220.14, as 
applicable. 

(B) Other Than Dwelling Units. Loads for new circuits 
or extended circuits in other than dwelling units shall be 
calculated in accordance with either 220.12 or 220.14, as 
applicable. 

220.18 Maximum Loads. The total load shall not exceed 
the rating of the branch circuit, and it shall not exceed the 
maximum loads specified in 220. 18(A) through (C) under 
the conditions specified therein. 

(A) Motor-Operated and Combination Loads. Where a 
circuit supplies only motor-operated loads, Article 430 shall 
apply. Where a circuit supplies only air-conditioning 
equipment, refrigerating equipment, or both, Article 440 
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shall apply. For circuits supplying loads consisting of motor
operated utilization equipment that is fastened in place and 
has a motor larger than 'Is hp in combination with other 
loads, the total calculated load shall be based on 125 percent 
ofthe largest motor load plus the sum of the other loads. 

(B) Inductive ~ll~!-~P Lighting Loads. For circuits 
supplying lighting units that have ballasts, transformers, 
autotransformers, or LED driverS, the calculated load shall 
be based on the total ampere ratings of such units and not 
on the total watts of the lamps. 

(C) Range Loads. It shall be pennissible to apply demand 
factors for range loads in accordance with Table 220.55, 
including Note 4. 

III. Feeder and Service Load Calculations 

220.40 General. 

The calculated load of a feeder or service shall not be less 
than the sum of the loads on the branch circuits supplied, as 
determined by Part II of this article, after any applicable 
demand factors permitted by Part III or IV or required by 
Part V have been applied. 

Informational Note: See Examples D1(a) through D10 in 
Informative Annex D. See 220.18(B) for the maximum 
load in amperes pennitted for lighting units operating at 
less than 100 percent power factor. 

220.42 General Lighting. 

The demand factors specified in Table 220.42 shall apply 
to that pOition of the total branch-circuit load calculated for 
general illumination. They shall not be applied in 
determining the number of branch circuits for general 
illumination. 

220.43 Show-Window and Track Lighting. 

(A) Show Windows. For show-window lighting, a load of 
not less than 660 volt-amperes/linear meter or 200 volt
amperes/linear foot shall be included for a show window, 
measured horizontally along its base. 

Informational Note: See 220.14(0) for branch 
circuits supplying show windows. 

(B) Track Lighting. For track lighting in other than 
dwelling units or guest rooms or guest suites of hotels or 
motels, an additional load of 150 volt-amperes shall be 
included for every 600 mm (2 ft) of lighting track or 
fraction thereof. Where multicircuit track is installed, the 
load shall be considered to be divided equally between the 
track circuits. 

Exception: ,r 'he track Iigh1inl! is supplied through a 
device Ihal limits (he current 10 the track, the load hall be 
permit/ed 10 be calculated ba.w~d on the rating of Ille dc\'ice 
llsed to limit thi! cur rem.: 
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Table 220.42 Lighting Load Demand Factors 

Type of 
Occupancy 

Dwelling units 

Hospitals* 

Hotels and motels, 
including 
apartment 
houses without 
provision for 
cooking by 
tenants* 

Warehouses 
(storage) 

Portion of 
Lighting Load to 
Which Demand 
Factor Applies 

(Volt-Amperes) 

First 3000 or less 
at 

From 3001 to 
120,000 at 

Remainder over 
120,000 at 

First 50,000 or less 
at 

Remainder over 
50,000 at 

First 20,000 or less 
at 

From 20,001 to 
100,000 at 

Remainder over 
100,000 at 

First 12,500 or less 
at 

Remainder over 
12,500 at 

Demand Factor 
(%) 

100 

3S 

2S 

40 

20 

50 

40 

30 

100 

50 

All others Total volt-amperes 100 

*Tbe demand factors of this table shall not apply to the calculated 
load of feeders or services supplying areas in hospitals, hotels, and 
motels where the entire lighting is likely to be used at one time, as in 
operating rooms, ballrooms, or dining rooms. 

[OSHPD 1] The factors of Table 220.42 shall not be applied 
in the following areas: surgery suite, including recovelY; C 
emergency department, kitchen, food service, dining, critical A 
care areas as defined in Article 517, elevator lobbies, C 
corridors, inpatient nurse stations, and load'S connected to the A 
life safety branch or the critical branch of the emergency C 
system. Administrative areas shall be included in "All others" A 
Type of Occupancy. C 

A 
220.44 Receptacle Loads - Other Than Dwelling 
Units. Receptacle loads calculated in accordance with 
220.l4(H) and (1) shall be permitted to be made subject to 
the demand factors given in Table 220.42 or Table 220.44. 

Table 220.44 Demand Factors for Non-Dwelling Receptacle 
Loads 

Portion of Receptacle Load to 
Which Demand Factor Applies 

(Volt-Amperes) 
First 10 kVA or less at 
Remainder over 10 kV A at 

Demand Factor (%) 

100 
50 

220.50 Motors. Motor loads shall be calculated III 

accordance with 430.24, 430.25, and 430.26 and with 
440.6 for hermetic refrigerant motor compressors. 
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220.51 Fixed Electric Space Heating. Fixed electric 
space-heating loads shall be calculated at 100 percent of 
the total connected load. However, in no case shall a 
feeder or service load current rating be less than the rating 
of the largest branch circuit supplied. 

Exception: Where reduced loading of the conductors 
results from units operating on duty-cycle, intermittently, 
or from all units not operating at the same time, the 
authority having jurisdiction may grant permission for 
feeder and service conductors to have an ampacity less 
than 100 percent, provided the conductors have an 
ampacity for the load so determined. 

220.52 Small-Appliance and Laundry Loads 
Dwelling Unit. 

(A) Small-Appliance Circuit Load. In each dwelling 
unit, the load shall be calculated at 1500 volt-amperes for 
each 2-wire small-appliance branch circuit as covered by 
210.11 (C)(1). Where the load is subdivided through two 
or more feeders, the calculated load for each shall include 
not less than 1500 volt-amperes for each 2-wire small
appliance branch circuit. These loads shall be permitted to 
be included with the general lighting load and subjected 
to the demand factors provided in Table 220.42. 

Exception: The individual branch circuit permitted by 
210. 52 (B) (1), Exception No.2, shall be permitted to be 
excluded from the calculation required by 220.52. 

(B) Laundry Circuit Load. A load of not less than 1500 
volt-amperes shall be included for each 2-wire laundry 
branch circuit installed as covered by 210.11 (C)(2). This 
load shall be permitted to be included with the general 
lighting load and subjected to the demand factors 
provided in Table 220.42. 

220.53 Appliance Load Dwelling Unit(s). It shall be 
permissible to apply a demand factor of 75 percent to the 
nameplate rating load of four or more appliances fastened 
in place, other than electric ranges, clothes dryers, space
heating equipment, or air-conditioning equipment, that are 
served by the same feeder or service in a one-family, two
family, or multifamily dwelling. 

220.54 Electric Clothes Dryers Dwelling Unit(s). 
The load for household electric clothes dryers in a dwelling 
unites) shall be either 5000 watts (volt-amperes) or the 
nameplate rating, whichever is larger, for each dryer 
served. The use of the demand factors in Table 220.54 shall 
be permitted. Where two or more single-phase dryers are 
supplied by a 3-phase, 4-wire feeder or service, the total 
load shall be calculated on the basis of twice the maximum 
number connected between any two phases. Kilovolt
amperes (kY A) shall be considered equivalent to kilowatts 
(kW) for loads calculated in this section. 

220.55 Electric Ranges and Other Cooking Appliances 
- Dwelling Unit(s). The load for household electric 
ranges, wall-mounted ovens, counter-mounted cooking 
units, and other 
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Table 220.54 Demand Factors for Household Electric 
Clothes Dryers 

Number of 

Dryers 

1-4 

5 

6 

7 

8 

9 

10 

11 

Demand Factor 

(%) 

100 

85 

75 

65 

60 

55 

50 

47 

12-23 47% minus 1 % for each dryer 
exceeding 11 

24-42 35% minus 0.5% for each dryer 
exceeding 23 

43 and over 25% 

household cooking appliances individually rated in excess 
of 1% kW shall be permitted to be calculated in 
accordance with Table 220.55. Kilovolt-amperes (kV A) 
shall be considered equivalent to kilowatts (kW) for loads 
calculated under this section. 

Where two or more single-phase ranges are supplied 
by a 3-phase, 4-wire feeder or service, the total load shall 
be calculated on the basis of twice the maximum number 
connected between any two phases. 

Informational Note No.1: See 
Intonnative Annex D. 

05(A) in 

Infonnational Note No.2: See Table 220.56 for 
commercial cooking equipment. 

Infonnational Note No.3: See the examples in 
Infonnative Annex D. 

220.56 Kitchen Equipment Other Than Dwelling 
Unit(s). It shall be permissible to calculate the load for 
commercial electric cooking equipment, dishwasher 
booster heaters, water heaters, and other kitchen 
equipment in accordance with Table 220.56. These 
demand factors shall be applied to all equipment that has 
either thermostatic control or intermittent use as kitchen 
equipment. These demand factors shall not apply to 
space-heating, ventilating, or air-conditioning equipment. 

However, in no case shall the feeder or service 
calculated load be less than the sum of the largest two 
kitchen equipment loads. 

220.60 Noncoincident Loads. Where it is unlikely that 
two or more noncoincident loads will be in use 
simultaneously, it shall be permissible to use only the 
largest load( s) that will be used at one time for calculating 
the total load of a feeder or service. 
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Table 220.55 Demand Factors and Loads for Household Electric Ranges, WaU-Mounted Ovens, Counter-Mounted Cooking Units, and 
Other Household over 1% kW (Column C to be used in all cases as othenvise permitted in Note 3.) 

Demand Factor (%) (See Notes) 

ColumnB Column C 

Number of Column A (3'/z kW through 8% kW 

1 
2 75 65 11 

3 70 55 14 

4 66 50 17 

5 62 45 20 

6 59 
7 56 40 22 

8 53 36 23 

9 5] 35 24 

10 49 34 25 

11 47 
12 45 32 27 

13 43 32 28 

14 41 32 29 

15 40 32 30 

]7 38 28 32 

18 37 28 33 
19 36 28 34 

20 35 28 35 

21 
22 33 26 37 

23 32 26 38 
24 31 26 39 

25 30 26 40 

26-30 30 range 
3]-40 30 22 
41-50 30 20 25 kW + % kW for each range 
51-60 30 18 

6] and over 30 16 

Notes: 
1. Over 12 kW through 27 kW ranges all of same rating. For ranges individually rated more than 12 kW but not more than 27 kW, the 
maximum demand in Column C shall be increased 5 percent for each additional kilowatt of rating or major fraction thereof by which the 
rating of individual ranges exceeds 12 kW. 
2. Over 8% kW through 27 kW ranges of unequal ratings. For ranges individually rated more than 8% kW and of different ratings, but 
none exceeding 27 kW, an average value of rating shall be calculated by adding together the ratings of all ranges to obtain the total 
connected load (using 12 kW for any range rated less than 12 kW) and dividing by the total number of ranges. Then the maximum 
demand in Column C shall be increased 5 percent for each kilowatt or major fraction thereof by which this average value exceeds 12 kW. 
3. Over 1% kW through 8% kW. In lieu of the method provided in Column C, it shall be permissible to add the nameplate ratings of all 
household cooking appliances rated more than kW but not more than 834 kW and multiply the sum by the demand factors in 
Column A or Column B for the given number of appliances. Where the rating of cooking appliances falls under both Column A and 
Column B, the demand factors for each column shall be applied to the appliances for that column, and the results added together. 
4. Branch-Circuit Load. It shall be permissible to calculate the branch-circuit load for one range in accordance with Table 220.55. The 
branch-circuit load for one wall-mounted oven or one counter-mounted cooking unit shall be the nameplate rating of the appliance. The 
branch-circuit load for a counter-mounted cooking unit and not more than two wall-mounted ovens, all supplied from a single branch 
circuit and located in the same room, shall be calculated by adding the nameplate rating ofthe individual appliances and treating this total 
as equivalent to one range. 

5. This table shall also apply to household cooking appliances rated over 1 % kW and used in instructional programs. 
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Table 220.56 Oemand Factors for Kitchen Equipment - Other 
Than Dwelling Unit(s) 

Number of Units of 
Equipment 

2 

3 

4 

5 

6 and over 

Demand Factor 

100 

100 

90 

80 

70 

65 

220.61 Feeder or Service Neutral Load. 

(A) Basic Calculation. The feeder or service neutral load 
shall be the maximum unbalance of the load determined 
by this article. The maximum unbalanced load shall be the 
maximum net calculated load between the neutral 
conductor and anyone ungrounded conductor. 

Exception: For 3-wire, 2-phase or 5-wire, 2-phase 
systems, the maximum unbalanced load shall be the 
maximum net calculated load between the neutral 
conductor and anyone ungrounded conductor multiplied 
by 140 percent. 

(B) Permitted Reductions. A service or feeder supplying 
the following loads shall be permitted to have an 
additional demand factor of 70 percent applied to the 
amount in 220.61 (B)(1) or portion of the amount in 
220.61(B)(2) determined by the basic calculation: 

(1) A feeder or service supplying household electric 
ranges, wall-mounted ovens, counter-mounted 
cooking units, and electric dryers, where the 
maximum unbalanced load has been determined in 
accordance with Table 220.55 for ranges and Table 
220.54 for dryers 

(2) That portion of the unbalanced load in excess of 200 
amperes where the feeder or service is supplied from 
a 3-wire dc or single-phase ac system; or a 4-wire, 3-
phase, 3-wire, 2-phase system; or a 5-wire, 2-phase 
system 

(C) Prohibited Reductions. There shall be no reduction 
of the neutral or grounded conductor capacity applied to 
the amount in 220.61(C)(1), or portion of the amount in 
(C)(2), from that determined by the basic calculation: 

(1) Any portion of a 3-wire circuit consisting of 2 
ungrounded conductors and the neutral conductor of 
a 4-wire, 3-phase, wye-connected system 

(2) That portion consisting of nonlinear loads supplied 
from a 4-wire, wye-connected, 3-phase system 
Infonnational Note No.1: See Examples Dl(a), Dl(b), 
D2(b), D4(a), and DS(a) in Infonnative Annex D. 
Infonnational Note No.2: A 3-phase, 4-wire, wye
connected power system used to supply power to 
nonlinear loads may necessitate that the power system 
design allow for the possibility of high harmonic 
neutral-conductor currents. 
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IV. Optional Feeder and Service Load Calculations 

220.80 General. Optional feeder and service load 
calculations shall be permitted in accordance with Part IV. 

220.82 Dwelling Unit. 

(A) Feeder and Service Load. This section applies to a 
dwel1ing unit having the total connected load served by a 
single 120/240-volt or 208Y 1120-volt set of 3-wire service or 
feeder conductors with an ampacity of 100 or greater. It shall 
be permissible to calculate the feeder and service loads in 
accordance with this section instead of the method specified 
in Part III of this article. The calculated load shall be the 
result of adding the loads from 220.82(B) and (C). Feeder 
and service-entrance conductors whose calculated load is 
determined by this optional calculation shall be permitted to 
have the neutral load determined by 220.61. 

(B) General Loads. The general calculated load shall be not 
less than 100 percent of the first 10 kV A plus 40 percent of 
the remainder of the following loads: 

(1) 33 volt-amperes/m2 or 3 volt-amperes/ft2 for general 
lighting and general-use receptacles. The floor area for 
each floor shall be calculated from the outside 
dimensions of the dwelling unit. The calculated floor 
area shall not include open porches, garages, or unused 
or unfinished spaces not adaptable for fbture use. 

(2) 1500 volt-amperes for each 2-wire, 20-ampere smal1-
appliance branch circuit and each laundry branch circuit 
covered in 210.1 I (C)(1) and (C)(2). 

(3) The nameplate rating of the following: 

a. All appliances that are fastened in place, 
permanently connected, or located to be on a 
specific circuit 

b. Ranges, waH-mounted ovens, counter-mounted 
cooking units 

c. Clothes dryers that are not connected to the laundry 
branch circuit specified in item (2) 

d. Water heaters 

(4) The nameplate ampere or kV A rating of all pennanently 
connected motors not included in item (3). 

(C) Heating and Air-Conditioning Load. The largest of the 
following six selections (load in kVA) shall be included: 

(1) 100 percent of the nameplate rating(s) of the air 
conditioning and cooling. 

(2) 100 percent of the nameplate rating(s) of the heat pump 
when the heat pump is used without any supplemental 
electric heating. 

(3) 100 percent of the nameplate rating(s) of the heat pump 
compressor and 65 percent of the supplemental electric 
heating for central electric space-heating systems. If the 
heat pump compressor is prevented from operating at 
the same time as the supplementary heat, it does not 
need to be added to the supplementary heat for the total 
central space heating load. 
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(4) 65 percent of the nameplate rating(s) of electric space 
heating if less than four separately controlled units. 

(5) 40 percent of the nameplate rating(s) of electric space 
heating if four or more separately controlled units. 

(6) 100 percent of the nameplate ratings of electric 
thermal storage and other heating systems where the 
usual load is expected to be continuous at the ful] 
nameplate value. Systems qualifying under this 
selection shall not be calculated under any other 
selection in 220.82(C). 

220.83 Existing Dwelling Unit. 

This section shall be permitted to be used to determine if 
the existing service or feeder is of sufficient capacity to 
serve additional loads. Where the dwelling unit is served 
by a 120/240-volt or 208Y 1120-volt, 3-wire service, it 
shall be permissible to calculate the total load in 
accordance with 220.83(A) or (B). 

(A) Where Additiona! Air-Conditioning Equipment or 
Electric Space-Heating Equipment Is Not to Be 
Installed. The foHowing shall be used for 
existing and additional new loads. 

Load (kVA) 

First 8 kV A of load at 

Remainder of load at 

Percent of Load 

100 
40 

Load calculations shall include the following: 

(I) General lighting and general-use receptacles at 33 

volt-amperes/m2 or 3 volt-amperes/ft2 as determined 
by 220.12 

(2) 1500 volt-amperes for each 2-wire, 20-ampere small
appliance branch circuit and each laundry branch 
circuit covered in 210.l1(C)(l) and (C)(2) 

(3) The nameplate rating of the following: 

a. All appliances that are fastened in place, 
permanently connected, or located to be on a 
specific circuit 

b. Ranges, wall-mounted ovens, counter-mounted 
cooking units 

c. Clothes dryers that are not connected to the 
laundry branch circuit specified in item (2) 

d. Water heaters 

(B) Where Additional Air-Conditioning Equipment or 
Electric Space-Heating Equipment Is to Be Installed. 
The following shall be used for existing and 
additional new loads. The larger connected load of air
conditioning or space-heating, but not both, shall be used. 
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Load 

Air-conditioning equipment 

Central electric space heating 

Less than four separately controlled 
space-heating units 

First 8 kV A of all other loads 

Remainder of all other loads 

Other loads shall include the following: 

Percent of Load 

100 
100 
100 

100 
40 

(1) General lighting and general-use receptacles at 33 

volt-amperes/m2 or 3 volt-amperes/ft2 as determined 
by 220.12 

(2) ] 500 volt-amperes tor each 2-wire, 20-ampere small
appliance branch circuit and each laundry branch 
circuit covered in 2] 0.11 (C)( 1) and (C)(2) 

(3) The nameplate rating of the following: 

a. All appliances that are fastened in place, 
permanently connected, or located to be on a 
specific circuit 

b. Ranges, wall-mounted ovens, counter-mounted 
cooking units 

c. Clothes dryers that are not connected to the 
laundry branch circuit specified in (2) 

d. Water heaters 

220.84 Multifamily Dwelling. 

(A) Feeder or Service Load. It shall be permissible to 
calculate the load of a feeder or service that supplies three 
or more dwelling units of a multifamily dwelling in 
accordance with Table 220.84 instead of Part III of this 
article if all the following conditions are met: 

(1) No dwelling unit is supplied by more than one feeder. 

(2) Each dwelling unit is equipped with electric cooking 
equipment. 

Exception: When the calculated load for multifamily 
dwellings without electric cooking in Part III of this 
article exceeds that calculated under Part IV for the 
identical load plus electric cooking (based on 8 kW per 
unit), the lesser of the hvo loads shall be permitted to be 
used. 

(3) Each dwelling unit is equipped with either electric 
space heating or air conditioning, or both. Feeders 
and service conductors whose calculated load is 
determined by this optional calculation shall be 
permitted to have the neutral load determined by 
220.61. 

(B) House Loads. House loads shall be calculated in 
accordance with Part III of this article and shall be in 
addition to the dwelling unit loads calculated in 
accordance with Table 220.84. 
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ARTICLE 220 

Table 220.84 Optional Calculations - Demand Factors for 
Three or More Multifamily Dwelling Units 

Number of Demand Factor 
Units 

3-5 45 
6-7 44 
8-10 43 

11 42 
12-13 41 
14-l5 40 
16-17 39 
18-20 38 

21 37 
22-23 36 
24-25 35 
26-27 34 
28-30 33 

31 32 
32-33 31 
34-36 30 
37-38 29 
39-42 28 
43-45 27 
46-50 26 
51-55 25 
56-61 24 

62 and over 23 

(C) Loads. The calculated load to which the 
demand factors of Table 220.84 apply shall include the 
following: 

(1) 33 volt-amperes/m2 or 3 volt-amperes/ft2 for general 
lighting and general-use receptacles 

(2) 1500 volt-amperes for each 2-wire, 20-ampere small
appliance branch circuit and each laundry branch 
circuit covered in 210.11 (C)( 1) and (C)(2) 

(3) The nameplate rating of the following: 
a. An appliances that are fastened in place, 

permanently connected, or located to be on a 
specific circuit 

b. Ranges, wall-mounted ovens, counter-mounted 
cooking units 

c. Clothes dryers that are not connected to the 
laundry branch circuit specified in item (2) 

d. Water heaters 
(4) The nameplate ampere or kVA rating of all 

permanently connected motors not included in item (3) 
(5) The larger of the air-conditioning load or the fixed 

electric space-heating load 
220.85 Two Dwelling Units. Where two dwelling units 
are supplied by a single feeder and the calculated load 
under Part III of this article exceeds that for three 
identical units calculated under 220.84, the lesser of the 
two loads shall be permitted to be used. 
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220.86 Schools. The calculation of a feeder or service 
load for schools shall be permitted in accordance with 
Table 220.86 in lieu of Part III of this article where 
equipped with electric space heating, air conditioning, 
or both. The connected load to which the demand 
factors of Table 220.86 apply shall include all of the 
interior and exterior lighting, power, water heating, 
cooking, other loads, and the larger of the air
conditioning load or space-heating load within the 
building or structure. 

Feeders and service conductors whose calculated 
load is determined by this optional calculation shall be 
permitted to have the neutral load determined b.y 
220.61. Where the building or structure load IS 

calculated by this optional method, feeders within the 
building or structure shall have ampacity as permitted 
in Part III of this article; however, the ampacity of an 
individual feeder shall not be required to be larger than 
the ampacity for the entire building. 

This section shall not apply to portable classroom 
buildings. 

Table 220.86 Optional Method - Demand Factors for 
Feeders and Service Conductors for Schools 

Connected Load 

First 33 V A/m2 (3 V Alft2) at 
Plus, 

Over 33 
220V 

Remainder over 
220 VA/m2 

20 
VA/tt2) at 
(20 V A/ft2) at 

Demand Factor 

100 

75 

25 

220.87 Determining Existing Loads. The calculation of 
a feeder or service load for existing installations shall be 
permitted to use actual maximum demand to determine 
the existing load under all of the following conditions: 

(1) The maximum demand data is available for a I-year 
period. 

Exception: If the maximum demand data for a i-year 
period is not available, the calculated load shall be 
permitted to be based on the maximum demand 
(measure of average power demand over a is-minute 
period) continuously recorded over a minimum 30-day 
period using a recording ammeter or power meter 
connected to the highest loaded phase of the feeder or 
service, based on the initial loading at the start of the 
recording. The recording shall reflect the maximum 
demand of the feeder or service by being taken when the 
building or space is occupied and shall include by 
measurement or calculation the larger of the heating or 
cooling equipment load, and other loads that may be 
periodic in nature due to seasonal or similar conditions. 
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(2) The maximum demand at 125 percent plus the new 
load does not exceed the ampacity of the feeder or 
rating of the service. 

(3) The feeder has overcurrent protection in accordance 
with 240.4, and the service has overload protection in 
accordance with 230.90. 

220.88 New Restaurants. 

Calculation of a service or feeder load, where the feeder 
serves the total load, for a new restaurant shall be 
permitted in accordance with Table 220.88 in lieu of Part 
III of this article. 

The overload protection of the service conductors 
shall be in accordance with 230.90 and 240.4. 

Feeder conductors shall not be required to be of 
greater ampacity than the service conductors. 

Service or feeder conductors whose calculated load is 
determined by this optional calculation shall be permitted 
to have the neutral load determined by 220.61. 

V. Farm Load Calculations 

220.100 General. 

Farm loads shall be calculated in accordance with Part V. 

220.102 Farm Loads - Buildings and Other Loads. 

(A) Dwelling Unit. The feeder or service load of a farm 
dwelling unit shall be calculated in accordance with the 
provisions for dwellings in Part III or IV of this article. 
Where the dwelling has electric heat and the farm has 
electric grain-drying systems, Part IV of this article shall 
not be used to calculate the dwelling load where the 
dwelling and farm loads are supplied by a common 
service. 

(B) Other Than Dwelling Unit. Where a feeder or 
service supplies a farm build ing or other load having two 
or more separate branch circuits, the load for feeders, 
service conductors, and service equipment shall be 
calculated in accordance with demand factors not less 
than indicated in Table 220.102. 

Table 220.102 Method for Calculating Farm Loads for 
Other Than Dwelling Unit 

Ampere Load at 240 Volts 
Maximum 

The greater of tile foJlo\vlng: 
All loads that are ~xpccted to 
operate 'imultaneou ly, or 

1:!5 ~rcenl oflhe full load 
curr~nl of the largest motor, or 

first 60 amperes of the load 

Next 60 amperes of all other loads 

Remainder of other load 

Demand Factor 

(%) 

100 

50 

25 

220.103 Farm Loads - Total. Where supplied by a 
common service, the total load of the farm for service 
conductors and service equipment shall be calculated in 
accordance with the farm dwelling unit load and demand 
factors specified in Table 220.103. Where there is 
equipment in two or more farm equipment buildings or 
for loads having the same function, such loads shall be 
calculated in accordance with Table 220.102 and shall be 
permitted to be combined as a single load in Table 
220.103 for calculating the total load. 

Table 220.103 Method for Calculating Total Farm Load 

Individual Loads Calculated in 
Accordance with Table 220.102 

Largest load 

Second largest load 

Third largest load 

Remaining loads 

Demand Factor (%) 

100 

75 

65 

50 

Note: To this total load, add the load of the farm dwelling 
unit calculated in accordance with Part III or IV of this 
article. Where the dwelling has electric heat and the farm 
has electric grain-drying systems, Part IV of this article 
shall not be used to calculate the dwelling load. 

Table 220.88 Optional Method - Permitted Load Calculations for Service and Feeder Conductors for New Restaurants 

Total Connected All Electric Restaurant Not All Electric Restaurant 

Load (kV A) Calculated Loads (kV A) Calculated Loads (kV A) 

0-200 80% 100% 

201-325 10% (amount over 200) + 160.0 50% (amount over 200) + 200.0 

326-800 

Over 800 

50% (amount over 325) + 172.5 

50% (amount over 800) + 410.0 

45% (amount over 325) + 262.5 

20% (amount over 800) + 476.3 

ote: Add all eleclricalload,inCilidlng~6oalhcai'Iilg and cooling load. to calculal\! the total connected load. Select the (')nedemandfa~~~~ 
lhat applies trQl!l!llt,!~!e~t~I!J'llnuhjply the lotal connected load by this inglc demand factor. 
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ARTICLE 225 
. Qg!~~~~. ~r~.~~~<::ir~,~ i~S.J1J.1<1. .. f~~"_~!~ 

225.1 Scope. This article covers requirements for outside 
branch circuits and feeders nm on or between buildings, 
structures, or poles on the premises; and electrical 
equipment and wiring for the supply of utilization 
equipment that is located on or attached to the outside of 
bu.ildings, structures, or poles. 

Informational Note: For additional information 
on wiring over 600 volts, see ANSI C2-2007, 
National Electrical Safety Code. 

225.2 Definition., 

~ubstation. An enclosed assemblage of equipment (e.g., 
switches. circuit breakers. oU CS, and transformer ) under 
lite control of qualified p~rsons, through which d~ctric 
~n rgy iii passed for the purpose of switching or 
~nodifying its characteristics. 

225.3 Other Articles. Application of other articles, 
including additional requirements to specific cases of 
equipment and conductors, is shown in Table 225.3l 

I. General 

~~s.:_4~'?I1d.ll('tc:>~r()y~~ing~ Where within 3.0 m (10 ft) of 
any building or structure other than supporting poles or 
towers, open individual (aerial) overhead conductors shall 
be insulated or covered. Conductors in cables or raceways, 
except Type MI cable, shall be of the rubber-covered type 
or thermoplastic type and, in wet locations, shall comply 
with j 10.1 O(e). Conductors for festoon lighting shall be of 
the rubber-covered or thermoplastic type. 

Exception: Equipment grounding conductors and grounded 
circuit conductOl':~' shall be permitted to be bare or covered 
as specifically permitted elsewhere in this Code. 

225.5 Size of Conductors 600 Volts, Nominal, or Less. 

The ampacity of outdoor branch-circuit and feeder 
conductors shall be in accordance with 310.15 based on 
loads as determined under 220.10 and Part lIT of At1ic1e 220. 

225.6 Conductor Size and Support. 

(A) Overhead Spans. Open individual conductors shall 
not be smaller than the following: 

(1) For 600 volts, nomina.! , or less, 10 AWG copper or 8 
AWG aluminum for spans up to 15 m (50 ft) in 
length, and 8 AWG copper or 6 AWG aluminum for 
a longer span unless supported by a messenger wire 

(2) For over 600 volts, nominal, 6 A WG copper or 4 A WG 
aluminum where open individual conductors, and 8 
A WG copper or 6 A WG aluminum where in cable 

2013 Califomia Electrical Code 

Table 225.3 Other Articles 

Equipment/Conductors 

Branch circuits 

Class I, Class 2, and Class 3 remote
control, signaling, and power
limited circuits 

Communications circuits 

Community antenna television and 
radio distribution systems 

Conductors for general wiring 

Electrically driven or controlled 
iITigation machines 

Electric signs and outline lighting 

Feeders 

Fire alarm systems 

Fixed outdoor electric deicing and 
snow-melting equipment 

Floating buildings 

Grounding ~il,i~llQf1~~~g 
Hazardous (classified) locations 

Hazardous (classified) locations -
specific 

Marinas and boatyards 

Messenger supported wiring 

Mobile homes, manufactured 
homes, and mobile home parks 

Open wiring on insulators 

Over 600 volts, general 

Overcurrent protection 

Radio and television equipment 

Services 

Solar photovoltaic systems 

Swimming pools, fountains , and 
simi lar installations 

Use and identification of grounded 
conductors 

Article 

210 
725 

800 
820 

310 
675 

600 

215 
760 

426 

553 
250 

500 

510 

555 
396 
550 

398 
490 
240 
810 

230 
690 
680 

200 

(B) Festoon Lighting. Overhead conductors for festoon 
lighting shall not be smaller than 12 A WG unless the 
conductors are supported by messenger wires. In all spans 
exceeding 12 m (40 ft), the conductors shall be sUPP0l1ed 
by messenger wire. The messenger wire shall be 
supported by strain insulators. Conductors or messenger 
wires shall not be attached to any fire escape, downspout, 
or plumbing equipment. 

225.7 Lighting Equipment Installed Outdoors. 
(A) General. For the supply of lighting equipment 
installed outdoors, the branch circuits shall comply with 
Article 210 and 225.7(B) through (D). 

(B) Common Neutral. The ampacity of the neutral 
conductor shall not be less than the maximum net 
calculated load current between the neutral conductor and 
all ungrounded conductors connected to anyone phase of 
the circuit. 
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(C) 277 Volts to Ground. Circuits exceeding 120 volts, 
nominal, between conductors and not exceeding 277 
volts, nominal, to ground shall be permitted to supply 
luminaires for illumination of outdoor areas of industrial 
establishments, office buildings, schools, stores, and 
other commercial or public buildings ~ 

(D) 600 Volts Between Conductors. Circuits exceeding 
277 volts, nominal, to ground and not exceeding 600 
volts, nominal, between conductors shall be permitted to 
supply the auxiliary equipment of electric-discharge 
lamps in accordance with 21 0.6(D)( I). 

225.8 Calculation of Loads 600 Y()I~~,N()~.~~~I~()~ 
Less.: 

(A) Branch 'circuIts:' The Toad on outd'oorbrnnch 
circuits shall be as d termined by 220.10. 

(8) Feeders. The load on outdoor ft!~,~~~ , hall be ,~ 
d termined by Part III of Article 220. 

225.10 Wiring on Buildings. The installation of outside 
wiring on surfaces of buildings shall be permitted for 
circuits of not over 600 volts, nominal, as open wiring 
on insulators, as multi conductor cable, as Type MC 
cable, as Type UF cable, as Type MI cable, as 
messenger-supported wiring, in rigid metal conduit, in 
intermediate metal conduit, in rigid polyvinyl chloride 
(PVC) conduit, il'_, ~~il!f2~~~~ _th" rTJl()s~t'ingrt!~,i!! ,(;_()ll~,'!!t 
(RIR~), in cable trays, as cablebus, in wireways, in 
auxiliary gutters, in electrical metallic tubing, in flexible 
metal conduit, in liquidtight flexible metal conduit, in 
liquidtight flexible nonmetallic conduit, and in busways. 
Circuits of over 600 volts, nominal, shall be installed as 
provided in 300.37. 

225.11 Circuit Exits and Entrances. Where outside 
branch and feeder circuits leave or enter a building, the 
requirements of 230.52 and 230.54 shall apply. 

225.12 Open-Conductor Supports. Open conductors 
shall be supported on glass or porcelain knobs, racks, 
brackets, or strain insulators. 

225.14 Open-Conductor Spacings. 

(A) 600 Volts, Nominal, or Less. Conductors of 600 
volts, nominal, or less, shall comply with the spacings 
provided in Table 230.51 (C). 

(B) Over 600 Volts, Nominal. Conductors of over 600 
volts, nominal, shall comply with the spacings provided 
in 110.36 and 490.24. 

(C) Separation from Other Circuits. Open conductors 
shall be separated from open conductors of other circuits 
or systems by not less than 100 mm (4 in.). 
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(D) Conductors on Poles. Conductors on poles shall 
have a separation of not less than 300 mm (1 ft) where not 
placed on racks or brackets. Conductors supported on 
poles shall provide a horizontal climbing space not less 
than the following: 

(1) Power conductors below communications conductors 
- 750 mm (30 in.) 

(2) Power conductors alone or above communications 
conductors: 

a. 300 volts or less - 600 mm (24 in.) 

b. Over 300 volts - 750 mm (30 in.) 

(3) Communications conductors below power conductors 
- same as power conductors 

(4) Communications conductors alone - no requirement 

225.15 Supports over Buildings. Supports over a 
building shall be in accordance with 230.29. 

225.16 Attachment to Buildings. 

(A) Point of Attachment. The point of attachment to a 
building shall be in accordance with 230.26. 

(B) Means of Attachment. The means of attachment to a 
building shall be in accordance with 230.27. 

225.17 Masts as Supports. Where a mast is used for the 
support of final spans of feeders or branch circuits, it shall 
be of adequate strength or be supported by braces or guys 
to withstand safely the strain imposed by the overhead 
drop. Where raceway-type masts are used, all raceway 
fittings shall be identified for use with masts. Only the 
feeder or branch-circuit conductors specified within this 
section shall be permitted to be attached to the feeder 
and/or branch-circuit mast. 

225.18 Clearance for Overhead Conductors and 
Cables. 

Overhead spans of open conductors and open 
multi conductor cables of not over 600 volts, nominal, 
shall have a clearance of not less than the following: 

(1) 3.0 m (10 ft) - above finished grade, sidewalks, or 
from any platform or projection from which they 
might be reached where the voltage does not exceed 
150 volts to ground and accessible to pedestrians only 

(2) 3.7 m (12 ft) - over residential property and 
driveways, and those commercial areas not subject to 
truck traffic where the voltage does not exceed 300 
volts to ground 

(3) 4.5 m (15 ft) - for those areas listed in the 3.7-m 
(12-ft) classification where the voltage exceeds 300 
volts to ground 
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(4) 5.5 m (18 ft) - over public streets, alleys, roads, 
parking areas subject to truck traffic, driveways on 
other than residential property, and other land 
traversed by vehicles, such as cultivated, grazing, 
forest, and orchard 

(5) 

225.19 Clearances from Buildings for Conductors of 
Not over 600 Volts, Nominal. 

(A) Above Roofs. Overhead spans of open conductors 
and open multiconductor cables shall have a vertical 
clearance of not less than 2.5 m (8 ft) above the roof 
surface. The vertical clearance above the roof level shall 
be maintained for a distance not less than 900 mm (3 ft) in 
all directions from the edge of the roof. 

Exception No.1: The area above a roof surface subject 
to pedestrian or vehicular tra.ffic shall have a vertical 
clearance from the roof surface in accordance with the 
clearance requirements of 225.18. 

Exception No.2: Where the voltage between conductors 
does not exceed 300, and the roof has a slope of 100 mm 
in 300 mm (4 in. in 12 in.) or greater, a reduction in 
clearance to 900 mm (3 ft) shall be permitted. 

Exception No.3: Where the voltage between conductors 
does not exceed 300, a reduction in clearance above only 
the overhanging portion of the roof to not less than 450 
mm (18 in.) shall be permitted ~f (1) not more than 1.8 m 
(6 ft) of the conductors, 1.2 m (4 ft) horizontally, pass 
above the roof overhang and (2) they are terminated at a 
through-the-roof raceway or approved support. 

Exception No.4: The requirement for maintaining the 
vertical clearance 900 mm (3 ft) from the edge of the roof 
shall not appZV to the .final conductor span where the 
conductors are attached to the side of a building. 

(B) From Nonbuilding or Nonbridge Structures. From 
signs, chimneys, radio and television antennas, tanks, and 
other non building or nonbridge structures, clearances 
vertical, diagonal, and horizontal shall not be less than 
900 mm (3 ft). 

(C) Horizontal Clearances. Clearances shall not be less 
than 900 mm (3 ft). 

(D) Final Spans. Final spans of feeders or branch circuits 
shaH comply with 225.19(D)(1), (D)(2), and (D)(3). 

(1) Clearance from Windows. Final spans to the building 
they supply, or from which they are fed, shall be permitted 
to be attached to the building, but they shall be kept not less 
than 900 mm (3 ft) from windows that are designed to be 
opened, and from doors, porches, balconies, ladders, stairs, 
fire escapes, or similar locations. 
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Exception: Conductors run above the top level of a 
window shall be permitted to be less than the 900-mm (3-
ft) requirement. 

(2) Vertical Clearance. The vertical clearance of final 
spans above, or within 900 mm (3 ft) measured 
horizontally of, platforms, projections, or surfaces from 
which they might be reached shall be maintained in 
accordance with 225. 18, 

(3) Building Openings. The overhead branch-circuit and 
feeder conductors shan not be installed beneath openings 
through which materials may be moved, such as openings 
in farm and commercial buildings, and shall not be 
installed where they obstruct entrance to these buildings' 
openings. 

(E) Zone for Fire Ladders. Where buildings exceed 
three stories or 15 111 (50 ft) in height, overhead lines shall 
be arranged, where practicable, so that a clear space (or 
zone) at least 1.8 m (6 ft) wide will be left either adjacent 
to the buildings or beginning not over 2.5 m (8 ft) from 
them to facilitate the raising of ladders when necessary 
for fire fighting. 

225.20 Mechanical Protection of Conductors. 
Mechanical protection of conductors on buildings, 
structures, or poles shaH be as provided for services in 
230.50. 

225.21 Multiconductor Cables on Exterior Surfaces of 
Buildings. Supports for multiconductor cables on exterior 
surfaces of buildings shall be as provided in 230.51. 

225.22 Raceways on Exterior Surfaces of Buildings or 
Other Structures. Raceways on exteriors of buildings or 
other structures shall be arranged to drain and shall be 

in wet locations. 

225.24 Outdoor Lampholders. Where outdoor 
lampholders are attached as pendants, the connections to 
the circuit wires shall be staggered. Where such 
lampholders have terminals of a type that puncture the 
insulation and make contact with the conductors, they 
shall be attached only to conductors of the stranded type. 

225.25 Location of Outdoor Lamps. Locations of lamps 
for outdoor lighting shall be below all energized 
conductors, transformers, or other electric utilization 
equipment, unless either of the following apply: 

(I) Clearances or other safeguards are provided for 
relamping operations. 

(2) Equipment is controlled by a disconnecting means 
that can be locked in the open position. 

225.26 Vegetation as Support. Vegetation such as trees 
shall not be used for support of overhead conductor spans. 
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225.27 ARTICLE 225 - OUTSIDE BRANCH CIRCUITS AND FEEDERS 

225.27 Raceway Sea['Wlicrearacc\vay ~nters a building 
pr structure from an underground distribution ystcm, it 
shall be scaled in accordance with 300.5(G). Spare or 
,unused raceways shall al ' 0 be sealed. Sealants shall be 
identified for use with the cable insulation, shield, or 
pther components.' 

II. Buildings or Other Structures Supplied b)' a 
f~~~.~!{~)()r JJl"allcb<:irctlit(~) 

225.30 Number of Supplies. A building or other structure 
that is served by a branch circuit or feeder on the load side 
of a service disconnecting means shall be supplied by only 
one feeder or branch circuit unless permitted in 225.30(A) 
through (E) . . ':oi:'nihepurpose of thi ection, a multiwire 
branch circuit shall be considered a single circuit. 

Where a branch circuit or feeder originate in the c 
additional buildings or other structures, only one feeder or 
branch circuit shall be permitted to supply power back to 
the original building . <?~ ...... ~~rLJ~tun~., ... l.If1I~~~p~rll1itt(!~il!. 
~25.30(A) through (E). 

F or the purpose of this section, a multi wire branch circuit 
shall be considered a single circuit. 

(A) Special Conditions. Additional feeders or branch 
circuits shall be permitted to supply the following: 

(1) Fire pumps 

(2) Emergency systems 

(3) Legally required standby systems 

(4) Optional standby systems 

(5) Parallel power production systems 

(6) Systems designed for connection to multiple sources 
of supply for the purpose of enhanced reliability 

(B) Special Occupancies. By special permission, 
additional feeders or branch circuits shall be permitted for 
either of the following: 

(1) Multiple-occupancy buildings where there is no space 
available for supply equipment accessible to all occupants 

(2) A single building or other structure sufficiently large 
to make two or more supplies necessary 

(C) Capacity Requirements. Additional feeders or 
branch circuits shall be permitted where the capacity 
requirements are in excess of 2000 amperes at a supply 
voltage of 600 volts or less. 

(D) Different Characteristics. Additional feeders or 
branch circuits shall be permitted for different voltages, 
frequencies, or phases or for different uses, such as 
control of outside lighting from multiple locations. 

(E) Documented Switching Procedures. Additional 
feeders or branch circuits shall be permitted to supply 
installations under single management where documented 
safe switching procedures are established and maintained 
for disconnection. 
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225.31 Disconnecting Means. Means shall be provided 
for disconnecting all ungrounded conductors that supply 
or pass through the building or structure. 

225.32 Location. The disconnecting means shall be 
installed either inside or outside of the building or 
structure served or where the conductors pass through 
the building or structure. The disconnecting means shall 
be at a readily accessible location nearest the point of 
entrance of the conductors. For the purposes of this 
section, the requirements in 230.6 shall be utilized. 

Exception No.1: For installations under single 
management, where documented safe switching 
procedures are established and maintained for 
disconnection, and where the installation is monitored 
by qualified individuals, the disconnecting means shall 
be permitted to be located elsewhere on the premises. 

Exception No.2: For buildings or other structures 
qualifying under the provisions of Article 685, the 
disconnecting means shall be permitted to be located 
elsewhere on the premises. 

Exception No.3: For towers or poles used as lighting 
standards, the disconnecting means shall be permitted to 
be located elsewhere on the premises. 

Exception No.4: For poles or similar structures used 
only for support of signs installed in accordance with 
Article 600, the disconnecting means shall be permitted 
to be located elsewhere on the premises. 

225.33 Maximum Number of Disconnects. 

(A) General. The disconnecting means for each supply 
permitted by 225.30 shall consist of not more than six 
switches or six circuit breakers mounted in a single 
enclosure, in a group of separate enclosures, or in or on 
a switchboard. There shall be no more than six 
disconnects per supply grouped in anyone location. 

Exception: For the purposes of this section, 
disconnecting means used solely for the control circuit 
of the ground-fault protection system, or the control 
circuit of the power-operated supply disconnecting 
means, installed as part of the listed equipment, shall 
not be considered a supply disconnecting means. 

(B) Single-Pole Units. Two or three single-pole 
switches or breakers capable of individual operation 
shall be permitted on multiwire circuits, one pole for 
each ungrounded conductor, as one multipole 
disconnect, provided they are equipped with identified 
handle ties or a master handle to disconnect all 
ungrounded conductors with no more than six operations 
of the hand. 
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ARTICLE 225 - OUTSIDE BRANCH CIRCUITS AND FEEDERS 225.39 

225.34 Grouping of Disconnects. 

(A) General. The two to six disconnects as permitted in 
225.33 shall be grouped. Each disconnect shall be marked 
to indicate the load served. 

Exception: One of the two to six disconnecting means 
permitted in 225.33, where used onlyfor a water pump also 
intended to provide fire protection, shall be permitted to be 
located remote ji-om the other disconnecting means. 

(B) Additional Disconnecting Means. The one or more 
additional disconnecting means for fire pumps or for 
emergency, legally required standby or optional standby 
system permitted by 225.30 shall be installed sufficiently 
remote from the one to six disconnecting means for 
normal supply to minimize the possibility of simu1taneous 
interruption of supply. 

225.35 Access to Occupants. In a multiple-occupancy 
building, each occupant shall have access to the 
occupant's supply disconnecting means. 

Exception: In a multiple-occupanc:v building where 
electric supply and electrical maintenance are provided 
by the building management and where these are under 
continuous building management supervision, the supp~y 
disconnecting means supplying more than one occupancy 
shall be permitted to be accessible to authorized 
management per!wnnel only. 

225.36 Suitable for Service Equipment. The 
disconnecting means specified in 225.31 shall be suitable 
for use as service equipment. 

Exception: For garages and outbuildings on residential 
property, a snap switch or a set of 3-way or 4-way snap 
switches shall be permitted as the disconnecting means. 

225.37 Identification. Where a building or structure has 
any combination of feeders, branch circuits, or services 
passing through it or supplying it, a permanent plaque or 
directory shall be installed at each feeder and branch
circuit disconnect location denoting all other services, 
feeders, or branch circuits supplying that building or 
structure or passing through that building or structure and 
the area served by each. 

Exception No.1: A plaque or directory shall not be 
required for large-capacity multibuilding industrial 
installations under single management, where it is 
ensured that disconnection can be accomplished by 
establishing and maintaining safe switching procedures. 

Exception No.2: This identification shall not be 
required for branch circuits installed from a dwelling 
unit to a second building or structure. 
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225.38 Disconnect Construction. Disconnecting means 
shall meet the requirements of 225.38(A) through (D). 

Exception: For garages and outbuildings on residential 
property, snap switches or 3-way or 4-way snap switches 
shall be permitted as the disconnecting means. 

(A) Manually or Power Operable. The disconnecting 
means shall consist of either (1) a manually operable 
switch or a circuit breaker equipped with a handle or other 
suitable operating means or (2) a power-operable switch 
or circuit breaker, provided the switch or circuit breaker 
can be opened by hand in the event of a power failure. 

(8) Simultaneous Opening of Poles. Each building or 
structure disconnecting means shall simultaneously 
disconnect all ungrounded supply conductors that it 
controls from the building or structure wiring system. 

(C) Disconnection of Grounded Conductor. Where the 
building or structure disconnecting means does not 
disconnect the grounded conductor from the grounded 
conductors in the building or structure wiring, other 
means shall be provided for this purpose at the location of 
disconnecting means. A terminal or bus to which all 
grounded conductors can be attached by means of 
pressure connectors shall be permitted for this purpose. 

In a multisection switchboard, disconnects for the grounded 
conductor shall be permitted to be in any section of the 
switchboard, provided any such switchboard section is 
marked. 

(D) Indicating. The building or structure disconnecting 
means shall plainly indicate whether it is in the open or 
closed position. 

225.39 Rating of Disconnect. The feeder or branch
circuit disconnecting means shall have a rating of not less 
than the calculated load to be supplied, determined in 
accordance with Parts I and II of Article 220 for branch 
circuits, Part HI or IV of Article 220 for feeders, or Part V 
of Article 220 for farm loads. Where the branch circuit or 
feeder disconnecting means consists of more than one 
switch or circuit breaker, as permitted by 225.33, 
combining the ratings of all the switches or circuit 
breakers for determining the rating of the disconnecting 
means shall be permitted. In no case shall the rating be 
lower than specified in 225.39(A), (B), (C), or (D). 

(A) One-Circuit Installation. For instal1ations to supply 
only limited loads of a single branch circuit, the branch 
circuit disconnecting means shall have a rating of not less 
than 15 amperes. 

(B) Two-Circuit Installations. For installations 
consisting of not more than two 2-wire branch circuits, 
the feeder or branch-circuit disconnecting means shall 
have a rating of not less than 30 amperes. 
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225.40 ARTICLE 225 - OUTSIDE BRANCH CIRCUITS AND FEEDERS 

(C) One-Family Dwelling. For a one-family dwelling, 
the feeder disconnecting means shall have a rating of not 
less than 100 amperes, 3-wire. 

(D) All Others. For all other installations, the feeder or 
branch-circuit disconnecting means shall have a rating of 
not less than 60 amperes. 

225.40 Access to Overcurrent Protective Devices. 
Where a feeder overcurrent device is not readily 
accessible, branch-circuit overcurrent devices shall be 
installed on the load side, shall be mounted in a readily 
accessible location, and shall be of a lower ampere rating 
than the feeder overcurrent device. 

III. Over 600 Volts 

225.50 Sizing of Conductors. The sizing of conductors 
over 600 volts shall be in accordance with 210.19(B) for 
branch circuits and 215.2(B) for feeders. 

225.51 Isolating Switches. Where oil switches or air, oil, 
vacuum, or sulfur hexafluoride circuit breakers constitute 
a building disconnecting means, an isolating switch with 
visible break contacts and meeting the requirements of 
230.204(B), (C), and (D) shall be installed on the supply 
side of the disconnecting means and all associated 
equipment. 

Exception: The isolating switch shall not be required 
where the disconnecting means is mounted on removable 
truck panels or metal-enclosed switchgear units that 
cannot be opened unless the circuit is disconnected and 
that, when removed from the normal operating position, 
automatically disconnect the circuit breaker or switch 
from all energized parts. 

225.520i connecting l\'Jeans), 

(A) Location. A building or structure disconnecting 
means shall be located in accordance with 225.32, or it 
shall be electrically operated by a similarly located 
remote-control device . 

(B) Type. Each building or structure disconnect shall 
simultaneously disconnect all ungrounded supply 
conductors it controls and shall have a fault-closing rating 
not less than the maximum available short-circuit current 
available at its supply terminals. 

Exception: Where the individual disconnecting means 
consists of fu ed CU/(Juts, the s;multuneou. disconneC·fiOJJ 
of all ungrounded supp(~' conductors shall flol be required 
{{ there i~ a means TO disconnect the load hefore opening 
'he cutoul. . A permanent legible sign shall be illstalled, 
adjacenl /0 the. fused cutouts indicating Ihe abovd 
requirement. 

Where fused switches or separately mounted fuses are 
installed, the fuse characteristics shall be permitted to 
contribute to the fault closing rating of the disconnecting 
means. 
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(C) Lockilll(. Disconnecting means shall be capable of 
being lock d in the open position. The provisions for 
locking shall remain in place with or without the lock 
installed. 

Exception: Where (Ill ;lldividual disconnecting means 
consists qffused ClIlout . a suitable enclosure capable q{ 
being locked and ized to comain all cutout fuse holders 
shall be itl.~/alled at a convenient local ion 10 the fused 
cutouls. 

(0) Indicating. Disconnecting means shall clearly 
indicate whether they are in the open "off' or closed "on' 
position. 

(E) Uniform Position. \Vhere discOimcctin~ means 
handles are operated vertically. the "up" positi~n of the 
h~l1dle shall be the "on" position. 

Exception: A switching de'o-'ice having more than one 
["0" .. position. sue" as a double Ihrow switch. shall not be 
required 10 comply with Ihis requirement. "'"" 

(F) Identification. Where abulldlngoi"structure has any 
:combination of feeders, branch circuits, or s rvices 
passing through or supplying it. a permanent plaque o~ 
directory shall be installed at each feeder and branchJ 
circuit di connect location that denotes all oth r servicesJ 
feeders& or branch circuits supplying that building orl 
tructure or passing through th~t b.lIjl~ing or StructUI~ anc~ 

the area served by each. 

225.56 Inspections and Te tsJ 

(A) Pre-EnergizaUoo and Operating Tests. The 
complete electrical system shall be performance tested 
when first installed on-site. Each protective. switching, 
and control circuit shaH be adjusted in accordance with 
the recommendations of the protective device study and 
tested by actual operation using current injection or 
equivalent methods as necessary to ensure that each and 
every uch circuit operates correctly to the sati faction of 
the authority having juri diction. 

(I) Instrument Transformers. All instrument 
transformers ~hall b te ·ted to verify correct polarity and 
burden. 

(2) Protective Relay. Each protective relay shall be 
demonstrated to operate by injecting current or voltage, or 
both, at the associated instnllnent transformer output 
terminal and ob erving that th associated s\\ itching and 
signaling functions occur correctly and in proper time and 
s quence to accomplish the protective function intended. 

~3) Switching Circuits. Each witching circuit shaUbe 
observed to op rate the associated equipment being 
switched. 

(4) Cootrol Bnd Signal Circuits. Each control or signal 
Circuit shall be observed to perform its proper control 
fimction or produce a correct signal output. 
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ARTICLE 225 - OUTSIDE BRANCH CIRCUITS AND FEEDERS 225.70 

(5) .. Metering Circuits. All metering circuits shall be 
~ rifled to operate correctly from voltage and currcn~ 
sources. similarly to protecti c relay circuits. 

(6) Acceptance Test. Complet acceptance tests shall be 
perfonncd. after th station in lallation is completed~ on 
.all a ·semblics. equipment, conductors, and control and 
protective systems, as applicable. to verify the imegrity of 
~II the systems. 

(7) Relay and J\-Ietering Utilizing Phase Differences. 
All relays and metering tbat use phase differences for 
op ration shall b verified by measuring pha e angle at 
the relay under act lla I load conditions a fierop~r;;l.i~(l 
commences. 

(D) Test Report. A test report covering the results of tbe 
te IS required in 22S.S6(A) shall be delivered to the 
~llt~t:)lj~yh~vingjurisdiction prior to energization. 

I11fonnaJional Note: for acceptance pecilic8tions. ~ee, 
. lETA A TS-2007. Accepllmc(! Te 'Iillg SpcciJit:alion.5 for 
£leclricu/ Power DislribllNon Eqllipme", (lnd .\): lem~ 
publi hed by the Int 'r .atJonal Elec~t:!ical .. Te~ljng 
As ocia' ion. 

225.60 Clearances over Roadways, Walkways, Rail, 
Water, and Open Land. 

(A) 22 kV, Nominal, to Ground or Less. The clearances 
over roadways, walkways, rail, water, and open land for 
conductors and live parts up to 22 kV, nominal, to 
ground or less shall be not less than the values shown in 
Table 225.60. 

(B) Over 22 kV Nominal to Ground. Clearances for the 
categories shown in Table 225.60 shall be increased by 10 
mm (0.4 in.) per kV above 22,000 volts. 

(C) Special Cases. For special cases, such as where 
crossings will be made over lakes, rivers, or areas using 
large vehicles such as mining operations, specific designs 
shall be engineered considering the special circumstances 
and shall be approved by the authority having jurisdiction. 

Infonnational Note: For additional information, see 
ANSI C2-2007, National Electrical Safety Code. 

225.61 Clearances over Buildings and Other Structures. 

(A) 22 kV Nominal to Ground or Less. The clearances 
over buildings and other structures for conductors and live 
parts up to 22 kV, nominal, to ground or less shall be not 
less than the values shown in Table 225.61. 

(B) Over 22 kV Nominal to Ground. Clearances for the 
categories shown in Table 225.61 shall be increased by 10 
mm (0.4 in.) per kV above 22,000 volts. 

Informational Note: For additional information, see 
ANSI C2-2007, National Electrical Safety Code. 
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Table 225.60 Clearances over Roadways, Walkways, Rail, 
Water, and Open Land 

Location 

Open land subject to vehicles, 
cultivation, or grazing 

Roadways, driveways, parking I.ots, 
and alleys 

Walkways 

Rails 

Spaces and ways for pedestrians 
and restricted traffic 

Water areas not suitable for boating 

m 

5.6 

5.6 

4.1 

8.1 

4.4 

5.2 

Clearance 

ft 

18.5 

18.5 

13.5 

26.5 

14.5 

17.0 

Table 225.61 Clearances over Buildings and Other Structures 

Clearance from 
Conductors or 

Live Parts from: 

Building walls, 
projections, and 
windows 

Balconies, catwalks, 
and similar areas 
accessible to 
people 

Over or under roofs 
or projections not 
readily accessible 
to people 

Over roofs accessible 
to vehicles but not 
trucks 

Over roofs accessible 
to tmcks 

Other structures 

225. 70 ub tation . 

(A) '''arnma Signs. 

Horizontal 

m ft 

2.3 7.5 

2.3 7.5 

2.3 7.5 

Vertical 

m ft 

4.1 13.5 

3.8 12.5 

4.1 13 .5 

5.6 18.5 

(I) General. A permanent, I )bl warning notice 
carrying the wording "DA GER - H1GH VOLTAGE" 
shall be placed in a conspicuolls position in the followin:l 
areas: 

(a) At all entrance to el ctrical equipment vault~ 
nd electrical quipmeut rooms, areas. or enclosure 

(b) At points of acce s to conductors on all high~ 
voltage conduit sy terns and cable systems 

(c) ... . ··On-'aiical>le" tfaYs" containing ·· ltigb=voltagd 
I 

conductors with the maximum spacing of wamin notice : 
~ot to exceed 3 m (10 fl.) 

(2) Isolatin Equipment. Permanent legible signs shan 
be installed at isolating equipment warning again E 
operation \\ hi! carrying current unless the equipment i$ 
ill!erlockeds()~h~~i~~~I1Jl()t~~QP' _ ~!~d.I.I!1d.~!:J~~~; 
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230.1 ARTICLE 230 - SERVICES 

(3) Fuse Locations. Suitable warning signs shall be 
erected in a con picuous place adjacent to fu es, warning 
operatorsn<>.ttorcplll(;efuses while the circuit is 
bnergizcd. 

(4) Backfted. The following stcp.s, shall be tak.~n where 
!he pq~~U~ilityo .t.· .. 9.~(;~[~~~~~i?t~: 

(a) Each bIToup-operaled isolating switch or 
~iscollnecting means shaJl bear a , arning notice to the 
effect that contact on either side of the device might be 
energized. 

(b) A permanent, legible. single-line diagram of 
the station \\ itching arrangcmcnI. clearly identifying 
eacb point of connection to the high-voltage section. shall 
pe provided in a conspicllous location within sight of each 
point of connection.' 

(5) Metal·Enciosed 3nd ····i\letal~tladSwiichgeai:··\Vllere 
mctal-enclo ed ~,,'itchgear is installed, the following steps 
shall be taken: 

(a) A permanent. legible. ingJ\!-linc diagram of 
lhe switchgear shal1 be provided in a readily visible 
]ocalion within sight of the switchgear. and thi diagram 
shall clearly identify interlocks. isolation means. and all 
possible ources of voltage to the in tallation undt!r 
normal or emergency conditions, including all quipmcnt 
contained in each cubicle, and the marking on the 
witchgear shall cross-reference the diagram. 

Excepliollto (a): Where tile "quipmel1l consi, Is solely (~f a 
single cuhicle or metal-ellclo.wd IInit sub.Hali(}n 
cOII/ai"illg (Jn~l' 011<' set of hig/z-volfage switching (t )v; es, 
diu ram 'hal/not he required. 

(b) Permant!nt. legible signs shall be in tailed on 
panels or doors that provide acct!ss to live part over 600 
volts and shall carry the wording "DANGER - HIGH; 
VOLTAGE" to warn of the danger of opening whil~ 
energized. 

(c) Where the panel provides access to parts tha~ 
can only be dc-energjzed and visibly isolated by th~ 
erving utility, th warning shall include that access is 

limited to the serving utility or following an authorization 
of the serving utility_ 

230.1 Scope. 

ARTICLE 230 
Services 

This article covers service conductors and equipment for 
control and protection of services and their installation 
req uirements. 

Informational Note: See Figure 230.1. 
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General 
Overhead Service Conductors 
Underground Service Conductors 
Service-Entrance Conductors 
Service Equipment-General 
S€rvice Equipment-Disconnecting Means 
Service Equipment-Overcurrent Protection 
Services Exceeding 600 Volts, Nominal 

Part I 
Part II 
Part III 
Part IV 
Part V 
Part VI 
Part VII 
Part VIII 

Part II 

230.24 

Overhead 
Last pole 

Overhead 
service conductors 
Clearances 

Service head 

Service-entrance 
condLictors 

Service equipment-general 

Grounding and bonding 

Disconnecting means 

Overcurrent protection 

Branch circuits 
Feeders 

Figure 230.1 Services, 

I. General 

Source 

230.2 Number of Services. 

Underground 
Street main 

Underground Part III 
service conductors 
Depth of burial 230.49 
and protection 

Terminal box, 
meter. or other 
enclosure 

Part IV 

Part V 

Article 250 

Part VI 

Part VII 

Articles 210, 225 
Articles 215,225 

A building or other structure served shall be supplied by 
only one service unless permitted in 230.2(A) through 
(D). For the purpose of 230.40, Exception No. 2 only, 
underground sets of conductors, 1/0 A WG and larger, 
running to the same location and connected together at 
their supply end but not connected together at their load 
end shall be considered to be supplying one service. 

(A) Special Conditions. Additional services shall be 
permitted to supply the following: 

(1) Fire pumps 

(2) Emergency systems 

(3) Legally required standby systems 

(4) Optional standby systems 

(5) Parallel power production systems 

(6) Systems designed for connection to mUltiple sources 
of supply for the purpose of enhanced reliability 
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(B) Special Occupancies. By special permiSSIOn, 
additional services shall be permitted for either of the 
following: 

(1) Multiple-occupancy buildings where there is no 
available space for service equipment accessible to 
all occupants 

(2) A single building or other structure sufficiently large 
to make two or more services necessary 

(C) Capacity Requirements. Additional services shall be 
permitted under any of the following: 

(1) Where the capacity requirements are in excess of 
2000 amperes at a supply voltage of 600 volts or less 

(2) Where the load requirements of a single-phase 
installation are greater than the serving agency 
normally supplies through one service 

(3) By special permission 

(D) Different Characteristics. Additional services shall 
be permitted for different voltages, frequencies, or phases, 
or for different uses, such as for different rate schedules. 

(E) Identification. Where a building or structure is 
supplied by more than one service, or any combination of 
branch circuits, feeders, and services, a permanent plaque 
or directory shall be installed at each service disconnect 
location denoting all other services, feeders, and branch 
circuits supplying that building or structure and the area 
served by each. See 225.37. 

230.3 One Building or Other Structure Not to Be 
Supplied Through Another. Service conductors 
supplying a building or other structure shall not pass 
through the interior of another building or other structure. 

230.6 Conductors Considered Outside the Building. 

Conductors shall be considered outside of a building or 
other structure under any of the following conditions: 

(1) Where installed under not less than 50 mm (2 in.) of 
concrete beneath a building or other structure 

(2) Where installed within a building or other structure in 
a raceway that is encased in concrete or brick not less 
than 50 mm (2 in.) thick 

(3) Where installed in any vault that meets the 
construction requirements of Article 450, Part III 

(4) Where installed in conduit and under not less than 
450 mm (18 in.) of earth beneath a building or other 
structure 

(5) Where '" lIistalied in 0 erhead service mast on the 
outside surface of the building traveling through the 
eave of that building to me t the reguirements of 
230.24 
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230.7 Other Conductors in Raceway or Cable. 
Conductors other than service conductors shall not be 
installed in the same service raceway or service cable. 

Exception No.1: Grounding conductors and bonding 
jumpers. 

Exception No.2: Load management control conductors 
having overcurrent protection. 

230.8 Raceway Seal. Where a service raceway enters a 
building or structure from an underground distribution 
system, it shall be sealed in accordance with 300.5(G). 
Spare or unused raceways shall also be sealed. Sealants 
shall be identified for use with the cable insulation, shield, 
or other components. 

230.9 Clearances on Buildings. Service conductors and 
final spans shall comply with 230.9(A), (8), and (C). 

(A) Clearances. Service conductors installed as open 
conductors or multiconductor cable without an overall 
outer jacket shall have a clearance of not less than 900 
mm (3 ft) from windows that are designed to be opened, 
doors, porches, balconies, ladders, stairs, fire escapes, or 
similar locations. 

Exception: Conductors run above the top level of a 
window shall be permitted to be less than the 900-mm (3-
ft) requirement. 

(B) Vertical Clearance. The vertical clearance of final 
spans above, or within 900 mm (3 ft) measured 
horizontally of, platforms, projections, or surfaces from 
which they might be reached shall be maintained in 
accordance with 230.24(8). 

(C) Building Openings. Overhead service conductors 
shall not be installed beneath openings through which 
materials may be moved, such as openings in farm and 
commercial buildings, and shall not be installed where 
they obstruct entrance to these building openings. 

230.10 Vegetation as Support. 

Vegetation such as trees shall not be used for support of 
overhead service conductors. 

II. Overhead Service Conductors 

230.22 Insulation or Covering. 

Individual conductors shall be insulated or covered. 

Exception: The grounded conductor of a multiconductor 
cable shall be permitted to be bare. 

230.23 Size and Rating. 

(A) General. Conductors shall have sufficient ampacity 
to carry the current for the load as calculated in 
accordance with Article 220 and shall have adequate 
mechanical strength. 
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(B) Minimum Size. The conductors shall not be smaller 
than 8 AWG copper or 6 AWG aluminum or copper-clad 
aluminum. 

Exception: Conductors supplying only limited loads of a 
single branch circuit - such as small polyphase power, 
controlled water heaters, and similar loads - shall not 
be smaller than 12 A WG hard-drawn copper or 
equivalent. 

(C) Grounded Conductors. The grounded conductor 
shall not be less than the minimum size as required by 
250.24(C). 

230.24 Clearances. Overhead service conductors shall 
not be readily accessible and shall comply with 
230.24(A) through [~) for services not over 600 volts, 
nominal. 

(A) Above Roofs. Conductors shall have a vertical 
clearance of not less than 2.5 m (8 ft) above the roof 
surface. The vertical clearance above the roof level shall 
be maintained for a distance of not less than 900 mm (3 
ft) in all directions from the edge of the roof. 

Exception No.1: The area above a roof sUl/ace subject 
to pedestrian or vehicular traffic shall have a vertical 
clearance from the roof surface in accordance with the 
clearance requirements of230.24(B). 

Exception No.2: Where the voltage between conductors 
does not exceed 300 and the roof has a slope of 1 00 mm 
in 300 mm (4 in. in 12 in.) or greater, a reduction in 
clearance to 900 mm (3 ft) shall be permitted. 

Exception No.3: Where the voltage between conductors 
does not exceed 300, a reduction in clearance above 
only the overhanging portion of the roof to not less than 
450 mm (18 in.) shall be permitted if (1) not more than 
1.8 m (6ft) of ol'crhead .,'ervice conductors, 1.2 m (4 ft) 
horizontally, pass above the roof overhang, and (2) they 
are terminated at a through-the-roof raceway or 
approved support. 

Informational Note: See 230.28 for mast supports. 

Exception No.4: The requirement for maintaining the 
vertical clearance 900 mm (3 ft) from the edge of the 
roof shall not apply to the final conductor span where 
the service drop is attached to the side of a building. 

E.{c·€plinnAt~;:J:: "j4;'ler~ iile~'ojiage belll '(;'en (;ollductor,~ 
does not exceed 300 and the ron! area is gUlIrded or 
i ~ola'cd, {J reduction in clearance to 900 mm (3 ft) shall 
he pel'milled. 

(B) Vertical Clearance for QY~~Il(!~~Scrvjce 
Conductors. 'overhead service conductors, where not in 
excess of 600 volts, nominal, shall have the following 
minimum clearance from final grade: 
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(1) 3.0 m (10 ft) - at the electrical service entrance to 
buildings, also at the lowest point of the drip loop of 
the building electrical entrance, and above areas or 
sidewalks accessible only to pedestrians, measured 
from final grade or other accessible surface only for 
service-drop cables supported on and cabled together 
with a grounded bare messenger where the voltage 
does not exceed 150 volts to ground 

(2) 3.7 m (12 ft) - over residential property and 
driveways, and those commercial areas not subject to 
truck traffic where the voltage does not exceed 300 
volts to ground 

(3) 4.5 m (15 ft) - for those areas listed in the 3.7-m 
(12-ft) classification where the voltage exceeds 300 
volts to ground 

(4) 5.5 m (18 ft) - over public streets, alleys, roads, 
parking areas subject to truck traffic, driveways on 
other than residential property, and other land such as 
cultivated, grazing, forest, and orchard 

(C) Clearance from Building Openings. See 230.9. 

(D) Clearance from Swimming Pools. See 680.8. 

IE) Clearance from Communication \\' ires aDd 
table . Clearance from communication wires and cables 
~hall be in accordance with R00.44(A)(4). 

230.26 Point of Attachment. The point of attachment of 
the service-drop conductors to a building or other 
structure shall provide the minimum clearances as 
specified in 230.9 and 230.24. In no case shall this point 
of attachment be less than 3.0 m (10 ft) above finished 
grade. 

230.27 Means of Attachment. Multiconductor cables 
used for overhead service conductors shall be attached to 
buildings or other structures by fittings identified for use 
with service conductors. Open conductors shall be 
attached to fittings identified for use with service 
conductors or to noncombustible, nonabsorbent insulators 
securely attached to the building or other structure. 

230.28 Service Masts as Supports. Where a service mast 
is used for the support of service-drop conductors, it shall 
be of adequate strength or be supported by braces or guys 
to withstand safely the strain imposed by the service drop. 
Where raceway-type service masts are used, all raceway 
fittings shall be identified for use with service masts. Only 
power service-drop conductors shall be permitted to be 
attached to a service mast. 

230.29 Supports over Buildings. Service conductors 
passing over a roof shall be securely supported by 
substantial structures. Where practicable, such supports 
shall be independent of the building. 
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ARTICLE 230 - SERVICES 230.41 

III. Underground Service Conductors 

230.30 Insulation. Service-lateral conductors shall be 
insulated for the applied voltage. 

Exception: A grounded conductor shall be permitted to 
be uninsulated as follows: 

(1) Bare copper used in a raceway. 

(2) Bare copper for direct burial where bare copper is 
judged to be suitable for the soil conditions. 

(3) Bare copper for direct burial without regard to soil 
conditions where part of a cable assembly identified 
for underground use. 

(4) Aluminum or copper-clad aluminum without 
individual insulation or covering where part of a 
cable assembly identified for underground use in a 
raceway or for direct burial. 

230.31 Size and Rating. 

(A) General. Underground sen·ice conductors shall have 
sufficient ampacity to carry the current for the load as 
calculated in accordance with Article 220 and shall have 
adequate mechanical strength. 

(B) Minimum Size. The conductors shall not be smaller 
than 8 A WG copper or 6 A WG aluminum or copper-clad 
aluminum. 

Exception: Conductors supplying only limited loads of a 
single branch circuit - such as small polyphase power, 
controlled water heaters, and similar loads - shall not be 
smaller than 12 A we copper or 10 A we aluminum or 
copper-clad aluminum. 

(C) Grounded Conductors. The grounded conductor 
shall not be less than the minimum size required by 
250.24(C). 

230.32 Protection Against Damage. Underground 
service conductors shall be protected against damage in 
accordance with 300.5. Service conductors entering a 
building or other slructur~ shall be installed in accordance 
with 230.6 or protected by a raceway wiring method 
identified in 230.43. 

230.33 Spliced Conductors. ;~,~r.YJf:<; conductors shall be 
permitted to be spliced or tapped in accordance with 
110.14, 300.5(E), 300.13, and 300.15. 

IV. Service-Entrance Conductors 

230.40 Number of Service-Entrance Conductor Sets. 

Each service drop, Set ()f~ ()\;erl1eac:fservice COildllctOrs, set 
of underground service conductors. or service lateral shall 
supply only one set of service-entrance conductors. 
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Exception No . 1: A building with more than one 
occupancy shall be permitted to have one set of service
entrance conductors for each service, as defined in 230}, 
run toeqchoccupancyorgroyp of occupancies. If Ihd 
flu;ilbe/~ Ql sl;!l'l'ice discrmn(!ct locations for any give" 
cia . (llea/ioll of ~el'l'ke dOllS nOI exceed sir. 'he, 
,.equir(!ment~ of 230.2(£) ~hall app~v a/ each loca/ion. If 
Ihe numbt:r of servic(' disconnect local ions exceeds sit for 
any g;\'en ,wpply cia "{ticalion, all sen'icC! di cOImet:1 

loca/ion lor a/l IIpply characle,.i.~/ics, logether wit" allY 
branch circuit 01' feeder .mpp(v sources. if applicable. 
shall he clearly deuribed using suitable raphics or lexl. 
or hOlll. on one or more plaque /ucaled in an approved. 
feadi(l' occ:es,'iible locar;on(s) on the building or ~/nlctllre 
,wl'/l'ed alld at Ilear as praclicable 10 Ille poinl(.>i) (~f 
(l1/(..lchmenl or enlry(j(',;) ./01' each service drop or servic(' 
la/(~ral. and fhr eClcl, Sel uf v\,erht'ad or 111ldergrollml 
~El!n:i~f!. ':'2'!( (ll('!('r~~ : , 

Exception No.2: Where two to six service disconnecting 
means in separate enclosures are grouped at one location 
and supply separate loads from one service drop. :ef~f 
Pl'f!rhead se,.vice' conductors. set uf undergroulld service 
~·onductors. or sen'ice lateral, one set of service-entrance 
conductors shall be permitted to supply each or several 
such service equipment enclosures. 

Exception No.3: A single-family dwelling unit and lfl.~ 

accessory structul'es shall be permitted to have one set of 
service-entrance conductors run to each from a single 
service drop, .\e/ q( (J\'erhead service Cl.!.II~(u~:tq!1. :~(!Lvl 
lmc!~'.'gt0l!'l{ls,!ry ·il,('~·C!"t!'!("(1I"S' or seryJc:(> lateral. 

Exception No. 4: Two-fami~y dwellings, multifamily 
dwellings, wu/ mllitipl(! occupancy buildings shall be 
permitted to have one set of service-entrance conductors 
installed to supply the circuits covered in 210.25. 

Exception No.5: One set of service-entrance conductors 
connected to the supply side of the normal service 
disconnecting means shall be permitted to supply each or 
several systems covered by 230.82(5) or 230.82(6). 

230.41 Insulation of Service-Entrance Conductors. 

Service-entrance conductors entering or on the exterior of 
buildings or other structures shall be insulated. 

Exception: A grounded conductor shall be permitted to 
be un insulated as follows: 

(1) Bare copper used in a raceway or part of a service 
cable assembly. 

(2) Bare copper for direct burial where bare copper is 
judged to be suitable for the soil conditions. 

(3) Bare copper for direct burial without regard to soil 
conditions where part of a cable assembly identified 
for underground use. 
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230.42 ARTICLE 230 - SERVICES 

(4) Aluminum or copper-clad aluminum without 
individual insulation or covering where part of a 
cable assembly or identifiedfor underground use in a 
raceway, orfor direct burial. 

(5) Bare conductors used in an auxilimy gutter. 

230.42 Minimum Size and Rating. 

(A) General. The ampacity of the service-entrance 
conductors before the application of any adjustment or 
correction factors shall not be less than either 
230.42(A)(1) or (A)(2). Loads shall be determined in 
accordance with Part III, IV, or V of Article 220, as 
applicable. Ampacity shall be determined from 31O.1S. 
The maximum allowable current of busways shall be that 
value for which the busway has been listed or labeled. 

(1) The sum of the noncontinuous loads plus 12S percent 
of continuous loads 

Exception: [Grounded condllctor. that are nOI connected 
to an overcurrent device shall be permitted fo be sized at 
J 00 percent of the continuolls Clnd no"contilluOIlS load. 

(2) The sum of the noncontinuous load plus the 
continuous load if the service-entrance conductors 
terminate in an overcurrent device where both the 
overcurrent device and its assembly are listed for 
operation at 100 percent of their rating 

(B) Specific Installations. In addition to the requirements 
of 230.42(A), the minimum ampacity for ungrounded 
conductors for specific installations shall not be less than 
the rating of the service disconnecting means specified in 
230.79(A) through (D). 

(C) Grounded Conductors. The grounded conductor 
shall not be smaller than the minimum size as required by 
2S0.24(C). 

230.43 Wiring Methods for 600 Volts, Nominal, or Less. 

Service-entrance conductors shall be installed in 
accordance with the applicable requirements of this Code 
covering the type of wiring method used and shall be 
limited to the following methods: 

(1) Open wiring on insulators 

(2) Type IGS cable 

(3) Rigid metal conduit 

(4) Intermediate metal conduit 

(S) Electrical metallic tubing 

(6) Electrical nonmetallic tubing (ENT) 

(7) Service-entrance cables 

(8) Wireways 

(9) Busways 

(10) Auxiliary gutters 

(11) Rigid p()lyvinyl~hl()ri<ie conduit (PY~J 
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(12) Cablebus 

(13) Type MC cable 

( 14) Mineral-insulated, metal-sheathed cab Ie 

(1S) Flexible metal conduit not over 1.8 m (6 ft) long or 
liquidtight flexible metal conduit not over 1.8 m (6 
ft) long between raceways, or between raceway and 
service equipment, with equipment bonding jumper 
routed with the flexibJe metal conduit or the 
liquidtight flexible metal conduit according to the 
provisions of 250.1 02(A), (B), (C), and (E) 

(16) Liquidtight flexible nonmetallic conduit 

(17) High density polyethylellecondllit (HOPE) 
(18) onmetallic underground conduit with conductor~ 

(N CC) 

(19) ReiDfo .. cdiherlll0seliIT1i~ieshl"·condllli(RTRCj 

230.44 Cable Trays. 

Cable tray systems shall be permitted to support service
entrance conductors. Cable trays used to support service
entrance conductors shal1 contain only service-entrance 
conductors and shall be limited to the following methods: 

(1) Type SE cable 

(2) Type Me cable 

(3) Type MI cable 

(4) Type IGS cable 

(5) Single thermoplastic-insulated conductors 110 and 
larger with CT rating 

Such cable tray s.hall be identified with permanently 
affixed labels with the wording "Service-Entrance 
Conductor ,'. The labels hall be located so as to be 
visible after installation and placed so that the service-
ntrance conductor. are able to be readily traced through 

the entire length of the cable tray. 

Exception: Conductors, other than service-entrance 
conductors, shall be permitted to be installed in a cable 
tray with service-entrance conductors, prOVided a solid 
fixed barrier of a material compatible with the cable tray 
is installed to separate the service-entrance conductors 
from other conductors installed in the cable tray. 

230.46 Spliced Conductors. Service-entrance conductors 
shall be permitted to be spliced or tapped in accordance 
with 110.14, 300.S(E), 300.13, and 300.1S. 

230.50 Protection Against Physical Damage. 

(A) Underground Service-Entrance Conductors. 
Underground service-entrance conductors shall be protected 
against physical damage in accordance with 300.5. 

(B) All Other Service-Entrance Conductors. All other 
service-entrance conductors, other than underground 
service entrance conductors, shall be protected against 
physical damage as specified in 230.S0(B)(1) or (B)(2). 
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ARTICLE 230 - SERVICES 230.54 

(1) Service-Entrance Cables. Servic~~lllr{tIlC:(!~~"QI~~l 
where subject to physical damage, shall be protected by 
any of the following: 

(l) Rigid metal conduit 

(2) Intermediate metal conduit 

(3) Schedule 80 PVC conduit 

(4) Electrical metallic tubing 

(5) Reinf()l"cedthermosetting resin conduit (RTRC) 

(6) Other approved means 

(2) Other Than Service=Eoirance Cables. Individual 
open conductors and cables, other than service-entrance 
cables, shall not be installed within 3.0 m (lOft) of grade 
level or where exposed to physical damage. 

Exception: Type Ml and Type Me cable shall be 
permitted within 3.0 m (10 ft) of grade level where not 
exposed to physical damage or where protected in 
accordance with 300.5(D). 

230.51 Mounting Supports. Service-entrance cables or 
individual open service-entrance conductors shall be 
supported as specified in 230.51(A), (B), or (C). 

(A) Service-Entrance Cables. Service-entrance cables 
shall be supported by straps or other approved means 
within 300 mm (12 in.) of every service head, gooseneck, 
or connection to a raceway or enclosure and at intervals 
not exceeding 750 mm (30 in.). 

(B) Other Cables. Cables that are not approved for 
mounting in contact with a building or other structure 
shall be mounted on insulating supports installed at 
intervals not exceeding 4.5 m (15 ft) and in a manner that 
maintains a clearance of not less than 50 mm (2 in.) from 
the surface over which they pass. 

(C) Individual Open Conductors. Individual open 
conductors shall be installed in accordance with Table 
230.51(C). Where exposed to the weather, the conductors 
shall be mounted on insulators or on insulating supports 
attached to racks, brackets, or other approved means. 

Table 230.51(C) Supports 

Maximum Volts 

600 
600 
300 

600* 

Maximum Distance Between 
Supports 

m ft 

2.7 9 
4.5 15 
1.4 4Y2 
1.4* 4Y2* 

*Where not exposed to weather 
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Where not exposed to the weather, the conductors shall be 
mounted on glass or porcelain knobs. 

230.52 Individual Conductors Entering Buildings or 
Other Structures. Where individual open conductors 
enter a building or other structure, they shall enter through 
roof bushings or through the wall in an upward slant 
through individual, noncombustible, nonabsorbent 
insulating tubes. Drip loops shall be formed on the 
conductors before they enter the tubes. 

230.53 Raceways to Drain. Where exposed to the 
weather, raceways enclosing service-entrance conductors 
shall be suitable for use in wet locations and arranged to 
drain. Where embedded in masonry, raceways shall be 
arranged to drain. 

230.54 Overhead Service Locations. 

(A) Service Head. Service raceways shall be equipped 
with a service head at the point of connection to service
drop or overhead service conductors. The service head 
shall be I isted tor use in wet locations. 

(B) Service-Entrance Cables Equipped with Service 
Head or Gooseneck. Servic~-entranc cables shall be 
equipped with a service head. The service head shall be 
~i ted for use in wei locations. 

Exception: Type SE cable shall be permitted to be formed 
in a gooseneck and taped with a self-sealing weather
resistant thermoplastic. 

(C) S~Eyice . Heads and Goosenecks Above Service
Drop or Ol"'erhead Service Attachment. Service heads 
and goosenecks in service-entrance cables shall be located 
above the point of attachment of the service-drop o~ 
o\'erhead . ~eryic::e conductors to the building or other 
structure. 

Exception: Where it is impracticable to locate the service 
head or gooseneck above the point of attachment, the 
service head or gooseneck location shall be permitted not 
farther than 600 mm (24 in.) Fom the point of attachment. 

Minimum Clearance 

Between Conductors From Surface 

mm in. mm in. 

150 6 50 2 
300 12 50 2 
75 3 50 2 
65* 2Y2* 25* 1* 
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(D) Secured. cables shall be held 
securely in place. 

(E) Separately Bushed Openings. Service heads shall 
have conductors of different potential brought out through 
separately bushed openings. 
Exception: Forjacketed rnulticonductor \"'I"l'll'P.'''"<'J'lJl'll''P 

cable lvithout splice. 

(F) Drip Loops. Drip loops shall be formed on individual 
conductors. To prevent the entrance of moisture, service
entrance conductors shall be connected to the service-
drop conductors either (1) below the 
level the service or (2) below the level of the 
termination of the service-entrance cable sheath. 

(G) Arranged That Water Will Not Enter Service 
Raceway or Equipment. SelfVllc:e-t'nltralltCe 

conductors shall be arranged so that water will not 
enter service raceway or equipment. 

230.56 Service Conductor with the Higher Voltage to 
Ground. On a 4-wire, delta-connected service where the 
midpoint of one phase winding is grounded, the service 
conductor having the higher phase voltage to ground shall 
be durably and permanently marked by an outer finish 
that is orange in color, or by other effective means, at 
each termination or junction point. 

V. Service Equipment - General 
230.62 Service Equipment Enclosed or Guarded. 
Energized parts of service equipment shall be enclosed as 
specified in 230.62(A) or guarded as specified in 
230.62(B). 

(A) Enclosed. Energized parts shall be enc10sed so that 
they will not be exposed to accidental contact or shall be 
guarded as in 230.62(8). 

(B) Guarded. Energized parts that are not enclosed shall 
be installed on a switchboard, panelboard, or control 
board and guarded in accordance with 110.18 and 110.27. 
\Vhere energized parts are guarded as provided in 
11 0.27(A)(1) and (A)(2), a means for locking or sealing 
doors providing access to energized parts shall be 
provided. 
230.66 l\;larking. Service equipment rated at 600 volts or 
less shall be marked to identify it as being suitable for use 
as service equipment. 

Individual meter socket enclosures shall not be 
considered service equipment. 

VI. Service Equipment Disconnecting Means 
230.70 General. Means shall be provided to disconnect 
all conductors in a building or other structure from the 
service-entrance conductors. 
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(A) Location. The service disconnecting means shall be 
installed in accordance with 230.70(A)(I), (A)(2), and 
(A)(3). 

(1) Readily Accessible Location. The service 
disconnecting means shall be installed at a readily 
accessible location either outside of a building or structure 
or inside nearest the point of entrance of the service 
conductors. 

(2) Bathrooms. Service disconnecting means shall not be 
installed in bathrooms. 

(3) Remote Control. Where a remote control device(s) is 
used to actuate the service disconnecting means, the service 
disconnecting means shall be located in accordance with 
230.70(A)(l ). 

(B) Marking. Each service disconnect shall be 
permanently marked to identitY it as a service disconnect. 

(C) Suitable for Use. Each service disconnecting means 
shall be suitable for the prevailing conditions. Service 
equipment installed in hazardous (classified) locations shall 
comply with the requirements of Articles 500 through 517. 

230.71 Maximum N umber of Disconnects. 
(A) General. The service disconnecting means for each 
service permitted by 230.2, or for each set of service
entrance conductors permitted by 230.40, Exception No.1, 
3, 4, or 5, shall consist of not more than six switches or sets 
of circuit breakers, or a combination of not more than six 
switches and sets of circuit breakers, mounted in a single 
enclosure, in a group of separate enclosures, or in or on a 
switchboard. There shall be not more than six sets of 
disconnects service grouped in anyone location. 

For the purpose of this section, disconnecting means 
installed as part of listed equipment and used solely for the 
following shall not be considered a service disconnecting 
means: 

(1) Power monitoring equipment 

(2) Surge-protective device( s) 

(3) Control circuit of the ground-fault protection system 

(4) Power-operable service disconnecting means 

(B) Single-Pole Units. Two or three single-pole switches 
or breakers, capable of individual operation, shall be 
permitted on multi wire circuits, one pole for each 
ungrounded conductor, as one multipole disconnect, 
provided they are equipped with identified handle ties or a 
master handle to disconnect aU conductors of the service 
with no more than six operations of the hand. 

Informational Note: See 408.36, Exception No. 1 and 
Exception No.3, for service equipment in certain 
panelboards, and see 430.95 for service equipment in 
motor control centers. 

2013 Califomia Electrical Code 
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230.72 Grouping of Disconnects. 

(A) General. The two to six disconnects as permitted in 
230.71 shall be grouped. Each disconnect shall be marked 
to indicate the load served. 

Exception: One of the two to six service disconnecting 
means permitted in 230.71, }vhere used only for a water 
pump also intended to provide fire protection, shall be 
permitted to be located remote from the other 
disconnecting means. If remotely in tailed in accordanc 
with this exception, a plaque shall be po led al Ihe 
lucation oflhe ,.emaining groupt'd di~c()nnel''''' denoting 
it"/ocation. 

(B) Additional Service Disconnecting Means. The one 
or more additional service disconnecting means for fire 
pumps, emergency systems, legally required standby, or 
optional standby services permitted by 230.2 shall be 
installed remote from the one to six service disconnecting 
means for normal service to minimize the possibility of 
simultaneous interruption of supply. 

(C) Access to Occupants. In a multiple-occupancy 
building, each occupant shall have access to the 
occupant's service disconnecting means. 

Exception: In a multiple-occupancy building where 
electric service and electrical maintenance are provided 
by the building management and where these are under 
continuous building management supervision, the service 
disconnecting means supplying more than one occupancy 
shall be permitted to be accessible to authorized 
management personnel only. 

230.74 Simultaneous Opening of Poles. Each service 
disconnect shall simultaneously disconnect all 
ungrounded service conductors that it controls from the 
premises wiring system. 

230.75 Disconnection of Grounded Conductor. Where 
the service disconnecting means does not disconnect the 
grounded conductor from the premises wiring, other 
means shall be provided for this purpose in the service 
equipment. A terminal or bus to which all grounded 
conductors can be attached by means of pressure 
connectors shall be permitted for this purpose. In a 
multisection switchboard, disconnects for the grounded 
conductor shall be permitted to be in any section of the 
switchboard, provided any such switchboard section is 
marked. 

230.76 Manually or Power Operable. The service 
disconnecting means for ungrounded service conductors 
shall consist of one of the following: 

(l) A manually operable switch or circuit breaker 
equipped with a handle or other suitable operating 
means 
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(2) A power-operated switch or circuit breaker, provided 
the switch or circuit breaker can be opened by hand 
in the event of a power supply failure 

230.77 Indicating. The service disconnecting means shall 
plainly indicate whether it is in the open (00) or closed 
(on~ position. 

230.79 Rating of Service Disconnecting Means. The 
service disconnecting means shall have a rating not less 
than the calculated load to be carried, determined in 
accordance with Part Ill, IV, or V of Article 220, as 
applicable. In no case shall the rating be lower than 
specified in 230.79(A), (B), (C), or (D). 

(A) One-Circuit Installations. For installations to supply 
only limited loads of a single branch circuit, the service 
disconnecting means shall have a rating of not less than 
15 amperes. 

(B) Two-Circuit Installations. For installations 
consisting of not more than two 2-wire branch circuits, 
the service disconnecting means shall have a rating of not 
less than 30 amperes. 

(C) One-Family Dwellings. For a one-family dwelling, 
the service disconnecting means shall have a rating of not 
less than 100 amperes, 3-wire. 

(D) All Others. For all other installations, the service 
disconnecting means shall have a rating of not less than 
60 amperes. 

230.80 Combined Rating of Disconnects. Where the 
service disconnecting means consists of more than one 
switch or circuit breaker, as permitted by 230.71, the 
combined ratings of all the switches or circuit breakers 
used shall not be less than the rating required by 230.79. 

230.81 Connection to Terminals. The service conductors 
shall be connected to the service disconnecting means by 
pressure connectors, clamps, or other approved means. 
Connections that depend on solder shall not be used. 

230.82 Equipment Connected to the Supply Side of 
Service Disconnect. Only the following equipment shall 
be permitted to be connected to the supply side of the 
service disconnecting means: 

(1) Cable limiters or other current-limiting devices. 

(2) Meters and meter sockets nominally rated not in excess 
of 600 volts, provided all metal housings and service 
enclosures are grounded in accordance with Part VII 
and bonded in accordance with Part V of At1icle 250. 

(3) Meter disconnect switches nominally rated not in 
excess of 600 volts that have a short-circuit current 
rating equal to or greater than the available short
circuit current, provided all metal housings and 
service enclosures are grounded in accordance with 
Part VII and bonded in accordance with Part V of 

70-85 



230.90 ARTICLE 230 - SERVICES 

Article 250. A meter disconnect switch shall be 
capable of interrupting the load served. 

(4) Instrument transformers (current and voltage), 
impedance shunts, load management devices, surge 
arresters, and Type 1 surge-protective devices. 

(5) Taps used only to supply load management devices, 
circuits for standby power systems, fire pump 
equipment, and fire and sprinkler alarms, if provided 
with service equipment and installed in accordance 
with requirements for service-entrance conductors. 

(6) Solar photovoltaic systems, fuel cell systems, or 
interconnected electric power production sources. 

(7) Control circuits for power-operable service 
disconnecting means, if suitable overcurrent 
protection and disconnecting means are provided. 

(8) Ground-fault protection systems or Type 2 surge
protective devices, where installed as part of listed 
equipment, if suitable over current protection and 
disconnecting means are provided. 

(9) Connections used only to supply listed 
conummicalions equipment und r the exclusive 
control of the serving electric utility. if suitable 
overcurrent protection and disconnecting mean are 
provided. For installations of equipment by the scnring 
electric utility. a disconnecting means is not required if 
the supply is installed as part of a meter socket, ueh 
that access can only be gained with the m~tcr remo ed. 

VII. Service Equipment - Overcurrent Protection 

230.90 Where Required. Each ungrounded service 
conductor shall have overload protection. 

(A) Ungrounded Conductor. Such protection shall be 
provided by an overcurrent device in series with each 
ungrounded service conductor that has a rating or setting 
not higher than the allowable ampacity of the conductor. 
A set of fuses shall be considered all the fuses required to 
protect all the ungrounded conductors of a circuit. Single
pole circuit breakers, grouped in accordance with 
230.71 (B), shall be considered as one protective device. 

Exception No.1: For motor-starting currents, ratings that 
comply with 430.52, 430.62, and 430.63 shall be permitted. 

Exception No.2: Fuses and circuit breakers with a rating 
or setting that complies with 240.4(B) or (C) and 240.6 
shall be permitted. 

Exception No.3: Two to six circuit breakers or sets of 
fuses shall be permitted as the overcurrent device to 
provide the overload protection. The sum of the ratings of 
the circuit breakers or jitses shall be permitted to exceed 
the ampacity of the service conductors, provided the 
calculated load does not exceed the ampacity of the 
service conductors. 
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Exception No.4: Overload protection for fire pump 
supply conductors shall comply with 695.4(fJ (2) (a). 

Exception No.5: Overload protection for 1201240-volt, 
3-wire, single-phase dwelling services shall be permitted 
in accordance with the requirements of 31 0.15(B)(6). 

(B) Not in Grounded Conductor. No overcurrent 
device shall be inserted in a grounded service conductor 
except a circuit breaker that simultaneously opens all 
conductors of the circuit. 

230.91 Location. The service overcurrent device shall 
be an integral part of the service disconnecting means or 
shall be located immediately adjacent thereto. 

230.92 Locked Service Overcurrent Devices. Where 
the service overcurrent devices are locked or sealed or 
are not readily accessible to the occupant, branch-circuit 
or ~ edcr overcurrent devices shall be installed on the 
load side, shall be mounted in a readily accessible 
location, and shall be of lower ampere rating than the 
service overcurrent device. 

230.93 Protection of Specific Circuits. Where 
necessary to prevent tampering, an automatic 
overcurrent device that protects service conductors 
supplying only a specific load, such as a water heater, 
shall be permitted to be locked or sealed where located 
so as to be accessible. 

230.94 Relative Location of Overcurrent Device and 
Other Service Equipment. The overcurrent device shall 
protect all circuits and devices. 

Exception No.1: The service switch shall be permitted 
on the supply side. 

Exception No.2: High-impedance shunt circuits, surge 
arresters, Type 1 surge-protective devices, surge
protective capacitors, and instrument transformers 
(current and voltage) shall be permitted to be connected 
and installed on the supply side of the service 
disconnecting means as permitted by 230.82. 

Exception No.3: Circuits for load management devices 
shall be permitted to be connected on the supply side of 
the service overcurrent device where separately 
provided with overcurrent protection. 

Exception No.4: Circuits used only for the operation of 
fire alarm, other protective signaling systems, or the 
supply to fire pump equipment shall be permitted to be 
connected on the supply side of the service overcurrent 
device where separately provided with overcurrent 
protection. 
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ARTICLE 230 SERVICES 230.204 

Exception No.5: Meters nominally rated not in excess of 
600 volts shall be permitted, provided all metal housings 
and service enclosures are grounded. 

Exception No.6: Where service equipment h; power 
operable, the control circuit shall be permitted to be 
connected ahead of the service equipment if suitable 
overcurrent protection and disconnecting means are 
provided. 

230.95 Ground-Fault Protection of Equipment. 
Ground-fault protection of equipment shall be provided 
for solidly grounded wye electric services of more than 
150 volts to ground but not exceeding 600 volts phase-to
phase for each service disconnect rated 1000 amperes or 
more. The grounded conductor for the solidly grounded 
wye system shall be connected directly to ground through 
a grounding electrode system, as specified in 250.50, 
without any resistor or impedance device. 

The rating of the service disconnect shall be considered to 
be the rating of the largest fuse that can be installed or the 
highest continuous current trip setting for which the actual 
overcurrent device installed in a circuit breaker is rated or 
can be adjusted. 

Exception: The ground-fault protection provisions of this 
section shall not apply to a service disconnect for a 
continuous industrial process where a nonorder~y 

shutdown will introduce additional or increased hazards. 

(A) Setting. The ground-fault protection shall 
operate to cause the service disconnect to open all 
ungrounded conductors of the faulted circuit. The 
maximum setting of the ground-fault protection shall be 
1200 amperes, and the maximum time delay shall be one 
second for ground-fauh currents equal to or greater than 
3000 amperes. 

(B) Fuses. If a switch and fuse combination is used, the 
fuses employed shall be capable of interrupting any 
current higher than the interrupting capacity of the switch 
during a time that the ground-fault protective system will 
not cause the switch to open. 

(C) Performance Testing. The ground-fauh protection 
system shall be performance tested when first installed on 
site. The test shall be conducted in accordance with 
instructions that shall be provided with the equipment. A 
written record of this test shall be made and shall be 
available to the authority having jurisdiction. 

Informational Note No.1: Ground-fault protection that 
functions to open the service disconnect affords no 
protection from faults on the line side of the protective 
element. It serves only to limit damage to conductors 
and equipment on the load side in the event of an arcing 
ground fault on tbe load side of the protective element. 
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Informational Note No.2: This added protective 
equipment at the service equipment may make it 
necessary to review the overall wiring system for proper 
selective overcurrent coordination. Additional 
installations of ground-fault protective equipment may 
be needed on feeders and branch circuits where 
maximum continuity of electric service is necessary. 

Informational Note No.3: Where ground-fault protection 
is provided for the service disconnect and interconnection 
is made with another supply system by a transfer device, 
means or devices may be needed to ensure proper ground
fault sensing by the ground-fault protection equipment. 

Infoffi1ational Note No.4: See 517.17(A) for information 
on where an additional step of ground-fault protection is 
required for hospitals and other buildings with critical 
areas or life support equipment. 

VIII. Services Exceeding 600 Volts, Nominal 

230.200 General. Service conductors and equipment used 
on circuits exceeding 600 volts, nominal, shall comply with 
all the applicable provisions of the preceding sections of 
this article and with the following sections that supplement 
or modifY the preceding sections. In no case shall the 
provisions of Part VIII apply to equipment on the supply 
side of the service point. 

Informational Note: For clearances of conductors of 
over 600 volts, nominal, see ANSI C2-2007, National 
Electrical Code. 

230.202 Service-Entrance Conductors. Service-entrance 
conductors to buildings or enclosures shall be installed to 
conform to 230.202(A) and (B). 

(A) Conductor Size. Service-entrance conductors shall not 
be smaller than 6 A WG unless in multiconductor cable. 
Multiconductor cable shall not be smaller than 8 A WG. 

(B) ""iring Methods. Service-entrance conductors shall be 
installed by one of the wiring methods covered in 300.37 
and 300.50. 

230.204 Isolating Switches. 

(A) Where Required. Where oil switches or air, oil, 
vacuum, or sulfur hexafluoride circuit breakers constitute 
the service disconnecting means, an isolating switch with 
visible break contacts shall be installed on the supply side 
of the disconnecting means and all associated service 
equipment. 

Exception: An isolating switch shall not be required where 
the circuit breaker or switch is mounted on removable 
truck panels or metal-enclosed switchgear units where both 
of the following conditions app~y: 

(1) Cannot be opened unless the circuit is disconnected. 

(2) Where all parts are automaticany 
disconnected when the circuit breaker or :nvitch is 
removedfrom the normal operating position. 
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230.205 ARTICLE 240 - OVERCURRENT PROTECTION 

(B) Fuses as Isolating Switch. Where fuses are of the 
type that can be operated as a disconnecting switch, a set 
of such fuses shall be permitted as the isolating switch. 

(C) Accessible to Qualified Persons Only. The isolating 
switch shall be accessible to qualified persons only. 

(D) Connection to Ground. Isolating switches shall be 
provided with a means for readily connecting the load 
side conductors to a grounding electrode system, 
equipment ground busbar, or grounded steel structure 
when disconnected from the source of supply. 

A means for grounding the load side conductors to a 
grounding electrode system, equipment grounding busbar, 
or grounded structural steel shall not be required for any 
duplicate isolating switch installed and maintained by the 
electric supply company. 

230.205 Disconnecting Means. 

(A) Location. The service disconnecting means shall be 
located in accordance with 230.70. 

F or either overhead or underground primary 
distribution systems on private property, the service 
disconnect shall be permitted to be located in a location 
that is not readily accessible, if the di connecting means 
can be operated by mechanical linkage from a readily 
acces ibl\! point. or electronically in accordance with 
230.205(C). where applicable. 

(B) Type. Each service disconnect shall simultaneously 
disconnect all ungrounded service conductors that it 
controls and shall have a fault-closing rating that is not 
less than the maximum short-circuit current available at 
its supply terminals. 

Where fused switches or separately mounted fuses 
are installed, the fuse characteristics shall be permitted to 
contribute to the fault-closing rating of the disconnecting 
means. 

(C) Remote Control. For multibuilding, industrial 
installations under single management, the service 
disconnecting means shall be permitted to be located at a 
separate building or structure. In such cases, the service 
disconnecting means shall be permitted to be electrically 
operated by a readily accessible, remote-control device. 

230.206 Overcurrent Devices as Disconnecting Means. 

Where the circuit breaker or alternative for it, as specified 
in 230.208 for service overcurrent devices, meets the 
requirements specified in 230.205, they shall constitute 
the service disconnecting means. 

230.208 Protection Requirements. A short-circuit 
protective device shall be provided on the load side of, or 
as an integral part of, the service disconnect, and shall 
protect all ungrounded conductors that it supplies. The 
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protective device shall be capable of detecting and 
interrupting all values of current, in excess of its trip 
setting or melting point, that can occur at its location. A 
fuse rated in continuous amperes not to exceed three 
times the ampacity of the conductor, or a circuit breaker 
with a trip setting of not more than six times the ampacity 
of the conductors, shall be considered as providing the 
required short-circuit protection. 

Informational Note: See Table 31O.60(C)(67) through 
!fable 310.60(C)(86) for ampacities of conductors rated 
2001 volts and above. 

Overcurrent devices shall conform to 230.208(A) and (B). 

(A) Equipment Type. Equipment used to protect service
entrance conductors shall meet the requirements of 
Article 490, Part II. 

(B) Enclosed Overcurrent Devices. The restriction to 80 
percent of the rating for an enclosed overcurrent device 
for continuous loads shall not apply to overcurrent 
devices installed in systems operating at over 600 volts. 

230.209 Surge Arresters (Lightning Arresters). Surge 
arresters installed in accordance with the requirements of 
Article 280 shall be permitted on each ungrounded 
overhead service conductor. 

230.210 Service Equipment - General Provisions. 
Service equipment, including instrument transformers, 
shall conform to Article 490, Part 1. 

230.211 Metal-Enclosed Switchgear. Metal-enclosed 
switchgear shall consist of a substantial metal structure 
and a sheet metal enclosure. Where installed over a 
combustible floor, suitable protection thereto shall be 
provided. 

230.212 Over 35,000 Volts. Where the voltage exceeds 
35,000 volts between conductors that enter a building, 
they shall terminate in a metal-enclosed switchgear 
compartment or a vault conforming to the requirements of 
450.41 through 450.48. 

ARTICLE 240 
Overcurrent Protection 

I. General 

240.1 Scope. Parts I through VII of this article provide the 
general requirements for overcurrent protection and 
overcurrent protective devices not more than 600 volts, 
nominal. Part VIII covers overcurrent protection for those 
portions of supervised industrial installations operating at 
voltages of not more than 600 volts, nominal. Part IX 
covers overcurrent protection over 600 volts, nominal. 
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ARTICLE 240 - OVERCURRENT PROTECTION 240.4 

Informational Note: Overcurrent protection for 
conductors and equipment is provided to open the circuit 
if the current reaches a value that will cause an 
excessive or dangerous temperature in conductors or 
conductor insulation. See also 110.9 for requirements for 
interrupting ratings and 110.10 for requirements for 
protection against fault currents. 

240.2 Definitions. 

Current-Limiting OvercurrentProtective Device. A 
device that, when interrupting currents in its current
limiting range, reduces the current flowing in the faulted 
circuit to a magnitude substantially less than that 
obtainable in the same circuit if the device were replaced 
with a solid conductor having comparable impedance. 

Supervised Industrial Installation. For the purposes of 
Part VIII, the industrial portions of a facility where all of 
the following conditions are met: 

(1) Conditions of maintenance and engineering 
supervISIOn ensure that only qualified persons 
monitor and service the system. 

(2) The premises wiring system has 2500 kV A or greater 
of load used in industrial process( es), manufacturing 
activities, or both, as calculated in accordance with 
Article 220. 

(3) The premises has at least one service or feeder that is 
more than 150 volts to ground and more than 300 
volts phase-to-phase. 

This definition excludes installations in buildings used by 
the industrial facility for offices, warehouses, garages, 
machine shops, and recreational facilities that are not an 
integral part of the industrial plant, substation, or control 
center. 

Tap Conductors. As used in this article, a tap conductor 
is defined as a conductor, other than a service conductor, 
that has overcurrent protection ahead of its point of 
supply that exceeds the value permitted for similar 
conductors that are protected as described elsewhere in 
240.4. 

240.3 Other Articles. 

Equipment shall be protected against overcurrent in 
accordance with the article in this Code that covers the 
type of equipment specified in Table 240.3. 

240.4 Protection of Conductors. Conductors, other than 
flexible cords, flexible cables, and fixture wires, shall be 
protected against overcurrent in accordance with their 
ampacities specified in 310.15, unless otherwise permitted 
or required in 240.4(A) through (G). 

Informational Note: See ICEA P-32-382-2007 for 
into",lation 011 allowable short-circuit curren~ for 
insulated copper and aluminum conductors. 
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Table 240.3 Other Articles 

Equipment 
Air-conditioning and refrigerating 

equipment 
Appliances 
Assembly occupancies 
Audio signal processing, amplification, 

and reproduction equipment 
Branch circuits 
Busways 
Capacitors 
Class 1, Class 2, and Class 3 remote

control, signaling, and power-limited 
circuits 

Closed-loop and programmed power 
distribution 

Cranes and hoists 
Electric signs and outline lighting 
Electric welders 
Electrolytic cells 
Elevators, dumbwaiters, escalators, 

moving walks, wheelchair lifts, and 
stairway chair lifts 

Emergency systems 
Fire alarm systems 
Fire pumps 
Fixed electric heating equipment for 

pipelines and vessels 
Fixed electric space-heating equipment 
Fixed outdoor electric deicing and snow-

melting equipment 
Generators 
Health care facilities 
Induction and dielectric heating 

equipment 
Industrial machinery 
Luminaires (lighting fixtures), 

lampholders, and lamps 
Motion picture and television studios and 

similar locations 
Motors, motor circuits, and controllers 
Phase converters 
Pipe organs 
Receptacles 
Services 
Solar photovoltaic systems 
Switchboards and panelboards 
Theaters, audience areas of motion 

picture and television studios, and 
similar locations 

Transformers and transformer vaults 
X-ray equipment 

Article 
440 

422 
518 
640 

210 
368 
460 
725 

780 

610 
600 
630 
668 
620 

700 
760 
695 
427 

424 
426 

445 
517 
665 

670 
410 

530 

430 
455 
650 
406 
230 
690 
408 
520 

450 
660 

(A) Power Loss Hazard. Conductor overload protection 
shall not be required where the interruption of the circuit 
would create a hazard, such as in a material-handling 
magnet circuit or fire pump circuit. Short-circuit 
protection shall be provided. 

Informational Note: See NFP A 20-2010, Standard for 
the Installation of Stationary Pumps for Fire Protection. 
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240.5 ARTICLE 240 OVERCURRENT PROTECTlON 

(B) Devices Rated 800 Amperes or Less. 
The next higher standard overcurrent device rating (above 
the ampacity of the conductors being protected) shall be 
permitted to be used, provided all of the following 
conditions are met: 

(l) The conductors being protected are not part of 
reC4i:pUlcJe for 

cord-and-plug-connected portable loads. 

(2) The ampacity of the conductors does not correspond 
with the standard ampere rating of a fuse or a circuit 
breaker without overload trip adjustments above its 
rating (but that shall be permitted to have other trip or 
rating adjustments). 

(3) The next higher standard rating selected does not 
exceed 800 amperes. 

(C) Devices Rated over 800 Amperes. 
Where the overcurrent device is rated over 800 amperes, 
the ampacity of the conductors it protects shall be equal to 
or greater than the rating of the overCWTent device 
detlned in 240.6. 

(D) Small Conductors. Unless specifically permitted in 
240.4(E) or (G), the overcurrent protection shall not 
exceed that required by (D)(1) through (D)(7) after any 
correction factors for ambient temperature and number of 
conductors have been app1ied. 

(1) 18 A WG Copper. 7 amperes, provided all the 
following conditions are met: 

(1) Continuous loads do not exceed 5.6 amperes. 

(2) Overcurrent protection is provided by one of the 
following: 

a. Branch-circuit-rated circuit breakers listed and 
marked for use with 18 AWG copper wire 

b. Branch-circuit-rated fuses listed and marked for 
use with 18 A WG copper wire 

c. Class CC, Class J, or Class T fuses 

(2) 16 AWG Copper. 10 amperes, provided all the 
following conditions are met: 

(1) Continuous loads do not exceed 8 amperes. 

(2) Overcurrent protection is provided by one of the 
following: 

a. Branch-circuit-rated circuit breakers listed and 
marked for use with 16 A WG copper wire 

b. Branch-circuit-rated fuses listed and marked for 
use with 16 A WG copper wire 

c. Class CC, Class J, or Class T fuses 

(3) 14 AWG Copper. 15 amperes 

(4) 12 AWG Aluminum and Copper-Clad Aluminum. 
15 amperes 
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(5) 12 A WG Copper. 20 amperes 

(6) 10 AWG Aluminum and Copper-Clad Aluminum. 
25 amperes 

(7) 10 AWG Copper. 30 amperes 

(E) Tap Conductors. Tap conductors shall be permitted 
to be protected against overcurrent in accordance with the 
following: 

(1) 210.l9(A)(3) and (A)(4), Household Ranges and 
Cooking Appliances and Other Loads 

(2) 240.5(B)(2), Fixture Wire 

(3) 240.21, Location in Circuit 

(4) 368.17(B), Reduction in Ampacity Size of Bus way 

(5) 368.17(C), Feeder or Branch Circuits (busway taps) 

(6) 430.53(D), Single Motor Taps 

(F) Transformer Secondary Conductors. Single-phase 
(other than 2-wire) and multiphase (other than delta-delta, 
3-wire) transformer secondary conductors shall not be 
considered to be protected by the primary overcurrent 
protective device. Conductors supplied by the secondary 
side of a single-phase transformer having a 2-wire (single
voltage) secondary, or a three-phase, delta-delta 
connected transformer having a 3-wire (single-voltage) 
secondary, shall be permitted to be protected by 
overcurrent protection provided on the primary (supply) 
side of the transformer, provided this protection is in 
accordance with 450.3 and does not exceed the value 
determined by multiplying the secondary conductor 
ampacity by the secondary-to-primary transformer 
voltage ratio. 

(G) Overcurrent Protection for Specific Conductor 
Applications. Overcurrent protection for the specific 
conductors shall be permitted to be provided as referenced 
in Table 240.4(G). 

240.5 Protection of Flexible Cords, Flexible Cables, 
and Fixture Wires. 

Flexible cord and t1exible cable, including tinsel cord and 
extension cords, and fixture wires shall be protected 
against overcurrent by either 240.5(A) or (B). 

(A) Ampacities. Flexible cord and t1exible cable shall be 
protected by an overCUlTent device in accordance with 
their as specified in Table and 
Table Fixture wire shall be protected against 
overcurrent in accordance with its ampacity as specified 
in Table 402.5. Supplementary overCUlTent protection, as 
covered in 240.10, shall be permitted to be an acceptable 
means for providing this protection. 

(B) Branch-Circuit Overcurrent Device. Flexible cord 
shall be protected, where supplied by a branch circuit, in 
accordance with one of the methods described 111 

240.5(8)(1), (B)(3), or (B)(4). Fixture wire shall be 
protected, where supplied by a branch circuit, in 
accordance with 240.5(B)(2). 
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ARTICLE 240 OVERCURRENT PROTECTION 240.10 

Table 240.4(G) 

Conductor Article Section 

Air-conditioning and 440, Parts HI, VI 
refrigeration 
equipment circuit 
conductors 

Capacitor circuit 460 460.8(B) and 
conductors 460.25(A)-(D) 

Control and 727 727.9 
instrumentation 
circuit conductors 
(Type ITC) 

Electric welder circuit 630 630.12 and 
conductors 630.32 

Fire alarm system 760 760.23, 760.24, 
circuit conductors 760.41, and 

Chapter 9, 
Tables 12(A) 

and 12(B) 

Motor-operated 422, Part II 
appliance circuit 
conductors 

Motor and motor- 430, Parts III, 
control circuit IV, V, VI, vn 
conductors 

Phase converter supply 455 455.7 
conductors 

Remote-control, 725 725.23, 725.24, 
signaling, and power- 725.41, and 
limited circuit Chapter 9, 
conductors Tables II(A) 

and 11(B) 

Secondary tie 450 450.6 
conductors 

(1) Supply Cord of Listed Appliance or Luminaire. 
Where flexible cord or tinsel cord is approved for and 
used with a specific listed appliance or luminaire, it shall 
be considered to be protected when applied within the 
appliance or luminaire listing requirements. For the 
purposes of this section, a luminaire may be either 
portable or permanent 

(2) Fixture Wire. Fixture wire shall be permitted to be 
tapped to the branch-circuit conductor of a branch circuit 
in accordance with the following: 

(1) 20-ampere circuits - 18 AWG, up to 15 m (50 ft) of 
run length 

(2) 20-ampere circuits 16 AWG, up to 30 m (100 ft) 
of run length 

(3) 20-ampere circuits - 14 A W G and larger 

(4) 30-ampere circuits 14 AWG and larger 

(5) 40-ampere circuits 12 AWG and larger 

(6) 50-ampere circuits - 12 AWG and larger 
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(3) Extension Cord Sets. Flexible cord used in listed 
extension cord sets shal1 be considered to be protected 
when applied within the extension cord listing 
requirements. 
(4) Field Assembled Extension Cord Sets. Flexible cord 
used in extension cords made with separately listed and 
installed components shall be permitted to be supplied by 
a branch circuit in accordance with the following: 

20-ampere circuits - 16 A WG and larger 
240.6 Standard Ampere Ratings. 
(A) Fuses and Fixed-Trip Circuit Breakers. The 
standard ampere ratings for fuses and inverse time circuit 
breakers shall be considered 15, 20, 25, 30, 35, 40, 45, 50, 
60,70, 80, 90, 100, ] 10, 125, 150, 175,200,225,250, 
300,350,400,450,500,600,700,800,1000,1200,1600, 
2000, 2500, 3000, 4000, 5000, and 6000 amperes. 
Additional standard ampere ratings for fuses shall be 1, 3, 
6, 10, and 601. The llse of fuses and inverse time circuit 
breakers with nonstandard ampere ratings shan be 
permitted. 
(B) Adjustable-Trip Circuit Breakers. The rating of 
adjustable-trip circuit breakers having external means for 
adjusting the current setting (long-time pickup setting), 
not meeting the requirements of 240.6(C), shall be the 
maximum setting possible. 
(C) Restricted Access Adjustable-Trip Circuit 
Breakers. A circuit breaker(s) that has restricted access to 
the adjusting means sha1l be permitted to have an ampere 
rating(s) that is equal to the adjusted current setting (long
time pickup setting). Restricted access shall be defined as 
located behind one of the following: 
(1) Removable and sealable covers over the adjusting 

means 
(2) Bolted equipment enclosure doors 
(3) Locked doors accessible only to qualified personnel 
240.8 Fuses or Circuit Breakers in Parallel. Fuses and 
circuit breakers shall be permitted to be connected in 
parallel where they are factory assembled in parallel and 
listed as a unit. Individual fuses, circuit breakers, or 
combinations thereof shaH not otherwise be connected in 
paralleL 
240.9 Thermal Devices. Thermal relays and other 
devices not designed to open short circuits or ground 
faults shaH not be used for the protection of conductors 
against overcurrent due to short circuits or ground faults, 
but the use of such devices shall be permitted to protect 
motor branch-circuit conductors from overload if 
protected in accordance with 430.40. 
240.10 Supplementary OvercurrentProtection. 
Where supplementary overcurrent protection is used for 
luminaires, appliances, and other equipment or for 
internal circuits and components of equipment, it shall not 
be used as a substitute tor required branch-circuit 
overcurrent devices or in place of the required branch
circuit protection. Supplementary overcurrent devices 
shall not be required to be readily accessible. 

70-91 



240.12 ARTICLE 240 - OVERCURRENT PROTECTION 

240.12 Electrical System Coordination. Where an 
orderly shutdown is required to minimize the hazard(s) to 
personnel and equipment, a system of coordination based 
on the following two conditions shall be permitted: 

(I) Coordinated short-circuit protection 

(2) Overload indication based on monitoring systems or 
devices 

Informational Note: The monitoring system may cause 
the condition to go to alarm, allowing corrective action 
or an orderly shutdown, thereby minimizing personnel 
hazard and equipment damage. 

240.13 Ground-Fault Protection of Equipment. 
Ground-fault protection of equipment shall be provided in 
accordance with the provisions of 230.95 for solidly 
grounded wye electrical systems of more than 150 volts to 
ground but not exceeding 600 volts phase-to-phase for 
each individual device used as a building or structure 
main disconnecting means rated 1000 amperes or more. 

The provisions of this section shall not apply to the 
disconnecting means for the following: 

(I) Continuous industrial processes where a nonorderly 
shutdown will introduce additional or increased 
hazards 

(2) Installations where ground-fault protection is 
provided by other requirements for services or 
feeders 

(3) Fire pumps 

240.15 Ungrounded Conductors. 

(A) Overcurrent Device Required. A fuse or an 
overcurrent trip unit of a circuit breaker shall be 
connected in series with each ungrounded conductor. A 
combination of a current transformer and overcurrent 
relay shall be considered equivalent to an overcurrent trip 
unit. 

Informational Note: For motor circuits, see Parts III, IV, 
V, and XI of Article 430. 

(B) Circuit Breaker as Overcurrent Device. Circuit 
breakers shall open all ungrounded conductors of the 
circuit both manually and automatically unless otherwise 
permitted in 240.15(B)(1), (B)(2), (8)(3). and (B)(4). 

(1) Multiwire Branch Circuit. ~ tl~i\' i~llal single-pole 
circuit breakers, ~.it . .h ... i.<:l~.I}Hne<:f ha~dle ties, shall be 
permitted as the protection for each ungrounded 
conductor of multi wire branch circuits that serve only 
single-phase line-to-neutralloads. 

(2) Grounded Single-Phase Alternating-Curren~ 
Circuits. In grounded systems, individual single-pole 
circuil .~reakers. r~t~J7Q!740 volts ac, with identified 
handle ties, shall be permitted as the protection for each 
ungrounded conductor for line-to-line connected loads for 
single-phase ~t~£ui~s,~ 
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(3) 3-Phase and 2-Phase Systems. For line-to-line loads 
in 4-wire, 3-phase systems or 5-wire. 2-phase system, 
individual single-pole circuit breakers fated 1201240 volts 
I:l~ with identified handle ties shall be permitted as the 
protection for each ungrounded conduc lor, if the systems 
ha e a grounded neutralpoirllancf'ihevoltage to ground 

.Q9t:.~ .!~()t, .c.~<;-~t!d 120 volt . 

(4) 3-\Vire Direct-Current Circuits. Individual sing} -
pole circuit breakers rated 1251250 volts de with 
identified handle tics shall be perm.itted as the protection 
for each ungrounded conductor for line-lo-line conn cted 
loads for 3-wire. direct-CUlT nt circuits supplied from a 
y. tem \\ ith a grounded ncutral~here t~c _ yoltage to: 

ground doe not exceed 125 vohs. 

II. Location 

240.21 Location in Circuit. Overcurrent protection shall 
be provided in each ungrounded circuit conductor and 
shall be located at the point where the conductors receive 
their supply except as specified in 240.21(A) through (H). 
Conductors supplied under the provisions of 240.21(A) 
through (H) shall not supply another conductor except 
through an overcurrent protective device meeting the 
requirements of 240.4. 

(A) Branch-Circuit Conductors. Branch-circuit tap 
conductors meeting the requirements specified in 210.19 
shall be permitted to have overcurrent protection as 
specified in 210.20. 

(B) Feeder Taps. Conductors shall be permitted to be 
tapped, without overcurrent protection at the tap, to a 
feeder as specified in 240.21(B)(l) through (B)(5). The 
provisions of 240.4(B) shall not be permitted for tap 
conductors. 

(1) Taps Not over 3 m (10 ft) Long. If the length of the 
tap conductors does not exceed 3 m (10 ft) and the tap 
conductors comply with all of the following: 

(1) The ampacity of the tap conductors is 

a. Not less than the combined calculated loads on 
the circuits supplied by the tap conductors, and 

b. Not less than the rating of the device supplied by 
the tap conductors or not less than the rating of 
the overcurrent protective device at the 
termination of the tap conductors. 

(2) The tap conductors do not extend beyond the 
switchboard, panelboard, disconnecting means, or 
control devices they supply. 

(3) Except at the point of connection to the feeder, the 
tap conductors are enclosed in a raceway, which shall 
extend from the tap to the enclosure of an enclosed 
switchboard, panelboard, or control devices, or to the 
back of an open switchboard. 
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ARTICLE 240 - OVERCURRENT PROTECTION 240.21 

(4) For field installations, ~f the tap conductors leave the 
enclosure or vault in which the tap is made, the 
~mpacity of the tap conductors is not less than one
~enth of the rating of the " ()y~r~lll!eni , device 
protecting the feeder conductor :'" , ~ ~-. w. 

Informational Note: For overcurrent protection 
requirements for panelboards, see 408.36. 

(2) Taps Not over 7.5 m (25 ft) Long. Where the length 
of the tap conductors does not exceed 7.5 m (25 ft) and 
the tap conductors comply with all the following: 

(I) The ampacity of the tap conductors is not less than 
one-third of the rating of the overcurrent device 
protecting the feeder conductors. 

(2) The tap conductors terminate in a single circuit 
breaker or a single set of fuses that limit the load to 
the ampacity of the tap conductors. This device shall 
be permitted to supply any number of additional 
overcurrent devices 011 its load side. 

(3) The tap conductors are protected from physical 
damage by being enclosed in an approved raceway or 
by other approved means. 

(3) Taps Supplying a Transformer [Primary Plus 
Secondary Not over 7.5 m (25 ft) Long]. Where the tap 
conductors supply a transformer and comply with all the 
following conditions: 

(1) The conductors supplying the primary of a 
transformer have an ampacity at least one-third the 
rating of the overcurrent device protecting the feeder 
conductors. 

(2) The conductors supplied by the secondary of the 
transformer shall have an ampacity that is not less 
than the value of the primary-to-secondary voltage 
ratio multiplied by one-third of the rating of the 
overcurrent device protecting the feeder conductors. 

(3) The total length of one primaty plus one secondary 
conductor, excluding any portion of the primary 
conductor that is protected at its ampacity, is not over 
7.5 m (25 ft). 

(4) The primary and secondary conductors are protected 
from physical damage by being enclosed in an 
approved raceway or by other approved means. 

(5) The secondary conductors terminate in a single 
circuit breaker or set of fuses that limit the load 
current to not more than the conductor ampacity that 
is permitted by 310.15. 

(4) Taps over 7.5 m (25 ft) Long. Where the feeder is in 
a high bay manufacturing building over 11 m (35 ft) high 
at walls and the installation complies with all the 
following conditions: 

(1) Conditions of maintenance and supervision ensure 
that only qualified persons service the systems. 
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(2) The tap conductors are not over 7.5 m (25 ft) long 
horizontally and not over 30 m (100 ft) total length. 

(3) The ampacity of the tap conductors is not less than 
one-third the rating of the overcurrent device 
protecting the feeder conductors. 

(4) The tap conductors terminate at a single circuit 
breaker or a single set of fuses that limit the load to 
the ampacity of the tap conductors. This single 
overcurrent device shall be permitted to supply any 
number of additional overcurrent devices on its load 
side. 

(5) The tap conductors are protected from physical 
damage by being enclosed in an approved raceway or 
by other approved means. 

(6) The tap conductors are continuous from end-to-end 
and contain no splices. 

(7) The tap conductors are sized 6 AWG copper or 4 
A WG aluminum or larger. 

(8) The tap conductors do not penetrate walls, floors, or 
ceilings. 

(9) The tap is made no less than 9 m (30 ft) from the 
floor. 

(5) Outside Taps of Unlimited Length. Where the 
conductors are located outdoors of a building or structure, 
except at the point of load termination, and comply with 
all of the following conditions: 
(1) The conductors are protected from physical damage 

in an approved manner. 
(2) The conductors terminate at a single circuit breaker 

or a single set of fuses that limit the load to the 
ampacity of the conductors. This single overcurrent 
device shall be permitted to supply any number of 
additional overcurrent devices on its load side. 

(3) The overcurrent device for the conductors is an 
integral part of a disconnecting means or shall be 
located immediately adjacent thereto. 

( 4) The disconnecting means for the conductors is 
installed at a readily accessible location complying 
with one of the following: 
a. Outside of a building or structure 
b. Inside, nearest the point of entrance of the 

conductors 
c. Where installed in accordance with 230.6, 

nearest the point of entrance of the conductors 
(C) Transformer Secondary Conductors. A set of 
conductors feeding a single load, or each set of 
conductors feeding separate loads, shall be permitted to 
be connected to a transformer secondary, without 
overcurrent protection at the secondary, as specified in 
240.21(C)(l) through (C)(6). The provisions of 240.4(8) 
shall not be permitted for transformer secondary 
conductors. 

Informational Note: For overcurrent protection 
requirements for transformers, see 450.3. 
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240.21 ARTICLE 240 OVERCURRENT PROTECTION 

(1) Protection by Primary Overcurrent Device. 
Conductors supplied by the secondary side of a single
phase transformer having a 2-wire (single-voltage) 
secondary, or a three-phase, delta-delta connected 
transformer having a 3-wire (single-voltage) secondary, 
shall be permitted to be protected by overcurrent 
protection provided on the primary (supply) side of the 
transformer, provided this protection is in accordance 
with 450.3 and does not exceed the value determined by 
multiplying the secondary conductor ampacity by the 
secondary-to-primary transformer voltage ratio. 

Single-phase (other than 2-wire) and multiphase (other 
than delta-delta, 3-wire) transformer secondary 
conductors are not considered to be protected by the 
primary overcurrent protective device. 

(2) Transformer Secondary Conductors Not over 3 m 
(10 ft) Long. If the length of secondary conductor does 
not exceed 3 m (10 ft) and complies with all of the 
following: 

(1) The ampacity of the secondary conductors is 

a. Not less than the combined calculated loads on 
the circuits supplied by the secondary 
conductors, and 

b. Not less than the rating of the device supplied by 
the secondary conductors or not less than the 
rating of the overcurrent-protective device at the 
termination of the secondary conductors 

(2) The secondary conductors do not extend beyond the 
switchboard, panelboard, disconnecting means, or 
control devices they supply. 

(3) The secondary conductors are enclosed in a raceway, 
which shall extend from the transformer to the 
enclosure of an enclosed switchboard, panelboard, or 
control devices or to the back of an open 
switchboard. 

(4) For field installations where the secondary 
conductors leave the enclosure or vault in which the 
supply connection is made, the rating of the 
overcurrent device protecting the primary of the 
transformer, multiplied by the primary to secondary 
transformer voltage ratio, shall not exceed 10 times 
the ampacity of the secondary conductor. 

Informational Note: For overcurrent protection 
requirements for panel boards, see 408.36. 

(3) Industrial Installation Secondary Conductors Not 
over 7.5 m (25 ft) For industrial installations only, 
where the length of the secondary conductors does not 
exceed 7.5 m (25 ft) and complies with all of the 
following: 

(1) Conditions of maintenance and supervision ensure 
that only qualified persons service the systems. 

(2) The ampacity of the secondary conductors is not less 
than the secondary current rating of the transformer, 
and the sum of the ratings of the overcurrent devices 
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does not exceed the ampacity of the secondary 
conductors. 

(3) All overcurrent devices are grouped. 

( 4) The secondary conductors are protected from 
physical damage by being enclosed in an approved 
raceway or by other approved means. 

(4) Outside Secondary Conductors. Where the 
conductors are located outdoors of a building or structure, 
except at the point of load termination, and comply with 
all of the following conditions: 

(1) The conductors are protected from physical damage 
in an approved manner. 

(2) The conductors terminate at a single circuit breaker 
or a single set of fuses that limit the load to the 
ampacity of the conductors. This single overcurrent 
device shall be permitted to supply any number of 
additional overcurrent devices on its load side. 

(3) The overcurrent device for the conductors is an 
integral part of a disconnecting means or shall be 
located immediately adjacent thereto. 

(4) The disconnecting means for the conductors is 
installed at a readily accessible location complying 
with one of the following: 

a. Outside of a building or structure 

b. Inside, nearest the point of entrance of the conductors 

c. Where installed in accordance with 230.6, nearest the 
point of entrance of the conductors 

(5) Secondary Conductors from a Feeder Tapped 
Transformer. Transformer secondary conductors 
installed in accordance with 240.21 (B)(3) shall be 
permitted to have overcurrent protection as specified in 
that section. 

(6) Secondary Conductors Not over 7.5 m (25 ft) Long. 
Where the length of secondary conductor does not exceed 
7.5 m (25 ft) and complies with all of the following: 

(1) The secondary conductors shall have an ampacity 
that is not less than the value of the primary-to
secondary voltage ratio multiplied by one-third of the 
rating of the overcurrent device protecting the 
primary of the transformer. 

(2) The secondary conductors terminate in a 
circuit breaker or set of fuses that limit the load 
current to not more than the conductor ampacity that 
is permitted by 310.15. 

(3) The secondary conductors are protected from 
physical damage by being enclosed in an approved 
raceway or by other approved means. 

(D) Service Conductors. Service conductors shall be 
permitted to be protected by overcurrent devices III 

accordance with 230.91. 

(E) Busway Taps. Busways and busway taps shall be 
permitted to be protected against overcurrent in 
accordance with 368.17. 
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(F) Motor Circuit Taps. Motor-feeder and branch-circuit 
conductors shall be permitted to be protected against 
overcurrent in accordance with 430.28 and 430.53, 
respectively. 

(G) Conductors from Generator Terminals. 
Conductors from generator terminals that meet the size 
requirement in 445.13 shall be permitted to be protected 
against overload by the generator overload protective 
device(s) required by 445.12. 

(H) Battery Conductors. Overcurrent protection shall be 
permitted to be installed as close as practicable to the 
storage battery terminals in location. 
Installation of the overcurrent protection within a 
hazardous location shall also be permitted. 

240.22 Grounded Conductor. 

No overcurrent device shall be connected in series with 
any conductor that is intentionally grounded, unless one 
of the following two conditions is met: 

(1) The overcurrent device opens all conductors of the 
circuit, including the grounded conductor, and is 
designed so that no pole can operate independently. 

(2) Where required by 430.36 or 430.3 7 for motor 
overload protection. 

240.23 Change in Size of Grounded Conductor. Where 
a change occurs in the size of the ungrounded conductor, 
a similar change shall be permitted to be made in the size 
of the grounded conductor. 

240.24 Location i.n or on Premises. 

(A) Accessibility. Overcurrent devices shall be readily 
accessible and shall be installed so that the center of the 
grip of the operating handle of the switch or circuit 
breaker, when in its highest position, is not more than 2.0 
m (6 ft 7 in.) above the tloor or working platform, unless 
one of the following applies: 

(1) For busways, as provided in 368.17(C). 

(2) For supplementary overcurrent protection, as 
described in 240.10. 

(3) For overcurrent devices, as described in 225.40 and 
230.92. 

(4) For overcurrent devices adjacent to utilization 
equipment that they supply, access shall be permitted 
to be by portable means. 

(B) Occupancy. Each occupant shall have ready access to 
all overcurrent devices protecting the conductors 
supplying that occupancy, unless otherwise permitted in 
240.24(B)( 1) and (B)(2). 
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(1) Service and .Feeder Overcurrent Devices. Where 
electric service and electrical maintenance are provided 
by the building management and where these are under 
continuous building management supervision, the service 
overcurrent devices and feeder overcurrent devices 
supplying more than one occupancy shall be permitted to 
be accessible only to authorized management personnel in 
the following: 

(1) Multiple-occupancy buildings 

(2) Guest rooms or guest suites 

(2) Branch-Circuit Overcurrent Devices. Where 
electric service and electrical maintenance are provided 
by the building management and where these are under 
continuous building management supervision, the branch
circuit overcurrent devices supplying any guest rooms or 
guest suites without permanent provisions for cooking 
shall be permitted to be accessible only to authorized 
management personneL 

(C) Not Exposed to Physical Damage. Overcurrent 
devices shall be located where they will not be exposed to 
physical damage. 

Infonnational Note: See 110,11, Deteriorating Agents. 

(D) Not in Vicinity of Easily 19nitible Material. 
Overcurrent devices shall not be located in the vicinity of 
easily ignitible material, such as in clothes closets. 

(E) Not Located in Bathrooms. In dwelling units, 
and guest rooms or 

other than supplementary overcurrent ~J.\"'L"""'LlVll, 
shall not be located in bathrooms. 

(F) Not Located over Steps. Overcurrent devices shall 
not be located over steps of a stairway. 

HI. Enclosures 

240.30 General. 

(A) Protection from Physical Damage. Overcurrent 
devices shall be protected from physical damage by one 
of the following: 

(1) Installation in enclosures, cabinets, cutout boxes, or 
equipment assemblies 

(2) Mounting on open-type switchboards, panelboards, 
or control boards that are in rooms or enclosures free 
from dampness and easily ignitible material and are 
accessible only to qualified personnel 

(B) Operating Handle. The operating handle of a circuit 
breaker shall be permitted to be accessible without 
opening a door or cover. 

240.32 Damp or Wet Locations. Enclosures for 
overcurrent devices in damp or wet locations shall comply 
with 312.2. 
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240.33 Vertical Position. Enclosures for overcurrent 
devices shall be mounted in a vertical position unless that 
is shown to be impracticable. Circuit breaker enclosures 
shall be permitted to be installed horizontally where the 
circuit breaker is instal1ed in accordance with 240.81. 
Listed bus way plug-in units shall be permitted to be 
mounted in orientations corresponding to the busway 
mounting position. 

IV. Disconnecting and Guarding 

240.40 Disconnecting Means for Fuses. Cartridge fuses 
in circuits of any voltage where accessible to other than 
qualified persons, and all fuses in circuits over 150 volts 
to ground, shall be provided with a disconnecting means 
on their supply side so that each circuit containing fuses 
can be independently disconnected from the source of 
power. A current-limiting device without a disconnecting 
means shall be permitted on the supply side of the service 
disconnecting means as permitted by 230.82. A single 
disconnecting means shall be permitted on the supply side 
of more than one set of fuses as permitted by 430.112, 
Exception, for group operation of motors and 424.22(C) 
for fixed electric space-heating equipment. 

240.41 Arcing or Suddenly Moving Parts. Arcing or 
suddenly moving parts shall comply with 240.4l (A) and 
(B). 

(A) Location. Fuses and circuit breakers shall be located 
or shielded so that persons will not be burned or otherwise 
injured by their operation. 

(B) Suddenly Moving Parts. Handles or levers of circuit 
breakers, and similar parts that may move suddenly in 
such a way that persons in the vicinity are likely to be 
injured by being struck by them, shall be guarded or 
isolated. 

V. Plug Fuses, Fuseholders, and Adapters 

240.50 General. 

(A) Maximum Voltage. Plug fuses shall be permitted to 
be used in the following circuits: 

(1) Circuits not exceeding 125 volts between conductors 

(2) Circuits supplied by a system having a grounded 
neutral point where the line-to-neutral voltage does 
not exceed 150 volts 

(B) Marking. Each fuseholder, and adapter shall be 
marked with its ampere rating. 

(C) Hexagonal Configuration. Plug fuses of 15-ampere 
and lower rating shall be identified by a hexagonal 
configuration of the window, cap, or other prominent part 
to distinguish them from fuses of higher ampere ratings. 
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(D) No Energized Parts. Plug fuses, fuseholders, and 
adapters shall have no exposed parts after fuses 
or fuses and adapters have been installed. 

(E) Screw Shell. The screw shell of a plug-type 
fuseholder shall be connected to the load side of the 
circuit. 

240.51 Edison-Base Fuses. 

(A) Classification. Plug fuses of the Edison-base type 
shall be classified at not over 125 volts and 30 amperes 
and below. 

(B) Replacement Only. Plug fuses of the Edison-base 
type shall be used only for replacements in existing 
installations where there is no evidence of overfusing or 
tampering. 

240.52 Edison-Base Fuseholders. Fuseholders of the 
Edison-base type shall be installed only where they are 
made to accept Type S fuses by the use of adapters. 

240.53 Type S Fuses. Type S fuses shall be of the plug 
type and shall comply with 240.53(A) and (B). 

(A) Classification. Type S fuses shall be classified at not 
over 125 volts and 0 to 15 amperes, 16 to 20 amperes, and 
21 to 30 amperes. 

(B) Noninterchangeable. Type S fuses of an ampere 
classification as specified in 240.53(A) shall not be 
interchangeable with a lower ampere classification. They 
shall be designed so that they cannot be used in any 
fuseholder other than a Type S fuseholder or a fuseholder 
with a Type S adapter inserted. 

240.54 Type S Fuses, Adapters, and Fuseholders. 

(A) To Fit Edison-Base Fuseholders. Type S adapters 
shall fit Edison-base fuseholders. 

(B) To Fit Type S Fuses Only. Type S fuseholders and 
adapters shall be designed so that either the fuseholder 
itself or the fuseholder with a Type S adapter inserted 
cannot be used for any fuse other than a Type S fuse. 

(C) Nonremovable. Type S adapters shall be designed so 
that once inserted in a fuseholder, they cannot be 
removed. 

(D) Nontamperable. Type S fuses, fuseholders, and 
adapters shall be designed so that tampering or shunting 
(bridging) would be difficult. 

(E) Interchangeability. Dimensions of Type S fuses, 
fuseholders, and adapters shall be standardized to permit 
interchangeability regardless of the manufacturer. 
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VI. Cartridge Fuses and Fuseholders 

240.60 General. 

(A) Maximum Voltage - 300-Volt Type. Cartridge 
fuses and fuseholders of the 300-volt type shall be 
permitted to be used in the following circuits: 

(I) Circuits not exceeding 300 volts between conductors 

(2) Single-phase line-to-neutral circuits supplied from a 
3-phase, 4-wire, solidly grounded neutral source 
where the line-to-neutral voltage does not exceed 300 
volts 

(B) Noninterchangeable 0-6000-Ampere Cartridge 
Fuseholders. Fuseholders shall be designed so that it will 
be difficult to put a fuse of any given class into a 
fuseholder that is designed for a current lower, or voltage 
higher, than that of the class to which the fuse belongs. 
Fuseholders for current-limiting fuses shall not permit 
insertion of fuses that are not current-limiting. 

(C) Marking. Fuses shall be plainly marked, either by 
printing on the fuse barrel or by a label attached to the 
barrel showing the following: 

( 1) Ampere rating 

(2) Voltage rating 

(3) Interrupting rating where other than 10,000 amperes 

(4) Current limiting where applicable 

(5) The name or trademark of the manufacturer 

The interrupting rating shall not be required to be 
marked on fuses used for supplementary protection. 

(D) Renewable Fuses. Class H cartridge fuses of the 
renewable type shall be permitted to be used only for 
replacement in existing installations where there is no 
evidence of overfusing or tampering. 

240.61 Classification. Cartridge fuses and fuseholders 
shall be classified according to voltage and amperage 
ranges. Fuses rated 600 volts, nominal, or less shal1 be 
permitted to be used for voltages at or below their ratings. 

VII. Circuit Breakers 

240.80 Method of Operation. Circuit breakers shall be 
trip free and capable of being closed and opened by 
manual operation. Their normal method of operation by 
other than manual means, such as electrical or pneumatic, 
shall be permitted if means for manual operation are also 
provided. 

240.81 Indicating. Circuit breakers shall clearly indicate 
whether they are in the open "off' or closed "on" 
position. 

Where circuit breaker handles are operated vertically 
rather than rotationally or horizontally, the "up" position 
of the handle shall be the "on" position. 
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240.82 Nontamperable. A circuit breaker shall be of 
such design that any alteration of its trip point 
( calibration) or the ti me required for its operation requires 
dismantling of the device or breaking of a seal for other 
than intended adjustments. 

240.83 lVlarking. 

(A) Durable and Visible. Circuit breakers shall be 
marked with their ampere rating in a manner that wiH be 
durable and visible after installation. Such marking shall 
be permitted to be made visible by removal of a trim or 
cover. 

(B) Location. Circuit breakers rated at 100 amperes or 
less and 600 volts or less shall have the ampere rating 
molded, stamped, etched, or similarly marked into their 
handles or escutcheon areas. 

(C) Interrupting Rating. Every circuit breaker having an 
interrupting rating other than 5000 amperes shall have its 
interrupting rating shown on the circuit breaker. The 
interrupting rating shall not be required to be marked on 
circuit breakers used for supplementary protection. 

(D) Used as Switches. Circuit breakers used as switches 
in 120-volt and 277-volt fluorescent lighting circuits shall 
be listed and shall be marked SWD or HID. Circuit 
breakers used as switches in high-intensity discharge 
lighting circuits shall be listed and shall be marked as 
HID. 

(E) Voltage Marking. Circuit breakers shall be marked 
with a voltage rating not less than the nominal system 
voltage that is indicative of their capability to interrupt 
fault currents between phases or phase to ground. 

240.85 Applications. A circuit breaker with a straight 
voltage rating, such as 240V or 480V, shall be permitted 
to be applied in a circuit in which the nominal voltage 
between any two conductors does not exceed the circuit 
breaker's voltage rating. A two-pole circuit breaker shall 
not be used for protecting a 3-phase, corner-grounded 
delta circuit unless the circuit breaker is marked 1 <1>-3<1> 
to indicate such suitability. 

A circuit breaker with a slash rating, such as 120/240V or 
480Y/277V, shall be permitted to be applied in a solidly 
grounded circuit where the nominal voltage of any 
conductor to ground does not exceed the lower of the two 
values of the circuit breaker's voltage rating and the 
nominal voltage between any two conductors does not 
exceed the higher value of the circuit breaker's voltage 
rating. 

Informational Note: Proper application of molded case 
circuit breakers on 3-phase systems, other than solidly 
grounded wye, particularly on comer grounded delta 
systems, considers the circuit breakers' individual pole
interrupting capability. 
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240.86 Series Ratings. Where a circuit breaker is used on 
a circuit having an available fault current higher than the 
marked interrupting rating by being connected on the load 
side of an acceptable overcurrent protective device having 
a higher rating, the circuit breaker shall meet the 
requirements specified in (A) or (B), and (C). 

(A) Selected Under Engineering Supervision in 
Existing Installations. The series rated combination 
devices shall be selected by a licensed professional engineer 
engaged primarily in the design or maintenance of electrical 
installations. The selection shall be documented and 
stamped by the professional engineer. This documentation 
shall be available to those authorized to design, install, 
inspect, maintain, and operate the system. This series 
combination rating, including identification of the upstream 
device, shall be field marked on the end use equipment. 

For calculated apphcations, the engineer shall ensure 
that the downstream circuit breaker(s) that are part of the 
series combination remain passive during the interruption 
period of the line side fully rated, current-limiting device. 

(B) Tested Combinations. The combination of line-side 
overcurrent device and load-side circuit breaker(s) is 
tested and marked on the end use equipment, such as 
switchboards and panelboards. 

Informational Note to (A) and (B): See 110.22 for 
marking of series combination systems. 

(C) Motor Contribution. Series ratings shall not be used 
where 

(1) Motors are connected on the load side of the higher
rated overcurrent device and on the line side of the 
lower-rated overcurrent device, and 

(2) The sum of the motor full-load currents exceeds 1 
percent of the interrupting rating of the lower-rated 
circuit breaker. 

240.87 oninstantaneous Trip_ Where a circuit breaker 
is u ed without an instantaneou trip. documentation shall 
be a ailablc to those authorized to design, install. operate, 
or inspect th~installation as to the location of the circuit 
brcakcr(s). 
Where a circuit breaker",sutilized without an 
instantaneous trip. one of the following or approved 
equivalent means shall be provided: 
(I) Zonc-s lective interlocking 

(2) Differential relaying 
(~) Energy-reducing majntenancc witching whlliocal 

status indicator 
Informational ol~ : An cncrgv-rcducinu maintcnam;e 
witch allows a worker to et~' circuit b~akcr trip lUlit 

to "00 intcnlklflol delay" to r~duce Ih clearing time 
while th~ worker i working within an arc-O h 
boundary as defined in FP A 70E-2009. S/tmdw'dfor 
Electrical SlIjC!f), in ,lie Wor/qJ/ace. and Ihen to s~t the 
trip unil back 10 a nonnal setlillg~n~rlh pol~!lljally 
~alard()lIs work is complete, 
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VIII. Supervised Industrial Installations 

240.90 General. Overcurrent protection in areas of 
supervised industrial installations shall comply with all of 
the other applicable provisions of this article, except as 
provided in Part VIII. The provisions of Part VIII shall be 
permitted only to apply to those pOliions of the electrical 
system in the supervised industrial installation used 
exclusively for manufacturing or process control activities. 

240.91 Protection of Conductors. Conductors shall be 
protected in accordance with 240.91 (A) or (8). 

(A) General. Conductors shall be protected in accordance 
with 240.4. 

(8) Devices Rated Over 800 Amperes. Where the 
ovcrcurrenl device i rated over 800 amperes. the ampadty 
oft11 conductors it protects shall be equal to or greater than 
95 percent of the raling of the overcurrent device specified 
in 240.6 in accordanc with (8)( I) and (2). 

(I) The conductor are protected within recognizediirne 
\ 'S. CUO' nt limit for short-circuit currents 

(2) All equipment in which the conductors terminate is 
listed and marked for the application 

240.92 Location in Circuit. 

An overcurrent device shall be connected in each ungrounded 
circuit conductor as required in 240.92(A) through (E). 

(A) Feeder and Branch-Circuit Conductors. Feeder and 
branch-circuit conductors shall be protected at the point the 
conductors receive their supply as permitted in 240.21 or as 
otherwise permitted in 240.92(B), (C), (D), or (E). 

(B) Feeder Taps. For feeder taps specified in 240.21(B)(2), 
(B)(3), and (B)(4), the tap conductors shall be permitted to 
be sized in accordance with Table 240.92(B). 

(C) Transformer Secondary Conductors of Separately 
Derived Systems. Conductors shall be permitted to be 
connected to a transformer secondary of a separately 
derived system, without overcurrent protection at the 
connection, where the conditions of 240.92(C)(l), (C)(2), 
and (C)( 3) are met. 

(1) Short-Circuit and Ground-.Fault Protection. The 
conductors shall be protected from short-circuit and 
ground-fault conditions by complying with one of the 
following conditions: 

(1) The length of the secondary conductors does not 
exceed 30 m (100 ft) and the transformer primary 
overcurrent device has a rating or setting that does 
not exceed 150 percent of the value determined by 
multiplying the secondary conductor ampacity by the 
secondary-to-primary transformer voltage ratio. 

(2) The conductors are protected by a differential relay 
with a trip setting equal to or Jess than the conductor 
ampacity. 
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ARTICLE 240 OVERCURRENT PROTECTION 240.92 

Table 240.92(B) Tap Conductor Short-Circuit Current Ratings. 

Tap conductors are considered to be protected under short
circuit conditions when their shott-circuit temperature limit is 
not exceeded. Conductor heating under short-circuit 
conditions is determined by (1) or (2): 

(1) Short-Circllit Formula/or Copper Conductors 

(12/A2)t 0.0297 IOglO [(T2 + 234)/(TJ + 234)J 

(2) Short-Circuit Formula/or Aluminum Conductors 

(f2/A2)t = 0.0125 10gIO [(T2 228)/(T1 + 228)J 

where: 

J = short-circuit current in amperes 

A conductor area in circular mils 

t = time of short circuit in seconds (for times less than or equal 
to 10 seconds) 

Tl initial conductor temperature in degrees Celsius. 

T2 final conductor temperature in degrees Celsius. 

Copper conductor with paper, rubber, varnished cloth insulation, 
T2 200 

Copper conductor with thermoplastic insulation, T2 = 150 

Copper conductor with cross-linked polyethylene insulation, T2 
250 

Copper conductor with ethylene propylene rubber insulation, T2 
250 

Aluminum conductor with paper, rubber, varnished cloth 
insulation, T2 200 

Aluminum conductor with thermoplastic insulation, T2 150 

Aluminum conductor with cross-linked polyethylene insulation, 
T2 250 

Aluminum conductor with ethylene propylene rubber insulation, 
T2 = 250 

Intormational Note: A differential relay is connected to 
be sensitive only to short-circuit or fault currents within 
the protected zone and is normally set much lower than 
the conductor ampacity. The differential relay is 
connected to trip protective devices that de-energize the 
protected conductors if a short-circuit condition occurs. 

(3) The conductors shall be considered to be protected if 
calculations, made under engineering supervision, 
determine that the system overcurrent devices will 
protect the conductors within recognized time vs. 
current limits for all short-circuit and ground-fault 
conditions. 
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(2) Overload Protection. The conductors shall be 
protected against overload conditions by complying with 
one of the following: 

( I ) The conductors terminate in a single overcurrent device 
that will limit the load to the conductor ampacity. 

(2) The sum of the overcurrent devices at the conductor 
termination limits the load to the conductor ampacity. 
The overcurrent devices shall consist of not more 
than six circuit breakers or sets of fuses, mounted in a 
single enclosure, in a group of separate enclosures, or 
in or on a switchboard. There shall be no more than 
six overcurrent devices grouped in anyone location. 

(3) Overcurrent relaying is connected [with a current 
transformer( s), if needed] to sense all of the secondary 
conductor cun'ent and limit the load to the conductor 
ampacity by opening upstream or downstream devices. 

(4) Conductors shall be considered to be protected if 
calculations, made under engineering supervision, 
determine that the system overcurrent devices will 
protect the conductors from overload conditions. 

(3) PhysicaJ Protection. The secondary conductors are 
protected from physical damage by being enclosed in an 
approved raceway or by other approved means. 

(D) Outside Feeder Taps. Outside conductors shall be 
permitted to be tapped to a feeder or to be connected at a 
transformer secondary, without overcurrent protection at 
the tap or connection, where all the following conditions 
are met: 

(1) The conductors are protected from physical damage 
in an approved manner. 

(2) The sum of the overcurrent devices at the conductor 
termination limits the load to the conductor ampacity. 
The overcurrent devices shall consist of not more 
than six circuit breakers or sets of fuses mounted in a 
single enclosure, in a group of separate enclosures, or 
in or on a switchboard. There shall be no more than 
six overcurrent devices grouped in anyone location. 

(3) The tap conductors are installed outdoors of a 
building or structure except at the point of load 
termination. 

(4) The overcurrent device for the conductors is an 
integral part of a disconnecting means or shall be 
located immediately adjacent thereto. 

(5) The disconnecting means for the conductors are 
installed at a readily accessible location complying 
with one of the following: 

a. Outside of a building or structure 

b. Inside, nearest the point of entrance of the conductors 

c. Where installed in accordance with 230.6, nearest the 
point of entrance of the conductors 
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240.100 ARTICLE 250 - GROUNDING AND BONDING 

(E) Protection by Primary Overcurrent Device. 
Conductors supplied by the secondary side of a transformer 
shall be permitted to be protected by overcurrent protection 
provided on the primary (supply) side of the transformer, 
provided the primary device time-current protection 
characteristic, multiplied by the maximum effective 
primary-to-secondary transformer voltage ratio, effectively 
protects the secondary conductors. 

IX. Overcurrent Protection Over 600 Volts, Nominal 

240.100 Feeders and Branch Circuits. 

(A) Location and Type of Protection. Feeder and 
branch-circuit conductors shall have overcurrent protection 
in each ungrounded conductor located at the point where 
the conductor receives its supply or at an alternative 
location in the circuit when designed under engineering 
supervision that includes but is not limited to considering 
the appropriate fault studies and time-current coordination 
analysis of the protective devices and the conductor 
damage curves. The overcurrent protection sha11 be 
pennitted to be provided by either 240.l00(A)(1) or (A)(2). 

(1) Overcurrent Relays and Current Transformers. 
Circuit breakers used for overcurrent protection of 3-
phase circuits shall have a minimum of three overcurrent 
relay elements operated from three current transformers. 
The separate overcurrent relay elements (or protective 
functions) shall be permitted to be part of a single 
electronic protective relay unit. 

On 3-phase, 3-wire circuits, an overcurrent relay 
element in the residual circuit of the current transformers 
shall be permitted to replace one of the phase relay 
elements. 

An overcurrent relay element, operated from a 
current transformer that links all phases of a 3-phase, 3-
wire circuit, shall be permitted to replace the residual 
relay element and one of the phase-conductor current 
transformers. Where the neutral conductor is not 
regrounded on the load side of the circuit as permitted in 
250.184(B), the current transformer shall be pennitted to 
link all 3-phase conductors and the grounded circuit 
conductor (neutral). 

(2) Fuses. A fuse shall be connected in series with each 
ungrounded conductor. 

(B) Protective Devices. The protective device(s) shall be 
capable of detecting and interrupting all values of current 
that can occur at their location in excess of their trip
setting or melting point. 

(C) Conductor Protection. The operating time of the 
protective device, the available shott-circuit current, and 
the conductor used shall be coordinated to prevent 
damaging or dangerous temperatures in conductors or 
conductor insulation under short-circuit conditions. 
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240.101 Additional Requirements for Feeders. 

(A) Rating or Setting of Overcurrent Protective 
Devices. The continuous ampere rating of a fuse shall not 
exceed three times the ampacity of the conductors. The 
long-time trip element setting of a breaker or the 
minimum trip setting of an electronically actuated fuse 
shall not exceed six times the ampacity of the conductor. 
For fire pumps, conductors shall be permitted to be 
protected for overcurrent in accordance with 695 .4(~)(2). 

(B) Feeder Taps. Conductors tapped to a feeder shall be 
permitted to be protected by the feeder overcurrent device 
where that overcurrent device also protects the tap 
conductor. 

I. General 

250.1 Scope. 

ARTICLE 250 
G~~~IIl<1i~gllnd Bonding 

This article covers general requirements for grounding 
and bonding of electrical installations, and the specific 
requirements in (1) through (6). 

(1) Systems, circuits, and equipment required, permitted, 
or not pennitted to be grounded 

(2) Circuit conductor to be grounded on grounded systems 

(3) Location of grounding connections 

(4) Types and sizes of grounding and bonding 
conductors and electrodes 

(5) Methods of grounding and bonding 

(6) Conditions under which guards, isolation, or 
insulation may be substituted for grounding 
Informational Note: See Figure 250.1 for information on 
the organization of Article 250 covering grounding and 
bonding requirements. 

250.2 Definitions. 

Bonding Jumper, Supply-Side. A conductor in tailed on 
the supply side of a service or within a ser\'ice equipment 
enclosurc( ). or for a separately derived system, that 
~nsure the required electrical conductivity~~\!~~~nl~tClI 
part required to be electrically connected. 

Effective Ground-Fault Current Path. An intentionally 
constructed, low-impedance electrically conductive path 
designed and intended to carry current under ground
fault conditions from the point of a ground fault on a 
wiring system to the electrical supply source and that 
facilitates the operation of the overcurrent protective 
device or ground-fault detectors on high-impedance 
grounded systems. 
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ARTICLE 250 - GROUNDING AND BONDING 250.4 

Part I General 

Part VIII Direct-current 
systems 

Part X 

Part III Grounding electrode 
system and grounding 1-----4 
electrode conductor 

Grounding and Bonding. 

Part V Bonding 

Part IX Instruments, 
meters, and relays 

Ground-Fault Current Path. An electrically conductive 
path from the point of a ground fault on a wiring system 
through normally non-current-carrying conductors, 
equipment, or the earth to the electrical supply source. 

Informational Note: Examples of ground-fault current 
paths could consist of any combination of equipment 
grounding conductors, metanic raceways, metallic cable 
sheaths, electrical equipment, and any other electrically 
conductive material such as metal water and gas piping, 
steel framing members, stucco mesh, metal dueting, 
reinforcing steel, shields of communications cables, and 
the earth itself. 

250.3 Application of Other Articles. For other articles 
applying to particular cases of installation of conductors 
and equipment, grounding and bonding requirements are 
identified in Table 250.3 that are in addition to, or 
modifications ot~ those ofthis article. 

250.4 General Requirements for Grounding and 
Bonding. The following genera] requirements identify 
what grounding and bonding of electrical systems are 
required to accomplish. The prescriptive methods 
contained in Aliicle 250 shall be followed to comply with 
the performance requirements of this section. 
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(A) Grounded Systems. 
(1) Electrical System Grounding. Electrical systems that 
are grounded shall be connected to earth in a manner that 
will limit the voltage imposed by lightning, line surges, or 
unintentional contact with higher-voltage lines and that 
will stabilize the voltage to earth during normal operation. 

Infomlationa1 Note: An important consideration for 
limiting the is the routing of bonding 
and grounding conductors so that they are not 
any longer than necessary to complete the connection 
without disturbing the permanent palis of the installation 
and so that unnecessary bends and loops are avoided. 

(2) Grounding of Electrical Equipment. Normally non
current-carrying conductive materials enclosing electrical 
conductors or equipment, or forming part of such 
equipment, shall be connected to earth so as to I imit the 
voltage to ground on these materials. 
(3) Bonding of Electrical Equipment. Normally non
current-carrying conductive materials enclosing electrical 
conductors or equipment, or forming part of such 
equipment, shall be connected together and to the 
electrical supply source in a manner that establishes an 
effective ground-fault current path, 
(4) Bonding of Electrically Conductive Materials and 
Other Equipment. Normally non-current-carrying 
electrically conductive materials that are likely to become 

shall be connected together and to the electrical 
supply source in a manner that establishes an effective 
ground-fault current path. 
(5) Effective Ground-Fault Current Path. Electrical 
equipment and wiring and other electrically conductive 
material likely to become energized shall be installed in a 
manner that creates a low-impedance circuit facilitating 
the operation of the overcurrent device or ground detector 
for high-impedance grounded systems. It shall be capable 
of safely carrying the maximum ground-fault current 
likely to be imposed on it from any point on the wiring 
system where a ground fault may occur to the electrical 
supply source. The ealth shall not be considered as an 
effective ground-fault current path. 
(B) Ungl'Olmded Systems. 
(1) Grounding Electrical Equipment. Non-current

conductive materials enclosing electrical 
conductors or equipment, or forming part of such 
equipment, shall be connected to earth in a manner that 
will limit the voltage imposed by lightning or 
unintentional contact with higher-voltage lines and limit 
the voltage to ground on these materials. 
(2) Bonding of Electrical Equipment. Non-current
carrying conductive materials enclosing electrical 
conductors or equipment, or forming part of such 
equipment, shall be connected together and to the supply 
system grounded equipment in a manner that creates a 
low-impedance path for ground-fault current that is 
capable of carrying the maximum fault current likely to 
be imposed on it. 
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250.4 ARTICLE 250 - GROUNDING AND BONDING 

Table 250.3 Additional Grounding and Bonding Requirements 

Conductor/Equipment 
Agricultural buildings 
Audio signal processing, amplification, and reproduction 

equipment 
Branch circuits 
Cablebus 
Cable trays 
Capacitors 
Circuits and equipment operating at less than 50 volts 
Closed-loop and programmed power distribution 
Communications circuits 
Community antenna television and radio distribution 

systems 
Conductors for general wiring 
Cranes and hoists 
Electrically driven or controlled irrigation machines 
Electric signs and outline lighting 
Electrolytic cells 
Elevators, dumbwaiters, escalators, moving walks, 

wheelchair lifts, and stairway chair lifts 
Fire alarm systems 
Fixed electric heating equipment for pipelines and vessels 
Fixed outdoor electric deicing and snow-melting 

equipment 
Flexible cords and cables 
Floating buildings 
Grounding-type receptacles, adapters, cord connectors, 

and attachment plugs 
Hazardous (classified) locations 
Health care facilities 
Induction and dielectric heating equipment 
Industrial machinery 
Information technology equipment 
Intrinsically safe systems 
Luminaires (lighting fixtures) and lighting equipment 
Luminaires (fixtures), lamphoJders, and lamps 
Marinas and boatyards 
Mobile homes and mobile home park 
Motion picture and television studios and similar 

locations 
Motors, motor circuits, and controllers 
Natural and artificially made bodies of water 
Outlet, device, pull, and junction boxes; conduit bodies; 

and fittings 
Over 600 volts, nominal, underground wiring methods 
Panelboards 
Pipe organs 
Radio and television equipment 
Receptacles and cord connectors 
Recreational vehicles and recreational vehicle parks 
Services 
Solar photovoltaic systems 
Swimming pools, fountains, and similar installations 
Switchboards and panelboards 
Switches 
Theaters, audience areas of motion picture and television 

studios, and similar locations 
Transformers and transformer vaults 
Use and identification of grounded conductors 
X-ray equipment 
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Article 

392 
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800 
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610 

600 
668 
620 

500-517 
517 
665 
670 
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430 

650 
810 

551 
230 

680 

200 
660 

Section 
547.9 and 547.10 

640.7 

210.5,210.6,406.3 
370.9 

392.3(C), 392.7 
460.10,460.27 

780.3 

820.93, 820.100, 820.103 

675.1] (C), 675.12, 675.13, 675.14, 675.15 

760.9 
427.29,427.48 

426.27 

400.22,400.23 
553.8,553.10,553.11 

406.9 

645.15 
504.50 

410.17,410.18,410.20,410.21, 410.105(B) 

555.15 

530.20, 530.64(B) 

682.30, 682.31, 682.32, 682.33 
314.4,314.25 

300.50(8) 
408.40 

406.3 

690.41,690.42,690.43,690.45,690.47 

408.3(D) 
404.12 
520.81 

450.10 

517.78 
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ARTICLE 250 - GROUNDING AND BONDING 250.20 

(3) Bonding of Electrically Conductive Materials and 
Other Equipment. Electrically conductive materials 
that are likely to become energized shall be connected 
together and to the supply system grounded equipment 
in a manner that creates a low-impedance path for 
ground-fault current that is capable of carrying the 
maximum fault current likely to be imposed on it. 

(4) Path for Fault Current. Electrical equipment, 
wiring, and other electrically conductive material likely 
to become energized shall be installed in a manner that 
creates a low-impedance circuit from any point on the 
wiring system to the electrical supply source to facilitate 
the operation of overcurrent devices should a second 
ground fault from a different phase occur on the wiring 
system. The earth shall not be considered as an effective 
fault-current path. 

250.6 Objectionable Current. 

(A) Arrangement to Prevent Objectionable Current. 
The grounding of electrical systems, circuit conductors, 
surge arresters, surge-protective devices, and conductive 
normally non-current-carrying metal parts of equipment 
shall be installed and arranged in a manner that will 
prevent objectionable current. 

(B) Alterations to Stop Objectionable Current. If the 
use of multiple grounding connections results in 
objectionable current, one or more of the following 
alterations shall be permitted to be made, provided that 
the requirements of 250.4(A)(5) or (B)( 4) are met: 

(I) Discontinue one or more but not all of such 
grounding connections. 

(2) Change the locations of the grounding connections. 

(3) Interrupt the continuity of the conductor or 
conductive path causing the objectionable current. 

(4) Take other suitable remedial and approved action. 

(C) Temporary Currents Not Classified as 
Objec~ifJnal:>le Currents. Temporary currents resulting 
from abnormal conditions, such as ground faults, shall 
not be classified as objectionable current for the 
purposes specified in 250.6(A) and (B). 

(D) Limitations to Permissible Alterations. The 
provisions of this section shall not be considered as 
permitting electronic equipment from being operated on 
ac systems or branch circuits that are not connected to 
an equipment grounding conductor as required by this 
article. Currents that introduce noise or data errors in 
electronic equipment shall not be considered the 
objectionable currents addressed in this section. 
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(E) Isolation of Objectionable Direct-Current Ground 
Currents. Where isolation of objectionable dc ground 
currents from cathodic protection systems is required, a 
listed ac coupling/de isolating device shall be permitted in 
the equipment grounding conductor path to provide an 
effective return path for ac ground-fault current while 
blocking de current. 

250.8 Connection of Grounding and Bonding 
Equipment. 

(A) Permitted Methods. Equipment grounding 
conductors, grounding electrode c:()~~~~,tg~, and bonding 
jumpers shall be connected by one of the following 
means: 

(1) Listed pressure connectors 

(2) Terminal bars 

(3) Pressure connectors listed as grounding and bonding 
equipment 

(4) Exothermic welding process 

(5) Machine screw-type fasteners that engage not less 
than two threads or are secured with a nut 

(6) Thread-forming machine screws that engage not less 
than two threads in the enclosure 

(7) Connections that are part of a listed assembly 

(8) Other listed means 

(B) Methods Not Permitted. Connection devices or 
fittings that depend solely on solder shall not be used. 

250.10 Protection of Ground Clamps and Fittings. 
Ground clamps or other fittings shall be approved for 
general use without protection or shall be protected from 
physical damage as indicated in (1) or (2) as follows: 

(1) In installations where they are not likely to be 
damaged 

(2) Where enclosed in metal, wood, or equivalent 
protective covering 

250.12 Clean Surfaces. Nonconductive coatings (such as 
paint, lacquer, and enamel) on equipment to be grounded 
shall be removed from threads and other contact surfaces 
to ensure good electrical continuity or be connected by 
means of fittings designed so as to make such removal 
unnecessary. 

II. System Grounding 

250.20 Alternating-Current Systems to Be Grounded. 

Alternating-current systems shall be grounded as provided 
for in 250.20(A), (B), (C). or (0). Other systems shall be 
permitted to be grounded. If such systems are grounded, 
they shall comply with the applicable provisions of this 
article. 
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250.21 ARTICLE 2S0 - GROUNDING AND BONDING 

Informational Note: An example of a system permitted to 
be grounded is a comer-grounded delta transformer 
connection. See 250.26(4) for conductor to be grounded. 

(A) Alternating-Current Systems of Less Than 50 Volts. 
Alternating-current systems of less than SO volts shall be 
grounded under any ofthe following conditions: 

(1) Where supplied by transformers, if the transformer 
supply system exceeds ISO volts to ground 

(2) Where supplied by transfornlers,if the transformer 
supply system is ungrounded 

(3) Where installed outside as overhead conductors 

(B) Alternating-Current Systems of 50 Voltst~_ 1000 
Volts. Alternating-current systems of SO volts to Ie s than 
1000 volts that supply premises wiring and premises wiring 
systems shall be grounded under any of the following 
conditions: 

(1) Where the system can be grounded so that the 
maximum voltage to ground on the ungrounded 
conductors does not exceed ISO volts 

(2) Where the system is 3-phase, 4-wire, wye connected in 
which the neutral conductor is used as a circuit 
conductor 

(3) Where the system is 3-phase, 4-wire, delta connected in 
which the midpoint of one phase winding is used as a 
circuit conductor 

(C) Alternating-Current Systems of 1 kV and Over. 
Alternating-current systems supplying mobile or portable 
equipment shall be grounded as specified in 2S0.188. Where 
supplying other than mobile or portable equipment, such 
systems shall be pelmitted to be grounded. 

(D) Impedance Grounded Neutral Systems. Impedance 
grounded neutral systems shall be grounded in accordance 
with 2S0.36 or 2S0.186. 

250.21 Alternating-Current Systems of 50 Volts to Less 
Than 1000 Volts Not Required to Be Grounded. 

(A) General. The following ac systems of SO volts to less 
than 1000 volts shall be permitted to be grounded but shall 
not be required to be grounded: 

(1) Electrical systems used exclusively to supply industrial 
electric furnaces for melting, refining, tempering, and 
the like 

(2) Separately derived systems used exclusively for 
rectifiers that supply only adjustable-speed industrial 
drives 

(3) Separately derived systems supplied by transformers 
that have a primary voltage rating less than 1000 volts, 
provided that all the following conditions are met: 

a. The system is used exclusively for control circuits. 

b. The conditions of maintenance and supervision 
ensure that only qualified persons service the 
installation. 

c. Continuity of control power is required. 
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(4) Other systems that are not required to be grounded in 
accordance with the requirements of2S0.20(B) 

(B) Ground Detectors. Ground detectors shall be 
installed in accordance with 250.21(B)( 1) and (8)(2). 

(1) Ungrounded alternating current systems as permitted 
in 2S0.21(A)(1) through (A)(4) operating at not less 
than 120 volts and not exceeding 1000 volts shall 
have ground detectors installed on the system. 

(2) The ground d~tection sensing equipment shall be 
connected as close as practicable to where the system 
receives its upply. 

(C) i\-larking. Ungrounded systems shall be legibly marked 
"Ungrounded System" at the source or first disconnecting 
means of the system. The marking hall be of sufficient 
durability to withstand the environment involved. 

250.22 Circuits Not to Be Grounded. 

The following circuits shall not be grounded: 

(1) Circuits for electric cranes operating over 
combustible fibers in Class III locations, as provided 
in S03.1SS 

(2) Circuits in health care facilities as provided in S17.61 
and S17.160 

(3) Circuits for equipment within electrolytic cell 
working zone as provided in Article 668 

(4) Secondary circuits of lighting systems as provided in 
411.S(A) 

(S) Secondary circuits of lighting systems as provided in 
680.23(A)(2). 

250.24 Grounding Service-Supplied Alternating
Current Systems. 

(A) System Grounding Connections. A premises wiring 
system supplied by a grounded ac service shall have a 
grounding electrode conductor connected to the grounded 
service conductor, at each service, in accordance with 
2S0.24(A)(l) through (A)(S). 

(1) General. The grounding electrode conductor 
connection shall be made at any accessible point from the 
load end of the service drop or service lateral to and 
including the terminal or bus to which the grounded service 
conductor is connected at the service disconnecting means. 

Informational Note: See definitions of Service Drop and 
Service Lateral in Article 100. 

(2) Outdoor Transformer. Where the transformer 
supplying the service is located outside the building, at 
least one additional grounding connection shall be made 
from the grounded service conductor to a grounding 
electrode, either at the transformer or elsewhere outside 
the building. 
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ARTICLE 250 - GROUNDING AND BONDING 250.24 

Exception: The additional grounding electrode conductor 
connection shall not be made on high-impedance 
grounded neutral systems. The ~ystem shall meet the 
requirements of 250.36. 

(3) Dual-Fed Services. For services that are dual fed 
(double ended) in a common enclosure or grouped 
together in separate enclosures and employing a 
secondary tie, a single grounding electrode conductor 
connection to the tie point of the grounded conductor(s) 
from each power source shall be permitted. 

(4) Main Bonding Jumper as Wire or Busbar. Where 
the main bonding jumper specified in 250.28 is a wire or 
busbar and is installed from the grounded conductor 
terminal bar or bus to the equipment grounding terminal 
bar or bus in the service equipment, the grounding 
electrode conductor shall be permitted to be connected to 
the equipment grounding terminal, bar, or bus to which 
the main bonding jumper is connected. 

(5) Load-Side Grounding Connections. A grounded 
conductor shall not be connected to normally non
current-carrying metal parts of equipment, to equipment 
grounding conductor( s), or be reconnected to ground on 
the load side of the service disconnecting means except as 
otherwise permitted in this article. 

Informational Note: See 7:?Q}Q for separately derived 
systems, 250.32 for connections at separate buildings or 
structures, and 250.142 for use of the grounded circuit 
conductor for grounding equipment. 

(B) Main Bonding Jumper. For a grounded system, an 
unspliced main bonding jumper shall be used to connect 
the equipment grounding conductor(s) and the service
disconnect enclosure to the grounded conductor within 
the enclosure for each service disconnect in accordance 
with 250.28. 

Exception No.1: Where more than one service 
disconnecting means is located in an assembly listed for 
use as service equipment, an unspliced main bonding 
jumper shall bond the grounded conductor(s) to the 
assembly enclosure. 

Exception No.2: impedance grounded neutral systems 
shall be permitted to be connected as provided in 250.36 
and 250.186. 

(C) Grounded Conductor Brought to Service 
Equipment. y{h~rc.> an ac system operating at less than 
1000 volts is grounded at any point, . t~~ grounded 
conductor(s) shall be routed with theunground~d 

conductors to ~ach service disconnecting means ~nd shall 
be connected to each disconnecting means grounded 
conductor(s) terminal or bus. A main bonding jumper 
shall connect the grounded conductor(s) to each service 
disconnecting means enclosure. The grounded 
conductor( s) shall be installed in accordance with 
250.24(C)(1) through (C)(4)1 
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Exception: .JJ~t!~re two ur more service disconnecting means 
are located in a single assembly listed/or use as service 
equipment, it shall be permitted to connect the grounded 
conductor(~) to the assembly common grounded 
conductor(s) terminal or bus. The assembly shall include 
a main bonding jumper for connecting the grounded 
conductor(s) to the assembly enclosure. 

(I) Sizing for a Sin~ie Rac~way. · The grouIlde4 
(;l?I!Ql.l£tq~ ,.~h!!tL ..... ,Il<?L" be ~maller than the required 
grounding electrode conductor specified in Table 250.66 
but shall not , .. ?e .. ~~q lli~~d to b~ larger than the largest 
ungrounded service-entrance conductor(s) .. Tn addition, 
for ~ts of ungrounded ervice-entrance c()nd\lctorS larger 
than 1100 kcmil copper or 1750 kcmil ~Iun;i~~~m, the 
grounde<:l<;<?I1ductor shall not be smaller than 12 Yz percent 
of the circular mil area of the largest s~to( service-
entrance ungrounded] conductor{s). "." .. 

(2) :parallel Conductors in T\\'oor 10re Raceways. I( 
the ~l11grounded service-entrance conductors are installed 
in parallel in two or more raceways. the gr()lJ\1ded 
conductor shall also be installed in parallel. The. size of 
the grounded conductor in each race\\ ay shall be based on 
the total circular mil area of the parallel ungrounded 
conductors in the racl:'waYJ as indicated :ill~5.Q:~~l~K!J. 
but not smaller than 1/0 A WG. 

Informational Note: See lID.loOI) for grounded 
conductors connected in parallel. 

(3) Delta-Connectedserv"ice.TilegroundedconduC10r of 
a 3-phast!. 3-wire delta ervice shall have an ampacity not 
less than that of the ungrounded conductors. 

(4) High Impedance. The grounded conductor on a high
impedance grounded neutral system shall be grounded in 
accordance with 250.36. 

(D) Grounding Electrode Conductor. A grounding 
electrode conductor shall be used to connect the 
equipment grounding conductors, the service-equipment 
enclosures, and, where the system is grounded, the 
grounded service conductor to the grounding electrode(s) 
required by Part III of this article. This conductor shall be 
sized in accordance with 250.66. 

High-impedance grounded neutral system connections 
shall be made as covered in 250.36. 

Informational Note: See 250.24(A) for ac system 
grounding connections. 

(E) Ungrounded System Grounding Connections. A 
premises wiring system that is supplied by an ac service 
that is ungrounded shall have, at each service, a 
grounding electrode conductor connected to the 
grounding electrode(s) required by Part III of this article. 
The grounding electrode conductor shall be connected to 
a metal enclosure of the service conductors at any 
accessible point from the load end of the service drop or 
service lateral to the service disconnecting means. 
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250.26 ARTICLE 2S0 - GROUNDING AND BONDING 

250.26 Conductor to Be Grounded - Alternating
Current Systems. For ac premises wiring systems, the 
conductor to be grounded shall be as specified in the 
following: 

(1) Single-phase, 2-wire - one conductor 

(2) Single-phase, 3-wire - the neutral conductor 

(3) Multiphase systems having one wire common to all 
phases - the common conductor 

(4) Multiphase systems where one phase is grounded -
one phase conductor 

(S) Multiphase systems in which one phase is used as in 
(2) - the neutral conductor 

250.28 Main Bonding Jumper and System Bonding 
Jumper. For a grounded system, main bonding jumpers 
and system bonding jumpers shall be installed as follows: 

(A) Material. Main bonding jumpers and system bonding 
jumpers shall be of copper or other corrosion-resistant 
material. A main bonding jumper and a system bonding 
jumper shall be a wire, bus, screw, or similar suitable 
conductor. 

(B) Construction. Where a main bonding jumper or a 
system bonding jumper is a screw only, the screw shaH be 
identified with a green finish that shall be visible with the 
screw installed. 

(C) Attachment. Main bonding jumpers and system 
bonding jumpers shall be connected in the manner 
specified by the applicable provisions of 2S0.S. 

(D) Size. Main bonding jumpers and system bonding 
jumpers shall be sized in accordance with 2S0.2S(D)(1) 
through (D)(3). 

(1) General. Main bonding jumpers and system bonding 
jumpers shall not be smaller than the sizes shown in Table 
2S0.66. Where the supply conductors are larger than 1100 
kcmil copper or 17S0 kcmil aluminum, the bonding 
jumper shall have an area that is not less than 12Yz percent 
of the area of the largest phase conductor except that, 
where the phase conductors and the bonding jumper are 
of different materials (copper or aluminum), the minimum 
size of the bonding jumper shall be based on the assumed 
use of phase conductors of the same material as the 
bonding jumper and with an ampacity equivalent to that 
of the installed phase conductors. 

(2) Main Bonding Jumper for Service with More Than 
One Enclosure. Where a service consists of more than a 
single enclosure as permitted in 230.71 (A), the main 
bonding jumper for each enclosure shall be sized in 
accordance with 2S0.28(D)( 1) based on the largest 
ungrounded service conductor serving that enclosure. 
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(3) Separately Derived System with More Than One 
Enclosure. Where a separately derived system supplies 
more than a single enclosure, the system bonding jumper for 
each enclosure shall be sized in accordance with 
2S0.28(D)(1) based on the largest ungrounded feeder 
conductor serving that enclosure, or a single system bonding 
jumper shall be installed at the somce and sized in 
accordance with 2S0.2S(D)(l) based on the equivalent size 
of the largest supply conductor determined by the largest 
sum of the areas of the corresponding conductors of each set. 

250.30 Grounding Separately Derived Alternating
Current Systems. In addition to complying with 250.30(A) 
for ground d systems. or as provided in 250.30(B) for 
UflbJfOunded systems, separately derived systems shall 
comply with 250.2QL~5Q.?J. 250.22. and 250.26. 

Infonnational Note No.1: An alternate ac power source, 
uch as an oo-site generator, i~ not a separately d rived 

s}stcm if the grounded conductor i solidly 
interconnected to a scrvice-supplied l>)'~lcm grounde~ 
conductor. An cX3mpie of such a situation is wh r~ 
alternate ouree transfer equipm nt doc not include ~ 
. witching action in the grounded conductor and allo\\s i( 
10 remain ~olidly connected to the ser\'ic -suppli q 
grounded conductor when the altcmate source i~ 
2~~lion Land supplying the load ervcd. 

Infonnational Note No. 2: S 445.13 for the minim1.lllt 
izc of conductors that carry fault current. 

(A) Grounded Systems. A separately derived ac system 
that is grounded shall comply with 250.30(A)(l) through 
(A)(S). Except as otherwise permitted in this article, a 
grounded conductor shall not be connectc~ to normally 
non-current-carrying metal parts of equipment, be 
connected to equipment grounding conductors, or be 
reconnected to ground on the load side of the system 
ponding jumper. 

Informational Note: See 250.32 for connections at 
separate buildings or stnlctures, and 250.l42 for use of 
the grounded circuit conductor for grounding equipment. 

Exception: Impedance grounded neutral system 
grounding connections shall be made as spec~fied in 
250.36 or 250.186, as applic;able. 

(1) System Bonding Jumper. An unspliced system 
~()[l~iI1gjumper ~hall comply with 2S0.28(A) through 
(D). This connection shall be made at any single point on 
the separately derived system from the source to the first 
system disconnecting means or overcurrent device, or it 
shall be made at the source of a separately derived system 
that has no disconnecting means or overcurrent devices, in 
acCOrd\lllCC with" ·250.3(j(A')(I)(afor (b). The system 
bondmg jumper shall remain within the enclosure" here it 
originates. If the source is located outside the building or 
stmcture supplied. a system bonding jumper shan be 
installed at the grounding electrode connection in 
~2~.lPli~ll~~~\I'ith~ 5().)O(C). 
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ARTICLE 250 - GROUNDING AND BONDING 250.30 

§x:qeption No.1: f.~w s>~/cm~ i~I~/cJlIE!~(iJ,,!c:(,(),.da~u;~l' ·i1lt, 
~5'O. 6, a single system bondingj~;;'lpeJ~ ~~nnecti~~"t~ ' iheti~ 
point of the grounded circuit conductors from each power 
source shall be permitted. 

Exception No. 2: A system bonding jumper at both the 
source and the first disconnecting means shall be permitted 
if doing so does not , establish a parallel path for the 
grounded conductor. It" a grounded conductor is used in 
this manner, it shall not be smaller than the size specified 
for the system bonding jumper but shall not be required to 
be larger than the ungrounded conductor(s}. For the 
purposes of this exception, connection through the earth 
shall not be considered as providing a parallel path. 

Exception No.3: The size of the ~ystem bondingjumper for 
a system that supplies a Class 1, Class 2, or Class 3 circuit, 
and is derived fi-om a transformer rated not more than 
1000 volt-amperes, shall not be smaller than the derived 

'ullg~:;',~~,de(j conductors and shall not be smaller than 14 
A WG copper or 12 A WG aluminum. 

(a) Installed 01 Ihe SOIm:e. The system bonding 
jump r shall connect th~ grounded conductor to th supply
ide bonding jumper and the normally non-currcnl

carrying mct.11 enclosure. 

(b) III lalled (1/ the Fir I Di.\cunneclillg Hcan~. The 
system bonding jumper shall connect the grounded 
conductor to the supply- ide bonding jumper. the 
disconnecting means enclosur. and the equipment 
grounding conductor(s). 

(2) Supply-Side Bondfog.Jumpcr.if th~ source of a 
eparately derived system and tht! first di, connecting means 

are located in separate enclosures. a suppJy-. id~ bondin~ 
jumper shall be insL111cd with the circuit conductors ii-oni 
the source enclosure to the first di connecting means. A 
supply-side bonding jumper shall not be required to be 
larger than the derived ungrounded conductors. The supply~ 
ide bonding jumper shall be permitted to be of non!lexible, 

metal raceway type or ofth~ wire or bus type as tollows: 

(a) A supply- id~ bonding jumper of the wire IyJle 
shall comply with 250.102(C). baseo on the ize of thd 
aerived ungrounded conductors. 

(b) A supply-side bonding Iumpcr o(ille'wbut)~pe 
~hall ha\'e a cross-sectional area not smaller than a supply-: 
~idc bonding jumper of the wire type as determined in 
~50.1 02(C). 

(3) GrouDd~ Conductor. If a grounded conductor is 
install d and the sy tem bonding jumper c nnection is not 
located at the source, 250.30(A)(3)(a) throl~gh{.t\)P)(q) 
shall upplyJ 

(a) Sizing for {I Single Race~r"y. The grounued 
conductor shall not be smaller than the required grounding 
electrode conductor specified in Table 250.66 but shall not 
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be required to b larg r than the far.gctdcri~ cd ungrounded 
conductor(s)_ 10 addition. for set of delived ungrounded 
conductors larger than I tOO kcmil (:opper or 1750 kcmil 
aluminum. the grollnd~d conductor shall not be malier 
than 12Y2 percent of the circular mil area of th large t et 
of deri"ed Wlurounded conductors. 

(b) Parallel Cm,dllclon. ill nm or JfOl-e Raceways. It 
the ungrounded conductors (Ire in lalled in parallel in two ot:" 
more race\vays. the grounded conductor hall also b~ 
in 'talled in parallel. The i.zc of the grounded conductor ill 
each l1lc~way hall be based on the tOlal circular mil area ot~ 
tllC parallel d~ri\ cd ungrounded conductors in the raceway a~ 
indicated in 250.30(A)(J)(a). but not smaller than 1/0 A WG. 

Informational Note: ce 310.10(11) for Ilroundcd 

~()ii~iif,t9rs 'C.Q~~~.t~~ , (~p!l!1!U~l~ 
(c) Dell£l-C()nllecfed' sj,.\:;e~l. fh~ gTo'undcdconducior 

of a 3-phase. 3-win: delta s}stem . lUll! have an ampacily 
!l,(?t J<:!~s than {hat of the ungroUlldcd conductors. 

(d) Impedance Gro~;,aed ' .' ·stem. " 'The ' grounded, 
conductor of an impedance grounded neutral system shall be 
installed in accordance with 250.36 or 250.186, as applicable. 

(4) GrouDdin~ Electrodr. The grounding el~ctrodc shall 
be as near tlS pmcticablc to, and preferably in the ame area 
as. the grounding ~Iectflldc conductor connection (0 (he 
syslem. The grounding electrode shall, ~(!tb(!nearestQ[ 9.ll.~ 
of the rollowing: 

(1) Metal water pip~ ST.9 U!!qil}g eJ~~!rQ9\! ".~ ."_p(!~inS~.I . .i~,,l, 
250.52(A)( I 

(2) Slmctural metal grounding electrode as specified ill 
~~Q:?7iA)(7. ) 

Exc~plion No. I: A~\' of lite other electrode,\ idf..'lIlified in 
250.52(.1) shall be 1I~('d if th(' electrodes _'pf:'cijieJ by 
250.30(.4){4) (In) not (JVtJilahle. 

Exceptioll No. 2 lu (I) and (2): (( a separafe~r derived 
system orig;l1a/~s in lilled equipment ~uitahle (ur use as 
ervic:e equipment. lilt f?rounding electro(/.' used for the 
'ervice or /t'eder e{/tlipment shall he permitted m Ihe 

grounding declrode/or /he sepm'ale(l' derived .'yslf..'nl. 

Informational Note No. l: S~~ ~50.164(D)tobonding 
rn:tuir (l1ent~ lor int~rior metal wm~rpipil1g . ~~I _tll~ ":l~~a,. 
sen ed by ~\.'parately d\.'ri\'ed Systl'Jn . 

Informational Note No.2 : $\.'e 250.50 ··· nd 25().58 (or 
reqllir~menl for honding. all dectrodc;! log.elhcr if 
located at the -ame huilding or ~tntctllrc . 

(~) Grounding Electrode Conductor, Single Separately 
Derived System. A grounding electrode conductor for a 
single separately derived system shall be sized in 
accordance with 250.66 for the derived ungrounded 
conductors. It shall be used to connect the grounded 
conductor of the derived system to the grounding electrode 
as specified in 250.30(A)(4). This connection shall be made 
at the same point on the separately deri ved system where 
the system bonding jumper is connected. 
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250.30 ARTICLE 250 - GROUNDING AND BONDING 

Exception No.1: if the system bonding jumper specified 
in 250.30(A)(1) is a wire or busbar, it shall be permitted 
to connect the grounding electrode conductor to the 
equipment grounding terminal, bar, or bus, provided the 
equipment grounding terminal, bar, or bus is of sufficient 
size for the separately derived system. 

Exception No.2: :Ii a separately derived system originates 
in listed equipment suitable as service equipment, the 
grounding electrode conductor from the service or feeder 
equipment to the grounding electrode shall be permitted as 
the grounding electrode conductor for the separately 
derived system, provided the grounding electrode 
conductor is of sufficient size for the separately derived 
system. If the equipment grounding bus internal to the 
equipment is not smaller than the required grounding 
electrode conductor for the separately derived system, the 
grounding electrode connection for the separately derived 
system shall be permitted to be made to the bus. 

Exception No.3: A grounding electrode conductor shall 
not be required for a system that supplies a Class 1, Class 
2, or Class 3 circuit and is derived from a transformer 
rated not more than 1000 volt-amperes, provided the 
grounded conductor is bonded to the transformer frame 
or enclosure by a jumper sized in accordance with 
250.30(A)(1)) Exception No. 3, and the transformer frame 
or enclosure is grounded by one of the means specified in 
250.134. 

(I ) Grounding Electrode Conductor, Multiple 
Separately Derived Systems. A common grounding 
electrode conductor for multiple separaldy derived 
systems shall be permitted. If installed, the common 
grounding electrode conductor shall be used to connect 
th~ grounded conductor of the separal Iy derived sy terns 
to the grounding electrod as specified in 250.30(A)(4). A 
grounding cl ctrode conductor lap shall then be installed 
from each cparately derived system to the common 
grounding electrode conductor. Each lap conductor hall 
conn ct the grounded conductor of the separately derived 
yslcm to the common grounding electrode conductor. 

This connection shall be made at the same point on the 
eparately derived system where the system bonding 

jumper is connected. 

Exception No.1: lJ the system bonding jumper specified 
in 250.30(A)(J) is a wire or busbar, it shall be permitted 
to connect the grounding electrode conductor rap to the 
equipment grounding terminal) bar, or bus, provided the 
equipment grounding terminal, bar, or bus is of sufficient 
size for the separately derived systern. 

Exception No.2: A grounding electrode conductor shall 
not be required for a system that supplies a Class 1, Class 
2, or Class 3 circuit and is derived from a transformer 
rated not more than 1000 volt-amperes, provided the 
system grounded conductor is bonded to the transformer 
frame or enclosure by a jumper sized in accordance with 
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250.30(A)(J), Exception No.3, and the transformer frame 
or enclosure is grounded by one of the means specified in 
250.134. 

(a) Common Grounding Electrode Co"ductur. The 
common grounding electrode conductor shall I?t!pt!~i~g 
to be one of the following: 

(1) A conductor of the wire type not smaller than 3/0 
AWG copper or 250 kcmil aluminum 

(2) The metal frame of ·· ihe···· l)uHdillg·· or Struc"urethat 
complie with 250.52(A)(2) or i connected to the 
grounding electrode sy tern by a conductor that hall 
not be smaller than 3/0 AWG copper or 250 kcmil 
aluminum 

(b) Tap Conductor Size. Each tap conductor shall 
be sized in accordance with 250.66 based on the derived 
ungrounded conductors of the separately derived system 
it serves. 

Exception: if a separately derived system originates in 
listed equipment suitable as service equipment, the 
grounding electrode conductor from the service or feeder 
equipment to the grounding electrode shall be permitted 
as the grounding electrode conductor for the separately 
derived system, provided the grounding electrode 
conducto!' is of suffiCient size for the separately derived 
system. If the equipment ground bus internal to the 
equipment is not smaller than the required grounding 
electrode conductor for the separately derived system, the 
grounding electrode connection for the separately derived 
system shall be permitted to be made to the bus. 

(c) Connections. All tap connections to the 
common grounding electrode conductor shall be made at 
an accessible location by one of the following methods: 

(1) A connector listed as gr()~IIlQillg . ~J1Q~()ll~illg 
equipment. 

(2) List~9 . ~()l1nections to aluminum or copper busbars 
not smaller; than 6 mm x 50 mm ('i4 in. x 2 in.) . Jf 
aluminum busbars are used, the installation shall 
comply with 250.64(A). 

(3) The exothermic welding process. 

Tap conductors shall be connected to the common 
grounding electrode conductor in such a manner that the 
common grounding electrode conductor remains without 
a splice or joint. 

(7) Installation. The installation of all grounding electrode 
conductors shall comply with 250.64(A), (B), (C), and (E). 

(8) Bonding. Structural steel and metal piping shall be 
connected to the grounded conductor of a separately derived 
system in accordance with 250.1 04(D). 
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ARTICLE 250 - GROUNDING AND BONDING 250.32 

(B) Ungrounded Systems. The equipment of an 
ungrounded separately derived system shall be grounded 
and bonded as specified in 250.30(B)(I) ~hrough (B)(3) 

(1) Grounding Electrode Conductor. A grounding 
electrode conductor, sized in accordance with 250.66 for 
the largest derived ungrounded conductor(s} or ct of 
perived ungrounded conductors, shall be used to connect 
the metal enclosures of the derived system to the 
,grounding electrode as specified in 250.30(A)(5) or (6) 
as applicable. This connection shall be made at any point 
on the separately derived system from the source to the 
first system disconnecting means. 1 f the source is located 
outside the building or structure supplied. a grounding 
electrode connection shall be made in compliance with 
250.30(C). 

(2) Grounding Electrode. Except as permitted by 
250.34 for portable and vehicle-mounted generators, the 
grounding electrode shall comply with 250.30(A)(4). 

~jfBondlngPafh'an(r'CODductor. A supply-side 
bonding jumper shall be installed from the source of a 
separately derived system to the first disconnecting 
means in compliance with 250.30(A)(2). 

(C) Outdoor Source. If the sourc~ of tile separately 
,derived sy tem is located outside the building or 
~tructure suppli~d. a grounding electrode connection 
~hall be made at the ouree location to one or more 
grounding electrodes in compliance with 250.50. In 
addition. the insk'lliation shall comply with 250.30(A) 
for grounded systc-ms or \ ith 250.30(8) for ungrounded 
systems. 

Excepfion: The grounding e/('clrode conductor connection 
for impedallce grounded l1eulral.\;J~telll,.\'h(IIlC01rlpJy~1Jlll 
~~ 0.36 ur 2:2f!"~l~Q~q,ClPl!l~t;q!!It(/ 

250.32 Buildings or Structures Supplied by a Feeder(s) 
or Branch Circuit(s). 

(A) Grounding Electrode. Building(s) or structure(s) 
supplied by feeder(s) or branch circuit(s) shall have a 
grounding electrode or grounding electrode system 
installed in accordance with Part III of Article 250. The 
grounding electrode conductor(s) shall be connected in 
accordance with 250.32(B) or (C). Where there is no 
existing grounding electrode, the grounding electrode(s) 
required in 250.50 shall be installed. 

Exception: A grounding electrode shall not be required 
where only a single branch circuit, including a 
multiwire branch circuit, supplies the building or 
structure and the branch circuit includes an equipment 
grounding conductor for grounding the normally non
current-canying metal parts of equipment. 
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(B) Grounded Systems. 

(1) Supplied by a Feeder or Brancb Circuit. ~ 
equipment grounding conductor, as described in 250.118, 
shall be run with the supply conductors and be connected 
to the building or structure disconnecting means and to 
the grounding electrode(s). The equipment grounding 
conductor shall be used for grounding or bonding of 
equipment, structures, or frames required to be grounded 
or bonded. The equipment grounding conductor shall be 
sized in accordance with 250.122. Any installed grounded 
conductor shall not be connected to the equipment 
grounding conductor or to the grounding electrode(s). 

Exception: For installalions made in 'ompliance with 

p"e\Jious ('t.{i!il!'!~(![Jllt, r;gc!~Jh<-l!p~!~f1'Iitt~cj~/l~h 
~:g~1.1J~£!l<!~l. the grounded conductor run with the supply 
to the building or structure shall be permitted to lerve as 
the ground-fault return po.!h .i[qll. o!r"e!ollowing 
requirement cuntinue 10 be met: 

(1) An equipment grounding conductor is not run with 
the supply to the building or structure. 

(2) There are no continuous metallic paths bonded to the 
grounding system in each building or structure 
involved. 

(3) Ground-fault protection of equipment has not been 
installed on the supply side of the feeder(s). 

If the grounded conductor is used for grounding in 
accordance with the provision of this exception, the size 
of the grounded conductor shall not be smaller than the 
larger of either of the following: 

(1) That required by 220.61 

(2) That required by 250.122 

(2) Supplied by Separately Derived System.' 

(a) With ·····Over(·,lrr"n( . Protect;'on. ····· lf · ovcrcurrcili 
protection is provided \\ here the conductors originate, the 
iJ1~t~ll~tion hall comply with 250.32(8)( I). 

(b) Witholll Overcun'ent Protection. If overcurrenl 
protection is not provided where the conductors originate. 
the installation hall comply with :!50.30(A). If installed. 
th~ supply-side bonding jumper hall he connected to the 
building or Slmcture disconnecting means and to the 
grounding electrode{s). 

(C) Ungrounded Systems. 

tij ··· SuppHedby·'al··'Feeder·' or·'··· Branch Circuit. An 
equipment grounding l.'Onductor. as described in 250.118. 
shall be installed with the supply conductors and be 
connected to the building or stnlcture di~connecti-ng 
means and to the grounding electrode(s). The grounding 
electrode(s) shall also be connected to the building or 
structure disconnecting means. 
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250.34 ARTICLE 250 - GROUNDING AND BONDING 

(2) Supplied 'by' aSeparaiely DerlvedSysiell1. 
(a) With ' Ol-·et"CIlr,.entP;'~i~·ction. If Qvc'rcurrellt. 

protection is provided \ her the conductors originate, the 
installation shall comply with (C)(I). 

(b) Jf'ithour O~'ercurrenl Protection. If 0\1 crcurrcnl 
protection is not provided where the conductors originate .. 
~he installation shall comply with 250.30(8). If installed, 
the supply-side bonding jumper sball be connected to the 
building or structuredi<:()f1f1~(!ti~g , !!,!e~ll and to the 
groun~illgl!lt:ctrode(s ). 

(D) Disconnecting Means Located in Separate 
Building or Structure on the Same Premises. Where 
one or more disconnecting means supply one or more 
additional buildings or structures under single 
management, and where these disconnecting means are 
located remote from those buildings or structures in 
accordance with the provisions of 225.32, Exception No. 
1 and No. 2, 700.12(B)(6), 701.12(B)(5), or 702.12, all of 
the following conditions shall be met: 

(1) The connection of the grounded conductor to the 
grounding electrode, to normally non-current
carrying metal parts of equipment, or to the 
equipment grounding conductor at a separate 
building or structure shall not be made. 

(2) An equipment grounding conductor for grounding 
and bonding any normally non-current-carrying 
metal parts of equipment, interior metal piping 
systems, and building or structural metal frames is 
run with the circuit conductors to a separate building 
or structure and connected to existing grounding 
electrode( s) required in Part III of this article, or, 
where there are no existing electrodes, the grounding 
electrode(s) required in Part III of this article shall be 
installed where a separate building or structure is 
supplied by more than one branch circuit. 

(3) The connection between the equipment grounding 
conductor and the grounding electrode at a separate 
building or structure shall be made in a junction box, 
panelboard, or similar enclosure located immediately 
inside or outside the separate building or structure. 

(E) Grounding Electrode Conductor. The size of the 
grounding electrode conductor to the grounding 
electrode(s) shall not be smaller than given in 250.66, 
based on the largest ungrounded supply conductor. The 
installation shall comply with Part III of this article. 

250.34 Portable and Vehicle-Mounted Generators. 

(A) Portable Generators. The frame of a portable 
generator shall not be required to be connected to a 
grounding electrode as defined in 250.52 for a system 
supplied by the generator under the following conditions: 
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(I) The generator supplies only equipment mounted on the 
generator, cord-and-plug-connected equipment through 
receptacles mounted on the generator, or both, and 

(2) The nOlmally non-current-carrying metal parts of 
equipment and the equipment grounding conductor 
terminals of the receptacles are connected to the 
generator frame. 

(B) Vehicle-Mounted Generators. The frame of a vehicle 
shall not be required to be connected to a grounding 
electrode as defined in 250.52 for a system supplied by a 
generator located on this vehicle under the following 
conditions: 

(l) The frame of the generator is bonded to the vehicle 
frame, and 

(2) The generator supplies only equipment located on the 
vehicle or cord-and-plug-connected equipment through 
receptacles mounted on the vehicle, or both equipment 
located on the vehicle and cord-and-plug-connected 
equipment through receptacles mounted on the vehicle 
or on the generator, and 

(3) The normally non-current-carrying metal parts of 
equipment and the equipment grounding conductor 
terminals of the receptacles are connected to the 
generator frame. 

(C) Grounded Conductor Bonding. A system conductor 
that is required to be grounded by 250.26 shall be 
connected to the generator frame where the generator is a 
component of a separately derived system. 

Informational Note: For grounding portable generators 
supplying fixed wiring systems, see 250.30. 

250.35 Permanently Installed Generators. A conductor 
that provides an effective ground-fault current path shall be 
installed with the supply conductors from a permanently 
installed generator(s) to the first disconnecting mean(s) in 
accordance with (A) or (8). 
(A) Separately Derived System. If the generator is 
installed as a separately derived system, the requirements in 
250.30 shall apply. 

(8) Nonseparatel)' Derived System. If the generator is 
installed as a nonseparately derived sy tern, and 
o crcurrent protection i not integral with the generator 
assembly. a supply.side bonding jumper shall be installed 
between the generator cqulprn~nt grounding terminal and 
the equipment grounding lenninal, bar, or bus of the 
disconnecting mean( ). It shall be sized in accordance with 
250.I02(C) based on the ~ ize of the conductors suppli~~y 
the generator. 

250.36 High-Impedance Grounded Neutral Systems. 
High-impedance grounded neutral systems in which a 
grounding impedance, usually a resistor, limits the ground
fault current to a low value shall be permitted for 3-phase 
ac systems of 480 volts to 1000 volts if all the following 
conditions are met: 
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(1) The conditions of maintenance and supervision ensure 
that only qualified persons service the installation. 

(2) Ground detectors are installed on the system. 

(3) Line-to-neutralloads are not served. 

High-impedance grounded neutral systems shall 
comply with the provisions of250.36(A) through (G). 

(A) Grounding Impedance Location. The grounding 
impedance shall be installed between the grounding 
electrode conductor and the system neutral point. It a 
neutral point is not available, the grounding impedance 
shall be installed between the grounding electrode 
conductor and the neutral point derived from a grounding 
transformer. 

(B) Grounded System Conductor. The grounded system 
conductor from the neutral point of the transformer or 
generator to its connection point to the grounding 
impedance shall be fully insulated. 

The grounded system conductor shall have an 
ampacity of not less than the maximum current rating of 
the grounding impedance but in no case shall the 
grounded system conductor be smaller than 8 AWG 
copper or 6 AWG aluminum or copper-clad aluminum. 

(C) System Grounding Connection. The system shall 
not be connected to ground except through the grounding 
impedance. 

Infonnational Note: The impedance is nonnally selected 
to limit the ground-fault current to a value slightly 
greater than or equal to the capacitive charging current 
of the system. This value of impedance will also limit 
transient overvoltages to safe values. For guidance, refer 
to criteria for limiting transient overvoltagesin 
ANSI/IEEE 142-1991, Recommended Practice for 
Grounding of industrial and Commercial Power 
Systems. 

(D) Neutral Point to Grounding Impedance Conductor 
Routing. The conductor connecting the neutral point of 
the transformer or generator to the grounding impedance 
shall be permitted to be installed in a separate raceway 
from the ungrounded conductors. It shall not be required 
to run this conductor with the phase conductors to the first 
system disconnecting means or overcurrent device. 

(E) Equipment Bonding Jumper. The equipment 
bonding jumper (the connection between the equipment 
grounding conductors and the grounding impedance) shall 
be an unspliced conductor run from the first system 
disconnecting means or overcurrent device to the 
grounded side of the grounding impedance. 

(F) Grounding Electrode Conductor Location. The 
grounding electrode conductor shall be connected at any 
point from the grounded side of the grounding impedance 
to the equipment grounding connection at the service 
equipment or first system disconnecting means. 
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(G) Equipment Bonding Jumper Size. The equipment 
bonding jumper shall be sized in accordance with (1) or 
(2) as follows: 

(1) If the grounding electrode conductor connection is 
made at the grounding impedance, the equipment 
bonding jumper shall be sized in accordance with 
250.66, based on the size of the service entrance 
conductors for a service or the derived phase 
conductors for a separately derived system. 

(2) If the grounding electrode conductor is connected at 
the first system disconnecting means or overcurrent 
device, the equipment bonding jumper shall be sized 
the same as the neutral conductor in 250.36(8) . 

III. Grounding Electrode System and Grounding 
Electrode Conductor 

250.50 Grounding Electrode System. All grounding 
electrodes as described in 250.52(A)(1) through (A)(7) 
that are present at each building or structure served shall 
be bonded together to form the grounding electrode 
system. Where none of these grounding electrodes exist, 
one or more of the grounding electrodes specified in 
250.52(A)( 4) through (A)(8) shall be installed and used. 

Exception: Concrete-encased electrodes of existing 
buildings or structures shall not be required to be part of 
the grounding electrode system where the steel 
reinforcing bars or rods are not accessible for use 
without disturbing the concrete. 

250.52 Grounding Electrodes. 

(A) Electrodes Permitted for Grounding. 

(1) Metal Underground Water Pipe. A metal 
underground water pipe in direct contact with the earth 
for 3.0 m (10 ft) or more (including any metal well casing 
bonded to the pipe) and electrically continuous (or made 
electrically continuous by bonding around insulating 
joints or insulating pipe) to the points of connection of the 
grounding electrode conductor and the bonding 
conductor(s) or jumper(s), if installed. 

(2) Metal Frame of the Building or Structure. The 
metal frame of the building or structure that is connected 
to the earth by pne or more of the following methods: 

( 1 ) At Icasi"onesirucillrafinetalmelnbcr-ihalis"lo dIrect 
contact with the earth for 3.0 m (lOft) or more, with 
or without concrete encasement. 

(2) ~old-down bolts securing the slmctural steel column 
.hat are connected to a concrete-Imcused electrode 
~hat complies with 250.52(A)(3) and is located in the 
support footing or foundation. The hold-dm n bolts 
shall be l,;onnected to the concrete-encased electrode 
by welding. exothermic welding.t~t!usual steel ti~ 

~ir~.(?~. l?tJl~r.~PP~Qy~~ _~~~_~n~ .~. 
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(3) C~ncre~e~J3:llc~s~~~I~~~rode. A·'conciete:ellcase~ 
clectrode~' balf consist of at least 6.0 m (20 fl) of dlhcr (I ) 
or (2): 

(1) One or more bare or zinc galvanize<J or other 
electrically conductive coated steel reinforcing bars or 
rods of not less than 13 mOl (1!; in.) in diameter, 
installed in one continuous 6.0 m (20 fi) length. or if in 
muhiple pieces connected together by the usual steel tie 
wires, exolhennic welding. welding. or other etfective 
means to create a 6.0 m (20 11) or greater lenbJth; or 

(2) Bare copper conductOr not smaller than 4 A 'A'G 

Metallic components shall be encased by at lea t 50 
mOl (2 in.) of concrete and shall be located horizontally 
within that portion of a concrete foundation or footing 
that is in direct contaci with the earth or within vertical 
foundations or structural components or members that 
are in direct contact with the earth. If multiple 
concrete-encased electrodes arc pres~nt at a building or 
structure, it shall be pcnnissible to bond only one intq 
the grounding electrode system. 

Informational Note: Concrete installed \\ ith in 'ulation. 
~'apor barriers. films or similar items separating the 
concrete from the earth i nut considered 10 be in "direct 
~ont..'lct" with the earth ........................ ............. ............ . 

(4) Ground Ring. A ground ring encircling the building or 
structure, in direct contact with the earth, consisting of at 
least 6.0 m (20 ft) of bare copper conductor not smaller 
than 2 AWG. 

(5) Rod and Pipe Electrodes. Rod and pipe electrodes shall 
not be less than 2.44 m (8 ft) in length and shall consist of 
the following materials. 

(a) Grounding electrodes of pipe or conduit shall not 
be smaller than metric designator 21 (trade size %) and, 
where of steel, shall have the outer surface galvanized or 
otherwise metal-coated for conosion protection. 

(b) Rod~~ grounding electrodes of stainless steel 
and copper or zinc coated steel shall be at least IS.87 mm 
Cis in.) in diameter, unless !iCied. 
(6) Other Listed Electrodes. Other listed grounding 
electrodes shall be pennitted. 

(7) Plate Electrodes. Each plate electrode shall expose not 
less than 0.186 m2 (2 ft2) of surface to exterior soil. 
Electrodes of hare or conducti,;elycoated iroJ:l()rst~elplat~s. 
shall be at least 6.4 nun ('14 in.) in thickness. Solid. uncoat~ 
electrodes of nonferrous metal shall be at least 1.S mm (0.06 
in.) in thickness. 

(8) Other Local Metal Underground Systems or 
Structures. Other local metal underground systems or 
structures such as piping systems, underground tanks, and 
underground metal well casings that are not bonded to a 
metal water pipe. 
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(B) Not Permitted for Use as Grounding Electrodes. The 
following systems and materials shall not be used as 
grounding electrodes: 

(1) Metal underground gas piping systems 

(2) Aluminum 

Informational Note: See 250.104(8) for bonding 
requirements of gas piping. 

250.53 Grounding Electrode System Installation. 

Infonnational Note: See 547.9 and 547.10 for special 
grounding and bonding requirements for agricultural buildings. 

(A) Ro~,Pipe, . an~gl~~~~I~ctro~es ... Rod. pipe~ andplat~ 
electrodes hall meet the requirements of 250.53(A)( I) 
t~rough (A)( 3). 

(JJ ~J!~ .. ~\! . ~~r~~I.I(!llt~l()istlJ~~. ~~,,~I.JJ practicable, 
rod, pipe, and plate electrodes shall be embedded below 
permanent moisture level. Rod, pipe, and plate 
electrodes shall be free from nonconductive coatings 
such as paint or enamel. 

('2)Supplement'aTElectrodeRequired. A inglc rod, pipe, 
or plate electrode hall be supplemented by an additional 
electrode of a type specified in 250.52(A)(2) through 
(A)(X). The upplemental dcctrode shall be permitted to be 
bonded lo one of the following: 

(1) Rod. pipe, or plate electrode 

(2) Grounding dectrode conductor 

(3) Grounded service-entranc conductor 

(4) Nonflexible grounded service raceway 

(S) Any grounded service enclosure 

l}~cePliol1 : If a single rod, pipe, or plate grounding 
eie~'lrode h~ a rcsiSllmc:e 10 earth of 25 ohm or les . the 
Slipp/emellial eleclrode shllll not be requireq:, 

(3) Supplemental Electrode. If multiple rod, pipe, or plate 
electrodes are installed to meet the requirements of this 
section, they shall not be less than 1.8 m (6 ft) apat1. 

IIlf()Ell1~tion~l~ot~: TIle paralleling cllickncy of rods i 
incrl.;ascd by spacing Ihem Iwice Ihe length of the 
,1()llg~~(r.o~ .. 

(B) Electrode Spacing. Where more than one of the 
electrodes of the type specified in 2S0.S2(A)(S) or (A)(7) 
are used, each electrode of one grounding system 
(including that used for strik~ tennination devices) shall not 
be less than 1.83 m (6 ft) from any other electrode of 
another grounding system. Two or more grounding 
electrodes that are bonded together shall be considered a 
single grounding electrode system. 
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ARTICLE 250 - GROUNDING AND BONDING 250.64 

(C) Bonding Jumper. The bonding jumper(s) used to 
connect the grounding electrodes together to form the 
grounding electrode system shall be installed in accordance 
with 250.64(A), (B), and (E), shall be sized in accordance 
with 250.66, and shall be connected in the manner specified 
in 250.70. 

(D) Metal Underground Water Pipe. If used as a 
grounding electrode, metal underground water pipe shall 
meet the requirements of250.53(D)(l) and (D)(2). 

(1) Continuity. Continuity of the grounding path or the 
bonding connection to interior piping shall not rely on 
water meters or filtering devices and similar equipment. 

(2) Supplemental Electrode Required. A metal 
underground water pipe shall be supplemented by an 
additional electrode of a type specified in 250.52(A)(2) 
through (A)(8). If the supplemental electrode is of 'h~ rod, 
pipe, or plate type, it shall comply with 250.53( A), The 
supplelll~ntal electrode shall bebond~d to one of th~ 
folio\~ing: ... .~ . . 

(1) 'Grounding electrode conductor 

(2) Gro.uildcdsen~ice-entrance conductor 

(3) Nonflexible grounded service rdce\\ay 

(4) Any grounded service enclosure 

(5) A.spr()yi~est~y~?Q~JftE3) 

Exception: The supplemental electrode shall be permitted 
to be bonded to the interior metal water piping at any 
convenient point as specified in ¥~'V~(~{~)( l), Exception. 

(E) Supplemental Electrode Bonding Connection Size. 
Where the supplemental electrode is a rod, pipe, or plate 
electrode, that portion of the bonding jumper that is the sole 
connection to the supplemental grounding electrode shall 
not be required to be larger than 6 AWG copper wire or 4 
AWG aluminum wire. 

(F) Ground Ring. The ground ring shall be buried at a depth 
below the earth' s surface of not less than 750 mm (30 in.). 

(G) Rod and Pipe Electrodes. The electrode shall be 
installed such that at least 2.44 m (8 ft) of length is in 
contact with the soil. It shall be driven to a depth of not less 
than 2.44 m (8 ft) except that, where rock bottom is 
encountered, the electrode shall be driven at an oblique 
angle not to exceed 45 degrees from the vertical or, where 
rock bottom is encountered at an angle up to 45 degrees, 
the electrode shall be permitted to be buried in a trench that 
is at least 750 mm (30 in.) deep. The upper end of the 
electrode shall be flush with or below ground level unless 
the aboveground end and the grounding electrode 
conductor attachment are protected against physical 
damage as specified in 250.10. 

(H) Plate Electrode. Plate electrodes shall be installed not 
less than 750 mm (30 in.) below the surface of the earth. 
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250.54 Auxiliary Grounding Electrodes. One or more 
grounding electrodes shall be permitted to be connected to 
the equipment grounding conductors specified in 250.118 
and shall not be required to comply with the electrode 
bonding requirements of 250.50 or 250.53(C) or the 
resistance requirements of 250.53(A)(2) Exception, but the 
earth shall not be used as an effective ground-fault current 
path as specified in 250.4(A)(5) and 250.4(B)( 4). 

250.58 Common Grounding Electrode. Where an ac 
system is connected to a grounding electrode in or at a 
building or structure, the same electrode shall be used to 
ground conductor enclosures and equipment in or on that 
building or structure. Where separate services, feeders, or 
branch circuits supply a building and are required to be 
connected to a grounding electrode(s), the same 
grounding electrode(s) shall be used. 

Two or more grounding electrodes that are bonded together 
shall be considered as a single grounding electrode system 
in this sense. 

250.60 Use of S.~.I:i. I<.~ .. !.:r"11!!t;tli911 Qeyj~es. · olldiictors 
and driven pipes, rods, or plate electrodes used for 
grounding :>trike tcmlinalion devices shall not be used in 
lieu of the grounding electrodes required by 250.50 for 
grounding wiring systems and equipment. This provision 
shall not prohibit the required bonding together of 
grounding electrodes of different systems. 

Informational Note No.1: See 250.106 for spacing ii'om 
Mrike lermjn,,1rionde~ic:cs . See 800.1 OO(D), 810.21 (1), and 
820.100(D) for bonding of electrodes. 

Infonnational Note No. 2: Bonding together of all 
separate grounding electrodes will limit potential 
differences between them and between their associated 
wiring systems. 

250.62 Grounding Electrode Conductor Material. The 
grounding electrode conductor shall be of copper, aluminum, 
or copper-clad aluminum. The material selected shall be 
resistant to any corrosive condition existing at the installation 
or shall be protcclt'd against corrosion. The conductor shall 
be solid or stranded, insulated, covered, or bare. 

250.64 Grounding Electrode Conductor Installation. 
Grounding electrode conductors at the service, at each 
building or structure where supplied by a feeder(s) or 
branch circuit(s), or at a separately derived system shall be 
installed as specified in 250.64(A) through (F). 

(A) Aluminum or Copper-Clad Aluminum Conductors. 
Bare aluminum or copper-clad aluminum grounding 
clectrodd conductors shall not be used where in direct 
contact with masonry or the earth or where subject to 
corrosive conditions. Where used outside, aluminum or 
copper-clad aluminum grounding electrode conductors 
shall not be terminated within 450 mm (18 in.) of the earth. 
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(B) Securing and Protection Against Physical Damage. 
Where exposed, a grounding electrode conductor or its 
enclosure shall be securely fastened to the surface on which 
it is carri~d . . Grounding electrode conductors shall be 
pennitted tobe installed on or through framing member ~ A 
4 A W G or larger copper or aluminum grounding electrode 
conductor shall be protected if exposed to physical damage. 
A 6 AWG grounding electrode conductor that is free from 
exposure to physical damage shall be permitted to be run 
along the surface of the building construction without metal 
covering or protection if it is securely fastened to the 
construction; otherwise, it shall be protected in rigid metal 
conduit RMC, intermediate metal conduit (IMC), rigid 
polyvinyl chloride conduit (PVC), reinforced thermosetting 
resin conduit (RTRC), electrical metallic tubing EMT, or 
cable armor. Grounding electrode conductors smaller than 
6 A WG shall be pr()t(!(;ted in (RMC).IMC':'PVC . RTRC 
(EMT), or cable armor. 

(C) Contillllous. Except as provided in 250.30(A)(5) and 
(A)(~). 250.3()(B)( I). and 250.68(C) grounding electrode 
conductor( s) shall be installed in one continuous length 
without a splice()r joillt. If necessary. splice or 
~()IlI~~~~i()lls shall be made aspermitled in ( I ) through (4): 

(1) Splicing of the wire-type gr()l:1I1~illge.lectrodc conduct01" 
shall be permitted only by irreversible compression-type 
connectors listed as grounding and bonding equipment 
or by the exothermic welding process. 

(2) Sections of busbars shall be permitted to be connected 
together to form a grounding electrode conductor. 

(3) Boiled, ri et d, or welded connectiollsofSiruciurol 
metal frames ofhuildings or structures. 

(4) Threaded. welded, brazed. soldered or boltcd~flange 
~nnections of metal water piping. 

(D) Service with Multiple Disconnecting Means 
Enclosures. ) f a service consists of more than a single 
enclosure as permitted in 230.71(A), grounding electrode 
connections sha1l be made in accordance with 
250.64(D)(l), (D)(2), or (D)(3). 

(1) CGmmon Grounding Electrode Conductor ~nd 
Taps. A common grounding electrode conductor and 
grounding electrode conductor taps shall be installed. The 
common grounding electrode conductor shall be sized in 
accordance with 250.66, based on the sum of the circular 
mil area of the largest ungrounded service-entrance 
conductor( s). l;( the service-entrance conductors connect 
directly to a service drop or service lateral, the common 
grounding electrode conductor shall be sized in accordance 
with Table 250.66, Note 1. 

A grounding electrode conductor lap shall extend to 
the inside of each service disconnecting means enclosure. 
The grounding electrode conductor taps shall be sized in 
accordance with 250.66 for the largest s rvice-entrance 
conductor serving the individual enclosure. The tap 
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conductors shall be connected to the common grounding 
electrode conductor by one of the following methods in 
such a manner that the common grounding electrode 
conductor remains without a splice or joint: 

(1) Exoth nmc welding. 

(2) Connectors Ii ted as grounding and bonding 
equipment. 

(3) Connections to an aluminum or copper busbar not les 
than 6 mm x 50 mm (lh in. x 2 in.). The busbar shall 
be securely fastened and shall be installed in an 
accessible location. Connections shall be made by a 
listed connector or by the exothermic welding process. 
If aluminwn busbars af\! used, the installation shall 
comply with 250.64(A). 

(2) Individual Grounding Electrode Conductors. A 
grounding electrode conductor shall be connected 
between the grounded conductor in each service 
equipment disconnecting means enclosure and the 
grounding electrode system. Each grounding electrode 
conductor shall be sized in accordance with 250.66 based 
on the service-entrance conductor(s) supplying the 
individual service disconnecting means. 

(3) Common Location. A grounding electrode conductor 
shall be connected to the grounded service conductor( s) in 
a wire way or other accessible enclosure on the supply side 
of the service disconnecting means. The connection shall 
be made with exothermic welding or a connector listed as 
grounding and bonding equipment. The grounding 
electrode conductor shall be sized in accordance with 
250.66 based on the service-entrance conductor(s) at the 
common location where the connection is made. 

(E) Enclosures for Grounding Electrode Conductors. 
Ferrous metal enclosures for grounding electrode 
conductors shall be electrically continuous from the point of 
attachment to cabinets or equipment to the grounding 
electrode and shall be securely fastened to the ground clamp 
or fitting. Nonferrous metal enclosures shall not be required 
to be electrically continuous. Ferrous metal enclosures that 
are not physically continuous from cabinets or equipment to 
the grounding electrode shall be made electrically 
continuous by bonding each end ofthe raceway or enclosure 
to the grounding electrode conductor.~()J.1~iJ.1g methods in 
compliance with 2~9.92(B for installations at service 
equipment locations and with 250.92(B)(2) through (B)(4) 
for other than service equipment locations shall apply at 
each end and to all intervening ferrous raceways, boxes, and 
enclosures between the cabinets or equipment and the 
grounding electrode. The bonding jumper for a grounding 
electrode conductor raceway or cable armor shall be the 
same size as, or larger than, the enclosed grounding 
electrode conductor. If a raceway is used as protection for a 
grounding electrode conductor, the installation shall comply 
with the requirements of the appropriate raceway article. 
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(F) Installation to Electrode(s). Grounding electrode 
conductor(s) and bonding jumpers interconnecting 
grounding electrodes shall be installed in accordance with 
(1), (2), or (3). The grounding electrode conductor shall 
be sized for the largest grounding electrode conductor 
required among all the electrodes connected to it. 

(1) The grounding electrode conductor shall be permitted to 
be run to any convenient grounding electrode available 
in the grounding electrode system where the other 
electrode(s), if any, is connected by bonding jumpers 

2S0.S3(C). 

(2) Grounding electrode conductor(s) shall be permitted 
to be run to one or more grounding electrode( s) 
individually. 

(3) Bonding jumper(s) from grounding electrode(s) shall 
be permitted to be connected to an aluminum or 
copper busbar not less than 6 mm x SO mm (1;4 in. x 2 
in.). The busbar shall be securely fastened and shall 
be installed in an accessible location. Connections 
shall be made by a listed connector or by the 
exothermic welding process. The grounding electrode 
conductor shall be permitted to be run to the busbar. 
Where aluminum busbars are used, the installation 
shall comply with 2S0.64(A). 

250.66 Size of Alternating-Current Grounding 
Electrode Conductor. The size of the grounding electrode 
conductor at the service, at each building or structure where 
supplied by a feeder(s) or branch circuit(s), or at a 
separately derived system of a grounded or ungrounded ac 
system shall not be less than given in Table 250.66, except 
as permitted in 2S0.66(A) through (C). 

Informational Note: See 250.24(C) for size of ac system 
conductor brought to service equipment. 

(A) Connections to Rod, Pipe, or Plate Electrodes. 
Where the grounding electrode conductor is connected to 
rod, pipe, or plate electrodes as permitted in 2S0.S2(A)(S) 
or (A)(7), that portion of the conductor that is the sole 
connection to the grounding electrode shall not be 
required to be larger than 6 AWG copper wire or 4 AWG 
aluminum wire. 

(B) Connections to Concrete-Encased Electrodes. 
Where the grounding electrode conductor is connected to 
a concrete-encased electrode as permitted in 
2S0.S2(A)(3), that portion of the conductor that is the sole 
connection to the grounding electrode shall not be 
required to be larger than 4 A WG copper wire. 

(C) Connections to Ground Rings. Where the grounding 
electrode conductor is connected to a ground ring as 
permitted in 2S0.S2(A)( 4), that portion of the conductor 
that is the sole connection to the grounding electrode shall 
not be required to be larger than the conductor used for 
the ground ring. 
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Table 250.66 Grounding Electrode Conductor for 
Alternating-Current Systems 

Size of Largest Ungrounded 
Service-Entrance 

Conductor or Equivalent 
Area for Parallel 

Conductorsa (A WG/kcmil) 

Aluminum 
or Copper-

Clad 
Copper Aluminum 

2 or smaller 110 or smaller 

1 or 1/0 2/0 or 3/0 

2/0 or 3/0 4/0 or 250 

Over 3/0 Over 250 
350 through 500 

Over 350 Over 500 
through 600 through 900 

Over 600 Over 900 
through 1100 through 1750 

Over 1100 Over 1750 

Notes: 

Size of Grounding 
Electrode Conductor 

(A WG/kcmil) 

Aluminum 
or 

Copper-
Copper Clad 

Aluminum 
b 

8 6 

6 4 

4 2 

2 1/0 

110 3/0 

2/0 4/0 

3/0 250 

1. Where multiple sets of service-entrance conductors are used 
as permitted in 230.40, Exception No.2, the equivalent size of 
the largest service-entrance conductor shall be determined by 
the largest sum of the areas of the corresponding conductors of 
each set. 

2. Where there are no service-entrance conductors, the 
grounding electrode conductor size shall be determined by the 
equivalent size of the largest service-entrance conductor 
required for the load to be served. 

3This table also applies to the derived conductors of separately 
derived ac systems. 

bSee installation restrictions in 250.64(A). 

250.68 Grounding Electrode Conductor and Bonding 
Jumper Connection to Grounding Electrodes. The 
connection of a grounding electrode conductor at the 
service, at each building or structure where supplied by a 
feeder(s) or branch circuit(s), or at a separately derived 
system and associated bonding jumper( s) shall be made as 
specified 250.68(A) (el. 

(A) Accessibility. All mechanical elements used to 
terminate a grounding electrode conductor or bonding 
jumper to a grounding electrode shall be accessible. 

Exception No.1: An encased or buried connection to a 
concrete-encased, driven, or buried grounding electrode 
shall not be required to be accessible. 
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Exception No.2: Exothermic or irreversible compression 
connections used at terminations, together with the 
mechanical means used to attach such terminations to 
fireproofed structural metal whether or not the mechanical 
means is reversible, shall not be required to be accessible. 

(B) Effective Grounding Path. The connection of a 
grounding electrode conductor or bonding jumper to a 
grounding electrode shall be made in a manner that will 
ensure an effective grounding path. Where necessary to 
ensure the grounding path for a metal piping system used 
as a grounding electrode, bonding shall be provided 
around insulated joints and around any equipment likely 
to be disconnected for repairs or replacement. Bonding 
jumpers shall be of sufficient length to permit removal of 
such equipment while retaining the integrity of the 
grounding path. 

(e) Metallic Water Pipe and Structural Metal. 
Grounding elcctrode conductors and bonding jumpers shall 
be permitted to be connected at the follo\\ing locations and 
used to extend the connection Lo an clecrrode(s): 

(1) Interior metal water piping located not more than 
1.52 m (5 ft) from the point of entrance to the 
building shall be pennitted to be u cd as a conductor 
10 interconnect electrodes that are part of the 
g~()I.J~<iing h:cl ro~c~y~~~~!: 

~~ception: In industrial. commercial, and instilllliollal 
bUild;ng or structures, if conditions of moinlenance and 
supervision en.\'ure thut only qualified persons service the 
installation. inte1'ior metal water piping located more 
,hall 1.52 m (5 It) frum the poim of en/rance 10 the 
building shall be permitted as a bonding conductor to 
interconnect electrodes that are part of ,lie grounding 
electrode system, or a a grounding electrode conductor. 
if the e.ntire length. olher than shortectiotls pa 'Sing 
pe,pendicularly through walls. floor. " or ceilings. oIlhe 
interior metal water pipe 'hat is being used fbI' rile 
conductor i expo, ed.! 

(2) The structural frame of a building that is directly 
connected to a grounding electrode as specified in 
250.52(A)(2) or 250.68(C)(2)(a) (b), or (c) shall be 
permilted as a bonding conductor to interconnect 
electrodes that arc part of the grounding electrode 
system. or as a grounding electrode conductor. 

a. By conn cting the stmctural metal trame to the 
reinforcing bars of a concrete-encased cl ctrode 
as provided in 250.52(A)(3). or ground ring a 
provided in 250.52(A)(4) 

b. By bonding the structural metal frame to one or 
more of the grounding electrodes, as specified in 
250.52(A)(5) or (A)(7), that comply with (2) 

c. By other approved means of establi hing a 
connect ion to earth 
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250.70 Methods of Grounding and Bonding Conductor 
Connection to Electrodes. The grounding or bonding 
conductor shall be connected to the grounding electrode 
by exothermic welding, listed lugs, listed pressure 
connectors, listed clamps, or other listed means. 
Connections depending on solder shall not be used. 
Ground clamps shall be listed for the materials of the 
grounding electrode and the grounding electrode 
conductor and, where used on pipe, rod, or other buried 
electrodes, shall also be listed for direct soil burial or 
concrete encasement. Not more than one conductor shall 
be connected to the grounding electrode by a single clamp 
or fitting unless the clamp or fitting is listed for multiple 
conductors. One of the following methods shall be used: 

(1) A pipe fitting, pipe plug, or other approved device 
screwed into a pipe or pipe fitting 

(2) A listed bolted clamp of cast bronze or brass, or plain 
or malleable iron 

(3) For indoor f:'?ll)~'I"I~~!!i~!JttQ~~ purposes only, a listed 
sheet metal strap-type ground clamp having a rigid 
metal base that seats on the electrode and having a 
strap of such material and dimensions that it is not 
likely to stretch during or after installation 

(4) An equally substantial approved means 

IV. Enclosure, Raceway, and Service Cable Connections 

250.80 Service Raceways and Enclosures. 

Metal enclosures and raceways for service conductors and 
equipment shall be connected to the grounded system 
conductor if the electrical system is grounded or to the 
grounding electrode conductor for electrical systems that 
are not grounded. 

Exception: A metal elbow that is installed in an 
underground nonmetallic racew{l)l and is isolated from 
possible contact by a minimum cover of 450 mm (18 in.) 
to any part of the elbow shall not be required to be 
connected to the grounded system conductor or 
grounding electrode conductor. 

250.84 Underground Service Cable or Raceway. 

(A) Underground Service Cable. The sheath or armor of a 
continuous underground metal-sheathed or annored service 
cable system that is connected to the grounded system 
conductor on the supply side shall not be required to be 
connected to the grounded system conductor at the building 
or structure. The sheath or armor shall be permitted to be 
insulated from the interior metal raceway or piping. 

(B) Underground Service Raceway Containing Cable. 
An underground metal service raceway that contains a 
metal-sheathed or armored cable connected to the grounded 
system conductor shall not be required to be connected to 
the grounded system conductor at the building or structure. 
The sheath or armor shall be permitted to be insulated from 
the interior metal raceway or piping. 
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250.86 Other Conductor Enclosures and Raceways. 
Except as permitted by 250.112(I), metal enclosures and 
raceways for other than service conductors shall be 
connected to the equipment grounding conductor. 

Exception No.1: Metal enclosures and raceways for 
conductors added to existing installations of open wire, 
knob-and-tube wiring, and nonmetallic-sheathed cable 
shall not be required to be connected to the equipment 
grounding conductor where these enclosures or wiring 
methods comply with (1) through (4) asfollows: 

(1) Do not provide an equipment ground 

(2) Are in runs of less than 7.5 m (25 ft) 

(3) Are free from probable contact with ground, grounded 
metal, metal lath, or other conductive material 

(4) Are guarded against contact by persons 

Exception No.2: Short sections of metal enclosures or 
raceways used to provide support or protection of cable 
assemblies from physical damage shall not be required to 
be connected to the equipment grounding conductor. 

Exception No.3 : A metal elbow shall not be required to 
be connected to the equipment grounding conductor 
where it is installed in a nm of nonmetallic raceway and 
is isolated from possible contact by a minimum cover of 
450 mm (18 in.) to any part of the elbow or is encased in 
not less than 50 mm (2 in.) of concrete. 

v. Bonding 

250.90 General. Bonding shall be provided where 
necessary to ensure electrical continuity and the capacity 
to conduct safely any fault current likely to be imposed. 

250.92 Services. 

(A) Bonding of ~qtJi.p~entJor Services. The Il()rt118l1y 
non-current-carrying metal parts of equipment indicated 
in 250.92(A)(1) and (A)(2) shall be bonded together. 

(1) Aii raceways, cable trays, cablebus framework, 
auxiliary gutters, or service cable armor or sheath that 
enclose, contain. or support service conductors, 
except as permitted in 250.80 

(2) All enclosures contammg service conductors, 
including meter fittings, boxes, or the like, interposed 
in the service raceway or armor 

(B) Method of Bondi~gatt~~§~rvice. Bonding jumpers 
m eling the requirements of this article shall be used 
around impaired connections. such as reducin washers or 
oversized. concentric, or eccentric knockouts. Standard 
locknuts or bu hings shall not be the only means tor the 
bonding required by this section but shall be permitted to 
be in tailed to make a mechanical connection of the 
raceway(s). 
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Electrical continuity at service equipment, service 
raceways, and service conductor enclosures shall be 
ensured by one of the following methods: 

(1) Bonding equipment to the grounded service 
conductor in a manner provided in 250.8 

(2) Connections utilizing threaded couplings or 
threaded llub,~ on enclosures If made up wrenchtight 

(3) Threadless couplings and connectors IiI' made up 
tight for metal raceways and metal-clad cables 

(4) Other listed devices, such as bonding-type locknuts, 
bushings, or bushings with bonding jumpers 

250.94 Bonding for Other Systems. An intersystem 
bonding termination for connecting intersystem bonding 
lconductors required for other systems shall bel?r()yi(I~4 
external to enclosures at the service equipment or metering 
~uipment enclosure and at the disconnecting means for 
any additional buildings . ()~stf':l~!~~es. . !~~i~!~Esystem 
bonding termination shall comply ·Witll the· folio\ .. iJlg~ 
(1) Be acces ible for connectlonandiflspect ion. 
(2) Consist of a set of terminals with the capacity for 

connection of not less than three intersystem bonding 
conductors. 

(3) ot interfere ,tt ith opening the enclosure for a 
service. bui Iding or stl}l<:,tl!r~ . ~~~c,<?JlJlE!~tingJ1l~~~s. or 
metering equipment. 

(4) At the service equipment, be securely mounted and 
electrically connected to an enclosure for the service 
equipmern to the meter enclosure, or to an exposed 
nonllexible metallic service raceway. or be mounted 
at ol1e of these enclosures and be connected to the 
enclosure or to the grounding electrode conductor: 
with a minimum 6 AWG copper conductor 

(5) At the di connecting means for a building or stnlcturc~ 
be securely mounted and dectrically connected 10 the 
metallic enclosure for the building or structure 
disconnecting mean, or be mounted at the 
disconnecting means and be conn eled to the metallic. 
~nclosure or to the grounding electrode conductor with 
a minimum 6 A WG copper conductor. 

(6) The terminals shall be listed as grounding and 
bonding equipment. 

Exception: In existing buildings or structures where any of 
the intersystem bonding and grounding (!/ecll'odd 

conductors required by . 770./00(B){2), 800.1 0q(B)(?IJ, 
810.21 (F)/?l., 820.100(BAa)~ (l!Ul 830. I OO(B)(JA exist, 
installation of the intersystem bonding termination is not 
required. An accessible means external to enclosures for 
connecting intersystem bonding and grounding electrode 
conductors shall be permitted at the service equipment and 
at the disconnecting means for any additional buildings or 
structures by at least one of the following means: 
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(1) Exposed nonjlexible metallic raceways 

(2) An exposed grounding electrode conductor 

(3) Approved means for the external connection of a 
copper or other corrosion-resistant bonding or 
grounding eiec"ir()de conductor to the grounded 
raceway or equipment 

Infonnational Note No.1: A 6 AWG copper conductor 
with one end bonded to the grounded nonflexible 
metallic raceway or equipment and with 150 mm (6 in.) 
or more of the other end made accessible on the outside 
wall is an example of the approved means covered in 
250.94, Exception item (3). 

Informational Note No.2: See 770.100, 800.100, 
810.21, 820.1 00, and 830.100 for int l"S},slem b()IldiIlg 
and grounding requircml.:J1ts for conductive optical fiber 
,-able. communication ci rcuit s, radio and television 
equipment. CATV cireui,s and network-powered 

J.,~Q::IQ!>~n<!~QI11Dltllli.~mJ2~ .... S~t,~rrt ... !rc!~pe,£tix~lY.~. 

250.96 Bonding Other Enclosures. 

(A) General. Metal raceways, cable trays, cable armor, 
cable sheath, enclosures, frames, fittings, and other metal 
non-current-carrying parts that are to serve as equipment 
grounding conductors, with or without the use of 
supplementary equipment grounding conductors, shall be 
bonded where necessary to ensure electrical continuity 
and the capacity to conduct safely any fault current likely 
to be imposed on them. Any nonconductive paint, enamel, 
or similar coating shall be removed at threads, contact 
points, and contact surfaces or be connected by means of 
fittings designed so as to make such removal unnecessary. 

(B) Isolated Grounding Circuits. Where installed for the 
reduction of electrical noise (electromagnetic 
interference) on the grounding circuit, an equipment 
enclosure supplied by a branch circuit shall be permitted 
to be isolated from a raceway containing circuits 
supplying only that equipment by one or more listed 
nonmetallic raceway fittings located at the point of 
attachment of the raceway to the equipment enclosure. 
The metal raceway shall comply with provisions of this 
article and shall be supplemented by an internal insulated 
equipment grounding conductor installed in accordance 
with 250.146(D) to ground the equipment enclosure. 

Infonnational Note: Use of an isolated equipment 
grounding conductor does not relieve the requirement 
for grounding the raceway system. 

250.97 Bonding for Over 250 Volts. For circuits of over 
250 volts to ground, the electrical continuity of metal 
raceways and cabJes with metal sheaths that contain any 
conductor other than service conductors shall be ensured 
by one or more of the methods specified for services in 
250.92(B), except for (B)(l). 

Exception: Where oversized, concentric, or eccentric 
knockouts are not encountered, or where a box or 
enclosure with concentric or eccentric knockouts is listed 
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to provide a reliable bonding connection, the following 
methods shall be permitted: 

(1) Threadless couplings and connectors for cables with 
metal sheaths 

(2) Two locknuts, on rigid metal conduit or intermediate 
metal conduit, one inside and one outside of boxes 
and cabinets 

(3) Fittings with shoulders that seat firmly against the 
box or cabinet, such as electrical metallic tubing 
connectors, jlexible metal conduit connectors, and 
cable connectors, with one locknut on the inside of 
boxes and cabinets 

(4) Listed fittings 

250.98 Bonding Loosely Jointed Metal Raceways. 
Expansion fittings and telescoping sections of metal 
raceways shall be made electrically continuous by 
equipment bonding jumpers or other means. 

250.100 Bonding in Hazardous (Classified) Locations. 
Regardless of the voltage of the electrical system, the 
electrical continuity of non-current-carrying metal parts 
of equipment, raceways, and other enclosures in any 
hazardous (classified) location as defined in 500.5 shall 
be ensured by any of the bonding methods specified in 
250.92(B)(2) through (B)(4). One or more of these 
bonding methods shall be used whether or not equipment 
grounding conductors of the wire type are installed. 

250.102 BondingCon(tuctorsan{f~jumpe;:s: 

(A) Material. Bonding jumpers shall be of copper or 
other corrosion-resistant material. A bonding jumper shall 
be a wire, bus, screw, or similar suitable conductor. 

(B) Attachment. ~(?f!<:Ullg jumpers shall be attached in 
the manner specified by the applicable provisions of 
250.8 for circuits and equipment and by 250.70 for 
grounding electrodes. 

(C) Size - :~'!PH!y:~i~~, Bondin" Jumper. 

(I) Size for Supply Conductors in a Single Raceway or 
Cable. The supply-side bonding jumper shall not be 
smaller than the sizes shown in Table 250.66 for 
grounding electrode conductors. Where the ungrounded 
'supply conductors are larger than 1100 kcmil copper or 
1750 kcmil aluminum, the suPpfy~sJde bonding jumper 
shall have an area not less than 12 Yz percent of the area of 
the largest et of ungrounded upply conductors. 

(2)SIze 'Cor Parallel Conductor lostatllatioos. Where the 
ungrounded supply conductors are paralleled in two or 
more raceway or cables. and an individual supply-side 
bonding jumper is u ed for bonding the e raceways or 
cables, the ize of the supply-side bonding jumper for 
each raceway or cable shall be selceted fi'om Table 250.66 
ba ed on the size of the ungrounded upply conductors in 
each raceway or cable. A single lIpply-side bonding 
jumper installed for bonding two or more raceways or 
.\!a~I~~~ , ~~Jl be izcd in accordance with 250.1 02(C)( I) 
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(3 )I>ifferelltM atelials~W here the ullgrou Tlde<l ·up,) Iy 
conductors and the supply-side bonding jumper arc of 
diITercnt materials (copper or aluminum). th minimum 
size of the supply- ide bonding jump('r shall be ba etl on 
the a sumed use of ungrounded conductors of the same 
material a the supply-side bonding jumper and with an 
ampacilY equi alent to that of the installed ungrounded 
supply conductors. 

(D) Size - Equipment Bonding Jumper on Load 
Side of an O\rl?rc~r~enJDevice. The equipment 
bonding jumper on the load side of an overcurrent 
device{s) shall be sized in accordance ~yil~~?Q~I .~,~ ... 

A single common continuous equipment bonding jumper 
shall be permitted to connect two or more raceways or 
cables It the bonding jumper is sized in accordance with 
250.122 for the largest overcurrent device supplying 
circuits therein. 

(E) Installation. Bonding jumpc~ or conductors and, 
equipment bonding jumpers shall be permitted to be 
installed inside or outside of a raceway or an enclosure. 

(1) Inside a Raceway or an Enclosure. If installed 
inside a race" ay. equipment bontiing jumpers and 
bonding jumpers or conductors shall comply with the 
requireme~!~ _~(~~Q~J 12 ~ll~2?O.14S. 

(2) Outside a Raceway or an Enclosure. If installeu on 
the out ide. the length of the bonding jumper or 
conductor or equipment bonding jumper shall not exceed 
1.8 m (6 ft) and shall be ranted with the raceway or 
enclosure. 

[;;cception: . An .. equipment bonding jumper o;; :~'ipp):\,:·~ 
sid~ bonciillg jllfllper longer than 1.8 m (6 jt) shall be 
permitted at outside pole locations for the purpose of 
bonding or grounding isolated sections of metal 
raceways or elbows installed in exposed risers of metal 
conduit or other metal raceway, and for bUilding 
grounding electrode.t;. (lml . hall not bf? reqtiired 10 be 
,.oulet! with a racewuy or enc!o:,u,.e. 

(3) Protection. Bonding jumpers or conductors and. 
e{luipment bonding jumper ' shall be installed il] 
accordance with 250.64(A) and (D). 

250.104 Bonding of Piping Systems and Exposed 
Structural Steel. 

(A) Metal Water Piping. The metal water piping 
system shall be bonded as required in (A)(l), (A)(2), or 
(A)(3) of this section. The bonding jumper(s) shall be 
installed in accordance with 250.64(A), (B), and (E). 
The points of attachment of the bonding jumper(s) shall 
be accessible. 

(1) General. M.etal water piping system(s) installed in or 
attached to a building or structure shall be bonded to the 
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service equipment enclosure, the grounded conductor at 
the service, the grounding electrode conductor where of 
sufficient size, or to the one or more grounding 
electrodes used. The bonding jumper(s) shall be sized in 
accordance with Table 250.66 except as permitted in 
250.104(A)(2) and (A)(3). 

(2) Buildings of Multiple Occupancy. In buildings of 
mUltiple occupancy where the metal water piping 
system(s) installed in or attached to a building or 
structure for the individual occupancies is metallically 
isolated from all other occupancies by use of 
nonmetallic water piping, the metal water piping 
system(s) for each occupancy shall be permitted to be 
bonded to the equipment grounding terminal of the 
panel board or switchboard enclosure (other than service 
equipment) supplying that occupancy. The bonding 
jumper shall be sized in accordance with TabJe 250.122, 
based on the rating of the overcurrent protective device 
for the circuit supplying the occupancy. 

(3) Multiple Buildings or Structures Supplied by a 
Feeder(s) or Branch Circuit(s). The metal water piping 
system(s) installed in or attached to a building or 
structure shall be bonded to the building or structure 
disconnecting means enclosure where located at the 
building or structure, to the equipment grounding 
conductor run with the supply conductors, or to the one 
or more grounding electrodes used. The bonding 
jumper(s) shall be sized in accordance with 250.66, 
based on the size of the feeder or branch circuit 
conductors that supply the bui Iding. The bonding jumper 
shall not be required to be larger than the largest 
ungrounded feeder or branch circuit conductor supplying 
the building. 

(B) Other Metal Piping. If installed in, or attached to, a 
building or structure, a metal piping system(s), including 
gas piping, that is likely to become energized shall be 
bonded to the service equipment enclosure; the 
grounded conductor at the service; the grounding 
electrode conductor, if of sufficient size; or to one or 
more grounding electrodes used. The bonding 
conductor(s) or jumper(s) shall be sized in accordance 
with 250.122, using the rating of the circuit that is likely 
to energize the piping system(s). The equipment 
grounding conductor for the circuit that is likely to 
energize the piping shall be permitted to serve as the 
bonding means. The points of attachment of the bonding 
jumper(s) shall be accessible. 

Informational Note No.1: Bonding all piping and 
metal air ducts within the premises will provide 
additional safety. 

Informational Note No.2: . dditional information for 
it; pipi!1g)~rcm ~111 · he found in celion 7.13 of 
N~PA 54-2009. 'va/lUl1a/ Fuel Cia\ Coc/e. 
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(C) Structural Metal. Exposed structural metal that is 
interconnected to form a metal building frame and is not 
intentionally grounded bonded and is likely to become 
energized shall be bonded to the service equipment 
enclosure; the grounded conductor at the service; Ihe 
di connecting means for buildings or .. tructur .. s .. UPplicd by 
a feeder or branch circuit; the grounding electrode 
conductor, if of sufficient size; or to one or more grounding 
electrodes used. The bonding jumper(s) shall be sized in 
accordance with Table 250.66 and installed in accordance 
with 250.64(A), (B), and (E). The points of attachment of 
the bondingjumper(s) shall be accessible unless inSlallt!:~i1J 
compliance with 250.68tA), Exception No.2. 

(D) Separately Derived Systems. Metal water piping 
systems and structural metal that is interconnected to form 
a building frame shall be bonded to separately derived 
systems in accordance with (D)(1) through (D)(3). 

(1) Metal Water Piping System(s). The grounded 
conductor of each separately derived system shall be 
bonded to the nearest available point of the metal water 
piping system(s) in the area served by each separately 
derived system. This connection shall be made at the 
same point on the separately derived system where the 
grounding electrode conductor is connected. Each 
bonding jumper shall be sized in accordance with Table 
250.66 based on the largest ungrounded conductor of the 
separately derived system. 

Exception No.1: A separate bonding jumper to the metal 
water piping system shall not be required where the metal 
water piping system is used as the grounding electrode 
for the separately derived system and the water piping 
system is in the area served. 

Exception No.2: A separate waterpiping bonding jumper 
shall not be required where the metal frame of a building 
or structure is used as the grounding electrode for a 
separately derived system and is bonded to the metal water 
piping in the area served by the separately derived system. 

(2) Structural Metal. Where exposed structural metal 
that is interconnected to form the building frame exists in 
the area served by the separately derived system, it shall 
be bonded to the grounded conductor of each separately 
derived system. This connection shall be made at the 
same point on the separately derived system where the 
grounding electrode conductor is connected. Each 
bonding jumper shall be sized in accordance with Table 
250.66 based on the largest ungrounded conductor of the 
separately derived system. 

Exception No.1: A separate bonding jumper to the 
building structural metal shall not be required where the 
metal frame of a bUilding or structure is used as the 
grounding electrode for the separately derived system. 
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Exception No.2: A separate bonding jumper to the 
building structural metal shall not be required where the 
water piping of a building or structure is used as the 
grounding electrode for a separately derived system and is 
bonded to the building structural metal in the area served 
by the separately derived system. 

(3) Common Grounding Electrode Conductor. Where a 
common grounding electrode conductor is installed for 
multiple separately derived systems as permitted by 
250.30(A)(6), and exposed structural metal that is 
interconnected to form the building frame or interior metal 
piping exists in the area served by the separately derived 
system, the metal piping and the structural metal member 
shall be bonded to the common grounding electrode 
conductor in the area served by the separately derived system. 

Exception: A separate bonding jumper from each derived 
system to metal water piping and to structural metal 
members shall not be required where the metal water 
piping and the structural metal members in the area served 
by the separately derived system are bonded to the common 
grounding electrode conductor. 

250.106 Lightning Protection Systems. The lightning 
protection system ground terminals shall be bonded to the 
building or structure grounding electrode system. 

Infonnational Note No.1: See 250.60 for use of trike 
ermination de 'cc For further information, see NFPA 

780-2011, Standard for the Installation of Lightning 
Protection Systems, which contains detailed information 
on grounding, bonding, and side flash distance from 
lightning protection systems. 

Infonnational Note No.2: Metal raceways, enclosures, 
frames, and other non-current-carrying metal parts of 
electrical equipment installed on a building equipped with 
a lightning protection system may require bonding or 
spacing from the lightning protection conductors in 
accordance with NFP A 780-2011, Standard for the 
Installation of Lightning Protection Systems. 

VI. Equipment Grounding and Equipment Grounding 
Conductors 

250.110 Equipment Fastened in Place (Fixed) or 
Connected by Permanent Wiring Methods. Exposed, 
nonnally non-current-carrying metal parts of fixed 
equipment upplied by or enclosing conductors 0 

components that are likely to become energized shall be 
connected to an equipment grounding conductor under any 
of the following conditions: 

(1) Where within 2.5 m (8 ft) vertically or 1.5 m (5 ft) 
horizontally of ground or grounded metal objects and 
subject to contact by persons 

(2) Where located in a wet or damp location and not isolated 

(3) Where in electrical contact with metal 
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(4) Where in a hazardous (classified) location as 
covered by Articles 500 through 517 

(5) Where supplied by wiring rl1~t~od that provides an 
equipment grounding conductor. except as 
permitted by 250.86 Exception No. 2 for short 
sections of metal enclosures 

(6) Where equipment operates with any terminal at over 
150 volts to ground 

Exception No.1: If exempted hy special penni 'Sion. the 
metal./rame of electrically heated appliances tilal havq 
~he frame permanently and effectively insulated from 
ground .filial/not be required to be grounded.' 

Exception No.2: Distribution apparatus, such as 
transformer and capacitor cases, mounted on wooden 
oles at a height exceeding 2.5 m (8 fl) above ground or 

grade level ~hall not be required 10 be grounded. 

Exception No. 3: Listed equipment protected by a 
system of double insulation, or its equivalent, shall not 
be required to be connected to the equipment grounding 
conductor. Where such a system is employed, the 
equipment shall be distinctively marked. 

250.112 Specific Equipment Fastened in Place (Fixed) 
or Connected by Permanent \\' iring ethods. Except 
as permitted in ~50.112(F) and (I), exposed, )lonnally 
non-current-carrying metal parts of equipment described 
in 250.112(A) through (K), and nonnally non-current
carrying metal parts of equipment and enclosures 
described in 250.112(L) and (M), shall be connected to 
an equipment grounding conductoq regardless of 
voltage. 

(A) Switchboard Frames and Structures. Switchboard 
frames and structures supporting switching equipment, 
except frames of 2-wire dc switchboards where 
effectively insulated from ground. 

(B) Pipe Organs. Generator and motor frames in an 
electrically operated pipe organ, unless effectively 
insulated from ground and the motor driving it. 

(C) Motor Frames. Motor frames, as provided by 
430.242. 

(D) Enclosures for Motor Controllers. Enclosures for 
motor controllers unless attached to ungrounded portable 
equipment. 

(E) Elevators and Cranes. Electrical equipment for 
elevators and cranes. 

(F) Garages, Theaters, and Motion Picture Studios. 
Electrical equipment in commercial garages, theaters, 
and motion picture studios, except pendant lampholders 
supplied by circuits not over 150 volts to ground. 
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(G) Electric Signs. Electric signs, outline lighting, and 
associated equipment as provided in 600.7. 

(H) Motion Picture Projection Equipment. Motion 
picture projection equipment. 

(I) Remote-Control, Signaling, and Fire Alarm 
Circuits. Equipment supplied by Class I circuits shall 
be grounded unless operating at less than 50 volts. 
Equipment supplied by Class 1 power-limited circuits, 
by Class 2 and Class 3 remote-control and signaling 
circuits, and by fire alarm circuits shall be grounded 
where system grounding is required by Part n or Part 
VIn of this article. 

(J) Luminaires. Luminaires as provided in Part V of 
Article 410. 

(K) Skid-Mounted Equipment. Permanently mounted 
electrical equipment and skids shall be connected to the 
equipment grounding conductor sized as required by 
250.122. 

(L) Motor-Operated Water Pumps. Motor-operated 
water pumps, including the submersible type. 

(M) Metal Well Casings. Where a submersible pump is 
used in a metal well casing, the well casing shall be 
connected to the pump circuit equipment grounding 
conductor. 

250.114 Equipment Connected by Cord and Plug. 
Under any of the conditions described in 250.114(1) 
through (4), exposed, 11Onmllly; non-current-carrying 
metal parts of cord-and-plug-connected eguip!,ll~,rlt shall 
be connected to the equipment grounding conductor. 

Exception: Listed tools, listed appliances, and listed 
equipment covered in 250.114(2) through (4) shall not 
be required to be connected to an equipment grounding 
conductor where protected by a system of double 
insulation or its equivalent. Double insulated equipment 
shall be distinctively marked. 

(1) In hazardous (classified) locations (see Articles 500 
through 517) 

(2) Where operated at over 150 volts to ground 

Exception No.1: Motors, where guarded, shall not be 
required to be connected to an equipment grounding 
conductor. 

Exception No.2: Metal frames of electrically heated 
appliances, exempted by special permission, shall not be 
required to be connected to an equipment grounding 
conductor, in which case the frames shall be 
permanently and effectively insulated from ground. 
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(3) In residential occupancies: 

a. Refrigerators, freezers, and air conditioners 

b. Clothes-washing, clothes-drying, dish-washing 
machines; ranges; kitchen waste disposers; 
information technology equipment; sump pumps 
and electrical aquarium equipment 

c. Hand-held motor-operated tools, stationary and 
fixed motor-operated tools, and light industrial 
motor-operated tools 

d. Motor-operated appliances of the following types: 
hedge clippers, lawn mowers, snow blowers, and 
wet scrubbers 

e. Portable handlamps 

(4) In other than residential occupancies: 

a. Refrigerators, freezers, and air conditioners 

b. Clothes-washing, clothes-drying, dish-washing 
machines; information technology equipment; 
sump pumps and electrical aquarium equipment 

c. Hand-held motor-operated tools, stationary and 
fixed motor-operated tools, and light industrial 
motor-operated tools 

d. Motor-operated appliances of the following types: 
hedge clippers, lawn mowers, snow blowers, and 
wet scrubbers 

e. Portable handlamps 

f Cord-and-plug-connected appliances used in 
damp or wet locations or by persons standing on 
the ground or on metal floors or working inside 
of metal tanks or boilers 

g. Tools likely to be used in wet or conductive locations 

Exception: Tools and portable handlamps likely to be 
used in wet or conductive locations shall not be required 
to be connected to an equipment grounding conductor 
where supplied through an isolating transformer with an 
ungrounded secondary of not over 50 volts. 

250.116 Nonelectrical Equipment. 
The metal parts of the following nonelectrical equipment 
described in this section shall be connected to the 
equipment grounding conductor: 

(1) Frames and tracks of electrically operated cranes and 
hoists 

(2) Frames of nonelectrically driven elevator cars to 
which electrical conductors are attached 

(3) Hand-operated metal shifting ropes or cables of 
electric elevators 
Infonnational Note: Where extensive metal in or on 
buildings may become energized and is subject to 
personal contact, adequate bonding and grounding will 
provide additional safety. 

250.118 Types of Equipment Grounding Conductors. 
The equipment grounding conductor run with or 
enclosing the circuit conductors shall be one or more or a 
combination of the following: 
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(1) A copper, aluminum, or copper-clad aluminum 
conductor. This conductor shall be solid or stranded; 
insulated, covered, or bare; and in the form of a wire 
or a busbar of any shape. 

(2) Rigid metal conduit. 

(3) Intermediate metal conduit. 

(4) Electrical metallic tUbing. 

(5) Listed flexible metal conduit meeting all the 
following conditions: 

a. The conduit is terminated in listed fittings. 

b. The circuit conductors contained in the conduit 
are protected by overcurrent devices rated at 20 
amperes or less. 

c. The combined length of flexible metal conduit 
and flexible metallic tubing and liquidtight 
flexible metal conduit in the same ground-fault 
;current path does not exceed 1.8 m (6 ft) . 

d. iff used to connect equipment where flexibility is 
necessary to minimize the transmission of 
'bration from equipment or to provid flexibility 

for equipment that requires mov men~ after 
installation, an equipment grounding conductor 
shall be installed. 

(6) Listed liquidtight flexible metal conduit meeting all 
the following conditions: 

a. The conduit is terminated in listed fittings. 

b. For metric designators 12 through 16 (trade sizes 
3/8 through Yz), the circuit conductors contained 
in the conduit are protected by overcurrent 
devices rated at 20 amperes or less. 

c. For metric designators 21 through 35 (trade sizes 
v.. through 11;4), the circuit conductors contained in 
the conduit are protected by overcurrent devices 
rated not more than 60 amperes and there is no 
flexible metal conduit, flexible metallic tubing, or 
liquidtight flexible metal conduit in trade sizes 
metric designators 12 through 16 (trade sizes 3/8 

through Yz) in the ground.fault current path. 

d. The combined length of tlexible metal conduit 
and flexible metallic tubing and liquidtight 
j-l~x}~le metal conduit in the same ground-fault 
current path does not exceed l.8 m (6 ft). 

e. If lIsed to connect equipment where flexibility is 
necessary to minimize the transmission of 
"ibration from equipment or to provide flexibility 
for equipment thilt " .. ~,:!~!~~~9_"::(!I!l~.Jlt after 
installation, an equipment grounding conductor 
shall be installed. 

(7) Flexible metallic tubing where the tubing is terminated 
in listed fittings and meeting the following conditions: 
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ARTICLE 250 - GROUNDING AND BONDING 250.120 

a. The circuit conductors contained in the tubing are 
protected by overcurrent devices rated at 20 
amperes or less. 

b. The combined length of flexible metal conduit 
and flexible metallic tubing and liquidtight 
fle~i~le metal conduit in the same ground-fault 
current path does not exceed 1.8 m (6 ft). 

(8) Armor of Type AC cable as provided in 320.108. 

(9) The copper sheath of mineral-insulated, metal· 
sheathed cable. 

(10) Type MC cable thaI providesaneHectlvegrow,d
fault CUIT~nl path in accordance with one or more 
of the foHowing: 

a. It contains an insulated or uninsulat.cd equipment 
grounding conductor in compliance with 
250.118 I) 

b. The combined meraIlic sheath and uninsuJaccd 
equipment growldinglbonding conductor of 
interlocked meta) tape-type Me cable that is listed 
and identified as an equipment grounding conductor 

c. The metallic sheath or the combined III tallie 
sbeath and equipmt>ot grounding conductors of 
the smooth or corrugated tube-type MC cable 
lhat L list\!d and identified as an equipment 
grounding conductor 

(11) Cable trays as permitted in 392.10 and 392.60. 

(12) Cablebus framework as permitted in 370.3. 

(13) Other listed electrically continuous metal raceways 
and listed auxiliary gutters. 

(14) Surface metal raceways listed for grounding. 

Informational Note: For effective ground-fault current 
path, see 250.2 Definition. 

250.119 Identification of Equipment Grounding 
Conductors. Unless required elsewhere in this Code, 
equipment grounding conductors shall be permitted to be 
bare, covered, or insulated. Individually covered or 
insulated equipment grounding conductors shall have a 
continuous outer finish that is either green or green with 
one or more yellow stripes except as permitted in this 
section. Conductors with insulation or individual covering 
that is green, green with one or more yellow stripes, or 
otherwise identified as permitted by this section shall not 
be used for ungrounded or grounded circuit conductors. 

Exception: Power-limited Class 2 or Class 3 cablt! .. 
pon:er~l!ltl{t(!(tJ;re a((1rm ('ubles. or COmlltUllicaliol1s 
cable~ containing only circuits operating at less than 50 
volts where connected 10 equipment not required to he 
grollnd~lJ~'.~ J~t.;,:()'.·d(lff~(' wilh 250.112(/) shall be 
permitted to use a conductor with green insulation or 
green ".~il!I< ,f!!l~_ (),. .~ /'-'()'.~~ .Yf!:l/O'I.1" slrip~~ for other than 
equipment grounding purposes. 
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(A) Conductors Larger Than 6 A WG. Equipment 
grounding conductors larger than 6 AWG shall comply 
with 250.119(A)(1) and (A)(2). 

(l) An insulated or covered conductor larger than 6 
A WG shall be permitted, at the time of installation, to 
be permanently identified as an equipment grounding 
conductor at each end and at every point where the 
conductor is accessible. 

Exception: Conductors larger than 6 A WG shall not be 
required to be marked in conduit bodies that contain no 
splices or unused hubs. 

(2) Identification shall encirc1e the conductor and shall 
be accomplished by one of the following: 

a. Stripping the insulation or covering from the 
entire exposed length 

b. Coloring the insulation or covering green at the 
termination 

c. Marking the insulation or covering with green 
tape or green adhesive labels at the termination 

(B) Multiconductor Cable. Where the conditions of 
maintenance and supervision ensure that only qualified 
persons service the installation, one or more insulated 
conductors in a multiconductor cable, at the time of 
installation, shall be permitted to be permanently 
identified as equipment grounding conductors at each end 
and at every point where the conductors are accessible by 
one of the following means: 

(1) Stripping the insulation from the entire exposed length 

(2) Coloring the exposed insulation green 

(3) Marking the exposed insulation with green tape or 
green adhesive labels 

(C) Flexible Cord. An uninsulated equipment grounding 
conductor shall be permitted, but, if individually covered, 
the covering shall have a continuous outer finish that is 
either green or green with one or more yellow stripes. 

250.120 Equipment Grounding Conductor Installation. 
An equipment grounding conductor shall be installed in 
accordance with 250.120(A), (B), and (C). 

(A) Raceway, Cable Trays, Cable Armor, Cablebus, or 
Cable Sheaths. Where it consists of a raceway, cable tray, 
cable armor, cablebus framework, or cable sheath or where 
it is a wire within a raceway or cable, it shall be installed in 
accordance with the applicable provisions in this Code 
using fittings for joints and terminations approved for use 
with the type raceway or cable used. All connections, 
joints, and fittings shall be made tight using suitable tools. 

Informational Note: See the UL guide information on 
FHIT systems for equipment grounding conductors 
installed in a raceway that are part of an electrical circuit 
protective system or a fire-rated cable listed to maintain 
circuit integrity. 
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250.121 ARTICLE 2S0 - GROUNDING AND BONDING 

(B) Aluminum and Copper-Clad Aluminum 
Conductors. Equipment grounding conductors of bare or 
insulated aluminum or copper-clad aluminum shall be 
permitted. Bare conductors shall not come in direct 
contact with masonry or the earth or where subject to 
corrosive conditions. Aluminum or copper-clad aluminum 
conductors shall not be terminated within 4S0 mm (18 in.) 
of the earth. 

(C) Equipment Grounding Conductors Smaller Than 
6 A WG. Where not routed with circuit' conCluctors a 
permitted in 250.130(C) and 250.134(8) Exception No. 2t 
equipment grounding conductors smaller than 6 A WG 
shall be protected from phy. ical damage by an identified 
rac way or cable armor unless instaHed within hollow 
/ipaees of the framing members of buildings or truelures 
and where not subject to physical damage. 

250.121 Use of Equipment Grounding Conductors. An 
equipment grounding conductor shall not be used as a 
grounding electrode conductor. 

250.122 Size of Equipment Grounding Conductors. 

(A) General. Copper, aluminum, or copper-clad 
aluminum equipment grounding conductors of the wire 
type shall not be smaller than shown in Table 2S0.122, 
but in no case shall they be required to be larger than the 
circuit conductors supplying the equipment. Where a 
cable tray, a raceway, or a cable armor or sheath is used 
as the equipment grounding conductor, as provided in 
2S0.l18 and 2S0.l34(A), it shall comply with 2S0.4(A)(S) 
or (B)(4). 

Equipment grounding conductor shall be permitted 
to be sectioned within a multiconductor cable. provided 
th combin d circular mil area complies with Table 
259·1~~. 

(B) Increased in Size. Where ungrounded conductors are 
increased in size, equipment grounding conductors, where 
installed, shall be increased in size proportionately 
according to the circular mil area of the ungrounded 
conductors. 

(C) Multiple Circuits. Where a single equipment 
grounding conductor is run with multiple circuits in the 
same raceway, cable, or cable tray, it shall be sized for the 
largest overcurrent device protecting conductors in the 
raceway, cable, or cable tray. Equipment grounding 
conductors installed in cable trays shall meet the 
minimum requirements of 392.1 O(B)(1)( c). 

(D) Motor Circuits. Equipment grounding conductors for 
motor circuits shall be sized in accordance with (D)(l) or 
(D)(2). 

(1) General. The equipment grounding conductor size 
shall not be smaller than determined by 2S0.122(A) based 
on the rating of the branch-circuit short-circuit and 
ground-fault protective device. 
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(2) Instantaneous-Trip Circuit Breaker and Motor 
Short-Circuit Protector. Where the overcurrent device is 
an instantaneous-trip circuit breaker or a motor short
circuit protector, the equipment grounding conductor shall 
be sized not smaller than that given by 2S0.122(A) using 
the maximum permitted rating of a dual element time
delay fuse selected for branch-circuit short-circuit and 
ground-fault protection in accordance with 430.S2(C)(1), 
Exception No.1. 

(E) Flexible Cord and Fixture Wire. The equipment 
grounding conductor in a flexible cord with the largest 
circuit conductor lOA WG or smaller, and the equipment 
grounding conductor used with fixture wires of any size 
in accordance with 240.S, shall not be smaller than 18 
A WG copper and shall not be smaller than the circuit 
conductors. The equipment grounding conductor in a 
flexible cord with a circuit conductor larger than lOA WG 
shall be sized in accordance with Table 2S0.122. 

(F) Conductors in Parallel. Where conductors are 
~nsta.H(!~ in parallel in multiple raceways or cables as 
permitted in '310.1 O(H), the equipment grounding 
conductors, where used, shall be installed in parallel in 
each raceway or cable. Where conductors are installed in 
parallel in the same rac way t cabl , or cable tray as 
permitted in 310.IO(H), a single equipment grounding 
conductor shall be permitted. Equipment grounding 
conductors installed in cable tray hall meet the minimum 
requirements of392.10(8)( I)(e). 

Each equipment grounding conductor shall be sized 
in compliance with 250.122. 

(G) Feeder Taps. Equipment grounding conductors run 
with feeder taps shall not be smaller than shown in Table 
2S0.122 based on the rating of the overcurrent device 
ahead of the feeder but shall not be required to be larger 
than the tap conductors. 

250.124 Equipment Grounding Conductor Continuity. 

(A) Separable Connections. Separable connections such 
as those provided in drawout equipment or attachment 
plugs and mating connectors and receptacles shall provide 
for first-make, last-break of the equipment grounding 
conductor. First-make, last-break shall not be required 
where interlocked equipment, plugs, receptacles, and 
connectors preclude energization without grounding 
continuity. 

(B) Switches. No automatic cutout or switch shall be 
placed in the equipment grounding conductor of a 
premises wiring system unless the opening of the cutout 
or switch disconnects all sources of energy. 

250.126 Identification of Wiring Device Terminals. 
The terminal for the connection of the equipment 
grounding conductor shall be identified by one of the 
following: 
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Table 250.122 Minimum Size Equipment Grounding 
Conductors for Grounding Raceway and Equipment 

Size (A WG or kcmil) 

Rating or Setting of 
Automatic Overcurrent 
Device in Circuit Ahead Aluminum 
of Equipment, Conduit, or Copper-

etc., Not Exceeding Clad 
(Amperes) Copper Aluminum* 

15 14 12 
20 12 10 
30 10 8 

10 8 
10 8 

200 6 4 
300 4 2 
400 3 
500 2 1/0 
600 1 2/0 
800 1/0 3/0 
1000 2/0 4/0 
1200 3/0 2S0 
1600 4/0 3S0 
2000 2S0 400 
2500 3S0 600 
3000 400 600 
4000 500 7S0 
SOOO 700 1200 
6000 800 1200 

Note: Where necessary to comply with 2S0A(A)(S) or (B)(4), 
the equipment grounding conductor shall be sized larger than 

in this table. 
"'See installation restrictions in 250.120. 

(l) A green, not readily removable terminal screw with a 
hexagonal head. 

(2) A green, hexagonal, not readily removable terminal nut. 

(3) A green pressure wire connector. If the terminal for 
the grounding conductor is not visible, the conductor 
entrance hole shall be marked with the word green or 
ground, the letters G or GR, a grounding symbol, or 
otherwise identified by a distinctive green color. If 
the terminal for the equipment grounding conductor 
is readily removable, the area adjacent to the terminal 
shaH be similarly marked. 

Informational Note: See Informational Note Figure 
250.126. 

/"1"" 
\.~:} 

Informational Note Figure 250.126 One Example of a 
Symbol Used to Identify tbe Grounding Termination Point 
for an Equipment Grounding Conductor. 
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VII. Methods of Equipment Grounding 

250.130 Equipment Grounding Conductor 
Connections. Equipment grounding conductor 
connections at the source of separately derived systems 
shall be made in accordance with 2S0.30(A)(I). 
Equipment grounding conductor connections at service 
equipment shall be made as indicated in 2S0.130(A) or 
(B). For replacement of non-grounding-type receptacles 
with grounding-type receptacles and for branch-circuit 
extensions only in existing installations that do not have 
an equipment grounding conductor in the branch circuit, 
connections shall be permitted as indicated in 2S0.130(e). 

(A) For Grounded Systems. The connection sha11 be 
made by bonding the equipment grounding conductor to 
the grounded service conductor and the grounding 
electrode conductor. 

(B) For Ungrounded Systems. The connection shall be 
made by bonding the equipment grounding conductor to 
the grounding electrode conductor. 

(C) Nongrounding Receptacle Replacement or Branch 
Circuit Extensions. The equipment grounding conductor 
of a grounding-type receptacle or a branch-circuit 
extension shall be permitted to be connected to any of the 
following: 

(1) Any accessible point on the grounding electrode 
system as described in 2S0.S0 

(2) Any accessible point on the grounding electrode 
conductor 

(3) The equipment grounding terminal bar within the 
enc10sure where the branch circuit for the receptacle 
or branch circuit originates 

(4) For grounded systems, the grounded service 
conductor within the service equipment enclosure 

(S) For ungrounded systems, the grounding terminal bar 
within the service equipment enclosure 

Informational Note: See for the use of a 
ground-fault circuit-interrupting type of receptacle. 

250.132 Short Sections of Raceway. Isolated sections of 
metal raceway or cable armor, where required to be 
grounded, shall be connected to an equipment grounding 
conductor in accordance with 250.134. 

250.134 Equipment Fastened in Place or Connected by 
Permanent Wiring Methods (Fixed) Grounding. 
Unless grounded by connection to the grounded circuit 
conductor as permitted by 2S0.32, 250.140, and 250.142, 
non-current-carrying metal parts of equipment, raceways, 
and other enclosures, if grounded, shall be connected to 
an equipment grounding conductor by one of the methods 
specified in 2S0.134(A) or (B). 
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250.136 ARTICLE 250 - GROUNDING AND BONDING 

(A) Equipment Grounding Conductor Types. By 
connecting to any of the equipment grounding conductors 
permitted by 250.118. 

(B) With Circuit Conductors. By connecting to an 
equipment grounding conductor contained within the 
same raceway, cable, or otherwise run with the circuit 
conductors. 

Exception No. J: As provided in 250.130(C), the 
equipment grounding conductor shall be permitted to be 
run separately from the circuit conductors. 

Exception No.2: For dc circuits, the equipment 
grounding conductor shall be permitted to be run 
separately from the circuit conductors. 

Informational Note No.1: See 250.102 and 250.168 for 
equipment bonding jumper requirements. 

Infoffi1ational Note No.2: See 400.7 for use of cords for 
fixed equipment. 

250.136 Equipment Considered Grounded. Under the 
conditions specified in 250. 1 36(A) and (B), the normally 
non-current-carrying metal parts of the equipment shall 
be considered grounded. 

(A) Equipment Secured to Grounded Metal Supports. 
Electrical equipment secured to and in electrical contact 
with a metal rack or structure provided for its support and 
connected to an equipment grounding conductor by one of 
the means indicated in 250.134. The structural metal 
frame of a building shall not be used as the required 
equipment grounding conductor for ac equipment. 

(B) Metal Car Frames. Metal car frames supported by 
metal hoisting cables attached to or running over metal 
sheaves or drums of elevator machines that are connected 
to an equipment grounding conductor by one of the 
methods indicated in 250.134. 

250.138 Cord-and-Plug-Connected Equipment. Non
current-carrying metal parts of cord-and-plug-connected 
equipment, if grounded, shaH be connected to an 
equipment grounding conductor by one of the methods in 
250.138(A) or (B). 

(A) By Means of an Equipment Grounding Conductor. 
means of an equipment grounding conductor run with 

the power supply conductors in a cable assembly or 
flexible cord properly terminated in a grounding-type 
attachment plug with one fixed grounding contact. 

Exception: The grounding contacting pole of grounding
type plug-in ground/ault circuit interrupters shall be 
permitted to be of the movable, self-restoring type on circuits 
operating at not over J 50 volts between any two conductors 
or over 150 volts between any conductor and ground 

(B) By Means of a Separate Flexible Wire or Strap. By 
means of a separate flexible wire or strap, insulated or 
bare, connected to an equipment grounding conductor, 
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and protected as well as practicable against physical 
damage, where part of equipment. 

250.140 Frames of Ranges and Clothes Dryers. Frames 
of electric ranges, wall-mounted ovens, counter-mounted 
cooking units, clothes dryers, and outlet or junction boxes 
that are part of the circuit for these appliances shall be 
connected to the equipment grounding conductor in the 
manner specified by 250.134 or 250.138. 

Exception: For existing branch-circuit installations only 
where an equipment grounding conductor is not present 
in the outlet or junction box, the frames of electric ranges, 
wall-mounted ovens, counter-mounted cooking units, 
clothes dryers, and outlet or junction boxes that are part 
of the circuit for these appliances shall be permitted to be 
connected to the grounded circuit conductor ~f all the 
following conditions are met. 

(1) The supply circuit is J 201240-volt, single-phase, 3-
wire; or 208Y1120-volt derived from a 3-phase, 4-
wire, wye-connected system. 

(2) The grounded conductor is not smaller than 10 AWG 
copper or 8 A WG aluminum. 

(3) The grounded conductor is insulated, or the 
grounded conductor is uninsulated and part of a 

SE service-entrance cable and the branch 
circuit originates at the service equipment. 

(4) Grounding contacts of receptacles furnished as part 
of the equipment are bonded to the equipment. 

250.142 Use of Grounded Circuit Conductor for 
Grounding Equipment. 

(A) Supply-Side Equipment. A grounded circuit 
conductor shall be permitted to ground non-current
carrying metal parts of equipment, raceways, and other 
enclosures at any of the following locations: 

(1) On the supply side or within the enclosure of the ac 
service-disconnecting means 

(2) On the supply side or within the enclosure of the 
main disconnecting means for separate buildings as 
provided in 250.32(B) 

(3) On the supply side or within the enclosure of the 
main disconnecting means or overcurrent devices of a 
separately derived system where permitted by 
250.30(A)( 1) 

(B) Load-Side Equipment. Except as permitted in 
250.30(A)(l) and 250.32(B) a grounded 
circuit conductor shall not be used for grounding non
current-carrying metal parts of equipment on the load side 
of the service disconnecting means or on the load side of 
a separately derived system disconnecting means or the 
overcurrent devices for a separately derived system not 
having a main disconnecting means. 
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ARTICLE 250 - GROUNDING AND BONDING 250.148 

Exception No.1.' The frames of ranges, wall-mounted 
ovens, counter-mounted cooking units, and clothes dryers 
under the conditions permitted for existing installations 
by 250.140 shall be permitted to be connected to the 
grounded circuit conductor. 

Exception No.2: It shall be permissible to ground meter 
enclosures by connection to the grounded circuit 
conductor on the load side of the service disconnect 
where all of the follOWing conditions apply: 

(1) No service ground-fault protection is installed. 

(2) All meter enclosures are located immediately acijacent 
to the service disconnecting means. 

(3) The size of the grounded circuit conductor is not 
smaller than the size specified in Table 250.122 for 
equipment grounding conductors. 

Exception No.3: Direct-current systems shall be 
permitted to be grounded on the load side of the 
disconnecting means or overcurrent device in accordance 
with 250.164. 

Exception No.4: Electrode-type boilers operating at over 
600 volts shall be grounded as required in 490. 72 (E) (1) 
and 490.74. 

250.144 Multiple Circuit Connections. Where 
equipment is grounded and is supplied by separate 
connection to more than one circuit or grounded premises 
wiring system, an equipment grounding conductor 
termination shall be provided for each such connection as 
specified in 250.134 and 250.138. 

250.146 Connecting Receptacle Grounding Terminal 
to Box. An equipment bonding jumper shall be used to 
connect the grounding terminal of a grounding-type 
receptacle to a grounded box unless grounded as in 
250.146(A) through (D). The equipment bonding jumper 
shall be sized in accordance with Table 250.122 based 
on the rating of the overcurrent device protecting the 
circuit conductors. 

(A) Surface-Mounted Box. Where the box is mounted on 
the surface, direct metal-to-metal contact between the 
device yoke and the box or a contact yoke or device that 
complies with 250.146(B) shall be permitted to ground 
the receptacle to the box. At least one of the insulating 
washers shall be removed from receptacles that do not 
have a contact yoke or device that complies with 
250.146(B) to ensure direct metal-to-metal contact. This 
provision shall not apply to cover-mounted receptacles 
unless the box and cover combination are listed as 
providing satisfactory ground continuity between the box 
and the receptacle. A listed exposed work cover shall be 
permitted to be the grounding and bonding means when 
(I) the device is attached to the cover with at least two 
fasteners that are permanent (such as a rivet) or have a 
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thread locking or screw locking means and (2) 
when the cover mounting holes are located on a flat non
raised portion of the cover. 

(B) Contact Devices or Yokes. Contact devices or 
yokes designed and listed as self-grounding shall be 
permitted in conjunction with the supporting screws to 
establish the grounding circuit between the device yoke 
and flush-type boxes. 

(C) Floor Boxes. Floor boxes designed for and listed as 
providing satisfactory ground continuity between the box 
and the device shall be permitted. 

(D) Isolated Receptacles. Where installed for the 
reduction of electrical noise (electromagnetic interference) 
on the grounding circuit, a receptacle in which the 
grounding terminal is purposely insulated from the 
receptacle mounting means shall be permitted. The 
receptacle grounding terminal shall be connected to an 
insulated equipment grounding conductor run with the 
circuit conductors. This equipment grounding conductor 
shall be permitted to pass through one or more panelboards 
without a connection to the panelboard grounding terminal 
bar as permitted in 408.40, Exception, so as to terminate 
within the same building or structure directly at an 
equipment grounding conductor terminal of the applicable 
derived system or service. Where installed in accordance 
with the provisions of this section, this equipment 
grounding conductor shall also be permitted to pass 
through boxes, wireways, or other enclosures without being 
connected to such enclosures. 

Informational Note: Use of an isolated equipment 
grounding conductor does not relieve the requirement 
for grounding the raceway system and outlet box. 

250.148 Continuity and Attachment of Equipment 
Grounding Conductors to Boxes. Where circuit 
conductors are spliced within a box, or terminated on 
equipment within or supported by a box, any equipment 
grounding conductor(s) associated with those circuit 
conductors shall be connected within the box or to the box 
with devices suitable for the use in accordance with 
250.l48(A) through (E). 

Exception: The equipment grounding conductor permitted 
in 250. 146(D) shall not be required to be connected to the 
other equipment grounding conductors or to the box. 

(A) Connections. Connections and splices shall be made 
in accordance with 11 0.14(B) except that insulation shall 
not be required. 

(B) Grounding Continuity. The arrangement of grounding 
connections shall be such that the disconnection or the 
removal of a receptacle, luminaire, or other device fed from 
the box does not interfere with or interrupt the grounding 
continuity . 
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250.160 ARTICLE 250 GROUNDING AND BONDING 

(C) Metal Boxes. A connection shall be made between the 
one or more equipment grounding conductors and a metal 
box by means of a grounding screw that shall be used for no 
other purpose, equipment listed for grounding, or a listed 
grounding device. 

(0) Nonmetallic Boxes. One or more equipment grounding 
conductors brought into a nonmetallic outlet box shall be 
arranged such that a connection can be made to any fitting or 
device in that box requiring grounding. 

(E) Solder. Connections depending solely on solder shall not 
be used. 

VIII. Direct-Current Systems 

250.160 General. Direct-current systems shall comply with 
Part VIII and other sections of Article 250 not specifically 
intended for ac systems. 

250.162 Direct-Current Circuits and Systems to Be 
Grounded. Direct-current circuits and systems shaH be 
grounded as provided for in 250. 1 62(A) and (B). 

(A) Two-Wire, Direct-Current Systems. A 2-wire, dc 
system supplying premises wiring and operating at greater 
than 50 volts but not greater than 300 volts shall be 
grounded. 

Exception No.1: A system equipped with a ground detector 
and supplying only industrial equipment in limited areas 
shall not be required to be grounded. 

Exception No.2: A rectifier-derived dc system supplied from 
an ac system complying with 250.20 shall not be required to 
be grounded. 

Exception No.3: Direct-current/ire alann circuits having a 
maximum current of 0.030 ampere as specified in Article 
760, Part Ill, shall not be required to be grounded. 

(B) Three-Wire, Direct-Current Systems. The neutral 
conductor of all 3-wire, dc systems supplying premises 
wiring shall be grounded. 

250.164 Point of Connection for Direct-Current Systems. 

(A) Off-Premises Source. Direct-current systems to be 
grounded and supplied fi'om an off-premises source shall 
have the grounding connection made at one or more supply 
stations. A grounding connection shall not be made at 
individual services or at any point on the premises wiring. 

(B) On-Premises Source. Where the dc system source is 
located on the premises, a grounding connection shall be 
made at one of the following: 

(1) The source 

(2) The first system disconnection means or overcurrent 
device 

(3) By other means that accomplish equivalent system 
protection and that utilize equipment listed and 
identified for the use 
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250.166 Size of the Direct-Current Grounding Electrode 
Conductor. The size of the grounding electrode conductor 
for a dc system shall be as specified in 250.l66(A) and (B), 
except as permitted by 250. 1 66(C) through (E). 

(A) Not Smaller Than the Neutral Conductor. Where the 
dc system consists of a 3-wire balancer set or a balancer 
winding with overcurrent protection as provided in 
445.I2(D), the grounding electrode conductor shall not be 
smaller than the neutral conductor and not smaller than 8 
A WG copper or 6 A WG aluminum. 

(B) Not Smaller Than the Largest Conductor. Where the 
dc system is other than as in 250.166(A), the grounding 
electrode conductor shall not be smaller than the largest 
conductor supplied by the system, and not smaller than 8 
A WG copper or 6 A WG aluminum. 

(C) Connected to Rod, Pipe, or Plate Electrodes. Where 
connected to rod, pipe, or plate electrodes as in 250.S2(A)(5) 
or (A)(7), that portion of the grounding electrode conductor 
that is the sole connection to the grounding electrode shall 
not be required to be larger than 6 AWG copper wire or 4 
AWG aluminum wire. 

(0) Connected to a Concrete-Encased Electrode. Where 
connected to a concrete-encased electrode as in 250.52(A)(3), 
that portion of the grounding electrode conductor that is the 
sole connection to the grounding electrode shall not be 
required to be larger than 4 A WG copper wire. 

(E) Connected to a Ground Ring. Where connected to a 
ground ring as in 250.52(A)(4), that portion of the grounding 
electrode conductor that is the sole connection to the 
grounding electrode shall not be required to be larger than 
the conductor used for the ground ring. 

250.168 Direct-Current System Bonding Jumper. For 
direct-current systems that are to be grounded, an unspliced 
bonding jumper shall be used to connect the equipment 
grounding conductor( s) to the grounded conductor at the 
source or the first system disconnecting means where the 
system is grounded. The size of the bondingjurnper shall not 
be smaller than the system grounding electrode conductor 
specified in 250.166 and shall comply with the provisions of 
250.28(A), (B), and (C). 

250.169 Ungrounded Direct-Current Separately 
Derived Systems. Except as otherwise permitted in 250.34 
for portable and vehicle-mounted generators, an ungrounded 
dc separately derived system supplied from a stand-alone 
power source (such as an engine-generator set) shall have a 
grounding electrode conductor connected to an electrode that 
complies with Part III of this article to provide for grounding 
of metal enclosures, raceways, cables, and exposed non
current-carrying metal parts of equipment. The grounding 
electrode conductor connection shall be to the metal 
enclosure at any point on the separately derived system from 
the source to the first system disconnecting means or 
overcurrent device, or it shall be made at the source of a 
separately derived system that has no disconnecting means 
or overcurrent devices. 
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The size of the grounding electrode conductor shall be 
in accordance with 250.166. 

IX. Instruments, Meters, and Relays 

250.170 Instrument Transformer Circuits. Secondary 
circuits of current and potential instrument transformers 
shall be grounded where the primary windings are 
connected to circuits of 300 volts or more to ground and, 
where on switchboards, shall be grounded irrespective of 
voltage. 

Exception No.1: Circuits where the primary windings 
are connected to circuits of less than 1000 volts with no 
live parts or wiring exposed or accessible to other than 
qualified persons. 

Exception No.2: Current transformer secondaries 
connected in a three-phase delta corifiguration shall not 
be required to be grounded. 

250.172 Instrument Transformer Cases. Cases or 
frames of instrument transformers shall be connected to 
the equipment grounding conductor where accessible to 
other than qualified persons. 

Exception: Cases or frames of current transformers, the 
primaries of which are not over 150 volts to ground and 
that are used exclusive~y to supply current to meters. 

250.174 Cases of Instruments, Meters, and Relays 
Operating at Less Than 1000 Volts. Instruments, 
meters, and relays operating with windings or working 
parts at less than 1000 volts shan be connected to the 
equipment grounding conductor as specified 111 

250.l74(A), (B), or (C). 

(A) Not on Switchboards. Instruments, meters, and 
relays not located on switchboards, operating with 
windings or working parts at 300 volts or more to ground, 
and accessible to other than qualified persons, shall have 
the cases and other exposed metal parts connected to the 
equipment grounding conductor. 

(B) On Dead-Front Switchboards. Instruments, meters, 
and relays (whether operated from current and potential 
transformers or connected directly in the circuit) on 
switchboards having no live parts on the front of the 
panels shall have the cases connected to the equipment 
grounding conductor. 

(C) On Live-Front Switchboards. Instruments, meters, 
and relays (whether operated from current and potential 
transformers or connected directly in the circuit) on 
switchboards having exposed live parts on the front of 
panels shall not have their cases connected to the 
equipment grounding conductor. Mats of insulating 
rubber or other suitable floor insulation shall be provided 
for the operator where the voltage to ground exceeds 150. 
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250.176 Cases of Instruments, Meters, and Relays -
Operating Voltage 1 kV and Over. Where instruments, 
meters, and relays have current-carrying parts of 1 kV and 
over to ground, they shall be isolated by elevation or 
protected by suitable barriers, grounded metal, or 
insulating covers or guards. Their cases shall not be 
connected to the equipment grounding conductor. 

Exception: Cases of electrostatic ground detectors where 
the internal ground segments of the instrument are 
connected to the instrument case and grounded and the 
ground detector is isolated by elevation. 

ECllulltmient Grounding Conductor. 
The equipment conductor for secondary circuits 
of instrument transformers and for instrument cases shall 
not be smaller than 12 A W G copper or lOA W G aluminum. 
Cases of instrument transformers, instruments, meters, and 
relays that are mounted directly on grounded metal surfaces 
of enclosures or grounded metal switchboard panels shall be 
considered to be grounded, and no additional equipment 
grounding conductor shall be required. 

X. Grounding of Systems and Circuits 1 kV 

250.180 General. are 
grounded, they shall comply with all applicable 
provisions of the preceding sections of this article and 
with 250.182 through 250.190, which supplement and 
modify the preceding sections. 

250.182 Derived Neutral Systems. A system neutral 
point derived from a grounding transformer shall be 
permitted to be used for grounding systems over 1 k V. 

250.184 Solidly Grounded Neutral Systems. Solidly 
grounded neutral systems shall be permitted to be either 
single point grounded or multi grounded neutral. 

(A) Neutral Conductor. 

(1) Insulation Level The minimum insulation level for 
neutral conductors of solidly grounded systems shall be 
600 volts. 

Exception No.1: Bare copper conductors shall be 
permitted to be used for the neutral conductor of the 
following: 

(1) Service-entrance conductors 

(2) Service laterals 

(3) Direct-buried portions of feeders. 

Exception No.2: Bare conductors shall be permittedfor the 
neutral conductor of overhead portions installed outdoors. 

Exception No.3: The grounded neutral conductor shall 
be permitted to be a bare conductor if isolated from phase 
conductors and protected from ph,vsical damage. 
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250.186 ARTICLE 250 - GROUNDING AND BONDING ----------------------------

Infonnational Note: See 225.4 for conductor covering 
where within 3.0 m (10 ft) of any building or other 
structure. 

(2) Ampacity. The neutral conductor shall be of sufficient 
ampacity for the load imposed on the conductor but not less 
than 33:;3 percent of the ampacity ofthe phase conductors. 

Exception: In industrial and commercial premises under 
engineering supervision) it shall be permissible to size the 
ampacity of the neutral conductor to not less than 20 
percent of the ampacity of the phase conductor. 

(B) Single-Point Grounded Neutral System. Where a 
single-point grounded neutral system is used, the following 
shall apply: 

(1) A single-point grounded neutral system shall be 
permitted to be supplied from (a) or (b): 

a. A separately derived system 

b. A multigrounded neutral system with an 
equipment grounding conductor connected to the 
multi grounded neutral conductor at the source of 
the single-point grounded neutral system 

(2) A grounding electrode shall be provided for the system. 

(3) A grounding electrode conductor shall connect the 
grounding electrode to the system neutral conductor. 

(4) A bonding jumper shall connect the equipment 
grounding conductor to the grounding electrode 
conductor. 

(5) An equipment grounding conductor shall be provided 
to each building, structure, and equipment enclosure. 

(6) A neutral conductor shall only be required where 
phase-to-neutral10ads are supplied. 

(7) The neutral conductor, where provided, shall be 
insulated and isolated from earth except at one location. 

(8) An equipment grounding conductor shall be run with 
the phase conductors and shall comply with (a), (b), 
and (c): 

a. Shall not carry continuous load 

b. May be bare or insulated 

c. Shall have sufficient ampacity for fault current duty 

(C) Multigrounded Neutral Systems. Where a 
multigrounded neutral system is used, the following shall 
apply: 

(1) The neutral conductor of a solidly grounded neutral 
system shall be permitted to be grounded at more than 
one point. Grounding shall be permitted at one or more 
of the following locations: 

a. Transformers supplying conductors to a building 
or other structure 

b. Underground circuits where the neutral conductor 
is exposed 

c. Overhead circuits installed outdoors 
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(2) The multigrounded neutral conductor shall be 
grounded at each transformer and at other additional 
locations by connection to a grounding electrode. 

(3) At least one grounding electrode shall be installed and 
connected to the multigrounded neutral conductor 
every 400 m (1300 ft). 

(4) The maximum distance between any two adjacent 
electrodes shall not be more than 400 m (1300 ft). 

(5) In a muItigrounded shielded cable system, the 
shielding shall be grounded at each cable joint that is 
exposed to personnel contact. 

250.186 Impedance Grounded Neutral Systems. 
Impedance grounded neutral systems in which a grounding 
impedance, usually a resistor, limits the ground-fault 
current shall be permitted where all of the following 
conditions are met: 

(1) The conditions of maintenance and supervision ensure 
that only qualified persons service the installation. 

(2) Ground detectors are installed on the system. 

(3) Line-to-neutral loads are not served. 

Impedance grounded neutral systems shall comply with the 
provisions of250.186(A) through (D). 

(A) Location. The impedance shall be inserted 
in the grounding conductor between the 
grounding electrode of the supply system and the neutral 
point of the supply transformer or generator. 

(B) Identified and Insulated. The neutral conductor of an 
impedance grounded neutral system shall be identified, as 
well as fully insulated with the same insulation as the phase 
conductors. 

(C) System Neutral Conductor Connection. The system 
neutral conductor shall not be connected to ground, except 
through the neutral grounding impedance. 

(D) Equipment Grounding Conductors. Equipment 
grounding conductors shall be permitted to be bare and 
shan be electrically connected to the ground bus and 
grounding electrode conductor. 

250.188 Grounding of Systems Supplying Portable or 
Mobile supplying portable or 
mobile other than substations 
installed on a temporary basis, shall comply with 
250. 188(A) through (F). 

(A) Portable or Mobile Equipment. Portable or 
shall be supplied from a system having 

its neutral conductor grounded through an impedance. Where 
a delta-connected is used to supply 
portable or mobile equipment, a system neutral point and 
associated neutral conductor shall be derived. 
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ARTICLE 280 - SURGE ARRESTERS, OVER 1 kV 280.4 

(B) Exposed Non-Current-Carrying Metal Parts. 
Exposed non-current-carrying metal parts of portable or 
mobile equipment shall be connected by an equipment 
grounding conductor to the point at which the system 
neutral impedance is grounded. 

(C) Ground-Fault Current. The voltage developed 
between the portable or mobile equipment frame and 
ground by the flow of maximum ground-fault current 
shall not exceed 100 volts. 

(D) Ground-Fault Detection and Relaying. Ground
fault detection and relaying shall be provided to 
automatically de-energize ny component of a syste'nl 
()ye~J .k y. that has developed a ground fault. The 
continuity of the equipment grounding conductor shall be 
continuously monitored so as to de-energize automatically 
the circuit of t.~~ .. , y~tt!1()~rL _~V to the portable or 
mobile equipment upon loss of continuity of the 
equipment grounding conductor. 

(E) Isolation. The grounding electrode to which the 
portable or mobile equipment system neutral impedance 
is connected shall be isolated from and separated in the 
ground by at least 6.0 m (20 ft) from any other system or 
equipment grounding electrode, and there shall be no 
direct connection between the grounding electrodes, such 
as buried pipe and fence, and so forth. 

(F) Trailina Cable and Couplers. Trailing cable and 
couplers of y tems over I kV for interconnection of 
portable or mobile equipment shall meet the requirements 
of Part III of Article 400 for cables and 490.55 for couplers. 

250.190 Grounding of Equipment. 

(A) Equipment G rounding. All non-current-carrying 
metal parts of fixed, portable, and mobile equipment and 
associated fences, housings, enclosures, and supporting 
structures shall be grounded. 

Exception: Where isolated from ground and located such 
Ihal any person !'.~ contact with ground ~,!I!'!.l!!,. ~~~"lacl 
such metal parts when the equipment is energized, r~f!. 

melaJ parts sitailllol be required to be grounded. 

Informational Note: See 250.110, Exception No.2, for 
pole-mounted distribution apparatus. 

(8) Grounding Electrode· Collductor~ · ff ' a"' grounding 
electrode conductor connects non-currenl-cnrrying metal 
parts to ground. th grounding electrode conductor shall 
be sized in accordanc with Table 250.66, ba cd on th 
ize of the largest ungrounded service, feeder. or branch

circuit (,.'Qnductors upplying the equipment. The 
grounding lectrode conductor shall not be mailer than 6 
A WG copper or 4 A WG aluminum. 

(C) Equipment Grounding Conductor. quipment 
~rounding con~,~£!9~ _,,"h,~JL ,~()lllp.h' __ ~i!,h .. 2.~Q.J9Q(c:')(1 >

.hrough (C )(3 ). 
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(ij"Geocraf ' Equipment "groundm'g "conductors that are 
not an integral part of a cable a sembly shall not be 
smaller than 6 AWG copper or 4 AWG aluminum. 

(2) Shielded Cables. The "' meuillicill 'ul"aiion"'shieid 
~mcircling the curr nt carrying conductors shall be 
permitted to be used as an equipment grounding 
tonductor. if it is rat d for clearing lime of ground fault 
current protective device operation without damaging 
the metallic shield. The metallic tape insulation shield 
and drain wire insulation shield shall not be used as an 
equipment grounding conductor for solidly grounded 
ystems. 

(3) Sizing. Equipm nt grounding conductors shall be 
sized in accordanc~ with Table 250.) 22 ba cd on the 
current rating of the fuse or the overcurrent setting of the 
protective r Jay. 

Informational Note: ffile mercurrenl rating 'for a cirCUli 
breaker i~ th cOlnbinalion of the current transformer 
ratio and the curr nt pickup setting of the protecth'e 
relay. 

250. t 9 t Grou Ildio System at Alternating-Curreo~ 

Sub tatlons. For ac substations. the grounding system 

sha II Qt,i~ ... t!££~r~!l!}fS, ~,i,l.h~8~tJJ!' o.f ~.r' ~<!1~ , ?50. 

Informational Note: For further information on outdoor 
ac substation grounding. see ANSI/ IEEE 80-2000. 
I£Et; Guide for Safety in tiC SlIb<;tation Grounding. 

ARTICLE 280 
~JJ~g~~~ .. ~sters, Over t kV 

I. General 

280.1 Scope. This article covers general requirements, 
installation requirements, and connection requirements 
for surge arresters installed on premises wiring systems 
over 1 kV. 

280.2 Uses Not Permitted. A surge arrester shall not be 
installed where the rating of the surge arrester is less 
than the maximum continuous phase-to-ground power 
frequency voltage available at the point of application. 

280.3 Number Required. Where used at a point on a 
circuit, a surge arrester shall be connected to each 
ungrounded conductor. A single installation of such 
surge arresters shall be permitted to protect a number of 
interconnected circuits, provided that no circuit is 
exposed to surges while disconnected from the surge 
arresters. 

280.4 Surge Arrester Selection. The surge arresters 
shall comply with 280.4(A) and (B). 
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280.11 ARTICLE 280 - SURGE 1 U'\.J,'\..L.JU OVER 1 kV 

(A) Rating. The rating of a surge arrester shall be equal to 
or greater than the maximum continuous operating 
voltage available at the point of application. 

(1) Solidly Grounded Systems. The maximum 
continuous operating voltage shall be the phase-to-ground 
voltage of the system. 

(2) Impedance or Ungrounded System. The maximum 
continuous operating voltage shall be the phase-to-phase 
voltage of the system. 

(B) Silicon Carbide Types. The rating of a silicon 
carbide-type surge arrester shall be not less than 125 
percent of the rating specified in 280.4(A). 

Informational Note No.1: For further information 
on surge arresters, see ANSI/IEEE C62.11-2005, 
Standard for Metal-Oxide Surge Arresters for 
Alternating-Current Power Circuits (>1 kV); and 
ANSI/IEEE C62.22-1997, Guide for the 
Application of Metal-Oxide Surge Arresters for 
Alternating-Current Systems. 

Informational Note No.2: The selection of a 
properly rated metal oxide arrester is based on 
considerations of maximum continuous operating 
voltage and the magnitude and duration of 
overvoltages at the arrester location as affected by 
phase-to-ground faults, system grounding 
techniques, switching surges, and other causes. 
See the manufacturer's application rules for 
selection of the specific arrester to be used at a 
particular location. 

H. Installation 

280.11 Location. Surge arresters shall be permitted to be 
located indoors or outdoors. Surge arresters shall be made 
inaccessible to unqualified persons, unless listed for 
installation in accessible locations. 

280.12 Routing of Surge Arrester Grounding 
Conductors. The conductor used to connect the surge 
arrester to line, bus, or equipment and to a grounding 
conductor connection point as provided in 280.21 shall 
not be any longer than necessary and shall avoid 
unnecessary bends. 

HI. Connecting Surge Arresters 

280.21 Connection. The be connected to 
one of the following: 

(1) Grounded service conductor 

(2) Grounding electrode conductor 

(3) Grounding electrode for the service 

(4) Equipment grounding terminal in the service equipment 
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280.23 Surge-Arrester Conductors. The conductor 
between the surge arrester and the line and the surge 
arrester and the grounding connection shall not be 
smaller than 6 AWG copper or aluminum. 

280.24 Interconnections. arrester protecting 
a transformer that supplies a secondary distribution 
system shall be interconnected as specified III 

280.24(A), (B), or (C). 

(A) Metallic Interconnections. A metallic 
interconnection shall be made to the secondary grounded 
circuit conductor or the secondary circuit grounding 

conductor provided that, in addition to the 
grounding connection at the surge arrester, the 

following occurs: 

(1) Additional Grounding Connection. The grounded 
conductor of the secondary has elsewhere a grounding 
connection to a continuous metal underground water 
piping system. In urban water-pipe areas where there are 
at least four water-pipe connections on the neutral 
conductor and not fewer than four such connections in 
each mile of neutral conductor, the metallic 
interconnection shall be permitted to be made to the 
secondary neutral conductor with omission of the direct 
grounding connection at the surge arrester. 

(2) Multigrounded Neutral System Connection. The 
grounded conductor of the secondary system is a part of 
a multi grounded neutral system or static wire of which 
the primary neutral conductor or static wire has at least 
four grounding connections in each mile of line in 
addition to a grounding connection at each service. 

(B) Through Spark Gap or Device. Where the surge 
arrester grounding conductor is not connected 
as in 280.24(A), or where the secondary is not grounded 
as in 280.24(A) but is otherwise grounded as in 250.52, 
an interconnection shall be made through a spark gap or 
listed device as required by 280.24(B)(1) or (B)(2). 

(1) Ungrounded or U nigrounded Primary System. 
For ungrounded or unigrounded primary systems, the 
spark gap or listed device shall have a 60-Hz breakdown 
voltage of at least twice the primary circuit voltage but 
not necessarily more than 10 kV, and there shall be at 
least one other ground on the grounded conductor of the 
secondary that is not less than 6.0 m (20 ft) distant from 
the surge-arrester grounding electrode. 

(2) Multigrounded Neutral Primary System. For 
multigrounded neutral primary systems, the spark gap or 
listed device shall have a 60-Hz breakdown of not more 
than 3 kV, and there shall be at least one other ground 
on the grounded conductor of the secondary that is not 
less than 6.0 m (20 ft) distant from the surge-arrester 
grounding electrode. 

2013 California Electrical Code 



ARTICLE 285 - SURGE PROTECTIVE DEVICES (SPDs), 1 Kv OR LESS 285.24 

(C) By Special Permission. An interconnection of the 
surge-arrester ground and the secondary neutral 
conductor, other than as provided in 280.24(A) or (B), 
shall be permitted to be made only by special permission. 

280.25 Grounding Electrode Conductor Connections 
and Enclosures. Except as indicated in this article, surge
arrester grounding electrode conductor connections shall 
be made as specified in Article 250, Parts III and X. 
Grounding 1 ctrodt1 conductors installed in metal 
enclosures shall comply with 250.64(E). 

ARTICLE 285 
Surge-Protective Devices (SPDs), 

I kVor Less 

I. General 

285.1 Scope. This article covers general requirements, 
installation requirements, and connection requirements 
for SPDs [surge arresters and transient voltage surge 
suppressors (TVSSs)] permanently installed on premises 
wiring systems 1 kV or less. 

Informational Note No.1: Surge arresters less than 1 
kV are also known as Type 1 SPDs. 

Informational Note No.2: Transient voltage surge 
suppressors (TVSSs) are also known as Type 2 and 
Type 3 SPDs. 

285.3 Uses Not Permitted. An SPD (surge arrester or 
TVSS) device shall not be instaUed in the following: 

(1) Circuits exceeding 1 kV 

(2) On ungrounded systems, impedance grounded 
systems, or corner grounded delta systems unless 
listed specifically for use on these systems. 

(3) Where the rating of the SPD (surge arrester or 
TVSS) is less than the maximum continuous phase
to-ground power frequency voltage available at the 
point of application 

Informational Note: For further information on SPDs 
(TVSSs), see NEMA LS 1-1992, Standard for Low 
Voltage Surge Suppression Devices . The selection of a 
properly rated SPD (TVSS) is based on criteria such as 
maximum continuous operating voltage, the magnitude 
and duration of overvoltages at the suppressor location 
as affected by phase-to-ground faults, system 
grounding techniques, and switching surges. 
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285.4 Number Required. Where used at a point on a 
circuit, the SPD (surge arrester or TVSS) shall be 
connected to each ungrounded conductor. 

285.5 Listing. An SPD (surge arrester or TVSS) shall be 
a listed device. 

285.6 Short-Circuit Current Rating. The SPD (surge 
arrester or TVSS) shall be marked with a short-circuit 
current rating and shall not be installed at a point on the 
system where the available fault current is in excess of 
that rating. This marking requirement shall not apply to 
receptacles. 

II. Installation 

285.11 Location. SPDs (surge arresters or TVSSs) shall 
be permitted to be located indoors or outdoors and shall 
be made inaccessible to unqualified persons, unless listed 
for installation in accessible locations. 

285.12 Routing of Connections. The conductors used to 
connect the SPD (surge arrester or TVSS) to the line or 
bus and to ground shall not be any longer than necessary 
and shall avoid unnecessary bends. 

III. Connecting SPDs 

285.21 Connection. Where an SPD (surge arrester or 
TVSS) device is installed, it shall comply with 285.23 
through 285.28. 

285.23 Type 1 SPDs (Surge Arresters). Type 1 SPDs 
shall be installed in accordance with 285.23(A) and (B). 

(A) Installation. Type 1 SPDs (surge arresters) shall be 
installed as follows: 

( 1) Type 1 SPDs (surge arresters) shall be permitted to 
be connected to the supply side of the service 
disconnect as permitted in 230.82(4) or 

(2) Type 1 SPDs (surge arresters) shall be permitted to 
be connected as specified in 285.24. 

(B) At the Service. When installed at services, Type 
SpD shall be connected to one of the following: 

(1) Grounded service conductor 

(2) Grounding electrode conductor 

(3) Grounding electrode for the service 

(4) Equipment grounding terminal In the service 
equipment 

285.24 Type 2 SPDs (TVSSs). Type 2 SPDs (TVSSs) shall 
be installed in accordance with 285.24(A) through (C). 

(A) Service-Supplied Building or Structure. Type 2 
SPDs (TVSSs) shall be connected anywhere on the load 
side of a service disconnect overcurrent device required in 
230.91, unless installed in accordance with 230.82(8). 
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285.25 ARTICLE 285 - SURGE ARRESTERS, OVER 1 Kv OR LESS 

(B) Feeder-Supplied Building or Structure. Type 2 
SPDs (TVSSs) shall be connected at the building or 
structure anywhere on the load side of the first 
overcurrent device at the building or structure. 

(C) Separately Derived System. The SPD (TVSS) 
shall be connected on the load side of the first 
overcurrent device in a separately derived system. 

285.25 Type 3 SPDs. Type 3 SPDs (TVSSs) shall be 
permitted to be installed on the load side of branch
circuit overcurrent protection up to the equipment 
served. If included in the manufacturer's instructions. 
ih Type 3 SPD connection shan be a minimum 10m 
(30 ft) of conductor distance from the service or 
separately derived system disconnect. 
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285.26 Conductor Size. Line and grounding conductors shall 
not be smaller than 14 A WG copper or 12 A WG aluminum. 

285.27 Connection Between Conductors. An SPD (surge 
arrester or TVSS) shall be permitted to be connected between 
any two conductors - ungrounded conductor( s), grounded 
conductor. quipment grounding conductor, or grounding 
electrode conductor. The grounded conductor and the 
t..'quipment grounding conductor shall be interconnected only 
by the normal operation of the SPD (surge arrester or TVSS) 
during a surge. 

285.28 Grounding Electrode Conductor Connections 
and Enclosures. Except as indicated in this article, SPD 
grounding connections shall be made as specified in 
Article 250, Part III. Grounding electrode conductors 
installed in metal enclosures shall comply with 250.64(E). 
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CHAPTER 3 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 300 - WIRING METHODS 
Adopting Agency I BSC SFM HCD DSA 

1 2 AC 55 SS/CC 1 

Adopt Entire Article X X X X X 
I 

X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 310 - CONDUCTORS FOR GENERAL WIRING 
Adopting Agency SSC SFM HCD DSA I 

1 2 AC SS SS/CC 1 

Adopt Entire Article X X X IX X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are i 

listed below 

Article I Section 

ARTICLE 312 - CABINETS, CUTOUT BOXES, AND METER SOCKET 
ENCLOSURES 

Adopting Agency SSC SFM HCD DSA 

1 2 AC SS SS/CC 1 

Adopt Entire Article X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

OSHPD 

2 3 

X X 

! 

OSHPD 
2 3 

X X 

OSHPD 

2 3 

X X 

ARTICLE 314 - OUTLET, DEVICE, PULL, AND JUNCTION BOXES; CONDUIT 
BODIES; FITTINGS; AND HANDHOLE ENCLOSURES 

Adopting Agency SSC SFM HCD DSA OSHPD 
1 2 AC SS SS/CC 1 2 3 

Adopt Entire Article X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are I 

I 

listed below 

Article I Section 
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DPH 
4 

X 

DPH , 
I 

4 

X 

i 

i 

DPH 
4 

X 

DPH 
4 

X 
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CHAPTER 3 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 320 - ARMORED CABLE: TYPE AC 
I Adopting Agency SSC SFM HCD DSA OSHPD DPH I 

I 1 2 AC SS 5S/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) I 

Adopt only those sections that are 

I listed below I 

I Article I Section I 

I 
I 

i 

! 

I i 

ARTICLE 322 - FLAT CABLE ASSEMBLIES: TYPE FC 
Adopting Agency SSC I SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 
! 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
I I 

I 

(amended sections listed below) 
i 

I 

Adopt only those sections that are 
listed below 

Article I Section I 

I 

I 

ARTICLE 324 - FLAT CONDUCTOR CABLE: TYPE FCC 
Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC S5 SS/CC 1 2 
I 

3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
I 

I 

! 

(amended sections listed below) 
I 

Adopt only those sections that are , 
listed below 

! 

I Article I Section 
I 

I 

I 

ARTICLE 326 -INTEGRATED GAS SPACER CABLE: TYPE IGS 

I 
Adopting Agency SSC I SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 ! 4 I 

I 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
I I 

l 
I 

(amended sections listed below) ! 

I 

Adopt only those sections that are 

I 
! 

listed below 

Article I Section 
I ! 

I 
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CHAPTER 3 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 328 - MEDIUM VOLTAGE CABLE: TYPE MV 
Adopting Agency esc SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 
I 

Adopt Entire Article X X X X X v I v X X X • 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 330 - METAL·CLAD CABLE: TYPE MC 
Adopting Agency BSe I SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 i 

Adopt Entire Article X X X X X X X X 
X¥f 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

I I 

ARTICLE 332 - MINERAL-INSULATED, METAL-SHEATHED CABLE: TYPE MI 
Adopting Agency esc SFM HCD DSA OSHPD DPH 

~AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 334 - NONMETALLlC·SHEATHED CABLE: TYPES NM, N,C, AND NMS 
Adopting Agency esc SFM HCD DSA OSHPD DPH 

1 2 AC ~ss~ee 1 2 3 4 I 

Adopt Entire Article X X X X X X 

Adopt Entire Article as amended X X I 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

334.10 (Note) X 

334.10(A) 

334.10(8) 

334.12 (Note) X X 
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CHAPTER 3 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 336 - POWER AND CONTROL TRAY CABLE: TYPE TC 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

I 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 
• 

ARTICLE 338 - SERVICE·ENTRANCE CABLE: TYPES SE AND USE 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 
I 

ARTICLE 340 - UNDERGROUND FEEDER AND BRANCH CIRCUIT CABLE: TYPE UF 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC 55 S5/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

• 

Article I Section 

ARTICLE 342 -INTERMEDIATE METAL CONDUIT: TYPE IMC 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 
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CHAPTER 3 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 344 - RIGID METAL CONDUIT: TYPE RMC 
Adopting Agency esc SFM HCD DSA OSHPD 

* 
AC SS s~ 3 

Adopt Entire Article X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 348 - FLEXIBLE METAL CONDUIT: TYPE FMC 
,------------------------

Adopting Agency 

Adopt Entire Article 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

X 

SFM HCD DSA 
1 2 S/CC 1 

X X X X X X 

ARTICLE 350 - LlQUIDTIGHT FLEXIBLE METAL CONDUIT: TYPE LFMC 
Adopting Agency esc SFM HCD DSA 

1 2 AC SS SS/CC 1 

Adopt Entire Article X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 352 - RIGID NONMETALLIC METAL CONDUIT: TYPE RNC 
Adopting Agency esc SFM HCD DSA 

.II 

~ 
SS/CC 1 I 

Adopt Entire Article X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 
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CHAPTER 3 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 353 - HIGH DENSITY POLYETHYLENE CONDUIT: 
TYPE HPDE CONDUIT 

Adopting Agency BSC SFM HCD DSA 
1 2 AC 55 SS/CC 1 

Adopt Entire Article X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article / Section 

ARTICLE 354 - NONMETALLIC UNDERGROUND CONDUIT WITH 
CONDUCTORS: TYPE NUCC 

Adopting Agency SSC SFM HCD DSA 
1 2 AC 55 SS/CC 1 

Adopt Entire Article X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article / Section 

OSHPD 
2 3 

X X 

OSHPD 
2 3 

X X 

ARTICLE 355 - REINFORCED THERMOSETTING RESIN CONDUIT: TYPE RTRC 
Adopting Agency BSC SFM HCD DSA OSHPD 

1 2 AC 55 SS/CC 1 2 3 

Adopt Entire Artide X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article / Section 

ARTICLE 356 - LlQUIDTIGHT FLEXIBLE NONMETALLIC CONDUIT: TYPE LFNC 
Adopting Agency BSC SFM HCD DSA OSHPD 

1 2 AC 55 SS/CC 1 2 3 

Adopt Entire Article X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article / Section 

DPH 
4 

X 

DPH 
4 

X 

DPH 
4 

X 

DPH 
4 

X 
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CHAPTER 3 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 358 - ELECTRICAL METALLIC TUBING: TYPE EMT 
Adopting Agency SSC SFM! HCD D5A 05HPD DPH 

1 2 AC 5S SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 360 - FLEXIBLE METAL TUBING: TYPE FMT 
Adopting Agency SSC 5FM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 362 - ELECTRICAL NONMETALLIC TUBING: TYPE ENT 
Adopting Agency I esc SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X ! X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 366 - AUXILIARY GUTTERS 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

I Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 
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CHAPTER 3 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 368 - BUSWAYS 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 
i i 

ARTICLE 370 - CABLEBUS 
I Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 372 - CELLULAR CONCRETE FLOOR RACEWAYS 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 
i 

ARTICLE 374 CELLULAR METAL FLOOR RACEWAYS 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article / Section 

70-134.8 
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CHAPTER 3 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 376 - METAL WIREWAYS 
I Adopting Agency esc SFM HCD DSA OSHPD DPH 
I 1 2 AC 55 ! 55/CC 1 2 3 4 I 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

I 

Adopt only those sections that are 
listed below 

Article / Section 
I 

I I 
; 

ARTICLE 378 - NONMETALLIC WIREWAYS 
Adopting Agency SSC SFM HCD D5A OSHPD DPH 

1 2 AC SS 55/CC 1 2 3 4 
I 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 
I 

AR"nCLE 380 - MUL TIOUTLET ASSEMBLY 
I Adopting Agency SSC 5FM HCD DSA OSHPD DPH 

1 2 AC 55 S5/CC 1 2 3 4 I 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 

i 
listed below 

Article / Section 
I 
I 

ARTICLE 382 - NONMETALLIC EXTENSIONS 
Adopting Agency esc SFM HCD D5A OSHPD DPH 

1 2 AC 55 55/CC 1 I 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
I isted below 

Article I Section 
I I 
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CHAPTER 3 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 384 - STRUT-TYPE CHANNEL RACEWAY 
Adopting Agency SSC SFM I HCD DSA OSHPD DPH 

1 2 AC SS SS/CC I 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
I (amended sections listed below) 

I 

Adopt only those sections that are 

I listed below 

Article I Section I I I 

I I 

ARTICLE 386 - SURFACE METAL RACEWAYS 
Adopting Agency I SSC I SFM HCD DSA I OSHPD DPH I 

I 1 2 AC SS I SS/CC 1 I 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) I 

I 
Adopt only those sections that are 

I listed below 

Article I Section I 

I 

I 

ARTICLE 388 - SURFACE NONMETALLIC RACEWAYS 
Adopting Agency SSC I SFM HCD DSA OSHPD DPH 

I 1 2 AC SS SS/CC 1 
I 

2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended I I 
I 

(amended sections listed below) 
I 

I 

Adopt only those sections that are 

I listed below 

Article I Section 

I 

ARTICLE 390 - UNDERFLOOR RACEWAYS 
Adopting Agency ! SSC SFM HCD DSA i OSHPD DPH 

1 2 AC SS SS/CC 1 I 
2 3 4 I I 

Adopt Entire Article X X X X 
I 

X I X X X X X 

Adopt Entire Article as amended , 
(amended sections listed below) I 

I 

Adopt only those sections that are 

I I 
listed below 

Article / Section 
I 

I 

I 
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CHAPTER 3 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 392 - CABLE TRAYS 
Adopting Agency BSC SFM HCD~ OSHPD DPH I 

1 2 SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended I 

(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 394 - CONCEALED KNOB·AND-TUBE WIRING 
Adopting Agency BSC SFM HCD DSA ITciSHPD I DPH 

1 2 AC SS SS/CC 3 4 

Adopt Entire Article X X X X X X X X 

Adopt Entire Article as amended X 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

394.12 Exception X 

I 

ARTICLE 396 -MESSENGER SUPPORTED WIRING 
Adopting Agency SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 ill! 4 

Adopt Entire Article X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 398 - OPEN WIRING ON INSULATORS 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 
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CHAPTER 3 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 399 - OUTDOOR OVERHEAD CONDUCTORS OVER 600 VOLTS 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC 55 SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article / Section 
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ARTICLE 300 - WIRING METHODS 300.3 

Chapter 3 Wiring Methods and Materials 

ARTICLE 300 
Wiring Methods 

I. General Requirements 

300.1 Scope. 

(A) All Wiring Installations. This article covers wiring 
methods for all wiring installations unless modified by 
other articles. 

(B) Integral Parts of Equipment. The provisions of this 
article are 110t intended to apply to the conductors that 
form an integral part of equipment, such as motors, 
controllers, motor control centers, or factory assembled 
control equipment or listed utilization equipment. 

(C) Metric Designators and Trade Sizes. Metric 
designators and trade sizes for conduit, tubing, and 
associated fittings and accessories shall be as designated 
in Table 300.l(C). 

Table 300.1(C) Metric Designators and Trade Sizes 

Metric Trade 

Designator Size 

12 % 

16 Y:z 

21 % 

27 

35 II!. 

41 1 Y2 

53 2 

63 2Y2 

78 3 

91 3Y2 

103 4 

129 5 

155 6 

Note: The metric designators and trade sizes are for 
identification purposes only and are not actual dimensions. 

300.2 Limitations. 

(A) Voltage. Wiring methods specified in Chapter 3 shall 
be used for 600 volts, nominal, or less where not 
specifically limited in some section of Chapter 3. They 
shall be permitted for over 600 volts, nominal, where 
specifically permitted elsewhere in this Code. 

(B) Temperature. Temperature limitation of conductors 
shall be in accordance with 31 0.15(A)(3). 

2013 California Electrical Code 

300.3 Conductors. 

(A) Single Conductors. Single conductors specified in 
Table 3l0.i04(A) shall only be installed where part of a 
recognized wiring method of Chapter 3. 

Exception: Individual conductors shall be permitted 
where installed as separate overhead conductors in 
accordance with 225.6. 

(B) Conductors of the Same Circuit. All conductors of 
the same circuit and, where used, the grounded conductor 
and all equipment grounding conductors and bonding 
conductors shall be contained within the same raceway, 
auxiliary gutter, cable tray, cablebus assembly, trench, 
cable, or cord, unless otherwise permitted in accordance 
with 300.3(B)(1) through (B)(4). 

(1) Paralleled Installations. Conductors shall be 
permitted to be run in parallel in accordance with the 
provisions of 310. IO(H). The requirement to run all 
circuit conductors within the same raceway, auxiliary 
gutter, cable tray, trench, cable, or cord shall apply 
separately to each portion of the paralleled installation, 
and the equipment grounding conductors shall comply 
with the provisions of 250.122. Parallel runs in cable tray 
shall comply with the provisions of 392.20(C). 

Exception: Conductors installed in nonmetallic raceways 
run underground shall be permitted to be arranged as 
isolated phase installations. The raceways shall be 
installed in close proximity, and the conductors shall 
comply with the provisions of 300.20(B). 

(2) Grounding and Bonding Conductors. Equipment 
grounding conductors shall be permitted to be installed 
outside a raceway or cable assembly where in accordance 
with the provisions of 250.130(C) for certain existing 
installations or in accordance with 250.134(B), Exception 
No.2, for dc circuits. Equipment bonding conductors 
shall be permitted to be installed on the outside of 
raceways in accordance with 250.1 02(E). 

(3) Nonferrous Wiring Methods. Conductors in wiring 
methods with a nonmetallic or other nonmagnetic sheath, 
where run in different raceways, auxiliary gutters, cable 
trays, trenches, cables, or cords, shall comply with the 
provisions of 300.20(B). Conductors in single-conductor 
Type MI cable with a nonmagnetic sheath shall comply 
with the provisions of 332.31. Conductors of single
conductor Type MC cable with a nonmagnetic sheath 
shall comply with the provisions of 330.31, 330.116, and 
300.20(B). 

(4) Enclosures. Where an auxiliary gutter runs between a 
column-width panelboard and a pull box, and the pull box 
includes neutral terminations, the neutral conductors of 
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300.4 ARTICLE 300 - WIRING METHODS 

circuits supplied from the panelboard shall be permitted to 
originate in the pull box. 

(C) Conductors of Different Systems. 

(1) 600 Volts, Nominal, or Less. Conductors of ac and 
dc circuits, rated 600 volts, nominal, or less, shall be 
permitted to occupy the same equipment wiring 
enclosure, cable, or raceway. All conductors shall have 
an insulation rating equal to at least the maximum circuit 
voltage applied to any conductor within the enclosure, 
cable, or raceway. 

Informational Note No.1: See 725.136(A) for Class 2 
and Class 3 circuit conductors. 

(2) Over 600 Volts, Nominal. Conductors of circuits 
rated over 600 volts, nominal, shall not occupy the same 
equipment wiring enclosure, cable, or raceway with 
conductors of circuits rated 600 volts, nominal, or less 
unless otherwise permitted in (C)(2)(a) through 
(C)(2)(e). 

(a) Secondary wiring to electric-discharge lamps of 
1000 volts or less, if insulated for the secondary voltage 
involved, shall be permitted to occupy the same 
luminaire, sign, or outline lighting enclosure as the 
branch-circuit conductors. 

(b) Primary leads of electric-discharge lamp ballasts 
insulated for the primary voltage of the ballast, where 
contained within the individual wiring enclosure, shall be 
permitted to occupy the same luminaire, sign, or outline 
lighting enclosure as the branch-circuit conductors. 

(c) Excitation, control, relay, and ammeter 
conductors used in connection with any individual motor 
or starter shall be permitted to occupy the same 
enclosure as the motor-circuit conductors. 

(d) In motors, switchgear and control assemblies, 
and similar equipment, conductors of different voltage 
ratings shall be permitted. 

(e) In manholes, if the conductors of each system 
are permanently and effectively separated from the 
conductors of the other systems and securely fastened to 
racks, insulators, or other approved supports, conductors 
of different voltage ratings shall be permitted. 

Conductors having nonshielded insulation and 
operating at different voltage levels shall not occupy the 
same enclosure, cable, or raceway. 

300.4 Protection Against Physical Damage. Where 
to physical damage, conductors, rnc~e\\,a~!;L 

shall be protected. 

70-136 

(A) Cables and Raceways Through Wood Members. 

(1) .Bored Holes. In both exposed and concealed locations, 
where a cable- or raceway-type wiring method is installed 
through bored holes in joists, rafters, or wood members, 
holes shall be bored so that the edge of the hole is not less 
than 32 mm (11;4 in.) from the nearest edge of the wood 
member. Where this distance cannot be maintained, the 
cable or raceway shall be protected from penetration by 
screws or nails by a steel plate( s) or bushing( s), at least 1.6 
mm C 116 in.) thick, and of appropriate length and width 
instal1ed to cover the area of the wiring. 

Exception No.1: Steel plates shall not be required to 
protect rigid metal conduit, intermediate metal conduit, 
rigid nonmetallic conduit, or electrical metallic tubing. 

Exception No.2: A listed and marked steel plate less than 
1.6 mm in.) thick that provides equal or better 
protection against nail or screw penetration shall be 
permitted. 

(2) Notches in Wood. Where there is no objection because 
of weakening the building structure, in both exposed and 
concealed locations, cables or raceways shall be permitted 
to be laid in notches in wood studs, joists, rafters, or other 
wood members where the cable or raceway at those points 
is protected against nails or screws by a steel plate at least 
1.6 mm C 116 in.) thick, and of appropriate length and width, 
installed to cover the area of the wiring. The steel plate 
shall be installed before the building finish is applied. 

Exception No.1: Steel plates shall not be required to 
protect rigid metal conduit, intermediate metal conduit, 
rigid nonmetallic conduit, or electrical metallic tubing. 

.cxcelJllG'n No.2: A listed and marked steel plate less than 
1.6 mm (1/16 in.) thick that provides equal or better 
protection against nail or screw penetration shall be 
permitted. 

(B) Nonmetallic-Sheathed Cables and Electrical 
Nonmetallic Tubing Through Metal Framing Members. 

(1) Nonmetallic-Sheathed Cable. In both exposed and 
concealed locations where nonmetallic-sheathed cables 
pass through either factory- or field-punched, cut, or drilled 
slots or holes in metal members, the cable shal1 be 
protected by listed bushings or listed grommets covering all 
metal edges that are securely fastened in the opening prior 
to installation of the cable. 

(2) Nonmetallic-Sheathed Cable and Electrical 
Nonmetallic Tubing. Where nails or screws are likely to 
penetrate nonmetallic-sheathed cable or electrical 
nonmetallic tubing, a steel sleeve, steel plate, or steel clip 
not less than 1.6 mm Cl16 in.) in thickness shall be used to 
protect the cable or tubing. 

Exception: A listed and marked steel plate less than 1.6 
mm (1/16 in.) thick that provides equal or better protection 
against nail or screw penetration shall be permitted. 
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ARTICLE 300 - WIRING METHODS 300.5 

(C) Cables Through Spaces Behind Panels Designed to 
Allow Access. Cables or raceway-type wiring methods, 
installed behind panels designed to allow access, shall be 
supported according to their applicable articles. 

(D) Cables and Raceways Parallel to Framing 
Members and Furring Strips. In both exposed and 
concealed locations, where a cable- or raceway-type 
wiring method is installed parallel to framing members, 
such as joists, rafters, or studs, or is installed parallel to 
furring strips, the cable or raceway shall be installed and 
supported so that the nearest outside surface of the cable 
or raceway is not less than 32 mm (1114 in.) from the 
nearest edge of the framing member or furring strips 
where nails or screws are likely to penetrate. Where this 
distance cannot be maintained, the cable or raceway shall 
be protected from penetration by nails or screws by a steel 
plate, sleeve, or equivalent at least 1.6 mm (1/16 in.) thick. 

Exception No.1: Steel plates, sleeves, or the equivalent 
shall not be required to protect rigid metal conduit, 
intermediate metal conduit, rigid nonmetallic conduit, or 
electrical metallic tubing. 

Exception No.2: For concealed work in finished 
buildings, or finished panels for prefabricated buildings 
where such supporting is impracticable, it shall be 
permissible to fish the cables between access points. 

Exception NO.3: A listed and marked steel plate less than 
1.6 mm (1/16 in.) thick that provides equal or better protection 
against nail or screw penetration shall be permitted. 

(E) Cables, Raceways, or Boxes Installed in or Under 
Roof Decking. A cable, raceway. or box. installed in 
exposed or concealed locations under metal-corrugated 
sheet roof decking, shall be installed and ~upported so 
thero is not less than 38 mm (11/2 in.) ,neasured from the 
lowest surface of the roof decking to the top of the cable 
race"ay;""orbox.Acable. race\~ay. or box shall not be 
installed in concealed locations in metal.corrugate<t sheet 
decking-type roof. 

Informational Note: Roof decking material is often 
repaired or replaced after the initial raceway or cabling 
and roofing installation and may be penetrated by the 
screws or other mechanical devices designed to provide 
"hold down" strength of the waterproof membrane or 
roof insulating material. 

Exception: Rigid metal conduit and intermediate metal 
conduit shall not be required to comply with 300.4(E). 

(F) Cables and Raceways Installed in Shallow 
Grooves. Cable- or raceway-type wiring methods 
installed in a groove, to be covered by wallboard, siding, 
paneling, carpeting, or similar finish, shall be protected by 
1.6 mm (1/16 in.) thick steel plate, sleeve, or equivalent or 
by not less than 32-mm (l114-in.) free space for the full 
length of the groove in which the cable or raceway is 
installed. 

2013 California Electrical Code 

Exception No.1: Steel plates, sleeves, or the equivalent 
shall not be required to protect rigid metal conduit, 
intermediate metal conduit, rigid nonmetallic conduit, or 
electrical metallic tubing. 

Exception No.2: A listed and marked steel plate less than 
1.6 mm (1/16 in.) thick that provides equal or better 
protection against nail or screw penetration shall be 
permitted. 

(G) Insulated Fittings. Where raceways contain 4 AWG 
or larger insulated circuit conductors, and these 
conductors enter a cabinet, a box, an enclosure, or a 
raceway, the conductors shall be protected by an 
ic:ielltifj(!4 fitting providing a smoothly rounded insulating 
su~face, unless the conductors are separated from the 
fitting or raceway by identi tie~ insulating material that is 
securely fastened in place. 

Exception: Where threaded hubs or bosses that are an 
integral part of a cabinet, box, enclosure, or raceway 
provide a smoothly rounded or flared entry for 
conductors. 

Conduit bushings constructed wholly of insulating 
material shall not be used to secure a fitting or raceway. 
The insulating fitting or insulating material shall have a 
temperature rating not less than the insulation temperature 
rating of the installed conductors. 

<H) Structural Joint . A listed "e~pansiol1.idenection; 
fining or other approved means shall be used w'here It 

raceway crosses a structural joint inhmded for expansion. 
contraction or detlection. used in b~iI4if1g ,~~r~~ge.~t; 
parking garages. or other structll!es. 

300.5 Underground Installations. 

(A) Minimum Cover Requirements. Direct-buried cable 
or conduit or other raceways shall be installed to meet the 
minimum cover requirements of Table 300.5. 

(B) Wet Locations. The interior of enclosures or 
raceways installed underground shall be considered to be 
a wet location. Insulated conductors and cables installed 
in these enclosures or raceways in underground 
installations shall be listed for use in wet locations and 
shall comply with 310.1 O(C). Any connections or splices 
in an underground installation shall be approved for wet 
locations. 

(C) Underground Cables Under Buildings. Underground 
cable installed under a building shall be in a raceway. 

Exception No.1: Type t\lf CubJe shall he permilled under 
a building '1" ilhoul installation in a race"way where 
embedded ;" COllcrete, fill. or other masonlY in 
accordance wilh 332.10(6) or in underground run whe,.e 
suitab~l' protected aguinsl physical damage and corrosiv£, 
condilions in accordonce wilh 332.10(10). 
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Table 300.5 Minimum Cover Requirements, 0 to 600 Volts, Nominal, Burial in Millimeters (Inches) 

Type of Wiring Method or Circuit 

Column 5 
Circuits for 

Column 3 Column 4 Control of 

Nonmetallic Residential Irrigation and 

Raceways Branch Circuits Landscape 

Listed for Rated 120 Volts Lighting 

Direct Burial or Less with Limited to Not 

Column 2 Without GFCI More Than 30 

Column 1 Rigid Metal Concrete Protection and Volts and 

Direct Burial Conduit or Encasement Maximum Installed with 

Cables or Intermediate or Other Overcurrent Type UF or in 

Conductors Metal Approved Protection of 20 Other Identified 

Conduit Raceways Amperes Cable or 
Raceway 

Location of Wiring Method or 
Circuit mm in. mm in. mm in. mm in. mm in. 

All locations not specified below 600 24 150 6 450 18 300 12 150 6 

In trench below 50-mm (2-in.) thick 450 18 150 6 300 12 150 6 150 6 
concrete or equivalent 

Under a building 0 0 0 0 0 0 0 0 0 0 

(in raceway bi (in raceway or (in race wilY o~ 
Type MC or Type MCoJl fType MC or 

Type MI cable Type MI cable Type MI cable 
id ntified for' id ntified for identified for 
~ircct burial) direct burial) direct burial) 

Under minimum of 102-mm (4-in.) 450 18 100 4 100 4 150 6 150 6 
thick concrete exterior slab with 
no vehicular traffic and the slab (direct burial) (direct burial) 

extending not less than 152 mm 100 4 100 4 
(6 in.) beyond the underground 
installation (in raceway) (in raceway) 

Under streets, highways, roads, 600 24 600 24 600 24 600 24 600 24 
alleys, driveways, and parking 
lots 

One- and two-family dwelling 450 18 450 18 450 18 300 12 450 18 
driveways and outdoor parking 
areas, and used only for dwelling-
related purposes 

In or under airport runways, 450 18 450 18 450 18 450 18 450 18 
including adjacent areas where 
trespassing prohibited 

Notes: 

1. Cover is defined as the shortest distance in millimeters (inches) measured between a point on the top surface of any direct-buried 
conductor, cable, conduit, or other raceway and the top surface of finished grade, concrete, or similar cover. 

2. Raceways approved for burial only where concrete encased shall require concrete envelope not less than 50 mm (2 in.) thick. 

3. Lesser depths shall be permitted where cables and conductors rise for terminations or splices or where access is otherwise required. 

4. Where one of the wiring method types listed in Columns 1-3 is used for one ofthe circuit types in Columns 4 and 5, the shallowest 
depth of burial shall be permitted. 

5. Where solid rock prevents compliance with the cover depths specified in this table, the wiring shall be installed in metal or nonmetallic 
raceway permitted for direct burial. The raceways shall be covered by a minimum of 50 mm (2 in.) of concrete extending down to rock. 
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Exception No. 2: Type we Cab/(I Ii ted for direct bu,.ial 
or concrete encasement ~hall he permitted under II 

building without installation in tJ racL.'1vay in accordance 
with 330.IO(A){5) alld in wet /ocalion in accordance, 
with 330.10(1 I). 

(D) Protection from Damage. Direct-buried conductors 
and cables shall be protected from damage in accordance 
with 300.5(D)(1) through (D)( 4). 

(1) Emerging from Grade. Direct-buried conductors and 
cables emerging from grade and specified in colunms 1 and 
4 of Table 300.5 shall be protected by enclosures or 
raceways extending from the minimum cover distance 
below grade required by 300.5(A) to a point at least 2.5 m 
(8 ft) above finished grade. In no case shall the protection be 
required to exceed 450 mm (18 in.) below finished grade. 

(2) Conductors Entering Buildings. Conductors entering 
a building shall be protected to the point of entrance. 

(3) Service Conductors. Underground service conductors 
that are not encased in concrete and that are buried 450 mm 
(18 in.) or more below grade shall have their location 
identified by a warning ribbon that is placed in the trench at 
least 300 mm (12 in.) above the underground installation. 

(4) Enclosure or Raceway Damage. Where the enclosure 
or raceway is subject to physical damage, the conductors 
shall be installed in rigid metal conduit, intermediate metal 
conduit, Schedule 80 PVC conduit, or equivalent. 

(E) Splices and Taps. Direct-buried conductors or cables 
shall be permitted to be spliced or tapped without the use 
of splice boxes. The splices or taps shall be made in 
accordance with 110.14(B). 

(F) Backfill. Backfill that contains large rocks, paving 
materials, cinders, large or sharply angular substances, or 
corrosive material shall not be placed in an excavation 
where materials may damage raceways, cables, or other 
substructures or prevent adequate compaction of fill or 
contribute to corrosion of raceways, cables, or other 
substructures. 

Where necessary to prevent physical damage to the 
raceway or cable, protection shall be provided in the form 
of granular or selected material, suitable running boards, 
suitable sleeves, or other approved means. 

(G) Raceway Seals. Conduits or raceways through which 
moisture may contact live parts shall be sealed or plugged 
at either or both ends. 

lnformational Note: Presence of hazardous gases or 
vapors may also necessitate sealing of underground 
conduits or raceways entering buildings. 

(H) Bushing. A bushing, or terminal fitting, with an 
integral bushed opening shall be used at the end of a 
conduit or other raceway that terminates underground 
where the conductors or cables emerge as a direct burial 
wiring method. A seal incorporating the physical 
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protection characteristics of a bushing shall be permitted 
to be used in lieu of a bushing. 

(I) Conductors of the Same Circuit. All conductors of 
the same circuit and, where used, the grounded conductor 
and all equipment grounding conductors shall be installed 
in the same raceway or cable or shall be installed in close 
proximity in the same trench. 

Exception No.1: Conductor. shall be permitted to be 
ill lalled in parallel in racew~\' • multicOJltiuClOr cables. or 
dh'ecI-buried single conductor cableJ. Each raceway 01' 

1nlliliconducIOr cable shall contain all condllctor. qf the 
same circuit, inc/udin equipment grounding conductors. 
Each direct-huried single conductor caMe ~hall he located 
;n close proximity in the french 10 the other single 
cOflductor cables in Ihe same parallel set of conductors in 
Ihe circuit. including equipment grounding condlictOl '. 

Exception No.2: Isolated phase, polarity, grounded 
conductor, and equipment grounding and bonding 
conductor installations shall be permitted in nonmetallic 
raceways or cables with a nonmetallic covering or 
nonmagnetic sheath in close proximity where conductors 
are paralleled as permitted in iJ J 0./ O( fI), and where the 
conditions of 300. 20 (B) are met. 

(J) Earth Movement. Where direct-buried conductors, 
raceways, or cables are subject to movement by settlement 
or frost, direct-buried conductors, raceways, or cables shall 
be arranged so as to prevent damage to the enclosed 
conductors or to equipment connected to the raceways. 

Informational Note: This section recognizes "S" loops in 
underground direct burial to raceway transitions, 
expansion fittings in raceway risers to fixed equipment, 
and, generally, the provision of flexible connections to 
equipment subject to settlement or frost heaves. 

(K) Directional Boring. Cables or raceways installed 
using directional boring equipment shall be approved for 
the purpose. 

300.6 Protection Against Corrosion and Deterioration. 

Raceways, cable trays, cablebus, auxiliary gutters, cable 
armor, boxes, cable sheathing, cabinets, elbows, couplings, 
fittings, supports, and support hardware shall be of materials 
suitable for the enviromnent in which they are to be installed. 

(A) Ferrous Metal Equipment. Ferrous metal raceways, 
cable trays, cablebus, auxiliary gutters, cable armor, 
boxes, cable sheathing, cabinets, metal elbows, couplings, 
nipples, fittings, supports, and support hardware shall be 
suitably protected against corrosion inside and outside 
(except threads at joints) by a coating of approved 
corrosion-resistant material. Where corrosion protection is 
necessary and the conduit is threaded in the field, the 
threads shall be coated with an approved electrically 
conductive, corrosion-resistant compound. 

Exception: Stainless steel shall not be required to have 
protective coatings. 
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(1) Protected from Corrosion Solely by Enamel. Where 
protected from corrosion solely by enamel, ferrous metal 
raceways, cable trays, cablebus, auxiliary gutters, cable 
armor, boxes, cable sheathing, cabinets, metal elbows, 
couplings, nipples, fittings, supports, and support 
hardware shall not be used outdoors or in wet locations 
as described in 300.6(D). 

(2) Organic Coatings on Boxes or Cabinets. Where 
boxes or cabinets have an approved system of organic 
coatings and are marked"Raintight," "Rainproof," or 
"Outdoor Type," they shaH be permitted outdoors. 

(3) In Concrete or in Direct Contact with the Earth. 
Ferrous metal raceways, cable armor, boxes, cable 
sheathing, cabinets, elbows, coupJings, nipples, fittings, 
supports, and support hardware shall be permitted to be 
installed in concrete or in direct contact with the earth, 
or in areas subject to severe corrosive influences where 
made of material approved for the condition, or where 
provided with corrosion protection approved for the 
condition. 

(B) Aluminum Metal Equipment. Aluminum 
raceways, cable trays, cablebus, auxiliary gutters, cable 
armor, boxes, cable sheathing, cabinets, elbows, 
couplings, nipples, fittings, supports, and support 
hardware embedded or encased in concrete or in direct 
contact with the earth shall be provided with 
supplementary corrosion protection. 

(C) Nonmetallic Equipment. Nonmetallic raceways, 
cable trays, cablebus, auxiliary gutters, boxes, cables 
with a nonmetallic outer jacket and internal metal armor 
or jacket, cable sheathing, cabinets, elbows, couplings, 
nipples, fittings, supports, and support hardware shall be 
made of material approved for the condition and shall 
comply with (C)(1) and (C)(2) as applicable to the 
specific installation. 

(1) Exposed to Sunlight. Where exposed to sunlight, 
the materials shall be listed as sunlight resistant or shall 
be identified as sunlight resistant. 

(2) Chemical Exposure. Where subject to exposure to 
chemical solvents, vapors, splashing, or immersion, 
materials or coatings shall either be inherently resistant 
to chemicals based on their listing or be identified for 
the specific chemical reagent. 

(D) Indoor Wet Locations. In portions of dairy 
processing facilities, laundries, canneries, and other 
indoor wet locations, and in locations where walls are 
frequently washed or where there are surfaces of 
absorbent materials, such as damp paper or wood, the 
entire wiring system, where installed exposed, including 
all boxes, fittings, raceways, and cable used therewith, 
shall be mounted so that there is at least a 6-mm (V4-in.) 
airspace between it and the wall or supporting surface. 
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Exception: Nonmetallic raceways, boxes, and fittings 
shall be permitted to be installed without the airspace on 
a concrete, masonry, tile, or similar surface. 

Informational Note: In general, areas where 
acids and alkali chemicals are handled and 
stored may present such corrosive conditions, 
particularly when wet or damp. Severe 
corrosive conditions may also be present in 
portions of meatpacking plants, tanneries, glue 
houses, and some stables; in installations 
immediately adjacent to a seashore and 
swimming pool areas; in areas where chemical 
deicers are used; and in storage cellars or rooms 
for hides, casings, fertilizer, salt, and bulk 
chemicals. 

300.7 Raceways Exposed to Different Temperatures. 

(A) Sealing. Where portions of or sleeve are 
known to be subjected to different temperatures~ and 
where condensation is known to be a problem, as in cold 
storage areas of buildings or where passing from the 
interior to the exterior of a building, the raceway or 
sleeve shall be filled with an approved material to 
prevent the circulation of warm air to a colder section of 
the raceway or sleeve. An explosionproof seal shall not 
be required for this purpose. 

(B) Expansion Fittings. Raceways shall be provided 
with expansion fittings where necessary to compensate 
for thermal expansion and contraction. 

Informational Note: Table 352.44 and Table 355.44 
provide the expansion information for polyvinyl 
chloride (PVC) and for reinforced thermosetting resin 
conduit (RTRC), respectively. A nominal number for 
steel conduit can be determined by multiplying the 
expansion length in Table 352.44 by 0.20. The 
coefficient of expansion for steel electrical metallic 
tubing, intermediate metal conduit, and rigid conduit is 
1.170x 10-5 (0.0000117 mm per mm of conduit for 

each °C in temperature change) [0.650 x 10-5 

(0.0000065 in. per inch of conduit for each OF in 
temperature change)]. 

A nominal number for aluminum conduit and 
aluminum electrical metallic tubing can be determined 
by multiplying the expansion length in Table 352.44 
by 0.40. The coefficient of expansion for aluminum 
electrical metallic tubing and aluminum rigid metal 
conduit is 2.34 10-5 (0.0000234 mm per mm of 

conduit for each °C in temperature change) [1.30 x 10-

5 (0.000013) in. per inch of conduit for each OF in 
temperature change]. 

300.8 Installation of Conductors with Other Systems. 
Raceways or cable trays containing electrical conductors 
shall not contain any pipe, tube, or equal for steam, water, 
air, gas, drainage, or any service other than electrical. 
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300.9 Raceways in Wet Locations Abovegrade. Where 
raceways are installed in wet locations abovegrade, the 
interior of these raceways shall be considered to be a wet 
location. Insulated conductors and cables installed in 
raceways in wet locations abovegrade shall comply with 
2J.Q.JQ( C). 

300.10 Electrical Continuity of Metal Raceways and 
Enclosures. Metal raceways, cable armor, and other 
metal enclosures for conductors shall be metallically 
joined together into a continuous electrical conductor and 
shall be connected to all boxes, fittings, and cabinets so as 
to provide effective electrical continuity. Unless 
specifically permitted elsewhere in this Code, raceways 
and cable assemblies shall be mechanically secured to 
boxes, fittings, cabinets, and other enclosures. 

Exception No.1: Short sections of raceways used to 
provide support or protection of cable assemblies from 
physical damage shall not be required to be made 
electrically continuous. 

Exception No. 2: Equipment enclosures to be isolated, as 
permitted by 250. 96(B), shall not be required to be 
metallically joined to the metal raceway. 

300.11 Securing and Supporting. 

(A) Secured in Place. Raceways, cable assemblies, 
boxes, cabinets, and fittings shall be securely fastened in 
place. Support wires that do not provide secure support 
shall not be permitted as the sole support. Support wires 
and associated fittings that provide secure support and 
that are installed in addition to the ceiling grid support 
wires shall be permitted as the sole support. Where 
independent support wires are used, they shall be secured 
at both ends. Cables and raceways shall not be supported 
by ceiling grids. 

(1) Fire-Rated Assemblies. Wiring located within the 
cavity of a fire-rated floor-ceiling or roof-ceiling 
assembly shall not be secured to, or supported by, the 
ceiling assembly, including the ceiling support wires. An 
independent means of secure support shall be provided 
and shall be permitted to be attached to the assembly. 
Where independent support wires are used, they shall be 
distinguishable by color, tagging, or other effective means 
from those that are part of the fire-rated design. 

Exception: The ceiling support system shall be permitted 
to support wiring and equipment that have been tested as 
part of the fire-rated assembly. 

Informational Note: One method of determining fire 
rating is testing in accordance with NFP A 251-2006, 
Standard Methods of Tests of Fire Resistance of 
Building Construction and Materials. 

(2) Non-Fire-Rated Assemblies. Wiring located within 
the cavity of a non-fire-rated floor-ceiling or roof-ceiling 
assembly shall not be secured to, or supported by, the 
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ceiling assembly, including the ceiling support wires. An 
independent means of secure support shall be provided and 
shall be permitted to be attached to the assembly. Where 
independent support wir s are used, they shalJ be 
distinguishablt by color. tagging. or olher effective m~ns~ 

Exception: The ceiling support system shall be permitted 
to support branch-circuit wiring and associated equipment 
where installed in accordance with the ceiling system 
manufacturer's instructions. 

(B) Raceways Used as Means of Support. Raceways 
shall be used only as a means of support for other 
raceways, cables, or nonelectrical equipment under any of 
the following conditions: 

{l) Where the raceway or means of support is identified 
for the purpose 

(2) Where the raceway contains power supply 
conductors for electrically controlled equipment and 
is used to support Class 2 circuit conductors or cables 
that are solely for the purpose of connection to the 
equipment control circuits 

(3) Where the raceway is used to support boxes or 
conduit bodies in accordance with 314.23 or to 
support luminaires in accordance with 41 0.36(E) 

(C) Cables Not Used as Means of Support. Cable 
wiring methods shall not be used as a means of support 
for other cables, raceways, or nonelectrical equipment. 

300.12 Mechanical Continuity - Raceways and 
Cables. Metal or nonmetallic raceways, cable armors, 
and cable sheaths shall be continuous between cabinets, 
boxes, fittings, or other enclosures or outlets. 

Exception No.1: Short sections of raceways used to provide 
support or protection of cable assemblies from physical 
damage shall not be required to be mechanically continuous. 

Exception No.2: Raceways and cables installed into the 
bottom of open bottom equipment, such as switchboards, 
motor control centers, and floor or pad-mounted 
transformers, shall not be required to be mechanically 
secured to the equipment. 

300.13 Mechanical and Electrical Continuity -
Conductors. 

(A) General. Conductors in raceways shall be continuous 
between outlets, boxes, devices, and so forth. There shall 
be no splice or tap within a raceway unless permitted by 
300.15; 368.56(A); 376.56; 378.56; 384.56; 386.56; 
388.56; or 390 . '~. 

(B) Device Removal. In multi wire branch circuits, the 
continuity of a grounded conductor shall not depend on 
device connections such as lampholders, receptacles, and 
so forth, where the removal of such devices would 
interrupt the continuity. 
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300.14 Length of Free Conductors at Outlets, 
Junctions, and Switch Points. At least 150 mm (6 in.) of 
free conductor, measured from the point in the box where it 
emerges from its raceway or cable sheath, shall be left at 
each outlet, junction, and switch point for splices or the 
connection of luminaires or devices. Where the opening to 
an outlet, junction, or switch point is less than 200 mm (8 
in.) in any dimension, each conductor shall be long enough 
to extend at least 75 mm (3 in.) outside the opening. 

Exception: Conductors that are not spliced or terminated 
at the outlet, junction, or switch point shall not be 
required to comply with 300.14. 

300.15 Boxes, Conduit Bodies, or Fittings Where 
Required. A box shall be installed at each outlet and 
switch point for concealed knob-and-tube wiring. 

Fittings and connectors shall be used only with the specific 
wiring methods for which they are designed and listed. 

Where the wiring method is conduit, tubing, Type 
AC cable, Type MC cable, Type MI cable, nonmetallic
sheathed cable, or other cables, a box or conduit body 
shall be installed at each conductor splice point, outlet 
point, switch point, junction point, termination point, or 
pull point, unless otherwise permitted in 300.15(A) 
through 

(A) Wiring Methods with Interior Access. A box or 
conduit body shall not be required for each splice, 
junction, switch, pull, termination, or outlet points in 
wiring methods with removable covers, such as wireways, 
multi outlet assemblies, auxiliary gutters, and surface 
raceways. The covers shall be accessible after installation. 

(B) Equipment. An integral junction box or wiring 
compartment as part of approved equipment shall be 
permitted in lieu of a box. 

(C) Protection. A box or conduit body shall not be required 
where cables enter or exit from conduit or tubing that is used 
to provide cable support or protection against physical 
damage. A fitting shall be provided on the end(s) of the 
conduit or tubing to protect the cable from abrasion. 

(D) Type MI Cable. A box or conduit body shall not be 
required where accessible fittings are used for straight
through splices in mineral-insulated metal-sheathed cable. 

(E) Integral Enclosure. A wiring device with integral 
enclosure identified for the use, having brackets that 
securely fasten the device to walls or ceilings of 
conventional on-site frame construction, for use with 
nonmetallic-sheathed cable, shal1 be permitted in lieu of a 
box or conduit body. 

Informational Note: See 334.30(C); 545.10; 
550.15(1); 551.47(E), Exception No.1; and 
552.48(E), Exception No.1. 

(F) Fitting. A fitting identified for the use shall be 
permitted in lieu of a box or conduit body where 
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conductors are not spliced or terminated within the fitting. 
The fitting shall be accessible after installation. 

(G) Direct-Buried Conductors. As permitted in 
300.5(E), a box or conduit body shall not be required for 
splices and taps in direct-buried conductors and cables. 

(H) Insulated Devices. As permitted in 334.40(B), a box 
or conduit body shall not be required for insulated devices 
supplied by nonmetallic-sheathed cable. 

(J) Enclosures. A box or conduit body shall not be required 
where a splice, switch, terminal, or pull point is in a cabinet 
or cutout box, in an enclosure for a switch or overcurrent 
device as permitted in 312.8, in a motor controller as 
permitted in 430.l0(A), or in a motor control center. 

(J) Luminaires. A box or conduit body shall not be 
required where a lumina ire is used as a raceway as 
permitted in 410.64. 

(K) Embedded. A box or conduit body shall not be 
required for splices where conductors are embedded as 
permitted in 424.40, 424.41 (D), 426.22(B), 426.24(A), 
and 427.l9(A). 

(L) Manholes and Handhole Enclosures. A box or 
conduit body shall not be required for conductors in 
manholes or handhole enclosures, except where 
connecting to electrical equipment. The installation shall 
comply with the provisions of Part V of Article 110 for 
manholes, and 314.30 for handhole enclosures. 

300.16 Raceway or Cable to Open or Concealed Wiring. 

(A) Box, Conduit Body, or Fitting. A box, conduit body, 
or terminal fitting having a separately bushed hole for 
each conductor shall be used wherever a change is made 
from conduit, electrical metallic tubing, electrical 
nonmetallic tubing, nonmetallic-sheathed cable, Type AC 
cable, Type Me cable, or mineral-insulated, metal
sheathed cable and surface raceway wiring to open wiring 
or to concealed knob-and-tube wiring. A fitting used for 
this purpose shall contain no taps or splices and shall not 
be used at luminaire outlets. A conduit body used for this 
purpose shall contain no taps or spJices, unless it complies 
with 314.16(C)(2). 

(B) Bushing. A bushing shall be permitted in lieu of a 
box or terminal where the conductors emerge from a 
raceway and enter or terminate at equipment, such as 
open switchboards, unenclosed control equipment, or 
similar equipment. The bushing shall be of the insulating 
type for other than lead-sheathed conductors. 

300.17 Number and Size of Conductors in Raceway. 

The number and size of conductors in any raceway shall 
not be more than will permit dissipation of the heat and 
ready installation or withdrawal of the conductors without 
damage to the conductors or to their insulation. 
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Informational Note: See the following sections of this 
Code: intermediate metal conduit, 342.22; rigid metal 
conduit, 344.22; flexible metal conduit, 348.22; 
liquidtight flexible metal conduit, 350.22; PVC conduit, 
352.22; HDPE conduit, 353.22; RTRC, 355.22; 
liquidtight nonmetallic flexible conduit, 356.22; 
electrical metallic tubing, 358.22; flexible metallic 
tubing, 360.22; electrical nonmetallic tubing, 362.22; 
cellular concrete floor raceways, 372.11; cellular metal 
floor raceways, 374.5; metal wireways, 376.22; 
nonmetallic wireways, 378.22; surface metal raceways, 
386.22; surface nonmetallic raceways, 388.22; 
underfloor raceways, 390.6; fixture wire, 402.7; theaters, 
520.6; signs, 600.31(C); elevators, 620.33; audio signal 
processing, amplification, and reproduction equipment, 
640.23(A) and 640.24; Class 1, Class 2, and Class 3 
circuits, Article 725; fire alarm circuits, Article 760; and 
optical fiber cables and raceways, Article 770. 

300.18 Raceway Installations. 

(A) Complete Runs. Raceways, other than busways or 
exposed raceways having hinged or removable covers, 
shall be installed complete between outlet, junction, or 
splicing points prior to the installation of conductors. 
Where required to facilitate the installation of utilization 
equipment, the raceway shall be permitted to be initially 
installed without a terminating connection at the 
equipment. Prewired raceway assemblies shall be 
permitted only where specifically permitted in this Code 
for the applicable wiring method. 

Exception: Short sections of raceways used to contain 
conductors or cable assemblies for protection from 
physical damage shall not be required to be installed 
complete between outlet, junction, or splicing points. 

(B) Welding. Metal raceways shall not be supported, 
terminated, or connected by welding to the raceway 
unless specifically designed to be or otherwise 
specifically permitted to be in this Code. 

Table 300.19(A) Spacings for Conductor Supports 

Support of Conductors in 
Vertical 

18 A WG through 8 A WG Not greater than 

6 AWG through 110 AWG Not greater than 

2/0 A WG through 4/0 A WG Not greater than 
Over 4/0 A WG through 350 kcmil Not greater than 

Over 350 kcmil through 500 kcmil Not greater than 
Over 500 kcmil through 750 kcmil Not greater than 

Over 750 kcmil Not than 
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300.19 Supporting Conductors in Vertical Raceways. 

(A) Spacing Intervals Maximum. Conductors in 
vertical raceways shall be supported if the vertical rise 
exceeds the values in Table 300. 19(A). One cable support 
shall be provided at the top of the vertical raceway or as 
close to the top as practical. Intermediate supports shall be 
provided as necessary to limit supported conductor 
lengths to not greater than those values specified in Table 
300.19(A). 

Exception: Steel wire armor cable shall be supported at 
the top of the riser with a cable support that clamps the 
steel wire armor. A safety device shall be permitted at the 
lower end of the riser to hold the cable in the event there 
is slippage of the cable in the wire-armored cable 
support. Additional wedge-type supports shall be 
permitted to relieve the strain on the equipment terminals 
caused by expansion of the cable under load. 

(B) Fire-Rated Cables and Conductors. Support 
methods and spacing intervals for fire-rated cables and 
conductors shall comply with any restrictions provided in 
the listing of the electrical circuit protective system used 
and in no case shall exceed the values in Table 300.l9(A). 

(C) Support Methods. One of the following methods of 
support shall be used: 

(1) By clamping devices constructed of or 
employing insulating wedges inserted in the ends 
of the raceways. Where clamping of insulation 
does not adequately support the cable, the 
conductor also shall be clamped. 

(2) By inserting boxes at the required intervals in 
which insulating supports are installed and 
secured in a satisfactory manner to withstand the 
weight of the conductors attached thereto, the 
boxes being provided with covers. 

Conductors 

Aluminum or Copper-Clad 
Aluminum Copper 

m ft m ft 

30 100 30 100 

60 200 30 100 

55 180 25 80 

41 135 18 60 

36 120 15 50 

28 95 12 40 

26 85 11 35 
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(3) In junction boxes, by deflecting the cables not less 
than 90 degrees and carrying them horizontally to a 
distance not less than twice the diameter of the cable, 
the cables being carried on two or more insulating 
supports and additionally secured thereto by tie wires 
if desired. Where this method is used, cables shall be 
supported at intervals not greater than 20 percent of 
those mentioned in the preceding tabulation. 

(4) By a method of equal effectiveness. 

300.20 Induced Currents in Ferrous Metal Enclosures 
or Ferrous Metal Raceways. 

(A) Conductors Grouped Together. Where conductors 
carrying alternating current are installed in ferrous metal 
enclosures or ferrous metal raceways, they shall be arranged 
so as to avoid heating the surrounding ferrous metal by 
induction. To accomplish this, all phase conductors and, 
where used, the grounded conductor and all equipment 
grounding conductors shall be grouped together. 

Exception No. 1: Equipment grounding conductors for 
certain existing installations shall be permitted to be 
installed separate from their associated circuit conductors 
where run in accordance with the provisions of 250.130(C). 

Exception No.2: A single conductor shall be permitted to 
be installed in a ferromagnetic enclosure and used for 
skin-effect heating in accordance with the provisions of 
426.42 and 427.47. 

(B) Individual Conductors. Where a single conductor 
carrying alternating current passes through metal with 
magnetic properties, the inductive effect shall be 
minimized by (I) cutting slots in the metal between the 
individual holes through which the individual conductors 
pass or (2) passing all the conductors in the circuit 
through an insulating wall sufficiently large for all of the 
conductors of the circuit. 

Exception: In the case of circuits supplying vacuum or 
electric-discharge lighting systems or signs or X-ray 
apparatus, the currents carried by the conductors are so 
small that the inductive heating effect can be ignored 
where these conductors are placed in metal enclosures or 
pass through metal. 

Informational Note: Because aluminum is not a 
magnetic metal, there will be no heating due to 
hysteresis; however, induced currents will be present. 
They will not be of sufficient magnitude to require 
grouping of conductors or special treatment in passing 
conductors through aluminum wall sections. 

300.21 Spread of Fire or Products of Combustion. 
Electrical installations in hollow spaces, vertical shafts, 
and ventilation or air-handling ducts shall be made so that 
the possible spread of fire or products of combustion will 
not be substantially increased. Openings around electrical 
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penetrations into or through fire-resistant-rated walls, 
partitions, floors, or ceilings shall be firestopped using 
approved methods to maintain the fire resistance rating. 

Informational Note: Directories of electrical construction 
materials published by qualified testing laboratories 
contain many listing installation restrictions necessary to 
maintain the fire-resistive rating of assemblies where 
penetrations or openings are made. Building codes also 
contain restrictions on membrane penetrations on opposite 
sides of a fire-resistance-rated wall assembly. An example 
is the 600-mm (24-in.) minimum horizontal separation 
that usually applies between boxes installed on opposite 
sides of the wall. Assistance in complying with 300.21 
can be found in building codes, fire resistance directories, 
and product listings. 

300.22 Wiring in Ducts ot Used for Air Handlin. 
Fabricated Ducts for Environmental ir, and Other 
Spaces for Environmental Air (Plenums). The 
provisions of this section shall apply to the installation 
and uses of electrical wiring and equipment in ducts used 
for dust, loos stock. or vapor removal~ ducts specifically 
fabricated for environmental air: and other spaces used for 
nviromnental air (plenums). 

Informational Note: See Article 424, Part VI, for duct 
heaters. 

(A) Ducts for Dust, Loose Stock, or Vapor Removal. No 
wiring systems of any type shall be installed in ducts used 
to transport dust, loose stock, or flammable vapors. No 
wiring system of any type shall be installed in any duct, or 
shaft containing only such ducts, used for vapor removal or 
for ventilation of commercial-type cooking equipment. 

(B) Ducts SpecUicaUy Fabricate4 for Environmental Air. 
Only wiring methods consisting of Type MI cable, Type MC 
cable employing a smooth or corrugated impervious metal 
sheath without an overall nonmetallic covering, electrical 
metallic tubing, flexible metallic tubing, intennediate metal 
conduit, or rigid metal conduit without an overall 
nonmetallic covering shall be installed in ducts specifically 
fabricated to transport environmental air. Flexible metal 
conduit shall be pennitted, in lengths not to exceed 1.2 m (4 
ft), to connect physically adjustable equipment and devices 
pennitted to be in these fabricated ducts. The connectors 
used with flexible metal conduit shall effectively close any 
openings in the connection. Equipment and devices shall be 
pennitted within such ~u(;t!ic?f.lly if necessary for ~~~ direct 
action upon, or sensing of, the contained air. Where 
equipment or devices are installed and illumination is 
necessary to facilitate maintenance and repair, enclosed 
gasketed-type luminaires shall be pennitted. 

(C) Other Spaces Used for Environmental Air 
(Plenums). This section shall apply to spaces not 
specifically fabricated for environmental air-handling 
purposes put u ed for air-handling purposes as a plenum. 
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This section shall not apply t~ habitable rooms or areas of 
buildings, the prime purpose of which is not air handling. 

Infonnational Note No.1: The space over a hung ceiling 
used for environmental air-handling purposes is an 
example of the type of other space to which this section 
applies. 

Infonnational Note No.2: tflle (lhra. ~ "Olh r Spaces 
U'edforEnVironmcnlal Air lPlenulU)" a u~ed in till 
sectlon eorrclates with the use of th leon "plenum" In 

FPA 90A-2009, SltllldtJrd for Ihl' /11 tallaliOlI of Air
Comlir;on;ng unci Veflli[aling .~\Slem. and other 
mechanical codes where the (1'1 num i", u d for relum 
ir purposes, as well Zb omc otber air#handling ~pac('s. 

Exception: This section shall not apply to the joist or stud 
spaces of dwelling units where the wiring passes through 
such spaces pelpendicular to the long dimension of such 
~paces. 

(1) Wiring Methods. The wiring methods for such other 
space shall be limited to totally enclosed, nonventilated, 
insulated busway having no provisions for plug-in 
connections, Type MI cable, Type MC cable without an 
overall nonmetallic covering, Type AC cable, or other 
factory-assembled multicoJlduct<:)r . c()nt~()l orpo\Vercabl~ 
that is specifically listed for ~ usc - "~ithin ~m alr-handli"ng 
~pace. or listed prefabricated cable assemblies of metallic 
manufactured wiring systems without nonmetallic sheath. 
Other types of cables, conductors, and raceways shall be 
permitted to be installed in electrical metallic tubing, 
flexible metallic tubing, intermediate metal conduit, rigid 
metal conduit without an overall nonmetallic covering, 
flexible metal conduit, or, where accessible, surface metal 
raceway or metal wireway with metal (:()Y~r,. 

(2) Cable Tray Sy terns. The provi ion.s in (8) or (b) 
shall apply to the use of metallic cabl tray systems in 
other space used for en ironmental air (plenums), wher 
ace sible. as follows: 

(a) Metal Cable T,.{~\." Systems. Metal cable tray 
systems shan bt: permitted to support the wiring mClhod 
in 30Q,22(C)( 1).1 

(b) soiiiiS(deat,dSOIlCJii, Metai Cuble Tl'OY 
Systems. Solid side and bottom metal cable tray systems 
with solid metal cover shall be pennilted to enclose 
wiring methods and cabl s. not already covered in 
300.22(C)( I), in accordunce with 3?~.JQ({\ ,~J'I~1~)~ 

(J) Equipment. Electrical equipment with a metal 
enclosure, or electrical equipment with a nonmetallic 
enclosure listed f~L ~,, ~~i!htf1 . l:l. I'I .... ~ir-handling pac~ and 
having adequate fire-resistant and low-smoke-producing 
characteristics, and associated wiring material suitable for 
the ambient temperature shall be permitted to be installed in 
such other space unless prohibited elsewhere in this Code. 
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Informational Note: 6neolethOdofdefiningad~quale 
tire-resistant and lo,"-smoke producing ~h8raCl(!ri tics 
for el~1rical cquipRl\!nt ,\ ith a nonmt"tallic ~nclosure is 
in ANSlf UL :!043-200M. Fire Te~1 Jor Ileal and VisIble 
Smoke Releast' jot' D' crete PrO(.hlc:l~ and Their 
flce£' "'Ori(/l In.Hal/ed i" Air-llandling Spac.e.\. 

Exception: Integral fan s)J~"te'l1s shCll(b~ perlrlitted where 
specifically identijiedjor use "'ilhin all ail'-li'Ond/in if!.a("e~ 

(D) Information Technology Equipment. Electrical 
wiring in air-handling areas beneath raised floors for 
information technology equipment shall be permitted in 
accordance with Article 645. 

300.23 Panels Designed to Allow Access. Cables, 
raceways, and equipment installed behind panels designed 
to allow access, including suspended ceiling panels, shall 
be arranged and secured so as to allow the removal of 
panels and access to the equipment. 

II. Requirements for over 600 Volts, Nominal 

300.31 Covers Required. Suitable covers shall be 
installed on all boxes, fittings, and similar enclosures to 
prevent accidental contact with energized palis or 
physical damage to parts or insulation. 

300.32 Conductors of Different Systems. See 300.3(C)(2). 

300.34 Conductor Bending Radius. The conductor shall 
not be bent to a radius less than 8 times the overall 
diameter for nonshielded conductors or 12 times the 
overall diameter for shielded or lead-covered conductors 
during or after installation. For multiconductor or 
multiplexed single-conductor cables having individually 
shielded conductors, the minimum bending radius is 12 
times the diameter of the individually shielded conductors 
or 7 times the overall diameter, whichever is greater. 

300.35 Protection Against Induction Heating. Metallic 
raceways and associated conductors shall be arranged so 
as to avoid heating of the raceway in accordance with the 
applicable provisions of 300.20. 

300.37 Aboveground Wiring Methods. Aboveground 
conductors shall be installed in rigid metal conduit, in 
intermediate metal conduit, in electrical metallic tubing, in 
RTRC and pvq conduit, in cable trays, in auxiliary gutters, 
as busways, as cablebus, in other identified raceways, or as 
exposed runs of metal-clad cable suitable for the use and 
purpose. In locations accessible to qualified persons only, 
exposed runs of Type MY cables, bare conductors, and 
bare busbars shall also be permitted. Busbars shall be 
permitted to be either copper or aluminum. 

300.39 Braid-Covered Insulated Conductors 
Exposed Installation. Exposed runs of braid-covered 
insulated conductors shall have a flame-retardant braid. If 
the conductors used do not have this protection, a flame
retardant saturant shall be applied to the braid covering 
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after installation. This treated braid covering shall be 
stripped back a safe distance at conductor terminals, 
according to the operating voltage. Where practicable, 
this distance shall not be less than 25 mm (1 in.) for each 
kilovolt of the conductor-to-ground voltage of the circuit. 

300.40 Insulation Shielding. Metallic and semiconducting 
insulation shielding components of shielded cables shall be 
removed for a distance dependent on the circuit voltage and 
insulation. Stress reduction means shall be provided at all 
terminations of factory-applied shielding. 

Metallic shielding components such as tapes, wires, or 
braids, or combinations thereof, shall be connected to a 
grounding conductor, grounding busbar, or a grounding 
electrode. 

Table 300.50 Minimum Covera Requirements 

300.42 Moisture or Mechanical Protection for Metal
Sheathed Cables. Where cable conductors emerge from a 
metal sheath and where protection against moisture or 
physical damage is necessary, the insulation of the 
conductors shall be protected by a cable sheath 
terminating device. 

300.50 Underground Installations. 

(A) General. Underground conductors shall be 
identified for the voltage and conditions under which 
they are installed. Direct-burial cables shall comply 
with the provisions of 310.1 O(F)., Underground cables 
shall be installed in accordance with 300.50(A)(1) or 
(A)(2), and the installation shall meet the depth 
requirements of Table 300.50. 

General Conditions (not otherwise specified) Special Conditions (use if applicable) 

Column 1 folumn 2 CoIumo3 ColuDlD 4 Col~11l1J ~ Column 6 -
Raceways Areas subject 

under buildings to vehicular 
or exterior Cables in traffic, such 

Rigid Metal concrete slabs, airport as 
Conduit and 100mm runways or thoroughfare 

.RTRC, PVC, Intermediate (4 in.) adjacent areas sand 
Direct-Buried and IIDPE Metal minimum where trespass commercial 

Cables Conduir Conduit thickness3 is prohibited parking areas 

Circuit Voltage mm in. mm in. mm in. mm in. mm in. mm in. 

Over 600 V 750 30 450 18 150 6 100 4 450 18 600 24 
through 22 kV 

Over 22 kV 900 36 600 24 150 6 100 4 450 18 600 24 
through 40 k V 

Over 40 kV 1000 42 750 30 150 6 100 4 450 18 600 24 

General Notes: 

1. Lesser depths shall be pennitted where cables and conductors rise for terminations or splices or where access is otherwise required. 

2. Where solid rock prevents compliance with the cover depths specified in this table, the wiring shall be installed in a metal or nonmetallic 
raceway permitted for direct burial. The raceways shall be covered by a minimum of 50 mm (2 in.) of concrete extending down to rock. 

3. In industrial establishments, where conditions of maintenance and supervision ensure that qualified persons will service the installation, 
the minimum cover requirements, for other than rigid metal conduit and intennediate metal conduit, shall be pennitted to be reduced 150 
mm (6 in.) for each 50 mm (2 in.) of concrete or equivalent placed entirely within the trench over the underground installation. 

Specific Footnotes: 

a Cover is defined as the shortest distance in millimeters (inches) measured between a point on the top surface of any direct-buried 
conductor, cable, conduit, or other raceway and the top surface of finished grade, concrete, or similar cover. 

b Listed by a qualified testing agency as suitable for direct burial without encasement. All other nonmetallic systems shall require 50 mm 
(2 in.) of concrete or equivalent above conduit in addition to the table depth. 

c The slab shall extend a minimum of 150 mm (6 in.) beyond the underground installation, and a warning ribbon or other effective means 
suitable for the conditions shall be placed above the underground installation. 

d Underground direct-buried cables that are not encased or protected by concrete and are buried 750 mm (30 in.) or more below grade shall 
have their location identified by a warning ribbon that is placed in the trench at least 300 mm (12 in.) above the cables. 
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(1) Shielded Cables and Nonshielded Cables ill Metal
Sheathed Cable Assemblies. Underground cables, 
including nonshielded, Type MC and moisture-impervious 
metal sheath cables, shall have those sheaths grounded 
through an effective grounding path meeting the 
requirements of2S0.4(A)(S) or (B)(4). They shall be direct 
buried or installed in raceways identified for the use. 

(2) Other Nonshielded Cables. Other nonshielded cables 
not covered in 300.50(A)(1) shall be installed in rigid metal 
conduit, intermediate metal conduit, or rigid nonmetallic 
conduit encased in not less than 75 mm (3 in.) of concrete. 

(8) 'Vet Locations. The interior of enclosures or raceways 
~nstalled underground shan b considered to be a wet 
~ocation. Insulated conductors and cables in taUed in these 
enclosures or raceways in underground installations shaU 
~e listed for usc in wet locations and shall comply \\ itq 
310.1 D(C). Any connections or splice in an underground 
mstallation shalt be approved tor \ et locations. 

(C ) Protection from Damage. Conductors emerging from 
the ground shall be enclosed in listed raceways. Raceways 
installed on poles shall be of rigid metal conduit, 
intermediate metal conduit, BIR~:-X~, Schedule 80 PVC 
conduit, or equivalent, extending from the minimum cover 
depth specified in Table 300.50 to a point 2.5 m (8 ft) 
above finished grade. Conductors entering a building shall 
be protected by an approved enclosure or raceway from the 
minimum cover depth to the point of entrance. Where 
direct-buried conductors, raceways, or cables are subject to 
movement by settlement or frost, they shall be installed to 
prevent damage to the enclosed conductors or to the 
equipment connected to the raceways. Metallic enclosures 
shall be grounded. 

(D) Splices. Direct burial cables shall be permitted to be 
spliced or tapped without the use of splice boxes, provided 
they are installed using materials suitable for the application. 
The taps and splices shall be watertight and protected from 
mechanical damage. Where cabies are shielded, the 
shielding shall be continuous across the splice or tap. 

Exception: At splices of an engineered cabling system, 
metallic shields of direct-buried single-conductor cables 
with maintained spacing between phases shall be 
permitted to be interrupted and overlapped. Where 
shields are interrupted and overlapped, each shield 
section shall be grounded at one point. 

(~) Backfill. Backfill containing large rocks, paving 
materials, cinders, large or sharply angular substances, or 
conosive materials shall not be placed in an excavation 
where materials can damage or contribute to the conosion 
of raceways, cables, or other substructures or where it 
may prevent adequate compaction of fill. 

Protection in the form of granular or selected material or 
suitable sleeves shall be provided to prevent physical 
damage to the raceway or cable. 
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(F) Raceway Seal. Where a raceway enters from an 
underground system, the end within the building shall be 
sealed with an identified compound so as to prevent the 
entrance of moisture or gases, or it shall be so arranged 
to prevent moisture from contacting live parts. 

ARTICLE 310 
Conductors for General Wiring 

fi::;tmeraJ 

310.1 Scope. 

This article covers general requirements for conductors 
and their type designations, insulations, markings, 
mechanical strengths, ampacity ratings, and uses. These 
requirements do not apply to conductors that form an 
integral part of equipment, such as motors, motor 
controllers, and similar equipment, or to conductors 
specifically provided for elsewhere in this Code. 

Infonnational Note: For flexible cords and cables, see 
Article 400. For fixture wires, see Article 402. 

310.2 Definition ~ 

Electrical Ducts. Electrical conduits, or oiller raceways 
round in cross section. that are suitable for use 
undergrolmd or embedded in concrete. 

Thermal Re i. tivity. As used in this Code. the heat 
transfer capability through a substance by conduction. It 
is the reciprocal of thermal conductivity and is designated 
Rh(,) andt!)\p~~~~~ in the units °C-cmIW. 

I I. Installation 

310.1 0 Uses Permitted. 

The conductors described in If 0.1 04 shall he permitted 
for use in any of the wiring methods covered in Chapter 3 
and as specified in their respectiv tables orl1sp~~~~~ 
elsewhere in this Code. 

!11[on!l(ltional~ot~: Thennoplastic insulation may 
sti Oel.l" . at ... tenlpernt ure lowe-r I han - 10°C (+ 14°F). 
Thermopla tic insulation may also be deformed at 
normal temperature wh re subjected to pressure. such 
8 . at point of uppon. Thennopla lic insulation, 
whcr used on de circuits in \\et locations. may r s.ull 
in el 1..1roendo mosis between the conductor and 
insulation. 

(A) Dry Locations. Insulated conductors and cables 
used in dry locations shall be any of the types identified 
in this Code. 
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(B) Dry and Damp Locations. Insulated conductors and 
cables used in dry and damp locations shall be Types 
FEP, FEPB, MTW, PFA, RHH, RHW, RHW-2, SA, 
THHN, THW, THW-2, THHW, THWN, THWN-2, TW, 
XHH, XHHW, XHHW-2, Z, or ZW. 

(C) Wet Locations. Insulated conductors and cables used 
in wet locations shall comply with one of the following: 

(1) Be moisture-impervious metal-sheathed 

(2) Be types MTW, RHW, RHW-2, TW, THW, THW-2, 
THHW, THWN, THWN-2, XHHW, XHHW-2, ZW 

(3) Be of a type listed for use in wet locations 

(D) Locations Exposed to Direct Sunlight. Insulated 
conductors or cables used where exposed to direct rays of 
the sun shall comply with (D)(l) or (D)(2): 

(1) Conductors and cables shall be listed, or listed and 
marked, as being sunlight resistant 

(2) Conductors and cables shall be covered with insulating 
material, such as tape or sleeving, that is listed, or 
listed and marked, as being sunlight resistant 

(E) Shielding. Non-shielded. ozone-re ist8nt insulated 
conductors with a maximum phase-to-phase voltage of 
5000 volts shall be permitted in Type Me cables in 
indu trial establishment where the conditions of 
maintenanc and supervision ensure that only qualified 
pe~Q~~~~~.-yi~~}h~_ i!1.~t(lliation. For other establishments, 
solid dielectric insulated conductors operated above 2000 
volts in permanent installations shall have ozone-resistant 
insulation and shall be shielded. All meta1lic insulation 
shields shall be connected to a grounding electrode 
conductor, a grounding bus bar, 8n equipment grounding 
conductor. or a grounding electrode. 

Informational Note: The primary purpo es of shielding 
arc to confine the voltage sU'es es to the in ulation, 
di SipalC in ulation leakage curn:nt. drain ofl' Ih ~ 
capaciliv charging cumml. and carry ground-fault 
currenl to facilitate operation of ground-fault prot~Cli\· e 

device in rite vent ofan electrical cable rault. 

Exception No.1: Nonshielded insulated conductors listed 
by a qualified testing laboratory shall be permitted for 
use up to 2400 volts under the follOWing conditions: 

(a) Conductors shall have insulation resistant to 
electric discharge and surface tracking, or the insulated 
conductor(s) shall be covered with a material resistant to 
ozone, electric discharge, and surface tracking. 

(b) Where used in wet locations, the insulated 
conductor(s) shall have an overall nonmetallic jacket or a 
continuous metallic sheath. 

(c) Insulation and jacket thicknesses shall be in 
accordance with Table 310. 1 04 (D). 

Exception No.2: NOlIshi.elded in. ulatedcon'/Ilc/orsiisied 
b, .... a qualified tesling lahoraIOI}' ,t/lall he pennilled Jor us£' 
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up /0 5000 vol,s to replace existing nonshielded conchlclors, 
on existing equipment in industrial e tablishmenls only, 
rmdc,' ,lilt following conditions: 

(u) Where the condition 0/ maintenance and 
$uperv;sioll ensures ,hul on(v qualified personnel illsfa/~ 
and , en!ice the instal/ution, 

(b) Conductors hall have insulatinn resistam to 
electric discharge Gild sUlface trackillg, or the insulated 
conduclor(fi) shall he covered with a material resi lanl 10 
ozone, electric: di. charge. CJnd , urfael! I rack ing. 

(c) Where used ill weI locutions. the injulaled, 
com/lIctor(s) hall haw! an overallllomnetallicjacket or ~ 
COl1linllOIiS metallic sheoth. 

(d) Insulatiun and jacket thicknesses shall be in, 
!~~~:.Qrcl(1T1c:~\¥H~ ruble 31 O./3( D}, 

Informational Note: Relocation or replacement of 
equipment may not comply with the lenn e.' istillg as 
related to lhi e\ception~ 

Exception No.3: Where permitted in 310.10(F), Exception 
No.2. 

(F) Direct-Burial Conductors. Conductors used for 
direct-burial applications shall be of a type identified for 
such use. 

Exception No.1: Nonshielded multiconductor cables 
rated 2001-2400 volts shall be permitted if the cable has 
an overall metallic sheath or armor. 

The metallic shield, sheath, or armor shall be connected to 
a grounding electrode conductor, grounding busbar, or a 
grounding electrode. 

Exception No.2: Airfield lighting cable used in series 
circuits that are rated up to 5000 volts and are powered 
by regulators shall be permitted to be nonshielded. 

Informational Note to Exception No.2: Federal 
Aviation Administration (FAA) Advisory Circulars 
(ACs) provide additional practices and methods for 
airport lighting. 

Informational Note No. I: See 300.5 for installation 
requirements for conductors rated 600 volts or less. 

Informational Note No.2: See 300.50 for installation 
requirements for conductors rated over 600 volts. 

(G) Corrosive Conditions. Conductors exposed to oils, 
greases, vapors, gases, fumes, liquids, or other substances 
having a deleterious effect on the conductor or insulation 
shall be of a type suitable for the application. 

(R) Conductors in Parallel. 

(I) General. Aluminum, copper-clad aluminum, or 
copp~r conductors, for each phase, pol~arity. neutral. or 
groundcd circuit shall be permitted to be connected in 
paraliel (electrically joined at both ends) only in sizes I/O 
AWG and largt:r ",'here installed in accordance with 
310)Q(l-f) 2) through (H)(6). 
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Exception No.1: Conductors in sizes smaller than 1/0 
A we shall be permitted to be run in parallel to supply 
control power to indicating instruments, contactors, relays, 
solenoids, and similar control devices, or for frequencies of 
360 Hz and higher, provided all of the following apply: 

(a) They are contained within the same raceway or 
cable. 

(b) The ampacity of each individual conductor is 
sufficient to carry the entire load current shared by the 
parallel conductors. 

(c) The overcurrent protection is such that the 
ampacity of each individual conductor will not be 
exceeded if one or more of the parallel conductors 
become inadvertently disconnected. 

Exception No.2: Under engineering supervision, '2 A WG 
~nd I AWG grounded neutral cond"clorssha/l be permitted 
10 be !'1§1{l1I~t:! in parallel for existing installations. 

Informational Note to Exception No. 2: Exception No.2 
can be used to alleviate overheating of neutral 
conductors in existing installations due to high content 
oftriplen harmonic currents. 

(~) Conductor Characteristics. The paralleled conductors 
in each phase, polarity, neutral, grounded circuit tonductor. 
equipment grounding conductor, p~q~!p~n~nt . bonding 
Jumper shall comply with all of the following: 

( 1 ) Be the same length 

(2) Consist of the same conductor material 

(3) Be the same size in circular mil area 

(4) Have the same insulation type 

(5) Be terminated in the same manner 

(3) Separate Cables or Raceways. ~here run in separate 
cables or raceways, the cables or raceways with 
conductors shall have the same number of conductors and 
shall have the same electrical characteristics. Conductors 
of one phase, polarity, neutral, grounded circuit 
conductor, or equipment grounding conductor shall not be 
required to have the same physical characteristics as those 
of another phase, polarity, neutral, grounded circuit 
conductor, or equipment grounding conductor.i 

(4) Ampacity Adjustment. Conductors installed in 
parallel shall comply with the provisions of 
310. 15(8)(3)(a). 

(5) Equipment Grounding Conductors. Where parallel 
equipment grounding conductors are used, they shall be 
sized in accordance with 250.122. Sectioned equipment 
grounding conductors smaller than 110 AWG shall be 
permitted in multiconductor cables in accordance with 
310.104. provided the combined circular mil area of the 
sectioned equipment grounding conductors in each cable 
complies with 250.122. 
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(6) Equipment Bonding Jumpers. Where parallel 
equipment bonding jumper are inslalll!d in r lceways they 
shan be sized and installed in accordance with 250.102. 

310.15 Ampacities for Conductors Rated 0-2000 Volts. 

(A) General. 

(1) Tables or Engineering Supervision. Ampacities for 
conductors shall be permitted to be determined by tables as 
provided in 31 0.15(B) or under engineering supervision, as 
provided in 31 0.15(C). 

Informational Note No.1: Ampacities provided by this 
section do not take voltage drop into consideration. See 
21 0.19(A), Informational Note No.4, for branch circuits 
and 215 .2(A), Informational Note No.2, for feeders. 

Informational Note No.2: For the allowable ampacities 
of Type MTW wire, see Table 13.5.1 in NFPA 79-
2007, Electrical Standard/or Industrial MachinelY. 

(2) Selection of Ampacity. Where more than bne 
ampacity applies for a given circuit length, the lowest 
value shall be used. 

Exception: Where two different ampacities apply to 
adjacent portions of a circuit, the higher ampacity shall 
be permitted to be used beyond the point of transition, a 
distance equal to 3.0 m (10 fl) or 10 percent of the circuit 
length figured at the higher ampacity, whichever is less. 

Informational Note: See 110.14(C) for conductor 
temperature limitations due to termination provisions. 

(3) Temperature Limitation of Conductors. No 
conductor shall be used in such a manner that its 
operating temperature exceed s that designated for the type 
of insulated conductor involved. In no case shall 
conductors be associated together in such a way, with 
respect to type of circuit, the wiring method employed, or 
the number of conductors, that the limiting temperature of 
any conductor is exceeded. 

Informational Note No.1: The temperature rating of a 
conductor [see Table 310.il04(A) and TabJe 310.104(C)] 
is the maximum temperature, at any location along its 
length, that the conductor can withstand over a 
prolonged time period without serious degradation. The 
allowable ampacity tables, the ampacity tables of Article 
310 and the ampacity tables oflnformative Annex B, t~e 
mbienl tcmperaturq correction factors in 310. IS( B)(2). 

and the notes to the tables provide guidance for 
coordinating conductor sizes, types, allowable 
ampacities, ampacities, ambient temperatures, and 
number of associated conductors. The principal 
determinants of operating temperature are as follows: 

(1) Ambient temperature - ambient temperature 
may vary along the conductor length as well as 
from time to time. 

(2) Heat generated internally in the conductor as the 
result ofload current flow, including fundamental 
and harmonic currents. 
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(3) The rate at which generated heat dissipates into the 
ambient medium. Thermal insulation that covers or 
surrounds conductors affects the rate of heat dissipation. 

(4) Adjacent load-carrying conductors - adjacent 
conductors have the dual effect of raising the ambient 
temperature and impeding heat dissipation. 
Informational Note No.2: Refer to IIO,14tC) for the 
t~mpcrature I imJ talioll 9f t~f!I1i~~~i~m~: 

(B) Tables. Ampacities for conductors rated 0 to 2000 
volts shall be as specified in the Allowable Ampacity 
Table 31 0.15 B)LI~) through Table 310. 15( B)( 19), and 
Ampacity Table 310. I 5(B)(20) and Table 310. 15(B){21) 
as modified by 310.15(B)(I) through (B)(7). 

The temperatur correction and adjustment factors 
hall be permiued to be applied to the ampacity for the 

t mperature rating of the conductor, if the corrected and 
lldjusted ampacity does not exce d the ampacity for the 
temperature rating of the termination in accordance with 
the provisions of 11 0.14(C) 

Informational Note: Table 31 O.ISmx'J§J through T!l.l?!~ 
31O.15t B)( I qj are application tables for use in 
determining conductor sizes on loads calculated in 
accordance with Article 220. Allowable ampacities result 
from consideration of one or more of the following: 
(1) Temperature compatibility with connected 

equipment, especially the connection points. 
(2) Coordination with circuit and system overcurrent 

protection. 
(3) Compliance with the requirements of product 

listings or certifications. See 11 O.3(B). 
(4) Preservation of the safety benefits of established 

industry practices and standardized procedures. 
(1) General. For explanation of type letters used in tables 
and for recognized sizes of conductors for the various 
conductor insulations, see Table 310. 1 04(A) and Table 
310. i04(B). For installation requirements, see 310.l 
through 3l0.l5(A)(3) and the various articles of this 
Code. For flexible cords, see Table 400.4, Table 
400.5(A)( I), and Table 400.5(A)(2). 
(2) Ambient TeDlperature Correction Factors. 
Ampacities for ambient temperatures other than those 
shown in the ampacity tables shall be corrected in 
accordance with Table 310.15(8)(2)(a) or Table 

IO.15(B)(2)(b), or shall be permitted to be calculated 
si~gth~J~IJQ~!I~g equal ion: 

where: 
I' ampacity corrected for ambient temperature 
J ampacily show'n in th tables 
Tc ;:: temperature rating of conductor (ec) 

Ta' n w ambient t mperature (oe) 

To = ambient temperature used in the table (OC) 
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Table 310.1S(B)(2)(a) Ambient Temperature Correction 
Factors Based on 30°C (86 OF) 

For ambient temperatures other than 30°C (86 OF), multiply the 
allowable ampacities specified in the ampacity table by the 

appropriate correction factor shown below. 

Ambient Temperature Rating of Conductor Ambient 
Temperature Temperature 

(DC) 60°C 75°C 90°C (DF) 

100 or less 1.29 1.20 1.15 50 or less 

11-15 1.22 1.15 1.12 51-59 

16-20 l.l5 1.11 1.08 60-68 

21-25 1.08 1.05 1.04 69-77 

26-30 1.00 1.00 1.00 78-86 

31-35 0.91 0.94 0.96 87-95 

36-40 0.82 0.88 0.91 96-104 

41-45 0.71 0.82 0.87 105-113 

46-50 0.58 0.75 0.82 114-122 

51-55 0.41 0.67 0.76 123-131 

56-60 - 0.58 0.71 132-140 

61-65 - 0.47 0.65 141-149 

66-70 - 0.33 0.58 150-158 

71-75 - - 0.50 159-167 

76-80 - - 0.41 168-176 

81-85 - - 0.29 177-185 

(3) Adjustment Factors. 

(a) More Than Three Current-Carrying Conductors 
in a Raceway or Cable. Where the number of current
carrying conductors in a raceway or cable exceeds three, 
or where single conductors or multi conductor cables are 
installed without maintaining spacing for a continuous 
length longer than 600 mm (24 in.) and are not installed 
in raceways, the allowable ampacity of each condllctor 
shall be reduced as shown in Table 310.15(B)(3)(a). 
Each current-carrying conductor of a paralleled set of 
conductors shall be counted as a current-carrying 
conductor. 

Where conductors of different systems, as provided 
in 300.3. are installed in a common raceway or cable, the 
adjustm nl factors shown in Table 310.l5(B)(3)(a) shall 
apply only to the number of power and lighting 
conductors (Articles 210,215,220, and 230). 

Informational Note No.1: See Annex B, Table 
B.310.l5(B)(2)(lI), for adjustment factors for more than 
three current-carrying conductors in a raceway or cable 
with load diversity. 
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Table 31 0.15(B)(2)(b) Ambient Temperature Correction Factors Based on 40°C (104 OF) 

For ambient temperatures other than 40°C (104 OF), multiply the allowable ampacities specified in the ampacity table by the appropriate 
correction factor shown below. 

Ambient Temperature Rating of Conductor Ambient 
Temperature Temperature 

(0C) 60°C 7S0C 90°C 150°C 200°C 2S00C (OF) 

100 or less l.58 1.36 1.26 1.13 1.09 1.07 50 or less 

11-15 1.50 1.3 I 1.22 1.11 1.08 1.06 51-59 

16-20 1.41 1.25 1.18 1.09 1.06 1.05 60-68 

21-25 1.32 1.2 1.14 1.07 1.05 1.04 69-77 

26-30 1.22 1.13 1.10 1.04 1.03 1.02 78-86 

31-35 1.12 1.07 1.05 1.02 1.02 1.01 87-95 

36-40 1.00 1.00 1.00 1.00 1.00 1.00 96-104 

41-45 0.87 0.93 0.95 0.98 0.98 0.99 105-113 

46-50 0.71 0.85 0.89 0.95 0.97 0.98 114-122 

51-55 0.50 0.76 0.84 0.93 0.95 0.96 123-131 

56-60 - 0.65 0.77 0.90 0.94 0.95 132-140 

61-65 - 0.53 0.71 0.88 0.92 0.94 141-149 

66-70 - 0.38 0.63 0.85 0.90 0.93 150-158 

71-75 - - 0.55 0.83 0.88 0.91 159-167 

76-80 - - 0.45 0.80 0.87 0.90 168-176 

81-90 - - - 0.74 0.83 0.87 177-194 

91-100 - - - 0.67 0.79 0.85 195-212 

101-110 - - - 0.60 0.75 0.82 213-230 

111-120 - - - 0.52 0.71 0.79 231-248 

121-130 - - - 0.43 0.66 0.76 249-266 

131-140 - - - 0.30 0.61 0.72 267-284 

141-160 - - - - 0.50 0.65 285-320 

161-180 - - - - 0.35 0.58 321-392 

181-200 - - - - - 0.49 357-392 

201-225 - - - - - 0.35 393-437 
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Table 310.15(B)(3)(a) Adjustment Factors for More Than 
Three Current-Carrying Conductors in a Raceway or Cable 

Percent of Values in Table 

'umber or 
Condueton l 

4-6 
7-9 

10-20 
21-30 

31-40 

iliojs(B)(i6j through Table 
~IO.I!\(B)(19) as Adjusted for 

Ambient Temperature if 
Necessary 

80 
70 

50 

45 

40 

41 and above 35 

'Number of conductors i the Iota I number of l"OOduClors in Ih 

!~~~~J': ~~~!.~J~ .... ~jlJ.slecfiI18~(;~~~n~.~~i~~. :U9.!1~H3)(?)~JI~ (6). 

Infonnational Note No.2: See 366.23(A) for adjustment 
factors for conductors in sheet metal auxiliary gutters 
and 376.22(B) for adjustment factors for conductors in 
metal wireways. 

(I) :Where, conductors are installed in cable trays, the 
provisions of (392.80 shall apply. 

(2) Adjustment factors shall not apply to conductors 
in rae ways having a length not exceeding 600 
mm (24 in.). 

(3) Adjustment factors shall not apply to 
underground conductors entering or leaving an 
outdoor trench if those conductors have physical 
protection in the form of rigid metal conduit, 
intermediate metal conduit, rigid polyvinyl 
chloride conduit (PVC), or reinforc q 
lhermo euillg resin conduit (RTRC) having a 
length not exceeding 3.05 m (1 0 ft) and if the 
number of conductors does not exceed four. 

(4) Adjustment factors shall not apply to Type AC 
cable or to Type MC ~able under the following 
conditions: 

a. The cables do not have an overall outer jacket. 

b. Each cable has not more than three current
carrying conductors. 

c. The conductors are 12 AWG copper. 

d. Not more than 20 current-carrying conductors 
are Jnstalled without maintaining s aein • ar 
stacked, or supported on"bridle rings." 

(5) An adjustment factor of 60 percent shall be 
applied to Type AC cable or Type MC cabl 
~"l4~r the following conditions: 
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a. The cabl s do not have an overall outer jacket. 

b. The number of current carrying conductors 
xceeds 20. 

c. IJ'he cables are stacked or bundled longer 
that 600 nun (24 in) without spacing being 
maintained. 

(b) More Than One Conduit, Tube, or Raceway. Spacing 
between conduits, tubing, or raceways shall be maintained. 

(c) Circular Raceways Exposed to Sunlight on Rooftops. 
WheT conductors or cables are installed in circular racewa~ 
exposed to direct sunlight on or above rooftops, the 
adjustments shown in Table 310.l5(B)(3)(c) shall be added 
to the outdoor temperature to determine the applicable 
ambient temperature for application of the correction factors 
in Table 31O.15(B)(2Xa) or Table 310.15(8)(2 b). 

Informational Note: One source for the average ambient 
temperatures in various locations is the ASHRAE 
Handbook - Fundamentals. 

Table 310.15(B)(3)(c) Ambient Temperature Adjustment 
for ~oDdujt [ po eel to Sunlight On or Above Rooftops 

Temperature Adder 

Distance Above Roof to °C OF 
Bottom of Conduit 

0-13mm(1iin.) 33 60 
Above 13 mm (Yl in.) - 90 nun 22 40 

(3Yl in.) 
Above 90 nun (3Yl in.) - 300 17 30 

mm (12 in.) 

Above 300 mm (12 in .) - 900 14 25 
mm (36 in.) 

Infonnational Note to Table 3 10. 15(B)(3 )(c): The 
temperature adders in Table 310.15(B)(~)(c) are based 
on the results of averaging the ambient temperatures. 

(4.) Bare or Covered Conductors. Where bare or covered 
conductors are installed with insulated conductors, the 
temperature rating of the bare or covered conductor shall be 
equal to the lowest temperature rating of the insulated 
conductors for the purpose of determining ampacity. 

(5) Neutral Conductor. 

(a) A neutral conductor that carries only the 
unbalanced current from other conductors of the same 
circuit shall not be required to be counted when applying 
the provisions of310.15(B)(3)(a). 

(b) In a 3-wire circuit consisting of two phase 
conductors and the neutral conductor of a 4-wire, 3-phase, 
wye-connected system, a common conductor carries 
approximately the same current as the line-to-neutral load 
currents of the other conductors and shall be counted 
when applying the provisions of310.15(B)( )(a). 

(c) On a 4-wire, 3-phase wye circuit where the 
major portion of the load consists of nonlinear loads, 
harmonic currents are present in the neutral conductor; the 
neutral conductor shall therefore be considered a current
carrying conductor. 

(6) Grounding or Bonding Conductor. A grounding or 
bonding conductor shall not be counted when applying 
the provisions of310.15(B)(3)(a). 
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(7) 120/240-Volt, 3-Wire, Single-Pbase Dwelling 
Services and Feeders. For individual dwelling units of 
one-family, two-family, and multifamily. dwellings, 
conductors, as listed in Table 310.15(B)(7), shall be 
permitted as 120/240-volt, 3-wire, single-phase service
entrance conductors, service-lateral conductors, and 
feeder conductors that serve as the main power feeder to 
each dwelling unit and are installed in raceway or cable 
with or without an equipment grounding conductor. For 
application of this section, the main power feeder shall be 
the feeder between the main disconnect and the 
panelboard that supplies, either by branch circuits or by 
feeders, or both, all loads that are part or associated with 
the dwelling unit. The feeder conductors to a dwelling 
unit shall not be required to have an allowable ampacity 
rating greater than their service-entrance conductors. The 
grounded conductor shall be permitted to be smaller than 
the ungrounded conductors, provided the requirements of 
215.2, 220.61, and 230.42 are met. 

(C) Engineering Supervision. Under engineering 
supervision, conductor ampacities shall be permitted to be 
calculated by means of the following general eq\laUon: 

1= ~ x 103 amperes 

where: 

conductor temperature in degrees Celsius (OC) 

= ambient temperature in degrees Celsius (OC) 

= dc resistance of conductor at temperature Tc 

component ac resistance resulting from skin 

effect and proximity effect 

= effective thermal resistance between conductor 

and surrounding ambient 
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Table 310.15(B)(7) Conductor Types and Sizes for 120/240-
Volt, 3-Wire, Single-Phase Dwelling Services and Feeders. 
Conductor Types RHH, RHW, RHW-2, THHN, THHW, 
THW, THW-2, THWN, THWN-2, XHHW, XHHW-2, SE, 
USE, USE-2 

Conductor (A WG or kcmil) 

Service or Feeder Copper Aluminum or 
Rating (Amperes) Copper-Clad 

Aluminum 

100 4 2 

110 3 

125 2 1/0 

150 2/0 

175 1/0 3/0 

200 2/0 4/0 

225 3/0 250 

250 4/0 300 

300 250 350 

350 350 500 

400 400 600 
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Table 310.J?@)(I~) (formerly Table 310.16) Allowable Ampacities of Insulated Conductors Rated Up to and locludio 2000 Volts, 
60°C Through 90°C (140°F Through 194°F), Not More Than Three Current-Carrying Conductors in Raceway, Cable, or Earth 
(Directly Buried), Based on Ambient Temperature of 30°C (86°F) • 

Temperature Rating of Conductor (See Table 310.13.) 

60°C (140°F) 75°C 90°C (194°F) 60°C 75°C 90°C (194°F) 
(167°F) (140°F) (167°F) 

Types TBS, SA, 

Types 
SIS, FEP, FEPB, 

Types Types TBS, SA, MI, RHH, RHW-2, 
RHW, THHN,THHW, RHW, SIS, THHN, 

THHW, THW-2, THWN-2, THHW, THHW, THW-2, 
TRW, USE-2,XHH, THW, TRWN-2, RHH, 

THWN, XHHW, XHHW-2, THWN, RHW~2, VSE-2, 

Size 
Types TW, UF XRHW, ZW-2 Types TW, XHHW, XHH,XHHW, 

USE,ZW UF USE XHHW-2, ZW-2 
AWGor 

kcmil COPPER ALUMINUM OR COPPER-CLAD ALUMINUM 

18 - - 14 - - -

16 - - 18 - - -

14· '· IS 20 25 - - -

12·· 20 25 30 15 20 25 

10' •• 30 35 40 25 30 35 

8 40 50 55 JS 40 45 

6 55 65 75 40 50 55 
4 70 85 95 55 65 75 

3 85 100 115 65 75 85 

2 95 115 130 75 90 100 

1 110 130 145 85 100 115 

1/0 125 150 170 100 120 135 

2/0 145 175 195 115 135 150 

3/0 165 200 225 130 155 175 

4/0 195 230 260 150 180 205 

250 215 255 290 l70 205 230 

300 240 285 320 195: 230 260, 

350 260 310 350 210 250 280 

400 280 335 380 225 270 305 

500 320 380 430 260 310 350 

600 ~50 420 475 285 340 385 

700 385 460 520 315 375 4r 
750 400 475 535 320 385 435 

800 410 490 555 330 395 44S 

900 435 520 585 355 425 480 

1000 455 545 615 375 445 500 

1250 495 590 665 405 485 545 

1500 !525 625 705 435 520 585 

1750 545 650 735 455 545 615 

2000 55~ 665 750 470 560 630 

· Refer 10 310.15(B){2) (or the ampacity correction faclon wher 1he ambient lenlpl'rat':l.~~ 1\()~ ,~!r!!t~IIJO°<: (86°f)~ 
"Refer to 140.4(D) (or ondurlOrOVE'fcllrnnr p'rotectjon Umitstloo . 

SizeAWG or 
kcmil 

-

-

-

12·· 

10" 

8 

6 

4 

3 

2 

1 

I/O 

2/0 

3/0 

4/0 

250 

300 

350 

400 

500 

600 

700 

750 

800 

900 

1000 

1250 

1500 

l750 

2000 
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Table 310.15(8)(17) Allowable Ampacities of Single-Insulated Conductors Rated Uptoandlrt(.llldio2 2000 Volts in Free Air, 
Based on Ambient Air Temperature of 30°C (86°F)[ .. 

Temperature Rating of Conductor (See Table 310.13.) 

60°C 7S0C 90°C (l94°F) 60°C (l40°F) 7S0C 90°C (194°F) 
(l40°F) (167°F) (167°F) 

Types TBS, SA, SIS, Types TBS, SA, 
FEP, FEPB, MI, Types SIS, THHN, 

Types RHH,RHW-2, RHW, THHW,THW-

RHW, THHN,THHW, THHW, 2, THWN-2, 

THHW, THW-2, THWN-2, THW, RHH,RHW-2, 

THW, USE-2,XHH, THWN, USE-2,XHH, 

THWN, XHHW, XHHW-2, XHHW XHHW, 

TypesTW, XHHW, ZW-2 Types TW, XHHW-2,ZW-
Size 

UF ZW UF 2 
AWG 

or kcmil COPPER ALUMINUM OR COPPER-CLAD ALUMINUM 

18 - - 18 - - -

16 - - 24 - - -

14·· 25 30 35 - - -

12·· 30 35 40 25 30 35 

10'" 40 50 55 35 40 45 

8 60 70 80 45 55 60 

6 80 95 105 60 75 85 

4 105 125 140 80 100 115 

3 120 145 165 95 115 130 

2 140 170 190 110 135 150 

1 165 195 220 130 155 175 

110 195 230 260 150 180 205 

2/0 225 265 300 175 210 235 

3/0 260 310 350 200 240 f70 
4/0 300 360 405 235 280 315 

250 340 405 455 265 315 355 

300 375 445 500 290 350 395 

350 420 505 570 330 395 445 

400 455 545 615 355 425 480 

500 515 620 700 405 485 545 

600 575 690 780 455 540 615 

700 630 755 850 500 595 670 
750 655 785 885 515 620 700 

800 680 815 920 535 645 725 

900 730 870 980 580 700 790 
1000 780 935 1055 625 750 845 

1250 890 1065 1200 710 855 965 

1500 980 1175 1325 795 950 :1070 

1750 1070 1280 1445 875 1050 1185 

2000 1155 1385 1560 960 1150 , IJ~.5i 
~Refer to 310.15(8)(2) (or the ampacity correction faclors wbere tbe ambieot temperature I otbl'r Iban 300C (86°F). 
t~Refer to 240.4(0) ror cooductor overcurreol proCKnon UmitalioD . 
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Size 
AWGor 

kcmil 

-

-

-

12·· 

10" 
8 

6 

4 

3 

2 

1 

110 

2/0 

3/0 

4/0 

250 

300 

350 

400 

500 

600 

700 

750 
800 

900 

1000 

1250 

1500 

1750 

2000 
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Table 310.15(B)(18) (formerly Table 310.18) Allowable Ampacities of Insulated Conductors Rated Up to and Including 2000 
Volts, 150°C Through 250°C (302°F Through 482°F). Not More Than Three Current-Carrying Conductors in Raceway or 
Cable, Based on Ambient Air Temperature of 40°C (104°F) 

Temperature Rating of Conductor (See Table 310.13.) 
I 

1&::noC (3020F) 200°C (392°F) 250°C (482°F) 150°C (302°F) 

Types FEP, FEPB, 

TypeZ PFA,SA Types PFAH, TFE TypeZ 

NICKEL OR ALUMINUM OR 
NICKEL-COATED COPPER-CLAD 

Size A we or kcmil COPPER ALUMINUM 
Size A WG or kcmil COPPER 

14 34 36 39 14 

12 43 45 54 30 12 

10 55 60 73 44 10 

8 76 83 93 57 8 

6 96 110 117 75 6 

4 120 125 148 94 4 

3 143 152 166 109 3 

2 160 171 191 124 2 

1 186 197 215 145 1 

110 215 229 244 169 liD 

2/0 251 260 273 198 2/0 

3/0 288 297 308 227 3/0 

4/0 332 346 361 260 4/0 

~Rder to '11ft IClRV'J' for tile 
"r "" 

. ratton wben tb. ambient . _ot!~f"r tbaa we (104°F). 

Table Allowable Ampacities of Single-Insulated Conductors, Rated IDC.IDd.iDg2000 Volts, 150°C Through 
250°C (302°F Through 482°F), in Free Air, Based on Ambient Air Temperature of 40°C (l04°F) 

Temperature Rating of Conductor (See Table 310.13.) 

150°C 200°C (392°F) 250°C (482°F) 1500C (302°F) 
(302°F) 

TypesFEP, 

TypeZ FEPB, PFA, SA Types PF AD, TFE TypeZ 

Size A we or kcmil NICKEL, OR NICKEL- ALUlVIINUM OR COPPER- Size A we or kcmil 

COPPER COATED COPPER CLAD ALUMINUM 

14 46 54 59 - 14 
12 60 68 78 47 12 
10 80 90 107 63 10 
8 106 124 142 83 8 

6 155 165 205 112 6 
4 190 220 278 148 4 
3 2]4 252 327 170 3 
2 255 293 381 198 2 
1 293 344 440 228 1 

110 339 399 532 263 110 
2/0 390 467 591 305 2/0 
3/0 451 546 708 351 3/0 
410 529 629 830 411 410 

"Rdlr to .. rn let.V." for '.bf" ........ _ ..... lilIIl.:llUlliIl WIIIII:H .... a ......... 1_ ... _ ............ 11 otber tba ... .cooC (104°1'). 
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ARTICLE 310 CONDUCTORS FOR GENERAL WIRING 310.15 

Table Ampacities of Not More Than Three Single Insulated Collductors, Rated InCIUdlnl 2000 Volts, 
Supported on a Messenger, Based on Ambient Air Temperature of 40°C (104°F)! *' 

Temperature RaOOe of Conductor (See Table 310.13.) 
7SoC (167°F) 900C (194°F) 7SoC (167°F) 900C (194°F) 

Types MI, THHN, 
nmw,THW-2, 

TypesRHW, THWN-2, RHH, Types THHN, THHW, 
THHW,THW, RHW-2, USE-2, Types RHW, THW, RHH, XHH\V, RHW-2, 

THWN,XHHW, XHHW,XHHW- THWN, nmw, XHHW XHHW-2, THW-2, 
ZW 2,ZW-2 THWN-2, USE-2, ZW-2 

Size A WG or kcmil COPPER ALUMINUM OR COPPER-CLAD ALUMINUM Size A WG or kcmil 
8 57 66 44 51 8 
6 76 89 59 69 6 
4 101 117 78 91 4 
3 118 138 92 107 3 
2 135 158 106 123 2 
1 158 185 123 144 I 

110 183 214 143 167 1/0 
2/0 212 247 165 193 2/0 
3/0 245 287 192 224 3/0 
4/0 287 335 224 262 4/0 
250 320 374 251 292 250 
300 359 419 282 328 300 
350 397 464 312 364 350 
400 430 503 339 395 400 
500 496 580 392 458 500 
600 553 647 440 514 600 
700 610 714 488 570 700 
750 638 747 512 598 750 
800 660 773 532 622 800 
900 704 826 572 669 900 
1000 748 879 612 716 1000 

IiilRerer to 1I1UClRV'" (or :=:' .. . . . 'lIe'on wbeN till 11mb .• ' . .. Dfber tbllll ~~. n04°f). 

Table Ampacities of Bare or Covered Conductors in Free Air, Based on 40°C (104°F) Ambient, 80°C (176°F) Total 
Conductor Temperature, 610 mm/sec (2 ftlsec) Wind Velocity 

AAC Aluminum Conductors 
Bare Covered 

AWGor AWGor 
Am~eres or kcmil Ameeres kcmil AmJ.!eres kcmil Am~eres 

98 8 103 8 76 8 80 
6 124 6 130 6 96 6 101 
4 155 4 163 4 121 4 127 
2 209 2 219 2 163 2 171 

1/0 282 110 297 I/O 220 I/O 231 
2/0 329 2/0 344 2/0 255 2/0 268 
3/0 382 3/0 401 3/0 297 3/0 312 
4/0 444 4/0 466 4/0 346 4/0 364 
250 494 250 519 266.8 403 266.8 423 
300 556 300 584 336.4 468 336.4 492 
500 773 500 812 397.5 522 397.5 548 
750 1000 750 1050 477.0 588 477.0 617 
1000 1193 1000 1253 556.5 650 556.5 682 

636.0 709 636.0 744 
795.0 819 795.0 860 
954.0 920 
1033.5 968 1033.5 1017 
1272 1103 1272 1201 
1590 1267 1590 1381 
2000 1454 2000 1527 
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310.60 Conductors Rated 2001 to 35,000 Volts. 

(A) Definitions. 

Electrical Ducts. As used in Article 310, electrical ducts 
shall include any of the electrical conduits recognized in 
Chapter 3 as suitable for use underground; other raceways 
round in cross section, listed for underground use, and 
embedded in earth or concrete. 

Thermal Resistivity. As used in this Code, the heat 
transfer capability through a substance by conduction. It 
is the reciprocal of thermal conductivity and is designated 
Rho and expressed in the units °C-cm/watt. 

(B) Ampacities of Conductors Rated 2001 to 35,000 
Volts. Ampacities for solid dielectric-insulated 
conductors shall be permitted to be determined by tables 
or under engineering supervision, as provided in 
310.60(C) and (D). 

(1) Selection of Ampacity. Where more than one 
calculated or tabulated ampacity could apply for a given 
circuit length, the lowest value shall be used. 

Exception: Where two different ampacities apply to 
adjacent portions of a circuit, the higher ampacity shall 
be permitted to be used beyond the point of transition, a 
distance equal to 3.0 m (10 ft) or 10 percent of the circuit 
length calculated at the higher ampacity, whichever is 
less. 

Infonnational Note: See 110.40 for conductor 
temperature limitations due to tennination provisions. 

(C) Tables. Ampacities for conductors rated~QOl to 
35,000 volts shaH be as specified in Table 3 1 0.6'O(C)(67) 
through Table 310.60(C)(86). Ampacities for ambient 
temperatures otheEthal1th()~~ speci fled . in the ampacity 
tables shall be corrected in accordance wit~ 31 0.60(C)( 4). 

Infonnational Note No.1: For ampacities calculated in 
accordance with 31O.60(B), reference IEEE 835-1994 
(IPCEA Pub. No. P-46-426), Standard Power Cable 
Ampacity Tables, and the references therein for 
availability of all factors and constants. 

Infonnational Note No. 2: Ampacities provided by this 
section do not take voltage drop into consideration. See 
210.19(A), Informational Note No.4, for branch circuits 
and 215.2(A), Informational Note No.2, for feeders. 

(1) Grounded Shields. Ampacities shown in Table 
31O.60(C)(69), Table 310.60"C)(70) Table 
31 0.60(C)(SI), and Table 310.60(C)(82) are for cable 
with shields grounded at one point only. Where shields 
are grounded at more than one point, ampacities shall be 
adjusted to take into consideration the heating due to 
shield currents. 

(2) Burial Depth of Underground Circuits. Where the 
burial depth of direct burial or electrical duct bank circuits 
is modified from the values shown in a figure or table, 
ampacities shall be permitted to be modified as indicated 
in (C)(2)(a) and (C)(2)(b). 
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( a) Where burial depths are increased in parte s) of an 
electrical duct run, no decrease in ampacity of the 
conductors is needed, provided the total length of parts of 
the duct run increased in depth is less than 25 percent of 
the total run length. 

(b) Where burial depths are deeper than shown in a 
specific underground ampacity table or figure, an 
ampacity derating factor of 6 percent per 300-mm (I-ft) 
increase in depth for all values of rho shall be permitted. 

No rating change is needed where the burial depth is decreased. 

(3) Electrical Ducts in Figure 310.60. At locations where 
electrical ducts enter equipment enclosures from under 
ground, spacing between such ducts, as shown in Figure 
310.60, shall be permitted to be reduced without requiring 
the ampacity of conductors therein to be reduced. 

(4) Ambient Temp~I";l~!I ... ~C:o-rl"~~~~' Ampacities for 
ambient temperatures other than those pecified in the 
ampacity tables shall be corrected in accordance with 
Table 31O.60(C)(4)(4) or shall b permitted to b 
calculatedlJsing th~ . (~IJ<>,wi~,g eqllEltiQ~; 

Tc- T'a 

where: 

J' ampacity corrected for ambient temp rature 
I ampacity showl) in the tables 
Tc temperature rating of conductor (OC) 

Ta' new ambient temperature eC) 

Ta - ambient temperature u ed in the table eC) 

(D) Engineering Supervision. Under engineering 
supervision, conductor ampacities shall be permitted to be 
calculated by ~~Jlll~ the following general equation: 

/= ~ 
where: 

Tc = conductor temperature (OC) 

To = ambient temperature eC) 

x 103 amperes 

l\ T d = dielectric 10 temperature ri~ 

Rd ;; de resistance of conductor at temperature Tc 
Yc = component ac resistance resulting from skin effect 

and proximity effect 
Rca = effective thermal resistance between conductor 

and WTOWlding ambient 
jn fonnalional Note: TIle dielectric 10: s temperature rise 
(!lTd) i negligible for single! circuil extruded di lectric 

cables rated below 46 k V. 

2013 California Electrical Code 
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Detail 1 
290 mm x 290 mm 
(11.5 in. x 11.5 in.) 
Electrical duct bank 
One electrical duct 

- ! 

Detail 2 
475 mm x 475 mm 
(19 in. x 19 in.) 
Electrical duct bank 
Three electrical ducts 

or 

190 rnm 190 mm 
(7.5 in.) (7.5 in.) 

675 mm x 290 mm 
(27 in. x 11.5 in.) 
Electrical duct bank 
Three electrical ducts 

600mm 

1 (24 in.) --. 

--.£ 
\.{) 

t:. 
E 
E 
o 
Q) 

Detail 5 DetailS Detail 7 
Buried 3 
conductor 
cable 

190 mm 190 mm 
(7.5 in.) (7.5 in.) 

I I 1 

Buried 3 
conductor 
cables 

Buried triplexed 
cables (1 circuit) 

190 mm 190 mm 
(7.5 in.) (7.5 in.) 

I I I 

190 mm (7.5 in.) 

Detail 3 
475 mm x 675 mm 
(19 in. x 27 in.) 
Electrical duct bank 
Six electrical ducts 

or 

190 mm 190 mm 
(7.5 in.) (7.5 in.) 

675 mm x 475 mm 
(27 in. x 19 in.) 
Electrical duct bank 
Six electrical ducts 

~ •• 
600mm 
(24 in.) 

Detail 8 

l --
Buried triplexed 
cables (2 circuits) 

600mm 
(24 in.) 

190 mm 190 mm 
(7.5 in.) (7.5 in.) 

I I 1 
Detail 9 Detail 10 
Buried single-conductor 
cables (1 circuit) 

Buried single-conductor 
cables (2 circuits) 

Legend 

310.60 

Note: Minimum burial depths to top electrical ducts or cables shall be 
in accordance with 300.50. Maximum depth to the top of electrical 
duct banks shall be 750 mm (30 in.) and maximum depth to the top 
of direct buried cables shall be 900 mm (36 in.). 

I~o-'I~I Back"fill (earth or concrete) 

o Electrical duct 

• Cable or cables 

Figure 310.60 Cable Installation Dimensions for Use with Table JIO.60(C)(77) Through Table JIO~60(C)(86) 
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Table 310.60(C)(4) Ambient Temperature Correction Factors 

For ambient temperatures other than 40°C (104°F), multiply the 
allowable ampacities specified in the ampacity tables by the 

appropriate factor shown below. 

Ambient Temperature Rating of Ambient 

Temperature Conductor Temperature 

eC) 90°C 105°C (OF) 

100riess 1.26 1.21 50 or less 

11-15 1.22 1.18 51-59 

16-20 1.18 1.14 60-68 

21-25 1.14 1.11 69-77 

26-30 1.10 1.07 78-86 

31-35 1.05 1.04 87-95 

36--40 1.00 1.00 96-104 

41--45 0.95 0.96 105-113 

46-50 0.89 0.92 114-122 

51-55 0.84 0.88 123-131 

56-60 0.77 0.83 132-140 

61-65 0.71 0.78 141-149 

66-70 0.63 0.73 150-158 

71-75 0.55 0.68 159-167 

76-80 0.45 0.62 168-176 

81-85 0.32 0.55 177-185 

86-90 - 0.48 186-194 

91-95 - 0.39 195-203 

96-100 - 0.28 204-212 

Table 310.§9{~)(67) Ampacities of Insulated Single Copper 
Conductor Cables Triplexed in Air Based on Conductor 
Temperatures of 90°C (194°F) and lOSoC (221°F) and 
Ambient Air Temperature of 40°C (104°F) * 

Conductor 

Size 

(AWG 

or kcmil) 

8 

6 

4 

2 

1 

1/0 

2/0 

3/0 

4/0 

250 

350 

500 

750 

1000 

Temperature Rating of Conductor [See Table 310.13 
(C),] 

2001-5000 Volts 
Ampacity 

90°C 105°C 
(194°F) (221°F) 

Type 

MV-90 

65 

90 

120 

160 

185 

215 

250 

290 

335 

375 

465 

580 

750 

880 

Type 

MV-I05 

74 

99 

130 

175 

205 

240 

275 

320 

375 

415 

515 

645 

835 

980 

5001-35,000 Volts 
Ampacity 

90°C 105°C 
(194°F) (221°F) 

Type 

MV-90 

100 

130 

170 

195 

225 

260 

300 

345 

380 

470 

580 

730 

850 

Type 

MV-105 

110 

140 

195 

225 

255 

295 

340 

390 

430 

525 

650 

820 

950 
· Refer to JI0.60(C)(4) for the ampadty eorrec1ion iaetor wherethe 
ambient temperature is other tbll.O 4~OOc: U(J4~F). 
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Table 310.60(C)(68) Ampacities of Insulated Single 
Aluminum Conductor Cables Triplexed in Air Based on 
Conductor Temperatures of 90°C (194°F) and 1OsoC (221 OF) 
and Ambient Air Temperature of 40°C (l04°F): *i 

Temperature Rating of Conductor [See Table 310.13 
(C).] 

2001-5000 Volts 5001-35,000 
Am~aci!I Volts Am~acit~ 

Conductor 90°C 105°C 90°C 105°C 
Size (194°F) (221°F) (194°F) (221°F) 

(AWG or Type Type Type Type 
kcmil) MV-90 MV- MV-90 MV-

105 105 

50 57 
6 70 77 75 84 
4 90 100 100 110 
2 125 135 130 150 
1 145 160 150 175 

1/0 170 185 175 200 
2/0 195 215 200 230 
3/0 225 250 230 265 
4/0 265 290 270 305 
250 295 325 300 335 
350 365 405 370 415 
500 460 510 460 515 
750 600 665 590 660 
1000 715 800 700 780 

- Refer to JIO.60(C)(4) for the ampacily correction faclor wh('re the 
~mbi 01 tempera.ur~I~_ ~.tJ.!~~ _~~.-:-~<r~JJ94_~f). 

Table 310.~(C)(69) Ampacities of Insulated Single Copper 
Conductor Isolated in Air Based on Conductor Temperatures of 
90°C (194°F) and 105°C (221°F) and Ambient Air Temperature of 

40°C (104°F) * 

Conduc 
tor 

SUe 
(AWG 

or 

8 
6 
4 
2 
1 

1/0 

2/0 
3/0 

4/0 

250 
350 
500 
750 

1000 
1250 
1500 
1750 

2000 

Temperature Rating of Conductor 
(See Table 310.61.) 

2001-5000 Volts 5001-15,000 15,001-35,000 
Ampacity 

9(fC 105"'C 
(19of'F) (221°1') 

Type Type 
MV-90 MV-

lOS 

83 93 
110 120 
145 160 
190 215 
225 250 

260 290 
300 330 
345 385 

400 445 

445 495 
550 615 
695 775 
900 1000 

1075 1200 
1230 1370 
1365 1525 
1495 1665 

1605 1790 

Volts Ampacity 
9(fC 105"'C 
(194°1') (221°1') 

Type Type 
MV-90 MV-

lOS 

110 125 
150 165 
195 215 
225 250 

260 290 

300 335 
345 385 

400 445 

445 495 

550 610 
685 765 
885 990 

1060 1185 
1210 1350 
1345 1500 
1470 1640 
1575 1755 

Volts Ampacity 
9(fC 

(194"1') 

Type 
MV-90 

225 

260 
300 
345 

395 

440 
545 
680 
870 

1040 
1185 
1315 
1430 
1535 

105"'C 
(221°1') 

Type 
MV-
lOS 

250 

290 

330 
380 
445 

490 
605 
755 
970 

1160 
1320 
1465 
1595 
1710 

Refer to J 1 0.60(C)(4) for tbe ampaclly correction I ctor bere tbe 
8mbifot temperature· other than 400C 1040 • 
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Table 310.60(9(10) Ampacities of Insulated Single 
Aluminum Conductor Isolated in Air Based on Conductor 
Temperatures of 90°C (194°F) and 105°C (221°F) and 
Ambient Air Temperature of 40°C (104°F) '" 

Conductor 
Size 

(AWG 
or kcmil) 

8 
6 
4 
2 
1 

110 
2/0 
3/0 
4/0 
250 
350 
500 
750 
1000 
1250 
1500 
1750 
2000 

Temperature Rating of Conductor 
(See Table 310.61.) 

2001-5000 5001-15,000 15,001-35,000 
Volts Volts Volts 

Ampacity 
90°C 105°C 
(194 (221° 
OF) F) 

Type Type 
MV- MV-

90 105 
64 
85 
115 
150 
175 
200 
230 
270 
310 
345 
430 
545 
710 
855 
980 
1105 
1215 
1320 

71 
95 
125 
165 
195 
225 
260 
300 
350 
385 
480 
605 
790 
950 
1095 
1230 
1355 
1475 

Ampacity 
90°C 105°C 
(194 (221° 
OF) F) 

Type Type 
MV- MV-

90 105 

87 
115 
150 
175 
200 
235 
270 
310 
345 
430 
535 
700 
840 
970 
1085 
1195 
1295 

97 
130 
170 
195 
225 
260 
300 
350 
385 
480 
600 
780 
940 
1080 
1215 
1335 
1445 

Ampacity 
90°C 105°C 
(194 (221° 
oF) F) 

Type Type 
MV- MV-

90 105 

175 
200 
230 
270 
310 
345 
430 
530 
685 
825 
950 
1060 
1165 
1265 

195 
225 
260 
300 
345 
380 
475 
590 
765 
920 
1055 
1180 
1300 
1410 

r Refer to 310.60(C)(4) for the amparity ('ornet1on factors whue the 
)imbi.nt temperatun I olhert.ll;an~~~l!94.~~l 

Table 310.60(C)(711 Ampacities of an Insulated Three
Conductor Copper Cable Isolated in Air Based on 
Conductor Temperatures of 90°C (194°F) and 105°C (221°F) 
and Ambient Air Temperature of 40°C (l04°F) * 

Conductor 
Size 

(AWG 
or kcmil) 

8 
6 
4 
2 
1 

110 
2/0 
3/0 
4/0 
250 
350 
500 
750 
1000 

Temperature Rating of Conductor (See Table 
310.61.) 

2001-5000 Volts 
Ampacity 

90°C 105°C 
(194°F) (221°F) 

Type Type 
MV-90 MV-I05 

59 66 
79 88 
105 115 
140 154 
160 180 
185 
215 
250 
285 
320 
395 
485 
615 
705 

205 
240 
280 
320 
355 
440 
545 
685 
790 

5001-35,000 Volts 
Ampacity 

90°C 105°C 
(194°F) (221°F) 

Type Type 
MV-90 MV-I05 

93 
120 
165 
185 
215 
245 
285 
325 
360 
435 
535 
670 
770 

105 
135 
185 
210 
240 
275 
315 
360 
400 
490 
600 
745 
86Q 

-" R~fer to JIO.60( )(4) for tbe amparity correction facton wbere th 
ambient temperature other than 400C (1 04°~) 
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Table 310.60(C)(72) Ampacities of an Insulated Three
Conductor Aluminum Cable Isolated in Air Based on 
Conductor Temperatures of 90°C (194°F) and 1OsoC (221°F) 
and Ambient Air Temperature of 40°C (l04°F}:'" 

Conductor 
Size 

(AWG 
or kcmil) 

8 
6 
4 
2 
1 

110 
2/0 
3/0 
4/0 
250 
350 
500 
750 
1000 

Temperature Rating of Conductor (See Table 
310.61.) 

2001-5000 Volts 
Ampacity 

90°C 105°C 
(194°F) (221°F) 

Type Type 
MV-90 MV-I05 

46 51 
61 68 
81 90 
110 120 
125 140 
145 160 
170 185 
195 215 
225 250 
250 280 
310 345 
385 430 
495 550 
585 650 

5001-35,000 Volts 
Ampacity 

90°C 105°C 
(194°F) (221°F) 

Type Type 
MV-90 MV-I05 

72 80 
95 105 
125 145 
145 165 
170 185 
190 215 
220 245 
255 285 
280 315 
345 385 
425 475 
540 600 
635 705 

"Refer to 310.60(0(4) for tbe ampacity ('orre('lion factors where tbe 
arnbleDltemperature is otber thaD 4O"C (104°F). 

Table 310.60(C)(73} Ampacities of an Insulated Triplexed or 
Three Single-Conductor Copper Cables in Isolated Conduit 
in Air Based on Conductor Temperatures of 90°C (194°F) 
and 105°C (221°F) and Ambient Air Temperature of 40°C 
(l04°F) ~ 

Conductor 
Size 

(AWG 
or kcmil) 

8 
6 
4 
2 
1 

1/0 
2/0 
3/0 
4/0 
250 
350 
500 
750 
1000 

Temperature Rating of Conductor 
(See Table 310.104(C).) 

2001-5000 Volts 5001-35,000 Volts 
Ampacity Ampacity 

90°C 105°C 90°C 105°C 
(194°F) (221°F) (194°F) (221°F) 
Type Type Type Type 

MV-90 MV-l05 MV-90 MV-l0S 
55 
75 
97 
130 
155 
180 
205 
240 
280 
315 
385 
475 
600 
690 

61 
84 
110 
145 
175 
200 
225 
270 
305 
355 
430 
530 
665 
770 

83 
110 
150 
170 
195 
225 
260 
295 
330 
395 
480 
585 
675 

93 
120 
165 
190 
215 
255 
290 
330 
365 
440 
535 
655 
755 

*Rerer to 310.60(0(4) for tbe ampaelr, correedonf8C'lo ftbtre tbe 
ambito. temperature i olber tban 400 ' ll04°F 
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Table 310.60(C)(74) Ampacities of an Insulated Triplexed 
or Three Single-Conductor Aluminum Cables in Isolated 
Conduit in Air Based on Conductor Temperatures of 90°C 
(194°F) and 105°C (221°F) and Ambient Air Temperature of 
40°C (104°F)* 

Conductor 
Size 

(AWe 
or kcmiJ) 

8 
6 
4 
2 

110 
2/0 
3/0 
4/0 
250 
350 
500 
750 
1000 

Temperature Rating of Conductor (See Table 
310.61.) 

2001-5000 Volts 
Ampacity 

90°C 105°C 
(194°F) (221°F) 
Type Type 

MV-90 MV-105 

43 48 
58 65 
76 85 
100 115 
120 135 
140 155 
160 175 
190 210 
215 240 
250 280 
305 340 
380 425 
490 545 
580 645 

5001-35,000 Volts 
Ampacity 

90°C 105°C 
(194°F) (221°F) 
Type Type 

MV-90 MV-10S 

65 
84 
115 
130 
150 
175 
200 
230 
255 
310 
385 
485 
565 

72 
94 
130 
150 
170 
200 
225 
260 
290 
350 
430 
540 
640 

"Refer to 310.60(C)(4) fot' the ampacity rorrectio ... Jllct(tr wbere tbe 
.. II1bien,1 (emperature i otbl'r tbaD 40CC (104°F). 

Table 310.,~O(C)(75j Ampacities of an Insulated Three-
Conductor Copper Cable in Isolated Conduit in Air Based 
on Conductor Temperatures of 90°C (194°F) and 105°C 
!221°F~ and Ambient Air Tem~erature of 40°C !104°F~ * 

Temperature Rating of Conductor 
(See Table 310.61.) 

2001-5000 5001-35,000 
Volts Ampacity Volts Ampacity 

Conductor 900 e 105°e 900 e 105°e 
Size (194°F) (221°F) (l94°F) (221°F) 

(AWe Type Type Type Type 

or kcmil) MV-90 MV-105 MV-90 MV-I05 

8 52 58 
6 69 77 83 92 
4 91 100 105 120 
2 125 135 145 165 
1 140 155 165 185 

110 165 185 195 215 
2/0 190 210 220 245 
3/0 220 245 250 280 
4/0 255 285 290 320 
250 280 315 315 350 
350 350 390 385 430 
500 425 475 470 525 
750 525 585 570 635 
1000 590 660 650 725 

· Refer to JIO.60(C)(4) for tbe ampacity corre-elion fllcton where tbe 
mbleo. temper ture i other (baD 400C (104°F). 
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Table 310.60(C)(76j Ampacities of an Insulated Three-
Conductor Aluminum Cable in Isolated Conduit in Air 
Based on Conductor Temperatures of 90°C (194°F) and 
105°C (221°F) and Ambient Air Temperature of 40°C 
!104°Fl * 

Temperature Rating of Conductor (See Table 
310.61.) 

2001-5000 Volts 5001-35,000 Volts 
Ampacity Ampacity 

Conductor 90°C 105°C 90°C 105°C 
Size (194°F) (22JOF) (194°F) (221°F) 

(AWe Type Type Type Type 

or kcmil) MV-90 MV-IOS MV-90 MV-1OS 

8 41 46 
6 53 59 64 71 
4 71 79 84 94 
2 96 105 115 125 
I 110 125 130 145 

110 130 145 150 170 
2/0 150 165 170 190 
3/0 170 190 195 220 
4/0 200 225 225 255 

250 220 245 250 280 
350 275 305 305 340 
500 340 380 380 425 
750 430 480 470 520 
1000 505 560 550 615 

*Refer 10310.60(0(4) for the ampac:it)' corret(i(l~Jaclon wberr tlte 
ambieot temperature Is olber thaD 400C (104°F). 
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ARTICLE 310 - CONDUCTORS FOR GENERAL WIRING 310.60 

Table Ampacities of Three Single-Insulated 
Copper Conductors in Underground Electrical Ducts (Three 
Conductors per Electrical Duct) Based on Ambient Earth 
Temperature of 20°C (68°F), Electrical Duct Arrangement 

Figure 310.60, 100 Percent Load Factor, 
Thermal Resistance (RHO) of 90, Conductor Temperatures 
of 90°C (194°F) and 105°C (221°F) 

Conductor 
Size 

(AWe 
orkcmil) 

6 
4 
2 

2/0 
3/0 
4/0 

350 
500 
750 
1000 

6 
4 
2 

2/0 
3/0 
4/0 

350 
500 
750 
1000 

6 
4 
2 
1 

2/0 
3/0 
4/0 

350 
500 
750 
1000 

Temperature Rating of Conductor 
(See Table 310.61.) 

2001-5000 Volts 5001-35,000 Volts 
Ampacity Ampacity 

90°C l05°e 9()OC I0s0C 
(194°F) (221°F) (194°F) (221°F) 
Type Type Type Type 

MV-90 MV- MV-90 MV-

85 
110 
145 
170 

220 
250 
290 

385 
470 
585 
670 

73 
95 
125 
140 

185 
210 
235 

315 
375 
460 
525 

62 
80 
105 
115 

150 
170 
195 

250 
300 
365 
410 

105 105 

92 
120 
155 
180 

235 
270 
310 

415 
505 
630 
720 

79 
100 
130 
ISO 

195 
225 
255 

335 
405 
495 
565 

67 
86 
110 
125 

160 
185 
210 

270 
325 
395 
445 

90 
115 
155 
175 

230 
260 
295 

390 
465 
565 
640 

77 
99 
130 
145 

185 
210 
240 

310 
370 
440 
495 

64 
82 
105 
120 

150 
170 
190 

245 
290 
350 
390 

97 
125 
165 
185 

245 
275 
315 

415 
500 
610 
690 

83 
105 
135 
155 

200 
225 
255 

330 
395 
475 
535 

68 
88 
115 
125 

165 
185 
205 

265 
310 
375 
415 
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Table Ampacities of Three Single-Insulated 
Aluminum Conductors in Underground Electrical Ducts 
(Three Conductors Electrical Duct) Based on Ambient 
Earth of 20°C (68°F), Electrical Duct 
Arrangement Figure 310.60,100 Percent 
Load Factor, Thermal Resistance (RHO) of 90, Conductor 
Temperatures of 90°C (l94°F) and lOSoC (221°F) 

Conductor 
Size 

(AWG 

6 
4 
2 

2/0 
3/0 
4/0 

350 
500 
750 
1000 

6 
4 
2 

2/0 
3/0 
4/0 

350 
500 
750 
1000 

6 

4 
2 

1 

2/0 
3/0 
4/0 

350 
500 
750 
1000 

Temperature Rating of Conductor 
(See Table 310.61.) 

2001-5000 Volts 5001-35,000 Volts 

66 
86 
115 
130 

170 
195 
225 

305 
370 
470 
545 

57 
74 
96 
110 

145 
160 
185 

245 
295 
370 
425 

48 
62 
80 
91 

115 
135 
150 

195 
240 
290 
335 

71 
93 
125 
140 

185 
210 
245 

325 
400 
505 
590 

61 
80 
105 
120 

155 
175 
200 

265 
320 
395 
460 

52 
67 
86 
98 

125 
145 
165 

210 
255 
315 
360 

(194°F) 
Type 

MV-90 

70 
91 
120 
135 

175 
200 
230 

305 
370 
455 
525 

60 
77 
100 
110 

145 
165 
185 

245 
290 
355 
405 

50 
64 
80 
90 

115 
130 
150 

195 
230 
280 
320 

(221°F) 
Type 

MV-]05 

75 
98 
130 
145 

190 
215 
245 

330 
400 
490 
565 

65 
83 
105 
120 

155 
175 
200 

260 
315 
385 
440 

54 
69 
88 
99 

125 
145 
160 

210 
250 
305 
345 
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310.60 ARTICLE 310 - CONDUCTORS FOR GENERAL WIRING 

Table Ampacities of Three Insulated Copper 
Conductors Cabled Within an Overall Covering (Three
Conductor Cable) in Underground Electrical Ducts (One 
Cable Electrical Duct) Based on Ambient Earth 
Temperature of 20°C (68°F), Electrical Duct Arrangement 

Figure 310.60, 100 Percent Load Factor, 
Thermal Resistance (RHO) of 90, Conductor Temperatures 
of 90°C (194°F) and 105°C (221°C) 

Temperature Rating of Conductor (See Table 

Conductor 
Size 

(AWG 
or kcmil) 

2001-5000 Volts 
Ampacity 

90°C 105°C 
(194°F) (221°F) 

Type Type 
MV-90 MV-I05 

310.61.) 
5001-35,000 Volts 

Ampacity 

90°C 105°C 
(194°F) (22] OF) 

Type Type 
MV-90 MV-I05 

One Circuit (See Figure 310.60, DetaiJ 1.) 

8 59 64 
6 
4 
2 

2/0 
3/0 
4/0 

350 
500 
750 
1000 

78 
100 
135 
155 

200 
230 
265 

355 
430 
530 
600 

84 
110 
145 
165 

220 
250 
285 

380 
460 
570 
645 

Three Circuits (See Figure 310.60, Detail 2.) 

8 53 57 
6 69 74 
4 89 96 
2 

2/0 
3/0 
4/0 

350 
500 
750 
1000 

6 
4 

2 
I 

1/0 
2/0 
3/0 
4/0 

350 
500 
750 
1000 

70-164 

115 125 
135 145 

170 
195 
225 

295 
355 
430 
485 

60 
77 

98 
110 
125 
145 
165 
185 

240 
290 
350 
390 

185 
210 
240 

315 
380 
465 
520 

65 
83 
105 
120 
135 
155 
175 
200 

270 
310 
375 
420 

88 
115 
150 
170 

220 
250 
285 

375 
450 
545 
615 

75 
97 
125 
140 

185 
205 
230 

305 
360 
430 
485 

63 
81 
105 
115 

130 
150 
170 
190 

245 
290 
340 
380 

95 
125 
160 
185 

235 
270 
305 

400 
485 
585 
660 

81 
105 
135 
155 

195 
220 
250 

325 
385 
465 
515 

68 
87 
110 
125 
145 
160 
180 
200 

275 
305 
365 
405 

Table Ampacities of Three Insulated 
Aluminum Conductors Cabled Within an Overall Covering 
(Three-Conductor Cable) in Underground Electrical Ducts 
(One Cable ~" Electrical Duct) Based on Ambient Earth 
Temperature of 20°C (68°F), Electrical Duct Arrangement 

Figure 310.60, 100 Percent Load Factor, 
Thermal Resistance (RHO) of 90, Conductor Temperatures 
of 90°C (194°F) and 105°C (221°C) 

Temperature Rating of Conductor (See Table 
310.61.) 

Conductor 
Size 

(AWG 
or kcmil) 

2001-5000 Volts 
Ampacity 

90°C 105°C 
(194°F) (221 OF) 

Type Type 
MV-90 MV-I05 

One Circuit (See Figure 310.60, Detail!.) 
8 46 50 
6 61 66 
4 80 86 

2 

2/0 
3/0 
4/0 

350 
500 
750 
1000 

105 
120 

160 
180 
205 

280 
340 
425 
495 

110 
130 

170 
195 
220 

310 
365 

460 
535 

5001-35,000 Volts 
Ampacity 

90°C 105°C 
(194°F) (221°F) 

Type Type 
MV-90 MV-105 

69 74 
89 96 
115 
135 

170 
195 
220 

295 
355 
440 
510 

125 
145 

185 
210 
240 

315 
385 
475 
545 

Three Circuits (See Figure 310.60, Detail 2.) 

8 41 44 

6 54 58 
4 70 75 
2 90 97 

2/0 
3/0 
4/0 

250 
350 
500 
750 
1000 

105 110 

135 
155 
175 
190 
230 
280 
345 
400 

145 
165 
185 
205 
250 
300 
375 
430 

59 
75 
100 
110 

140 
160 
180 
200 
240 
285 
350 
400 

64 
81 
105 
120 

155 
175 
195 
215 
255 
305 
375 
430 

Six Circuits (See Figure 310.60, Detail 3.) 

8 36 39 
6 46 50 
4 60 65 
2 77 83 

2/0 
3/0 
4/0 

350 
500 
750 
1000 

87 94 

110 
130 
145 

190 
230 
280 
320 

120 
140 
155 

205 
245 
305 
345 

49 
63 
80 
90 

115 
130 
150 

190 
230 
275 
315 

53 
68 
86 
98 

125 
140 
160 

205 
245 
295 
335 
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ARTICLE 310 CONDUCTORS FOR GENERAL WIRING 310.60 

Table Ampacities of Single Insulated Copper Table Ampacities of Single Insulated 
Conductors Directly Buried in Earth Based Ambient Aluminum Conductors Directly Buried in Earth Based on 
Earth Temperature of 20°C (68°F), Arrangement Figure Ambient Earth Temperature of 20°C (68°F), Arrangement 
310.60,100 Percent Load Factor, Thermal Resistance (RHO) Figure 310.60, 100 Percent Load Factor, Thermal 
of 90, Conductor Temperatures of 90°C (l94°F) and 105°C Resistance (RHO) of 90, Conductor Temperatures of 90°C 
(221°C) (194°F) and 105°C (221°F) 

Temperature Rating of Conductor (See Table 

2001-5000 Volts 5001-35,000 Volts 2001-5000 Volts 5001-35,000 Volts 

Ampacity Ampacity 

Conductor 90°C 105°C 90°C 105°C Conductor 90°C 105°C 90°C !05°C 

Size (194°F) (221°F) (194°F) (221°F) Size (l94°F) (221°F) (194°F) (221°F) 

(AWG Type Type Type Type (AWG Type Type Type Type 

MV-90 MV-l05 MV-90 MV-I05 or kcmil) MV-90 MV- MV-90 MV-105 or 
105 

One Circuit, Three Conductors (See Figure 310.60, Detail 9.) 
One Circuit, Three Conductors (See Figure 310.60, Detail 9.) 

8 110 115 
8 85 90 

6 140 150 130 140 
6 110 115 100 110 

4 180 195 170 180 
4 140 ISO 130 140 

2 230 250 210 225 
2 180 195 165 175 

I 260 280 240 260 
205 220 185 200 

110 295 320 275 295 
I/O 230 250 215 230 

2/0 335 365 310 335 
2/0 265 285 245 260 

3/0 385 415 355 380 
3/0 300 320 275 295 

4/0 435 465 405 435 
4/0 340 365 315 340 

250 470 510 440 475 
250 370 395 345 370 

350 570 615 535 575 
350 445 480 415 450 

500 690 745 650 700 
500 540 580 510 545 

750 845 910 805 865 
750 665 720 635 680 

1000 980 1055 930 1005 
1000 780 840 740 795 

Two Circuits, Six Conductors (See Figure 310.60, Detail 10.) 
Two Circuits, Six Conductors (See Figure 310.60, Detail 10.) 

8 100 110 
8 80 85 

6 130 140 120 130 
6 100 110 95 100 

4 165 180 160 170 
4 130 140 125 130 

2 215 230 195 210 
2 165 180 155 165 

I 240 260 225 240 
190 200 175 190 

110 275 295 255 275 
110 215 230 200 215 

2/0 310 335 290 315 
2/0 245 260 225 245 

3/0 355 380 330 355 
3/0 275 295 255 275 

4/0 400 430 375 405 
4/0 310 335 290 315 

250 435 470 410 440 
250 340 365 320 345 

350 520 560 495 530 
350 410 440 385 415 

500 630 680 600 645 
500 495 530 470 505 

750 775 835 740 795 
750 610 655 580 625 

1000 890 960 855 920 
1000 710 765 680 730 
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310.60 ARTICLE 310 - CONDUCTORS FOR GENERAL WIRlNG 

Table Ampacities of Three Insulated Copper Table Ampacities of Three Insulated 
Conductors Cabled \Vithin an Overall Covering (Three- Aluminum Conductors Cabled Within an Overall Covering 
Conductor Cable), Directly Buried in Earth Based on (Three-Conductor Cable), Directly Buried in Earth Based on 
Ambient Earth Temperature of 20°C (68°F), Arrangement Ambient Earth Temperature of 20°C (68°F), Arrangement 

Figure 310.60, 100 Percent Load Factor, Thermal Figure 310.60, 100 Percent Load Factor, Thermal 
Resistance (RHO) of 90, Conductor Temperatures of 90°C Resistance (RHO) of 90, Conductor Temperatures of 90°C 
(194°F) and 105°C (221°F) (194°F) and 105°C (221°F) 

Temperature Rating of Conductor (See Table Temperature Rating of Conductor (See Table 

2001~5000 Volts 5001-35,000 Volts 2001-5000 Volts 5001~35,000 Volts 
Ampacity Ampacity 

Conducto 90°C 105°C 90°C 105°C Conducto 90°C 105°C 90°C 105°C 
r (194°F) (221°F) (l94°F) (221°F) r (194°F) (221°F) (194°F) (221°F) 

Size Type Type Type Type Size Type Type Type Type 

(AWG MV-90 MV-I05 MV-90 MV-I05 (AWG MV-90 MV-I05 MV-90 MV-105 

or or 

One Circuit (See Figure 310.60, Detail 5.) One Circuit (See Figure 310.60, Detail 5.) 

8 85 89 8 65 70 
6 105 lIS 115 120 6 80 88 90 95 
4 135 150 145 155 4 105 115 lIS ]25 
2 180 190 185 200 2 140 150 145 155 
1 200 215 210 225 155 170 165 175 

110 230 245 240 255 110 180 190 ]85 200 
2/0 260 280 270 290 2/0 205 220 210 225 
3/0 295 320 305 330 3/0 230 250 240 260 
4/0 335 360 350 375 4/0 260 280 270 295 
250 365 395 380 410 250 285 310 300 320 
350 440 475 460 495 350 345 375 360 390 
500 530 570 550 590 500 420 450 435 470 
750 650 700 665 720 750 520 560 540 580 
1000 730 785 750 810 1000 600 650 620 665 

Two Circuits (See Figure 310.60, Detail 6.) Two Circuits (See Figure 310.60, Detall6.) 

8 80 84 8 60 66 
6 100 105 105 115 6 75 83 80 95 
4 130 140 135 145 4 100 110 105 115 
2 165 180 170 J 85 2 130 140 135 145 
I 185 200 ]95 210 1 145 155 150 165 

]/0 215 230 220 235 I/O 165 180 170 185 
2/0 240 260 250 270 2/0 190 205 195 210 
3/0 275 295 280 305 3/0 215 230 220 240 
4/0 310 335 320 345 4/0 245 260 250 270 
250 340 365 350 375 250 265 285 275 295 
350 410 440 420 450 350 320 345 330 355 
500 490 525 500 535 500 385 4]5 395 425 
750 595 640 605 650 750 480 5]5 485 525 
1000 665 715 675 730 1000 550 590 560 600 
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ARTICLE 310 - CONDUCTORS FOR GENERAL WIRING 310.60 

Table Ampacities of Three Triplexed Single Table Ampacities of Three Triplexed Single 
Insulated Copper Conductors Directly Buried in Earth Insulated Aluminum Conductors Directly Buried in Earth 
Based on Ambient Earth Temperature of 20°C (68°F), .Based on Ambient Earth Temperature of 20°C (68°F), 
Arrangement Figure 310.60, 100 Percent Load Factor, Arrangement Figure 310.60, 100 Percent Load Factor, 
Thermal Resistance (RHO) of 90, Conductor Temperatures Thermal Resistance (RHO) of 90, Conductor Temperatures 
90°C (194°F) and 105°C (221°F) 90°C (194°F) and 105°C (221°F) 

Temperature Rating of Conductor 

(See Table 310.61.) 

2001-5000 Volts 5001-35,000 Volts 
2001-5000 Volts 5001-35,000 Volts 

Ampacity Ampacity 
Ampacity 

Conductor 90°C 105°C 90°C 105°C 
Conductor 105°C 90°C 105°C Size (l94°F) (221°F) (l94°F) (221°F) 

Size 90°C (221°F) (194°F) (221°F) 
(AWG Type Type Type Type 

(AWG (194°F) Type Type Type or kcmil) MV-90 MV- MV-90 MV-105 

or kcmil) Type MV- MV-90 MV- 105 

MV-90 105 105 Three Conductors 

One Circuit, Three Conductors (See Figure 310.60, Detail 7.) 
8 70 75 
6 90 100 90 95 

8 90 95 4 120 130 lIS 125 
6 120 130 115 120 2 155 165 145 155 
4 150 165 150 160 1 175 190 165 175 

2 195 205 190 205 110 200 210 190 205 

225 240 215 230 2/0 225 240 215 230 
3/0 255 275 245 265 

110 255 270 245 260 4/0 290 310 280 305 
2/0 290 310 275 295 250 320 350 305 325 
3/0 330 360 315 340 350 385 420 370 400 
4/0 375 405 360 385 500 465 500 445 480 

250 410 445 390 410 750 580 625 550 590 

350 490 580 470 505 
1000 670 725 635 680 

500 590 635 565 605 
8 65 70 

750 725 780 685 740 6 85 95 85 90 
1000 825 885 770 830 4 110 120 105 U5 

Two Circuits, Six 2 140 150 135 145 

8 85 90 1 160 170 155 170 

110 115 105 115 
1/0 180 195 175 190 

6 
2/0 205 220 200 215 

4 140 150 140 150 3/0 235 250 225 245 
2 180 195 175 190 4/0 265 285 255 275 

205 220 200 215 250 290 310 280 300 

1/0 235 250 225 240 350 350 375 335 360 

2/0 265 285 255 275 500 420 455 405 435 
750 520 560 485 525 

3/0 300 320 290 315 
1000 600 645 565 605 

4/0 340 365 325 350 

250 370 395 355 380 

350 445 480 425 455 

500 535 575 510 545 

750 650 700 615 660 

1000 740 795 690 745 
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310.104 ARTICLE 310 - CONDUCTORS FOR GENERAL WIRING 

III. Con truction Specifications 

310.104 Conductor Constructions and Applications. 

Insulated conductors shall comply with the applicable 
provisions of ffable 310.1 04(A) through Table 
310 .104(E). 

Informational Note: Thermoplastic insulation may 
stiffen at temperatures lower than -lOoe (+ 14°F). 
Thermoplastic insulation may also be deformed at 
normal temperatures where subjected to pressure, such 
as at points of support. Thermoplastic insulation, where 
used on dc circuits in wet locations, may result in 
electroendosmosis between conductor and insulation. 

Table 310.1 04(A) Conductor Applications and Insulations Rated 600 Volts 
Thickness of Insulation Outer 

Coveringl 

Trade Name Type Maximum Application Insulation AWG mm mils 
Letter Operating Provisions or 

Temperature kcmil 

Fluorinated ethylene FEPor 900 e Dry and damp locations Fluorinated ethylene 14-10 0.51 20 None 
propylene FEPB 194°F Dry locations ~ special propylene 8-2 0.76 30 

2000 e applications2 Fluorinated 14-8 0.36 14 Glass braid 
392°F ethylene 

propylene 6-2 0.36 14 Glass or other 
suitable braid 
mMerial 

Mineral insulation MI 90°C Dry and wet locations Magnesium oxide 18- 0.58 23 Copper or alloy 
(metal sheathed) 194°F For special 163 0.91 36 steel 

2500 e applicatioDs2 16-10 1.27 50 
482°F 9--4 1.40 55 

"l <{'If\ 

Moisture-, heat-, and MTW 600 e Machine tool wiring in Flame-retardant 22-12 (A) (B) (A) (11) (A) None 
oil-resistant 140°F wet locations moisture-, heat-, 10 (B) Nylon jacket 
thermoplastic Machine tool wiring in and oil-resistant 8 0.76 0.38 30 as or equivalent 

dry locations. thermoplastic 6 0.76 O.~I 30 20 
900 e FPN: See NFPA 79. 4-2 1.14 07(1 45 ) () 
194° F 1--4/0 1.52 076 60 30 

213-500 1.52 1.02 60 40 
501- 2.03 1 27 80 '50 

1000 2.41 U:! 95 ~ 
Paper 85°e For underground service Paper Lead sheath 

185°F conductors, or by 
snecial nermissioD 

Perfluoro- alkoxy PFA 900 e Dry and damp locations Perfluoro- alkoxy 14-10 0.51 20 None 
194°F Dry locations - special 8-2 0.76 30 
2000 e applications2 1--4/0 1.14 45 
392°F 

Perfluoro- alkoxy PFAH 2500 e Dry locations only. Only Perfluoro- alkoxy 14-10 0.51 20 None 
482°F for leads within 8-2 0.76 30 

apparatus or within 1--4/0 1.14 45 
raceways connected 
to apparatus (nickel 

Thermoset RHH 900 e Dry and damp locations 14-10 1.14 45 1'.10 lure-
194°F 8-2 1.52 60 r Illnl, 

1--4/0 2.03 80 f1. m.. •• 
213-500 2.41 95 r~1 nianl, 
501-1000 2.79 110 oonrnct:llhc 
1001-2000 3.18 125 t)~~rlngl 

For 601-2000 
~"p T~hlp 

Moisture- resistant ){HW 75°e Dry and wet locations Flame-retardant, 14-10 1.14 45 Moisture-
thermoset 16TF moisture- 8-2 1.52 60 resistant, 

resistant 1--4/0 2.03 80 tlame-
thermoset 213-500 2.41 95 retardant, 

501-1000 2.79 110 nonmetallic 
1001-2000 3.18 125 covering5 
For 601-

')1\1\(1 

Moisture- resistant RHW-2 900 e Dry and wet locations Flame-retardant 14-10 1.14 45 Moisture-
thermoset 194°F moisture- 8-2 1.52 60 resistant, 

resistant 1-4/0 2.03 80 flame-
thermoset 213-500 2.41 95 retardant, 

501-1000 2.79 110 nonmetallic 

Silicone SA 900 e Dry and damp locations Silicone rubber 14-10 1.14 45 Glass or other 
194°F For special application 2 8- 2 1.52 60 suitable braid 
200 0 e 1--4/0 2.03 80 material 
392°F 213-500 2.41 95 

501-1000 2.79 110 
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ARTICLE 310 - CONDUCTORS FOR GENERAL WIRING 

Trade Name Type Maximum Application Insulation AWGor mm mils Outer 
Letter Operating Provisions kcmil Coveringl 

Temperature 

Thermoset SIS 90°C Switchboard wiring only Flame-retardant 14-10 0.76 30 None 

194°F thermoset 8-2 1.14 45 

1-4/0 2.41 95 

Thermoplastic and TBS 90°C Switchboard wiring only Thermoplastic 14--10 0.76 30 Flame-retardant, 
fibrous outer braid 194°F 8 1.14 45 nonmetallic 

6-2 1.52 60 
covering 

1-4/0 2.03 80 

Extended poly tetra- TFE 250°C Dry locations only. Only Extruded polytetra- 14-10 0.51 20 None 
fluoro- ethylene 482°F for leads within fluoro- ethylene 8-2 0.76 30 

apparatus or within 
1-4/0 1.14 45 

raceways connected 
to apparatus, or as 

Heat-resistant THHN 90°C Dry and damp locations Flame-retardant, 14--12 0.38 15 Nylon jacket or 
thermoplastic 194°F heat-resistant 10 0.51 20 equivalent 

thermoplastic 8-6 0.76 30 

4-2 1.02 40 

Moisture- and heat- THHW 75°C Wet location Flame-retardant, 14-10 0.76 30 None 
resistant 167°F Dry location moisture- and 8 1.14 45 
thermoplastic 

90°C 
heat-resistant 

6-2 1.52 60 

194°F 
thermoplastic 

1-4/0 2.03 80 

Moisture- and heat- THW4 75°C Dry and wet locations Flame-retardant, 14--10 0.76 30 None 
resistant 167°F Special applications moisture- and 8 1.14 45 
thermoplastic 

90°C within electric heat-resistant 
6-2 1.52 60 

194°F 
discharge lighting thermoplastic 

1-4/0 2.03 80 
equipment. Limited to 

Moisture- and heat- THWN4 75°C Dry and wet locations Flame-retardant, 14-12 0.38 15 Nylon jacket or 
resistant 167°F moisture- and 10 0.51 20 equivalent 
thermoplastic heat-resistant 

8-6 0.76 30 
thermoplastic 

4-2 1.02 40 

Moisture- resistant TW 60°C Dry and wet locations Flame-retardant, 14--10 0.76 30 None 
thermop lastic 140°F moisture- 8 1.14 45 

resistant 
6-2 1.52 60 

thermoplastic 
1-4/0 2.03 80 

Underground feeder UF 60°C See Article 340. Moisture- resistant 14--10 1.52 Integral with 
and branch-circuit 140°F Moisture- and 8-2 2.03 insulation 
cable single 

75°C 
heat-resistant 

1-4/0 2.41 
conductor (for Type 
UF cable employing 167°F 

(Continues) 
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FOR GENERAL WIRING 

Table 310.;10d(A) Continued 
Trade Name Type Letter Maximum Application Insulation I AWGor 

i Operating Provisions kcmil 
Tem~ature 

UndergrolUld USE4 75°C See Article 338. Heat-and 14-10 
service- 167°F moisture- 8-2 
entrance cable resistant 1-4/0 
-single 213--500 
conductor (for 501-1000 
Type USE 
cable 1001-2000 

employing 
more than one 
conductor, see 
Article 338.) 

Thermoset XHH 90°C Dry and damp Flame-retardant 14-10 
194°F locations thermoset 8-2 

1-4/0 

! 

213--500 
501-1000 
JOOI-2000 

Moisture- 90°C Dry and damp Flame-retardant, 14-10 
resistant 194°F locations moisture- 8-2 
thermoset 75°C Wet locations resistant 1-4/0 

167°F thermoset 213-500 
501-1000 
JOOI-2000 

Moisture- XHHW-2 90cC Dry and wet Flame-retardant, 14-10 
resistant I 94cF locations moisture- 8-2 
thermoset resistant 1-4/0 

thermoset 213-500 

I 

501-1000 
JOOl-2000 

Modified Z 90°C Dry and damp Moditied 14-12 
ethylene 194"F locations ethylene JO 
tetratluoro- 150DC Dry locations- tetrafluoro- 8-4 
ethylene 302°F special ethylene 3-1 

applications2 110-4/0 

Modified zw4 75°C Wet locations Modified 14-10 
ethylene 167°F Dry and damp ethylene 8-2 
tetrafluoro- 90°C locations tetralluoro-
ethylene 194°F Dry locations- ethylene 

150°C special 

302°F applications2 

Moisture- XHHW-2 90°C Dry and wet I FIamo_~ 14-JO 
resistant 194°F locations mOlsture- 8-2 
thermoset resistant 1-4/0 

! 

them10set 213-500 
501-1000 
1001-2000 

Modified Z 90°C Dry and damp Modified 14-12 
ethylene 194°F locations ethylene 10 
tetratluoro- 150°C Dry locations- tetrafluoro- 8-4 
ethylene 302°F special ethylene 3-1 

applications2 li0--4/0 

Modified zw4 75°C Wet locations Modified 14-10 
ethylene 167°F Dry and damp ethylene 8-2 
tetratluoro- 90°C locations tetrafluoro-
ethylene 194°F Dry local ions - ethylene 

I 

150°C special 

302°F applications2 

1 Some insulations do not require an outer covering. 

2 Where design conditions require maximum conductor operating temperatures above 90°C (l94°F). 

3 For signaling circuits pennitting 300-volt insulation. 

Includes integral jacket. 

For ampacity limitation, see 340.80. 

mm 

1.14 
1.52 
2.03 
2.41 
2.79 
3.18 

0.76 
1.14 
1.40 
1.65 
2.03 
2.41 

0.76 
1.14 
1.40 
1.65 
2.03 
2.41 
0.76 
1.14 
1.40 
1.65 
2.03 
2.41 
0.38 
0.51 
0.64 
0.89 
1.14 
0.76 
1.14 

0.76 
1.14 
1.40 
1.65 
2.03 
2.41 

0.38 
0.51 
0.64 
0.89 
1.14 

0.76 
1J4 

mils Outer Covering1 

45 Moisture-resistant 
60 nonmetallic 

80 '0 

,e-

958 

110 
125 

30 None 
45 
55 
65 
80 
95 

30 None 
45 
55 
65 
80 
95 

30 None 
45 
55 
65 
80 
95 
15 None 
20 
25 
35 
45 

30 None 
45 

30 None 
45 
55 
65 
80 
95 

15 None 
20 
25 
35 
45 
30 None 
45 

Insulation thickness shall be permitted to be 2.03 mm (80 mils) for listed Type USE conductors that have been subjected to special investigations. The 
nonmetallic covering over individual rubber-covered conductors of aluminum-sheathed cable and of lead-sheathed or multiconductor cable shall not be 
required to be flame retardant. For Type MC cable, see 330.104. For nonmetallic-sheathed cable, see Article 334, Part III. For Type UF cable, see .I\:rticle 
340, Part III. 
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ARTICLE 310 - CONDUCTORS FOR GENERAL WIRlNG 

Table Thickness of Insulation for Nonshielded 
Types RHH and RHW Solid Dielectric Insulated Conductors 
Rated 2000 Volts 

Column At Column B2 

Conductor Size 

(A WG or kcmil) mm mils mm mils 

14-10 2.03 80 1.52 60 

8 2.03 80 1.78 70 

6-2 2.41 95 1.78 70 

1-2/0 2.79 ]10 2.29 90 

3/0-4/0 2.79 110 2.29 90 

213-500 3.18 125 2.67 105 

501-1000 3.56 140 3.05 120 

1001-2000 3.56 140 3.56 140 

A insulations are limited to natural, SBR and butyl rubbers. 

2Column B insulations are materials such as cross-linked polyethylene, 
ethylene propylene rubber, and composites thereof. 

310.106 Conductors. 

Minimum Size of Conductors. The minimum size of 
conductors shall be shown in except as 
n"'IM"Y>,1-j-a.r! elsewhere in this Code. 

Conductor Material. Conductors in this article shall 
be of aluminum, copper-clad aluminum, or copper unless 
otherwise specified. 

Solid aluminum conductors 8, 10, and 12 AWG shall 
be made of an AA-8000 series electrical grade aluminum 
aHoy conductor material. Stranded aluminum conductors 
8 AWG through 1000 kcmil marked as Type RHH, RHW, 
XHHW, THW, THHW, THWN, THHN, service-entrance 
Type SE Style U and SE Style R shall be made of an AA-
8000 series electrical grade aluminum alloy conductor 
materiaL 

Table Conductor Application and Insulation Rated 2001 Volts and 

Trade 

Name 

Medium voltage solid 
dielectric 

Type Letter 

MV-90 

MV-105* 

Maximum 
Operating 

Temperature 
AppJication 
Provision 

Dry or wet locations 

Insulation 

Thermo-

plastic or thermo

setting 

*\\'here design conditions require maximum conductor temperatures above 90°C. 

Table 

Conductor Wet or 

With Jacket Single Conductor 

Without Jacket 
Insulation Insulation Jacket Insulation Jacket 

Conductor 
Size 

(AWGor 

6 2.79 110 2.29 90 0.76 30 3.18 125 2.03 80 

4-2 2.79 110 2.29 90 1.14 45 3.18 125 2.03 80 

1-2/0 2.79 110 2.29 90 1.14 45 3.18 125 2.03 80 

3/0-410 2.79 110 2.29 90 1.65 65 3.18 125 2.41 95 

213-500 3.05 120 2.29 90 1.65 65 3.56 140 2.79 110 

501-750 3.30 130 2.29 90 1.65 65 3.94 155 3.18 125 

751-1000 3.30 130 2.29 90 1.65 65 3.94 155 3.18 125 

1001-1250 3.56 140 2.92 115 1.65 65 4.32 170 3.56 140 

1251-1500 3.56 140 2.92 115 2.03 80 4.32 170 3.56 140 

1501-2000 3.56 140 2.92 115 2.03 80 4.32 170 3.94 155 

or armor. 
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Outer 

Jacket, sheath, or 
annor 

Multiconductor 
Insulation* 

2.29 90 

2.29 90 

2.29 90 

2.29 90 

2.29 90 

2.29 90 

2.29 90 

2.92 115 

2.92 115 

3.56 140 
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310.110' ARTICLE 310 - CONDUCTORS FOR GENERAL WIRING 

Table 310.104(E) Thickness of Insulation for Shielded Solid Dielectric Insulated Conductors Rated 2001 to 35,000 Volts 

2001-5000 

Volts 

Cooductor 100 

Size Percent 

(AWe Insulation 

orkcmil) Levell 

219 

6-4 219 

2J!) 

1 219 

1A}-2OO) 219 

Conductor 

Size 

(AWe 

or kcmil) 

rrili 

W 

W 

W 

W 

<xl 

5001-8000 Volts 

100 

Percent 
Insulation 

Levell 

mm 

292 

292 

292 

292 

rrili 

115 

115 

115 

115 

100 

Percent 

Insulation 

Levell 

mils 

133 

,Percent 

insulation 

Level 2 

mm niB 

3.56 140 

3.56 140 

3.56 140 

3.56 140 

173 

Percent 

Insulation 

Level3 

nils 

4.45 175 

4.45 

4.45 

4.45 

175 

175 

175 

25,001-28,000 volts 
133 

Percent 

Insulation 

Level 2 

mils 

s001-15,000 Volts 

lOll 

Percent 

insulation 

Levell 

mm 

4.45 

4.45 

4.45 

rrili 

175 

175 

175 

173 

Percent 

Insulation 

Level3 

133 

Percent 

insulation 

Level2 

mm 

5.59 

5.59 

5.59 

rrili 

220 

220 

220 

mils 

173 

Percent 

Insulation 

Level3 

mm nils 

6.00 200 

6.00 200 

6.00 200 

100 

Percent 

Insulation 

Levell 

mils 

15,001-25,000 Volts 

100 133 173 

Percent Percent Percent 

lnsul:ltion Insulation Insulation 

Levell Level2 Level3 

rriI 
rrili mm nils 

600 200 8.13 320 10.67 420 

6.00 260 8.13 320 10.67 420 

28,001-35,000 volts 
133 173 

Percent Percent 

Insulation Insulation 

Level2 Leve13 

mils mils 

I 7.11 280 8.76 345 11..30 445 

1/0-2000 7.11 280 8.76 345 11.30 445 8.76 345 10.67 420 14.73 580 

J 100 Percent Insulation Level. CabJes in this category shall be permitted to be applied where the system is provided with relay protection such that 
ground faults will be cleared as rapidly as possible but, in any case, within] minute. While these cables are applicable to the great majority of cable 
installations that are on grounded systems, they shall be permitted to be used also on other systems for which the application of cables is acceptable, 
provided the above clearing requirements are met in completely de-energizing the faulted section. 
2 133 Percent Insulation Level. This insulation level corresponds to that formerly designated for ungrounded systems. Cables in this category shall be 
permitted to be applied in situations where the clearing time requirements of the 100 percent level category cannot be met and yet there is adequate 
assurance that the faulted section will be de-energized in a time not exceeding 1 hour. Also, they shall be permitted to be used in ] 00 percent insulation 
level applications where additional insulation is desirable. 
3 173 Percent Insulation Level. Cables in this category shall be permitted to be applied under all of the following conditions: 
(1) In industrial establishments where the conditions of maintenance and supervision ensure that only qualified persons service the installation 
(2) Where the fault clearing time requirements of the 133 percent level category cannot be met 
(3) Where an orderly shutdown is essential to protect equipment and personnel 
(4) There is adequate assurance that the faulted section will be de-energized in an orderly shutdown 
Also, cables with this insulation thickness shall be permitted to be used in 100 or 133 percent insulation level applications where additional insulation 
strength is desirable. 

Table 310.iIQ~("\) Minimum Size of Conductors 

Service or 
Feeder Rating 

(Amperes) 

0-2000 

2001-5000 

5001-8000 

8001-15,000 

15,001-28,000 

28,001-35,000 

Minimum Conductor Size (AWG) 

Copper 

]4 

8 

6 

2 

1 

110 

Aluminum or 
Copper-Clad 
Aluminum 

1/0 

(C) Stranded Conductors. Where installed in raceways, 
conductors 8 A WG and larger, not specifically permitted 
or required elsewhere in this Code to be solid, shall be 
stranded. 
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(0) Insulated. Conductors, not specifically P~~~i.!!~ 

els wh re i~ ~ . this f.od.~ J~.~t!C:<?y~~~ . ()r~~r~) shall be 
insulated. 

Informational Note: See 250.184 for insulation of 
neutral conductors of a solidly grounded high-voltage 
system. 

310. 110 Conductor Identification. 

(A) Grounded Conductors. Insulated or covered 
grounded conductors shall be identified in accordance 
with 200.6. 

(B) Equipment Grounding Conductors. Equipment 
grounding conductors shall be in accordance with 
250.119. 

(C) Ungrounded Conductors. Conductors that are 
intended for use as ungrounded conductors, whether used 
as a single conductor or in multiconductor cables, shall be 
finished to be clearly distinguishable from grounded and 
grounding conductors. Distinguishing markings shall not 
conflict in any manner with the surface markings required 
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ARTICLE 312 - CABINETS, CUTOUT BOXES, AND METER SOCKET ENCLOSURES 312.1 

by 310. 12q(B)( 1). Branch-circuit ungrounded conductors 
shall be identified in accordance with 21O.5(C). Feeders 
shall be identified in accordance with 215.12. 

Exception: Conductor identification shall be permitted in 
accordance with 200.7. 

310.120 Marking. 

(A) Required Information. All conductors and cables 
shall be marked to indicate the following information, 
using the applicable method described in ji6:TiCi(B): 
(1) The maximum rated voltage. 

(2) The proper type letter or letters for the type of wire or 
cable as specified elsewhere in this Code. 

(3) The manufacturer's name, trademark, or other 
distinctive marking by which the organization 
responsible for the product can be readily identified. 

(4) The AWG size or circular mil area. 

Informational Note: See Conductor Properties, Table 8 
of Chapter 9, for conductor area expressed in Sl units for 
conductor sizes specified in AWG or circular mil area. 

(5) Cable assemblies where the neutral conductor is smaller 
than the ungrounded conductors shall be so marked. 

(B) Method of Marking. 

(1) Surface Marking. The following conductors and 
cables shall be durably marked on the surface. The A WG 
size or circular mil area shall be repeated at intervals not 
exceeding 610 mm (24 in.). All other markings shall be 
repeated at intervals not exceeding 1. 0 m (40 in.). 

(1) Single-conductor and multiconductor rubber- and 
thermoplastic-insulated wire and cable 

(2) Nonmetallic-sheathed cable 

(3) Service-entrance cable 

(4) Underground feeder and branch-circuit cable 

(5) Tray cable 

(6) Irrigation cable 

(7) Power-limited tray cable 

(8) Instrumentation tray cable 

(2) Marker Tape. Metal-covered multiconductor cables 
shall employ a marker tape located within the cable and 
running for its complete length. 

Exception No. 1 : T;pe 'Ai( cable. 

Exception No.2: Type AC cable. 

Exception No.3: The information required in J J O.12f1(A) 
shall be permitted to be durably marked on the outer 
nonmetallic covering of Type MC, Type fTC, or Type 
PLTC cables at intervals not exceeding 1.0 m (40 in.). 
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Exception No.4: The information required in jiiITJO(A) 
shall be permitted to be durably marked on a nonmetallic 
covering under the metallic sheath of Type fTC or Type 
PLTC cable at intervals not exceeding 1.0 m (40 in.). 

Informational Note: Included in the group of metal
covered cables are Type AC cable (Article 320) , Type 
MC cable (Article i330). and lead·sh athed cable. 

(3) Tag Marking. The following conductors and cables 
shall be marked by means of a printed tag attached to the 
coil, reel, or carton: 

(J) Type Ml cable 

(2) Switchboard wires 

(3) Metal-covered, single-conductor cables 

(4) Type AC cable 

(4) Optional Marking of Wire Size. The information 
required in 31():f20(A)( 4) shall be permitted to be marked 
on the surface of the individual insulated conductors for 
the following multiconductor cables: 

(1) Type MC cable 

(2) Tray cable 

(3) Irrigation cable 

(4) Power-limited tray cable 

(5) Power-limited fire alarm cable 

(6) Instrumentation tray cable 

(C) Suffixes to Designate Number of Conductors. A 
type letter or letters used alone shall indicate a single 
insulated conductor. The letter suffixes shall be indicated 
as follows : 

(1) D - For two insulated conductors laid parallel 
within an outer nonmetallic covering 

(2) M - For an assembly of two or more insulated 
conductors twisted spirally within an outer 
nonmetallic covering 

(D) Optional Markings. All conductors and cables 
contained in Chapter 3 shall be permitted to be surface 
marked to indicate special characteristics of the cable 
materials. These markings include, but are not limited to, 
markings for limited smoke, sunlight resistant, and so forth. 

ARTICLE 312 
Cabinets, Cutout Boxes, and Meter Socket 

Enclosures 

312.1 Scope. This article covers the installation and 
construction specifications of cabinets, cutout boxes, and 
meter socket enclosures. 
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ARTICLE 3] 2 - L'LJL>'LA'. AND METER SOCKET ENCLOSURES 

I. Installation 

312.2 Damp and Wet Locations. In damp or wet locations, 
surface-type enclosures within the scope of this article shall 
be placed or equipped so as to prevent moisture or water 
from entering and accumulating within the cabinet or cutout 
box, and shall be mounted so there is at least 6-mm (~-in.) 
airspace between the enclosure and the wall or other 
supporting surface. Enclosures installed in wet locations 
shall be weatherproof. For enclosures in wet locations, 
raceways or cables entering above the level of uninsulated 
live parts shall use fittings listed for wet locations. 

Exception: Nonmetallic enclosures shall be permitted to 
be installed without the airspace on a concrete, masomy, 
tile, or similar surface. 

Informational Note: For protection 
300.6. 

corrosion, see 

312.3 Position in WaH. In walls of concrete, tile, or other 
noncombustible material, cabinets shall be installed so 
that the front edge of the cabinet is not set back of the 
finished surface more than 6 mm (~ in.). In walls 
constructed of wood or other combustible material, 
cabinets shall be flush with the finished surface or project 
therefrom. 

312.4 Repairing Noncombustible Surfaces. 
Noncombustible surfaces that are broken or incomplete 
shall be repaired so there will be no gaps or open spaces 
greater than 3 mm (Ys in.) at the edge of the cabinet or 
cutout box employing a flush-type cover. 

312.5 Cabinets, Cutout Boxes, and Meter Socket 
Enclosures. Conductors entering enclosures within the 
scope of this article shall be protected from abrasion and 
shall comply with 312.S(A) through (C). 

(A) Openings to Be Closed. Openings through which 
conductors enter shall be adequately closed. 

(B) Metal Cabinets, Cutout Boxes, and Meter Socket 
Enclosures. Where metal enclosures within the scope of 
this article are installed with messenger-supported wiring, 
open wiring on insulators, or concealed knob-and-tube 
wiring, conductors shall enter through insulating bushings 
or, in dry locations, through flexible tubing extending 
from the last insulating support and firmly secured to the 
enclosure. 

(C) Cables. Where cable is used, each cable shall be 
secured to the cabinet, cutout box, or meter socket 
enclosure. 

Exception: Cables with entirely nonmetallic sheaths shall 
be permitted to enter the top of a sU/face-mounted 
enclosure through one or more nonjlexible raceways not 
less than 450 mm (18 in) and not more than 3.0 m (lOft) in 
length, provided all ofthefollowing conditions are met: 
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(a) Each cable is fastened within 300 mm (12 in), 
measured along the sheath, of the outer end of the raceway. 

(b) The raceway extends directly above the 
enclosure and does not penetrate a structural ceiling. 

(c) A fitting is provided on each end of the raceway 
to protect the cable(s) from abrasion and the fittings 
remain accessible after installation. 

(d) The raceway is sealed or plugged at the outer 
end using approved means so as to prevent access to the 
enclosure through the raceway. 

(e) The cable sheath is continuous through the 
raceway and extends into the enclosure beyond the fitting 
not less than 6 mm (lJ4 in.). 

(f) The raceway is fastened at its outer end and at 
other points in accordance with the applicable article. 

(g) Where installed as conduit or tubing, the 
allowable cable fill does not exceed that permitted for 
complete conduit or tubing systems by Table 1 of Chapter 
9 of this Code and all applicable notes thereto. 

Informational Note: See Table 1 in Chapter 9, including 
Note 9, for allowable cable fill in circular raceways. See 
310.15(B)(3)(a) for required ampacity reductions for 
mUltiple cables installed in a common raceway. 

312.6 Deflection of Conductors. Conductors at terminals 
or conductors or leaving cabinets or cutout boxes 
and the like shall comply with 312.6(A) through (C). 

Exception: Wire-bending space in enclosures for motor 
controllers with provisions for one or two wires per 
terminal shalf comply with 430.10(B). 

(A) Width of Wiring Gutters. Conductors shall not be 
deflected within a cabinet or cutout box unless a gutter 
having a width in accordance with Table 312.6(A) is 
provided. Conductors in parallel in accordance with 

shall be judged on the basis of the number of 
conductors in parallel. 

(B) Wire-Bending Space at Terminals. Wire-bending 
space at each terminal shall be provided in accordance 
with 312.6(B)(l) or (B)(2). 

(1) Conductors Not Entering or Leaving Opposite 
Wall. Table 312.6(A) shall apply where the conductor 
does not enter or leave the enclosure through the wall 
opposite its terminal. 

(2) Conductors Entering or Leaving Opposite Wall. 
Table 312.6(B) shall apply where the conductor does enter 
or leave the enclosure through the wall opposite its terminaL 

Exception No.1: Where the distance between the wall 
and its terminal is in accordance with Table 312.6(A), 
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ARTICLE 312 - CABINETS, CUTOUT BOXES, AND METER SOCKET ENCLOSURES 312.10 

Table 312.6(A) Minimum Wire-Bending Space at Terminals and Minimum Width of Wiring Gutters 

Wires per Terminal 

Wire Size 2 3 4 5 
(A WG or kcmil) mm in. mm in. mm in. mm in. mm in. 

14-10 Not specified 

8--{) 38.1 l Y2 
4-3 50.8 2 
2 63.5 2Y2 
1 76.2 

1/0-2/0 88.9 3Y2 127 5 178 7 
3/0-410 102 4 152 6 203 8 

250 114 4Y2 152 6 203 8 254 10 
300-350 127 5 203 8 254 10 305 12 
400-500 152 6 203 8 254 10 305 12 356 14 
600-700 203 8 254 10 305 12 356 14 406 16 
750-900 203 8 305 12 356 14 406 16 457 18 

1000-1250 254 10 
1500-2000 305 12 

Note: Bending space at terminals shall be measured in a straight line from the end of the lug or wire connector (in the direction that the 
wire leaves the terminal) to the wall, barrier, or obstruction. 

a conductor shall be permitted to enter or leave an 
enclosure through the wall opposite its terminal, provided 
the conductor enters or leaves the enclosure where the 
gutter joins an adjacent gutter that has a width that 
conforms to Table 312. 6(B) for the conductor. 

Exception No.2: A conductor not larger than 350 kcmil 
shall be permitted to enter or leave an enclosure 
containing only a meter socket(s) through the wall 
opposite its terminal, provided the distance between the 
terminal and the opposite wall is not less than that 
spec(fied in Table 312.6(A) and the terminal is a lay-in 
type, where the terminal is either of the following: 

(a) Directed toward the opening in the enclosure 
and within a 45 degree angle of directly facing the 
enclosure wall 

(b) Directly facing the enclosure wall and offset not 
greater than 50 percent of the bending space spec(fied in 
Table 312. 6(A) 

Informational Note: Offset is the distance measured 
along the enclosure wall from the axis of the centerline 
of the terminal to a line passing through the center of the 
opening in the enclosure. 

(C) Conductors 4 A WG or Larger. Installation shall 
comply with 300.4(0). 

312.7 Space in Enclosures. Cabinets and cutout boxes 
shall have sufficient space to accommodate all conductors 
installed in them without crowding. 
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312.8 Switcb and Overcurrent Device Enclo ures with 
Splices. Taps, aod Feed-Througb Conductol"S. The 
wiring space of enclosures for switches or overcurrent 
d vic s shall be permitted for conductors feeding through. 
spliced. or tapping off to other enclosures. swltches. or 
overcurrent devices where all of the following conditions 
are met: 

(l) The total of all conductors installed at any cross 
eetion of the wiring space do s not exceed 40 

percent oftb cross~sectional area of that space. 

(2 Th total area of all conductors. splices. and taps 
installed at any ero s section of the wiring space doe 
not eXl:ced 75 percent of the eros -sectional area of 
lhat space. 

(3) A warning label is applied to the enclosure tha 
identifie the clo e t disconnecting means for any 
feed-through conductors. 

312.9 Side or Back Wiring Spaces or Gutters. 

Cabinets and cutout boxes shall be provided with back
wiring spaces, gutters, or wiring compartments as 
required by 312.11(C) and (D). 

II. Construction Specifications 

312.10 Material. Cabinets, cutout boxes, and meter socket 
enclosures shall comply with 312.10(A) through (C). 

(A) Metal Cabinets and Cutout Boxes. Metal enclosures 
within the scope of this article shall be protected both 
inside and outside against corrosion. 

Informational Note: For information on protection 
against corrosion, see 300.6. 
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LJ'<J"""'-'-'u. AND METER SOCKET ENCLOSURES 

Table 312.6(B) Minimum Wire-Bending Space at Terminals 

Wires per Terminal 

Wire Size (A WG or kcmil) 1 2 3 4 or More 

Compact 
Stranded AA-

8000 Aluminum 
Alloy 

Conductors 
All Other (See Note 3.) 

Conductors mm in. mm in. mm in. mm in. 

14-10 12-8 Not specified -

8 6 38.1 1 Y2 - - -

6 4 50.8 2 - -

4 2 76.2 3 -

3 1 76.2 3 - -

2 1/0 88.9 3Y2 

1 2/0 114 4Y2 - - -

110 3/0 140 51h 140 5!12 178 7 

2/0 4/0 152 6 152 6 190 7Y2 -

3/0 250 165a 6!12a 165a 61;ia 203 8 

4/0 300 178b 7b 190c 7Y2C 216a 8!12a -

250 350 216d 229d 81/2d 254b 9b 254 10 

300 400 254e JOe 254d IOd 279b 11 b 305 12 

350 500 305e 12e 305e 12e 330e l3e 356d 14d 

400 600 330e l3e 330e 13e 356e 14e 38]e 15e 

500 700-750 356e 14e 356e 14e 381 e 15e 406e 16e 

600 800-900 381 e 15e 406e 16e 457e 18e 483e 1ge 

700 1000 406e 16e 457e 18e 508e 20e 55ge 22e 

750 432e 17e 483e 1ge 55ge 22e 6l0e 24e 

800 457 18 508 20 559 22 610 24 

900 - 483 19 559 22 610 24 610 24 

1000 - 508 20 - - -

1250 559 22 - - -

1500 610 24 -

1750 - 610 24 - -

2000 - 610 24 - - -

1. Bending space at terminals shall be measured in a straight line from the end of the lug or wire connector in a direction perpendicular to the enclosure waiL 

2. For removable and lay-in wire terminals intended for only one wire, bending space shall be permitted to be reduced by the following number of 
millimeters (inches): 

a 12.7 mm (!12 in.) 

b 25.4 mm (I in.) 

c 38.1 mm (I Y2 in.) 

d 50.8 mm (2 in.) 

e 76.2 mm (3 in.) 

3. This column shall be permitted to determine the required wire-bending space for compact stranded aluminum conductors in sizes up to 1000 kcmi] and 
manufactured using AA-8000 series electrical grade aluminum alloy conductor material in accordance with 310.14. 

(B) Strength. The design and construction of enclosures 
within the scope of this article shall be such as to secure 
ample strength and rigidity. If constructed of sheet steel, 
the metal thickness shall not be less than 1.35 mm (0.053 
in.) uncoated. 

(C) Nonmetallic Cabinets. Nonmetallic cabinets shall be 
listed, or they shall be submitted for approval prior to 
installation. 

312.11 Spacing. The spacing within cabinets and cutout 
boxes shall comply with 312.11 (A) through (D). 

(A) General. Spacing within cabinets and cutout boxes 
shall be sufficient to provide ample room for the 
distribution of wires and cables placed in them and for a 
separation between metal parts of devices and apparatus 
mounted within them in accordance with (A)(l), (A)(2), 
and (A)(3). 
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ARTICLE 314 - OUTLET, DEVICE, PULL AND JUNCTION BOXES; CONDUIT BODIES;FI1TINGS; AND HANDHOLES 314.15 

(1) Base. Other than at points of support, there shall be an 
airspace of at least 1.59 mm (0.0625 in.) between the base 
of the device and the wall of any metal cabinet or cutout 
box in which the device is mounted. 

(2) Doors. There shall be an airspace of at least 25.4 mm 
(1.00 in.) between any live metal part, including live 
metal parts of enclosed fuses, and the door. 

Exception: Where the door is lined with an approved 
insulating material or is of a thickness of metal not less 
than 2.36 mm (0.093 in.) uncoated, the airspace shall not 
be less than 12.7 mm (0.500 in.). 

(3) Live Parts. There shall be an airspace of at least 12.7 
mm (0.500 in.) between the walls, back, gutter partition, if 
of metal, or door of any cabinet or cutout box and the 
nearest exposed current-carrying part of devices mounted 
within the cabinet where the voltage does not exceed 250. 
This spacing shall be increased to at least 25.4 mm (1.00 
in.) for voltages of251 to 600, nominal. 

Exception: Where the conditions in 312.11 (A) (2), 
Exception, are met, the airspace for nominal voltages 
from 251 to 600 shall be permitted to be not less than 
12.7 mm (0.500 in.). 

(B) Switch Clearance. Cabinets and cutout boxes shall 
be deep enough to allow the closing of the doors when 
3D-ampere branch-circuit panelboard switches are in any 
position, when combination cutout switches are in any 
position, or when other single-throw switches are opened 
as far as their construction permits. 

(C) Wiring Space. Cabinets and cutout boxes that 
contain devices or apparatus connected within the cabinet 
or box to more than eight conductors, including those of 
branch circuits, meter loops, feeder circuits, power 
circuits, and similar circuits, but not including the supply 
circuit or a continuation thereof, shall have back-wiring 
spaces or one or more side-wiring spaces, side gutters, or 
wiring compartments. 

(D) Wiring Space - Enclosure. Side-wiring spaces, 
side gutters, or side-wiring compartments of cabinets and 
cutout boxes shall be made tight enclosures by means of 
covers, barriers, or partitions extending from the bases of 
the devices contained in the cabinet, to the door, frame, or 
sides of the cabinet. 

Exception: Side-wiring spaces, side gutters, and side
wiring compartments of cabinets shall not be required to 
be made tight enclosures where those side spaces contain 
only conductors that enter the cabinet directly opposite to 
the devices where they terminate. 

Partially enclosed back-wiring spaces shall be provided 
with covers to complete the enclosure. Wiring spaces that 
are required by 312.11 (C) and are exposed when doors 
are open shall be provided with covers to complete the 
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enclosure. Where adequate space is provided for feed
through conductors and for splices as required in 312.8, 
additional barriers shall not be required. 

ARTICLE 314 

Outlet, Device, Pull, and Junction Boxes; 
Conduit Bodies; Fittings; and Handhole 

Enclosures 

T. Scope and General 

314.1 Scope. This article covers the installation and use 
of all boxes and conduit bodies used as outlet, device, 
junction, or pull boxes, depending on their use, and 
handhole enclosures. Cast, sheet metal, nonmetallic, and 
other boxes such as FS, FD, and larger boxes are not 
classified as conduit bodies. This article also includes 
installation requirements for fittings used to join raceways 
and to connect raceways and cables to boxes and conduit 
bodies. 

314.2 Round Boxes. Round boxes shall not be used 
where conduits or connectors requiring the use of 
locknuts or bushings are to be connected to the side of the 
box. 

314.3 Nonmetallic Boxes. Nonmetallic boxes shall be 
permitted only with open wiring on insulators, concealed 
knob-and-tube wiring, cabled wiring methods with 
entirely nonmetallic sheaths, flexible cords, and 
nonmetallic raceways. 

Exception No.1 : Where internal bonding means are 
provided between all entries, nonmetallic boxes shall be 
permitted to be used with metal raceways or metal
armored cables. 

Exception No.2: Where integral bonding means with a 
provision for attaching an equipment bonding jumper 
inside the box are provided between all threaded entries 
in nonmetallic boxes listed for the purpose, nonmetallic 
boxes shall be permitted to be used with metal raceways 
or metal-armored cables. 

314.4 Metal Boxes. 

Metal boxes shall be grounded and bonded in accordance 
with Parts 1, IV, V, VI, VII, and X of Article 250 as 
applicable, except as permitted in 250.112(1). 

II. Installation 

314.15 Damp or Wet Locations. In damp or wet 
locations, boxes, conduit bodies, and fittings shall be 
placed or equipped so as to prevent moisture from 
entering or accumulating within the box, conduit body, or 
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314.16 ARTICLE 314 - OUTLET, DEVICE, PULL AND JUNCTION BOXES; CONDUIT BODIES;FITTINGS; AND HANDHOLES 

fitting. Boxes, conduit bodies, and fittings installed in wet 
locations shall be listed for use in wet locations. 

Informational Note No.1: For boxes in floors, see 
314.27(B). 

Informational Note No.2: For protection against 
corrosion, see 300.6. 

314.16 Number of Conductors in Outlet, Device, and 
Junction Boxes, and Conduit Bodies. 

Boxes and conduit bodies shall be of sufficient size to 
provide free space for all enclosed conductors. In no case 
shaH the volume of the box, as calculated in 314.16(A), 
be less than the fill calculation as calculated in 314.16(B). 
The minimum volume for conduit bodies shall be as 
calculated in 314.16(C). 

The provisions of this section shaU not apply to terminal 
housings supplied with motors or generators. 

Informational Note: For volume requirements of motor 
or generator terminal housings, see 430.12. 

Boxes and conduit bodies enclosing conductors 4 A WG 
or larger shall also comply with the provisions of 314.28. 

(A) Box Volume Calculations. The volume of a wiring 
enclosure (box) shall be the total volume of the assembled 
sections and, where used, the space provided by plaster 
rings, domed covers, extension rings, and so forth, that 
are marked with their volume or are made from boxes the 
dimensions of which are listed in Table 314.l6(A). 

(1) Standard Boxes. The volumes of standard boxes that 
are not marked with their volume shall be as given in 
Table 314.16(A). 

(2) Other Boxes. Boxes 1650 cm3 (100 in.3) or less, 
other than those described in Table 314.l6(A), and 
nonmetallic boxes shall be durably and legibly marked by 
the manufacturer with their volume. Boxes described in 
Table 314.16(A) that have a volume larger than is 
designated in the table shall be permitted to have their 
volume marked as required by this section. 

(D) Box Fill Calculations. The volumes in paragraphs 
314.16(B)(l) through (B)(5), as applicable, shall be added 
together. No allowance shall be required for small fittings 
such as locknuts and bushings. 

(1) Conductor Fill. Each conductor that originates 
outside the box and terminates or is spliced within the box 
shall be counted once, and each conductor that passes 
through the box without splice or termination shall be 
counted once. Each loop or coil of unbroken conductor 
not less than twice the minimum length required for free 
conductors in 300.14 shall be counted twice. The 
conductor fill shall be calculated using Table 314.16(B). 
A conductor, no part of which leaves the box, shall not be 
counted. 
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Exception: An equipment grounding conductor or 
conductors or not over four fixture wires smaller than 14 
A WG, or both, shall be permitted to be omitted from the 
calculations where they enter a box from a domed 
luminaire or similar canopy and terminate within that 
box. 

(2) Clamp Fill. Where one or more internal cable clamps, 
whether factory or field supplied, are present in the box, a 
single volume allowance in accordance with Table 
314.16(B) shall be made based on the largest conductor 
present in the box. No allowance shall be required for a 
cable connector with its clamping mechanism outside the 
box. 

(3) Support Fittings Fill. Where one or more luminaire 
studs or hickeys are present in the box, a single volume 
allowance in accordance with Table 314.16(B) shall be 
made for each type of fitting based on the largest 
conductor present in the box. 

(4) Device or Equipment Fill. For each yoke or strap 
containing one or more devices or equipment, a double 
volume allowance in accordance with Table 314.16(B) 
shall be made for each yoke or strap based on the largest 
conductor connected to a device(s) or equipment 
supported by that yoke or strap. A device or utilization 
equipment wider than a single 50 mm (2 in.) device box 
as described in Table 314.16(A) shall have double volume 
allowances provided for each gang required for mounting. 

(5) Equipment Grounding Conductor Fill. Where one 
or more equipment grounding conductors or equipment 
bonding jumpers enter a box, a single volume allowance 
in accordance with Table 314.16(B) shall be made based 
on the largest equipment grounding conductor or 
equipment bonding jumper present in the box. Where an 
additional set of equipment grounding conductors, as 
permitted by 250.146(D), is present in the box, an 
additional volume allowance shall be made based on the 
largest equipment grounding conductor in the additional 
set. 

(C) Conduit Bodies. 

(1) General. Conduit bodies enclosing 6 A WG 
conductors or smaller, other than short-radius conduit 
bodies as described in 314.16(C)(2), shall have a cross
sectional area not less than twice the cross-sectional area 
of the largest conduit or tubing to which they can be 
attached. The maximum number of conductors permitted 
shall be the maximum number permitted by Table 1 of 
Chapter 9 for the conduit or tubing to which it is attached. 

(2) With Splices, Taps, or Devices. Only those conduit 
bodies that are durably and legibly marked by the 
manufacturer with their volume shall be permitted to 
contain splices, taps, or devices. The maximum number of 
conductors shall be calculated in accordance with 
314.16(B). Conduit bodies shall be supported in a rigid 
and secure manner. 
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ARTICLE 314 - OUTLET, DEVICE, PULL AND JUNCTION BOXES; CONDUIT BODIES;FITTINGS; AND HANDHOLES 314.17 

Table 314.16(A) Metal Boxes 

Box Trade Size 

mm in. 

100 x 32 (4 x l14) round/octagonal 

100 x 38 (4 x lY2) round/octagonal 

100 x 54 (4 x 2 118) round/octagonal 

100 x 32 (4 x 114) square 

100 x 38 (4 x 1Y2) square 

100 x 54 (4 x 2Ys) square 

120 x 32 (4 11 / 16 x 114) square 

120 x 38 (4" /16 x 1 Y2) square 

120 x 54 (4"/16 x 2Ys) square 

75 x 50 x 38 (3 x 2 x 1 Yz) device 

75 x 50 x 50 (3 x 2 x 2) device 

75 x 50 x 57 (3 x 2 x 2Y4) device 

75 x 50 x 65 (3 x 2 x 2 Y2) device 

75 x 50 x 70 (3 x 2 x 2%) device 

75 x 50 x 90 (3 x 2 x 3Y2) device 

100 x 54 x 38 (4 x 2Y8 x l Y2 ) device 

100 x 54 x 48 (4 x 2Ysx 1318) device 

100 x 54 x 54 (4 x 2Y8 x 2Y8) device 

95 x 50 x 65 (3% x 2 x 2Y2) masonry box/gang 

95 x 50 x 90 (3% x 2 x 3Y2) masonry box/gang 

min. 44.5 depth FS - single cover/gang (1 %) 

min. 60.3 depth FD - single cover/gang (2%) 

min. 44.5 depth FS - multiple cover/gang (1 %) 

min. 60.3 depth FD - multiple cover/gang (2%) 

*Where no voume allowances are required by 314.16(B)(2) through (8)(5). 

Table 314.16(B) 
Conductor 

Volume Allowance Required per 

Size of Conductor 
(AWG) 

18 

16 

14 

12 

10 

8 

6 

Free Space Within Box for Each 
Conductor 

cm3 in.3 

24.6 1.50 

28.7 1.75 

32.8 2.00 

36.9 2.25 

41.0 2.50 

49.2 3.00 

81.9 5.00 

(3) Short Radius Conduit Bodies. Conduit bodies uch 
s capped Ibows and service·entrance elbo\\is that 
nelos conductors 6 A WG or small r. and are only 

. tended to enable the installation of the race~ ay and the 
contained conductors. shall not contain splices. tap l or 
(jevices and shall be of sufficient size to provide free· 
spac for alJ conductors enclosed in the conduit body. 
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Minimum Volume Maximum Number of Conductors* 

3 
cm 

205 

254 

353 

295 

344 

497 

418 

484 

689 

123 

164 

172 

205 

230 

295 

169 

213 

238 

230 

344 

221 

295 

295 

395 

(arranged by AWG size) 
3 18 16 14 12 10 8 6 in. 

12.5 8 7 6 5 5 5 2 

15.5 10 8 7 6 6 5 3 

21.5 14 12 10 9 8 7 4 

18.0 12 10 9 8 7 6 3 

21.0 14 12 10 9 8 7 4 

30.3 20 17 15 13 12 10 6 

25 .5 17 14 12 11 10 8 5 

29.5 19 16 14 13 11 9 5 

42.0 28 24 21 18 16 14 8 

7.5 5 4 3 3 3 2 I 

10.0 6 5 5 4 4 3 2 

10.5 7 6 5 4 4 3 2 

12.5 8 7 6 5 5 4 2 

14.0 9 8 7 6 5 4 2 

18.0 12 10 9 8 7 6 3 

10.3 6 5 5 4 4 3 2 

13.0 8 7 6 5 5 4 2 

14.5 9 8 7 6 5 4 2 

14.0 9 8 7 6 5 4 2 

21.0 14 12 10 9 8 7 4 

13.5 9 7 6 6 5 4 2 

18.0 12 10 9 8 7 6 3 

18.0 12 10 9 8 7 6 3 

24.0 16 13 12 10 9 8 4 

314.17 Conductors Entering Boxes, Conduit Bodies, or 
Fittings. Conductors entering boxes, conduit bodies, or 
fittings shall be protected from abrasion and shall comply 
with 314.17(A) through (D). 

(A) Openings to Be Closed. Openings through which 
conductors enter shall be adequately closed. 

(B) Metal Boxes and Conduit Bodies. Where metal 
boxes or conduit bodies are installed with messenger
supported wiring, open wiring on insulators, or concealed 
knob-and-tube wiring, conductors shall enter through 
insulating bushings or, in dry locations, through flexible 
tubing extending from the last insulating support to not 
less than 6 mm (Y4 in.) inside the box and beyond any 
cable clamps. Except as provided in 300.l5(C), the wiring 
shall be firmly secured to the box or conduit body. Where 
raceway or cable is installed with metal boxes or conduit 
bodies, the raceway or cable shall be secured to such 
boxes and conduit bodies. 
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(C) Nonmetallic Boxes and Conduit Bodies. 
Nonmetallic boxes and conduit bodies shall be suitable 
for the lowest temperature-rated conductor entering the 
box. Where nonmetallic boxes and conduit bodies are 
used with messenger-supported wiring, open wiring on 
insulators, or concealed knob-and-tube wiring, the 
conductors shall enter the box through individual holes. 
Where flexible tubing is used to enclose the conductors, 
the tubing shall extend from the last insulating support to 
not less than 6 mm (Y-t in.) inside the box and beyond any 
cable clamp. Where nonmetallic-sheathed cable or 
multiconductor Type UF cable is used, the sheath shall 
extend not less than 6 mm (Y-t in.) inside the box and 
beyond any cable clamp. In all instances, all permitted 
wiring methods shall be secured to the boxes. 

Exception: Where nonmetallic-sheathed cable or 
multiconductor Type UF cable is used with single gang 
boxes not larger than a nominal size 57 mm 100 mm 
in. x 4 in.) mounted in walls or ceilings, and where the 
cable is fastened within 200 mm (8 in.) of the box measured 
along the sheath and where the sheath extends through a 
cable knockout not less than 6 mm (/f4 in.), securing the 
cable to the box shall not be required. ]vfultiple cable 
entries shall be permitted in a single cable knockout 
opening. 

(D) Conductors 4 A WG or Larger. Installation shall 
comply with 300.4(G). 

Informational Note: See 110.12(A) for requirements on 
closing unused cable and raceway knockout openings. 

314.19 Boxes Enclosing Flush Devices. Boxes used to 
enclose flush devices shall be of such design that the 
devices will be completely enclosed on back and sides 
and substantial support for the devices will be provided. 
Screws for supporting the box shall not be used in 
attachment of the device contained therein. 

314.20 In Wall or Ceiling. In walls or ceilings with a 
surface of concrete, tile, gypsum, plaster, or other 
noncombustible material, boxes employing a flush-type 
cover or faceplate shall be installed so that the front edge 
of the box, plaster ring, extension ring, or listed extender 
will not be set back of the finished surface more than 6 
mm (Y-t in.). 

In walls and ceilings constructed of wood or other 
combustible surface material, boxes, plaster rings, 
extension rings, or listed extenders shall be flush with the 
finished surface or project therefrom. 

314.21 Repairing 
N(l~nclomlbustilble surfaces that are broken or incomplete 
around boxes employing a flush-type cover or faceplate 
shall be repaired so there will be no gaps or open spaces 
greater than 3 mm (Ys in.) at the edge of the box. 
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314.22 Surface Extensions. Surface extensions shall be 
made by mounting and mechanically securing an 
extension ring over the box. Equipment grounding shall 
be in accordance with Part VI of Article 250. 

Exception: A surface extension shall be permitted to be 
made from the cover of a box where the cover is designed 
so it is unlikely to fall off or be removed if its securing 
means becomes loose. The wiring method shall be flexible 
for a length sufficient to permit removal of the cover and 
provide access to the box interior, and arranged so that 
any grounding continuity is independent of the connection 
between the box and cover. 

314.23 Supports. Enclosures within the scope of this 
article shall be supported in accordance with one or more 
of the provisions in 314.23(A) through (H). 

(A) Surface Mounting. An enclosure mounted on a 
building or other surface shall be rigidly and securely 
fastened in place. If the surface does not provide rigid and 
secure support, additional support in accordance with 
other provisions of this section shall be provided. 

(B) Structural Mounting. An enclosure supported from a 
structural member of a building or from grade shall be 
rigidly supported either directly or by using a metal, 
polymeric, or wood brace. 

(1) Nails and Screws. Nails and screws, where used as a 
fastening means, shall be attached by using brackets on 
the outside of the enclosure, or they shall pass through 
the interior within 6 mm (~ in.) of the back or ends of 
the enclosure. Screws shall not be permitted to pass 
through the box unless exposed threads in the box are 
protected using approved means to avoid abrasion of 
conductor insulation. 

(2) Braces. Metal braces shall be protected against 
corrosion and formed from metal that is not less than 
0.51 mm (0.020 in.) thick uncoated. Wood braces shall 
have a cross section not less than nominal 25 mm x 50 
mm (l in. x 2 in.). Wood braces in wet locations shall be 
treated for the conditions. Polymeric braces shall be 
identified as being suitable for the use. 

(C) Mounting in Finished Surfaces. An enclosure 
mounted in a finished surface shall be rigidly secured 
thereto by clamps, anchors, or fittings identified for the 
application. 

(D) Suspended Ceilings. An enclosure mounted to 
structural or supporting elements of a suspended ceiling 

shall be not more than 1650 cm3 (100 in.3) in size and 
shall be securely fastened in place in accordance with 
either (D)(l) or (D)(2). 
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ARTICLE 314 - OUTLET, DEVICE, PULL AND JUNCTION BOXES; CONDUIT BODIES;FmINGS; AND HANDHOLES 314.23 

(1) Framing Members. An enclosure shall be fastened to 
the framing members by mechanical means such as bolts, 
screws, or rivets, or by the use of clips or other securing 
means identified for use with the type of ceiling framing 
member(s) and enclosure(s) employed. The framing 
members sha11 be adequately supported and securely 
fastened to each other and to the building structure. 

(2) Support Wires. The installation shall comply with the 
provisions of 300.11(A). The enclosure shall be secured, 
using methods identified for the purpose, to ceiling 
support wire(s), including any additional support wire(s) 
installed for that purpose. Support wire(s) used for 
enclosure support shall be fastened at each end so as to be 
taut within the ceiling cavity. 

(E) Raceway Supported Enclosure, Without Devices, 
Luminaires, or Lampholders. An enclosure that does not 
contain a device( s) other than splicing devices or support a 
luminaire(s), lampholder, or other equipment and is 

supported by entering raceways shall not exceed 1650 cm3 

(100 in}) in size. It shall have threaded entries or have 
hubs identified for the purpose. It shall be supported by two 
or more conduits threaded wrench tight into the enclosure or 
hubs. Each conduit shall be secured within 900 nun (3 ft) 
of the enclosure, or within 450 mm (18 in.) of the enclosure 
if all conduit entries are on the same side. 

Exception: rhe following wiring melhod$ shall be 
permitted to support a conduit body of any size, including 
a conduit body constructed with only one conduit entry, if 
the trade size of the conduit body is not larger than the 
largest trade size of the conduit or tubing: 

(1) Intermediate metal conduit, Type I Me 
(2) Rigid metal (:onduif. Type RMC 

(3) Rigid po(vl,.'inyl chloride conduit. Type PVC 

(4) Reinforced thermosetting re~in cOlldllit. T..vpeRTR( 

(5) Eiectrical metallic tuhina , Type EAfT 

(F) Raceway-Supported Enclosures, with Devices, 
Luminaires, or Lampholders. An enclosure that 
contains a device(s) , other than splicing devices, or 
supports a luminaire(s), lampholder, or other equipment 
and is supported by entering raceways shall not exceed 

1650 cm3 (100 in.3) in size. It shall have threaded entries 
or have hubs identified for the purpose. It shall be 
supported by two or more conduits threaded wrenchtight 
into the enclosure or hubs. Each conduit shall be secured 
within 450 mm (18 in.) of the enclosure. 

Exception No.1: Rigid metal or intermediate metal 
conduit shall be permitted to support a conduit body of any 
size, including a conduit body constructed with only one 
conduit entry, provided the trade size of the conduit body is 
not larger than the largest trade size of the conduit. 
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Exception No.2: An unbroken length(s) of rigid or 
intermediate metal conduit shall be permitted to support a 
box used for luminaire or lampholder support, or to 
support a wiring enclosure that is an integral part of a 
luminaire and used in lieu of a box in accordance with 
300.15(B), where all ofthefollowing conditions are met: 

(a) The conduit is securely fastened at a point so 
that the length of conduit beyond the last point of conduit 
support does not exceed 900 mm (3 ft). 

(b) The unbroken conduit length before the last 
point of conduit support is 300 mm (12 in.) or greater, 
and that portion of the conduit is securely fastened at 
some point not less than 300 mm (12 in.) from its last 
point of support. 

(c) Where accessible to unqualified persons, the 
luminaire or lamp h older, measured to its lowest point, is 
at least 2.5 111 (8 ft) above grade or standing area and at 
least 900 mm (3 ft) measured horizontally to the 2.5 m (8 
ft) elevation from windows, doors, porches, fire escapes, 
or similar locations. 

(d) A luminaire supported by a single conduit does 
not exceed 300 mm (12 in.) in any direction from the point 
of conduit ently. 

(e) The weight supported by any single conduit does 
not exceed 9 kg (20 lb). 

(f) At the luminaire or lampholder end, the 
conduit(s) is threaded wrenchtight into the box, conduit 
body, or integral wiring enclosure, or into hubs identified 
for the pUlpose. Where a box or conduit body is used for 
support, the lwninaire shall be secured directly to the box 
or conduit body, or through a threaded conduit nipple not 
over 75 mm (3 in.) long. 

(G) Enclosures in Concrete or Masonry. An enclosure 
supported by embedment shall be identified as suitably 
protected from corrosion and securely embedded in 
concrete or masonry. 

(H) Pendant Boxes. An enclosure supported by a pendant 
shall comply with 314.23(H)(l) or (H)(2). 

(l) Flexible Cord. A box shall be supported from a 
multiconductor cord or cable in an approved manner that 
protects the conductors against strain, such as a strain
relief connector threaded into a box with a hub. 

(2) Conduit. A box supporting lampholders or luminaires, 
or wiring enclosures within luminaires used in lieu of boxes 
in accordance with 300.15(B), shall be supported by rigid 
or intermediate metal conduit stems. For stems longer than 
450 mm (18 in.), the stems shall be connected to the wiring 
system with flexible fittings suitable for the location. At the 
luminaire end, the conduit(s) shall be threaded wrenchtight 
into the box or wiring enclosure, or into hubs identified for 
the purpose. 
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Where supported by only a single conduit, the 
threaded joints shall be prevented from loosening by the 
use of set-screws or other effective means, or the 
luminaire, at any point, shall be at least 2.5 m (8 ft) above 
grade or standing area and at least 900 mm (3 ft) 
measured horizontally to the 2.5 m (8 ft) elevation from 
windows, doors, porches, fire escapes, or similar 
locations. A luminaire supported by a single conduit shall 
not exceed 300 mm (12 in.) in any horizontal direction 
from the point of conduit entry. 

314.24 Depth of Boxes. Outlet and device boxes shall 
have sufficient depth to allow equipment installed within 
them to be mounted properJy and without likelihood 0_
damage to conductors within the box. 

(A) Outlet Boxes Without Enclosed Devices or 
Utilization Equipment. Outlet boxes that do not enclost: 
devices or 'utilizationequipment shall have a minimum 
il1.t~rnal depth of 12.7 mm (Yl in.). 

(B) Qut1et and Device Boxes with Enclosed Devices or 
Utilization Equipment. Outlet and device boxes that 
enclose devices 01' utilization equipment shall have a 
minimum internal depth that accommodates the rearward 
projection of the equipment and the size of the conductors 
that supply the equipment. The internal depth shall 
include, where used, that of any extension boxes, plaster 
rings, or raised covers. The internal depth shall comply 
with all applicable provisions of (B)( I) through (B)(5). 

(1) Large Equipment. Boxes that enclose devices or 
utilization equipment that projects more than 48 mm (1 'Vs 
in.) rearward from the mounting plane of the box shall 
have a depth that is not less than the depth of the 
equipment plus 6 mm (1;4 in.). 

(2) Conductors Larger Than 4 A WG. Boxes that 
enclose d vices or utilization equipment supplied by 
conductors larger than 4 A WG shall be identified for their 
specific function. 

trce~ptiunioTj).: - j5e;,ices or utilizalion equipment 
supplied by condll(,1ors larger Ihan 4 A WG ,hall be 
permitted 10 be mounted on or ill jUllction (Iud pull boxes 

large,. Ihan 1650 em3 (100 ;".3) tf Ihe spacing af Ihe 
r~r~;,!q~~'!I~el.~/"e reJjuiremenls of 312.6. 

(3) Conductors 8, 6, or 4 A WG. Boxes that enclose 
aevices or utilization equipment supplied by 8, 6, or 4 
A WG conductors shall have an internal depth that is not 
less than 52.4 mm (i1 16 in.). 

(4) Conductors 12 or 10 A WG. Boxes that enclose 
devicsor utilization equipment supplied by 12 or 10 
A WG conductors shall have an internal depth that is not 
less than 30.2 mm (1 3

/ 16 in.). Where the equipment 
projects rearward from the mounting plane of the box by 
more than 25 mm (1 in.), the box shall have a depth not 
less than that of the equipment plus 6 mm (1;4 in.). 
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(5) Conductors 14 AWG and Smaller. Boxes that 
enclose device or utilization equipment supplied by 14 
A WG or smaller conductors shall have a depth that is not 
less than 23.8 mm eS/16 in.). 

Exception to (fA through (5): Devices 01' utilization 
equipment that is listed to be installed with specified 
boxes shall be permitted. 

314.25 Covers and Canopies. Tn completed installations, 
each box shall have a cover, faceplate, lampholder, or 
luminaire canopy, except where the installation complies 
with 41 0.24(B). 

(A) Nonmetallic or Metal Covers and Plates. 
Nonmetallic or metal covers and plates shall be permitted. 
Where metal covers or plates are used, they shall comply 
with the grounding requirements of250.110. 

Informational Note: For additional grounding 
requirements, see 410.42 for metal luminaire canopies, 
and 404.12 and 406.I(B) for metal faceplates. 

(B) Exposed Combustible Wall or Ceiling Finish. 
Where a luminaire canopy or pan is used, any 
combustible wall or ceiling finish exposed between the 
edge of the canopy or pan and the outlet box shall be 
covered with noncombustible material. 

(C) Flexible Cord Pendants. Covers of outlet boxes and 
conduit bodies having holes through which flexible cord 
pendants pass shall be provided with bushings designed 
for the purpose or shall have smooth, well-rounded 
surfaces on which the cords may bear. So-called hard 
rubber or composition bushings shall not be used. 

314.27 Outlet Boxes. 

(A) Boxes at Luminaire or Lampholder Outlets. Outlet 
boxes or fittings designed for the support of luminaires 
and lampholders, and installed as required by 314.23, 
shall be permitted to suppon a 11.Iminaire or lampholdcr. 

(I) \VaU Outlets. Boxes used at luminaire or lampholder 
outlets in a \\all shall be marked on the interior of the box 
to indicate the maximum weight of the luminaire that is 
permitted to be supported by the box in the wall, if other 
tll~~73 _~g(50 Ib . 

Exception: A wall-mounted lumina ire l!'~~ /q",ph~{(II!~ 
weighing not more than 3 kg (6 lb) shall be permitted to 
be supported on other boxes or plaster rings that are 
secured to other boxes, provided the luminaire or its 
supporting yoke, or the lampholder, is secured to the box 
with no fewer than lrvo No.6 or larger screws. 

(2) Ceiling Outlets. At every outlet used exclusively for 
lighting. th box l>hall be designed or installed so that a 
luminaire or lampbolder may be attached. Boxes shall be 
required to support a luminaire weighing a minimum of 
23 kg (50 Ib). A luminaire that " eighs more than 23 kg 
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(SOI6)sllailbesupponedindependently of the outlet box. 
Unless the oull t box is listed and marked for the 
~aximum \\ eight to be supported. 

(B) Floor Boxes. Boxes listed specifically for this 
application shall be used for receptacles located in the floor. 

Exception: Where the authority having jurisdiction 
judges themfreefrom likely exposure to physical damage, 
moisture, and dirt, boxes located in elevated floors of 
show windows and similar locations shall be permitted to 
be other than those listed for floor applications. 
Receptacles and covers shall be listed as an assembly for 
this type of location. 

(C) Boxes at Ceiling-Suspended (Paddle) Fan Outlets. 
Outlet boxes or outlet box systems used as the sole 
support of a ceiling-suspended (paddle) fan shall be listed, 
shall be marked by their manufacturer as suitable for this 
purpose, and shall not support ceiling-suspended (paddle) 
fans that weigh more than 32 kg (70 lb). For outlet boxes 
or outlet box systems designed to support ceiling
suspended (paddle) fans that weigh more than 16 kg (35 
lb), the required marking shall include the maximum 
weight to be supported. 

Where spare. separately switched. ungrounded 
conductors arc provided to a ceiling mounted out let box, 
in a location acceptable for a ceiling-suspended (paddh:) 
fan in . ingle or multi-family dwellings~ the outlet box or 
outlet box system shall be listed for sole support of a 
ceiliJ:tg::~~~~!l~~<.tJpaddl ) UUl. 

(D) Utilization Equipment. Boxes used for the support of 
utilization equipment other than ceiling-suspended (paddle) 
fans shall meet the requirements of314.27(A) for the support 
of a luminaire that is the same size and weight. 

Exception: Utilization equipment weighing not more than 
3 kg (6 lb) shall be permitted to be supported on other 
boxes or plaster rings that are secured to other boxes, 
provided the equipment or its supporting yoke is secured 
to the box with no fewer than two No. 6 or larger screws. 

314.28 Pull and Junction Boxes and Conduit Bodies. 
Boxes and conduit bodies used as pull or junction boxes 
shall comply with 314.28(A) through (E). 

Exception: Terminal housings supplied with motors shall 
comply with the provisions of 430.12. 

(A) Minimum Size. For raceways containing conductors 
of 4 A WG or larger that are required to be insulated, and 
for cables containing conductors of 4 A WG or larger, the 
minimum dimensions of pull or junction boxes installed 
in a raceway or cable run shall comply with (A)(l) 
through (A)(3). Where an enclosure dimension is to be 
calculated based on the diameter of entering raceways, the 
diameter shall be the metric designator (trade size) 
expressed in the units of measurement employed. 
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(1) Straight Pulls. In straight pulls, the length of the box 
orconduitb()~y shall not be less than eight times the 
metric designator (trade size) of the largest raceway. 

(2) Angle or U Pulls, or Splices. Where splices or where 
angle or U pulls are made, the distance between each 
raceway entry inside the box or conduit body and the 
opposite wall of the box or conduit body shall not be less 
than six times the metric designator (trade size) of the 
largest raceway in a row. This distance shall be increased 
for additional entries by the amount of the sum of the 
diameters of all other raceway entries in the same row on 
the same wall of the box. Each row shall be calculated 
individually, and the single row that provides the 
maximum distance shall be used. 

Exception: Where a raceway or cable entry is in the wall 
of a box or conduit body opposite a removable cover, the 
distance from that wall to the cover shall be permitted to 
comply with the distance required for one wire per 
terminal in Table 312. 6 (A). 

The distance between raceway entries enclosing the same 
conductor shall not be less than six times the metric 
designator (trade size) of the larger raceway. 

When transposing cable size into raceway size in 
314.28(A)(1) and (A)(2), the minimum metric designator 
(trade size) raceway required for the number and size of 
conductors in the cable shall be used. 

(3) Smaller Dimensions. Boxes or conduit bodies of 
dimensions less than those required in 314.28(A)(1) and 
(A)(2) shall be permitted for installations of combinations of 
conductors that are less than the maximum conduit or tubing 
fill (of conduits or tubing being used) pennitted by Table 1 of 
Chapter 9, provided the box or conduit body has been listed 
for, and is pennanently marked with, the maximum number 
and maximum size of conductors pennitted. 

(B) Conductors in Pull or Junction Boxes. In pull boxes or 
junction boxes having any dimension over 1.8 m (6 ft), all 
conductors shall be cabled or racked up in an approved manner. 

(C) Covers. All pull boxes, junction boxes, and conduit 
bodies shall be provided with covers compatible with the 
box or conduit body construction and suitable for the 
conditions of use. Where used, metal covers shall comply 
with the grounding requirements of 250.l10. 

(D) Permanent Barriers. Where permanent barriers are 
installed in a box, each section shall be considered as a 
separate box. 

(E) Power Distribution Block. • Power distribution 
blocks shall be permitted in pull and junction boxe over 

J 650 em3 (100 in. 3) for connect ions of conductors where 
in tailed in boxes and where the installation complies 
with () through (5} 
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Exception: Equipment grounding terminal bars .\hall be 
permille',i i'lsmalter enclo IIre .• j 

(I) Installation. Power di~1ribution blocks installed in 
boxes shall be listed. 

tijsize. In addition to the overall size rcquirenu:!tltlnille 
first ntence of 314.28(A)(2). the power distribution 
block shall be in lalled in a box with dimensions not 
mailer than specified in th~ , If.l~U~ti(m instructions o~ 

Ih power distribution block.: 

(3) Wire Bfoding Space. Wire bending space at the 
lermin~I~(?rpo\Yer distribution blocks hall comply with 
312.6. 

(4) Live Parts. Power distribution blocks shall not have 
uninsulatcd live parts exposed withiu a box. whether or 
not the box cover is installed. 

(5) Through Conductors. Where the pull or junction 
boxes are used for conductor ' that do not terminate on the 
power distribution block(s), the through conductors hall 
be arranged so the power distributi()flblock temlinals are 
unobstructed following installation. 

314.29 Boxes, Conduit Bodies, and Handhole Enclosures 
to Be Accessible. Boxes, conduit bodies, and handho1e 
enclosures shall be installed so that the wiring contained in 
them can be rendered accessible without removing any part 
of the building or, in underground circuits, without 
excavating sidewalks, paving, earth, or other substance that 
is to be used to establish the finished grade. 

Exception: Listed boxes and handhole enclosures shall 
be permitted where covered by gravel, light aggregate, or 
noncohesive granulated soil if their location is effectively 
ident[fied and accessible for excavation. 

314.30 Handhole Enclosures. 

Handhole enclosures shall be designed and installed to 
withstand all loads likely to be imposed on them. They 
shall be identified for use in underground systems. 

Informational Note: See ANSIISCTE 77-2002, 
Specification for Underground Enclosure Integri~y, for 
additional information on deliberate and nondeliberate 
traffic loading that can be expected to bear on 
underground enclosures. 

(A) Size. Handhole enclosures shall be sized in 
accordance with 314.28(A) for conductors operating at 
600 volts or below, and in accordance with 314.71 for 
conductors operating at over 600 volts. For handhole 
enclosures without bottoms where the provisions of 
314.28(A)(2), Exception, or 314.71(B)(l), Exception No. 
1, apply, the measurement to the removable cover shall be 
taken from the end of the conduit or cable assembly. 
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(B) Wiring Entries. Underground raceways and cable 
assemblies entering a handhole enclosure shall extend 
into the enclosure, but they shall not be required to be 
mechanically connected to the enclosure. 

(C) Enclosed Wiring. All enclosed conductors and any 
splices or terminations, if present, shall be listed as 
suitable for wet locations. 

(D) Covers. Handhole enclosure covers shall have an 
identifying mark or logo that prominently identifies the 
function of the enclosure, such as "electric." Handhole 
enclosure covers shal1 require the use of tools to open, or 
they shall weigh over 45 kg (100 lb). Metal covers and 
other exposed conductive surfaces shall be bonded in 
accordance with 250.92 if the conductors in the handhole 
are service conductors, or in accordance with 250.96(A) if 
the conductors in the handhole are feeder or branch
circuit conductors. 

III. Construction Specifications 

314.40 Metal Boxes, Conduit Bodies, and Fittings. 

(A) Corrosion Resistant. Metal boxes, conduit bodies, 
and fittings shall be corrosion resistant or shall be well
galvanized, enameled, or otherwise properly coated inside 
and out to prevent corrosion. 

Informational Note: See 300.6 for limitation in the use 
of boxes and fittings protected from corrosion solely by 
enamel. 

(B) Thickness of Metal. Sheet steel boxes not over 1650 

cm3 (100 in.3) in size shall be made from steel not less 
than 1.59 mm (0.0625 in.) thick. The wall of a malleable 
iron box or conduit body and a die-cast or permanent
mold cast aluminum, brass, bronze, or zinc box or conduit 
body shall not be less than 2.38 mm el32 in.) thick. Other 
cast metal boxes or conduit bodies shall have a wall 
thickness not less than 3.17 mm (1/8 in.). 

Exception No.1: Listed boxes and conduit bodies shown 
to have equivalent strength and characteristics shall be 
permitted to be made of thinner or other metals. 

Exception No.2: The walls of listed short radius conduit 
bodies, as covered in 314.16(C)(2), shall be permitted to 
be made of thinner metal. 

(C) Metal Boxes Over 1650 cm3 (100 in. 3). Metal boxes 
over 1650 cm3 (100 in. 3) in size shall be constructed so as 
to be of ample strength and rigidity. If of sheet steel, the 
metal thickness shall not be less than 1.35 mm (0.053 in.) 
uncoated. 
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(D) Grounding Provisions. A means shall be provided in 
each metal box for the cOimection of an equipment 
grounding conductor. The means shall be permitted to be 
a tapped hole or equivalent. 

314.41 Covers. Metal covers shall be of the same 
material as the box or conduit body with which they are 
used, or they shall be lined with firmly attached insulating 
material that is not less than 0.79 mm e /32 in.) thick, or 
they shall be listed for the purpose. Metal covers shall be 
the same thickness as the boxes or conduit body for which 
they are used, or they shall be listed for the purpose. 
Covers of porcelain or other approved insulating materials 
shall be permitted if of such form and thickness as to 
afford the required protection and strength. 

314.42 Bushings. Covers of outlet boxes and conduit 
bodies having holes through which flexible cord pendants 
may pass shall be provided with approved bushings or 
shall have smooth, well-rounded surfaces on which the 
cord may bear. Where individual conductors pass through 
a metal cover, a separate hole equipped with a bushing of 
suitable insulating material shall be provided for each 
conductor. Such separate holes shall be connected by a 
slot as required by 300.20. 

314.43 Nonmetallic Boxes. Provisions for supports or 
other mounting means for nonmetallic boxes shall be 
outside of the box, or the box shall be constructed so as to 
prevent contact between the conductors in the box and the 
supporting screws. 

314.44 Marking. All boxes and conduit bodies, covers, 
extension rings, plaster rings, and the like shall be durably 
and legibly marked with the manufacturer's name or 
trademark. 

IV. Pull and Junction Boxes, Con'dult Bodie '''---and' 
Handhole Enclo ures for Use on Systems over 600 
Volts, Nominal 

314.70 General. 

(A) Pull and Junction Boxes. Where pull and junction 
boxes are used on systems over 600 volts, the installation 
shall comply with the provisions of Part IV and with the 
following general provisions of this article: 

(1) Part 1,314.2; 314.3; and 314.4 

(2) Part 11,314.15; 314.l7; 314.20; 314.23(A), (B), or 
(G); 314.28(B); and 314.29 

(3) Part 111, 314.40(A) and (C); and 314.41 

(B) Conduit Bodies. Where conduit bodies are used on 
systems over 600 volts, the installation shall comply with 
the provisions of Part IV and with the foliowin:J general 
p~()yjs~~ns ()X this ~~~!~~~:: 
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(1) Part 1,314.4 

(2) Part II 314.15: 314.17: 314.23(A). (E). or (G); and 
314.29 

(3) 

(C) Handhole Enclosures. Where handhole enclosures 
are used on systems over 600 volts, the installation shall 
comply with the provisions of Part IV and with the 
following general provisions of this article: 

(1) Part I, 314.3; and 314.4 

(2) Part II, 314.15; 314.17; 314.23(G); 314.28(B); 
314.29; and 314.30 

314.71 Size of Pull and Junction Boxes, Conduit 
~odies, and Handhole Enclosures. Pull and jlllction 
boxes lln~ . haJldllOlc enclosures shall provide adequate 
space anddi~e~lsions for the installation of conductors, 
and they shall comply with the specific requirem~l1ts()f 
this section. Conduit bodies hall b-. permitted it~ they 

~~~~.t~~ ... ~i~~I)~Jo~~l.'1. r~quiremenl for boxes. 

Exception: Terminal housings supplied with motors shall 
comply with the provisions of 430.12. 

(A) For Straight Pulls. The length of the box shall not be 
less than 48 times the outside diameter, over sheath, of the 
largest shielded or lead-covered conductor or cable 
entering the box. The length shall not be less than 32 
times the outside diameter of the largest nonshielded 
conductor or cable. 

(B) For Angle or U Pulls. 

(1) Distance to Opposite Wall. The distance between 
each cable or conductor entry inside the box and the 
opposite wall of the box shall not be less than 36 times the 
outside diameter, over sheath, of the largest cable or 
conductor. This distance shall be increased for additional 
entries by the amount of the sum of the outside diameters, 
over sheath, of all other cables or conductor entries 
through the same wall of the box. 

Exception No.1: Where a conductor or cable entry is in 
the wall of a box opposite a removable cover, the distance 
from that wall to the cover shall be permitted to be not 
less than the bending radius for the conductors as 
provided in 300.34. 

Exception No.2: Where cables are nonshielded and not 
lead covered, the distance of 36 times the outside 
diameter shall be permitted to be reduced to 24 times the 
outside diameter. 

(2) Distance Between Entry and Exit. The distance 
between a cable or conductor entry and its exit from the 
box shall not be less than 36 times the outside diameter, 
over sheath, of that cable or conductor. 
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Exception: Where cables are nonshielded and not lead 
covered, the distance of 36 times the outside diameter 
shall be permitted to be reduced to 24 times the outside 
diameter. 

(C) Removable Sides. One or more sides of any pull box 
shall be removable. 

314.72 Construction and Installation Requirements. 

(A) Corrosion Protection. Boxes shall be made of 
material inherently resistant to corrosion or shall be 
suitably protected, both internally and externally, by 
enameling, galvanizing, plating, or other means. 

(B) Passing Through Partitions. Suitable bushings, 
shields, or fittings having smooth, rounded edges shall be 
provided where conductors or cables pass through 
partitions and at other locations where necessary. 

(C) Complete Enclosure. Boxes shall provide a complete 
enclosure for the contained conductors or cables. 

(D) Wiring Is Accessible. Boxes and conduit bodies shall 
be installed so that the conductors are accessible without 
removing any fixed part of the building or structure. 
Working space shall be provided in accordance with 
110.34. 

(E) Suitable Covers. Boxes shall be closed by suitable 
covers securely fastened in place. Underground box 
covers that weigh over 45 kg (100 lb) shall be considered 
meeting this requirement. Covers for boxes shall be 
permanently marked "DANGER - HIGH VOLTAGE -
KEEP OUT." The marking shall be on the outside of the 
box cover and shall be readily visible. Letters shall be 
block type and at least 13 mm (~ in.) in height. 

(F) Suitable for Expected Handling. Boxes and their 
covers shall be capable of withstanding the handling to 
which they are likely to be subjected. 

ARTICLE 320 

I. General 

320.1 Scope. 

This article covers the use, installation, and construction 
specifications for armored cable, Type AC. 

320.2 Definition. 

Armored Cable, Type AC. A fabricated assembly of 
insulated conductors in a flexible interlocked metallic 
armorl. See 320.100. 
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II. Installation 

320.10 Uses Permitted. Type AC cable shall be 
permitted as follows: 

(1) For feeders and branch circuits in both exposed and 
concealed ~,Il,.t~JJ(l.!i~!!~ 

(2) In cable trays 

(3) In dry locations 

(4) Embedded in plaster finish on brick or other 
masonry, except in damp or wet locations 

(5) To be run or fished in the air voids of masonry block 
or tile walls where such walls are not exposed or 
subject to excessive moisture or dampness 

Infonnational Note: The "Uses Permitted" is not an all
inclusive list. 

320.12 Uses Not Permitted. Type AC cable shall not be 
used as follows: 

(1) Where subject to physical damage 

(2) In damp or wet locations 

(3) In air voids of masonry block or tile walls where such 
walls are exposed or subject to excessive moisture or 
dampness 

(4) Where exposed to corrosive ~nditiollS 

(5) Embedded in plaster finish on brick or other masonry 
in damp or wet locations 

320.15 Exposed Work. Exposed runs of cable, except 
as provided in 300.11 (A), shall closely follow the 
surface of the building finish or of running boards. 
Exposed runs shall also be permitted to be installed on 
the underside of joists where supported at each joist and 
located so as not to be subject to physical damage. 

320.17 Through or Parallel to Framing Members. 
Type AC cable shall be protected in accordance with 
300.4(A), (C), and (D) where installed through or parallel 
to framing members. 

320.23 In Accessible Attics. Type AC cables III 

accessible attics or roof spaces shall be installed as 
specified in 320.23(A) and (B). 

(A) Cables Run Across the Top of Floor Joists. Where 
run across the top of floor joists, or within 2.1 m (7 ft) of 
the floor or floor joists across the face of rafters or 
studding. the cable shall be protected by substantial 
guard strips that are at least as high as the cable. Where 
this space is not accessible by permanent stairs or 
ladders, protection shall only be required within 1.8 m (6 
ft) of the nearest edge of the scuttle hole or attic entrance. 
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(B) Cable Installed Parallel to Framing Members. 
Where the cable is installed parallel to the sides of rafters, 
studs, or "ceUrng or floor joists, neither guard strips nor 
running boards shall be required, and the installation shall 
also comply with 300.4(D). 

320.24 Bending Radius. Bends in Type AC cable shall 
be made such that the cable is not damaged. The radius of 
the curve of the inner edge of any bend shall not be less 
than five times the diameter of the Type AC cable. 

320.30 Securing and Supporting. 

(A) General. Type AC cable shall be supported and 
secured by staples, cable ties, straps, hangers, or similar 
fittings, designed and installed so as not to damage the 
cable. 

(B) Securing. Unless otherwise p~rmitled , Type AC cable 
shall be secured within 300 mm (12 in.) of every outlet 
box, junction box, cabinet, or fitting and at intervals not 
exceeding 1.4 m (4Yz ft) where installed on or across 
framing members. 

(C) Supporting. Unless otherwise p-'c:nniued, Type AC 
cable shall be supported at intervals not exceeding 1.4 m 
(4V2ft). 

Horizontal runs of Type AC cable installed in wooden or 
metal framing members or similar supporting means shall 
be considered supported where such support does not 
exceed l.4-m (41h-ft) intervals. 

(D) Unsupported Cables. Type AC cable shall be 
permitted to be unsupported where the cable complies 
with any of the following: 

(1) Is fished between access points through concealed 
spaces in finished buildings or structures and 
supporting is impracticable 

(2) Is not more than 600 mm (2 ft) in length at terminals 
where flexibility is necessary 

(3) Is not more than 1.8 m (6 ft) in length from the last 
point of cable support to the point of connection to a 
luminaire(s) or other electrical equipment and the 
cable and point of connection are within an 
accessible ceiling. For the purposes of this section, 
Type AC cable fittings shall be permitted as a means 
of cable support. 

320.40 Boxes and Fittings. At all points where the 
armor of AC cable terminates, a fitting shall be provided 
to protect wires from abrasion, unless the design of the 
outlet boxes or fittings is such as to afford equivalent 
protection, and, in addition, an insulating bushing or its 
equivalent protection shall be provided between the 
conductors and the armor. The connector or clamp by 
which the Type AC cable is fastened to boxes or 
cabinets shall be of such design that the insulating 
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bushing or its equivalent will be visible for inspection. 
Where change is made from Type AC cable to other 
cable or raceway wiring methods, a box, fitting, or 
conduit body shall be installed at junction points as 
required in 300.l5. 

320.80 Ampacity. The ampacity shall be determined in 
accordance with 310.15. 

(A) Thermal Insulation. Armored cable installed in 
thermal insulation shall have conductors rated at 90°C 
( 194°F). The ampacity of cable installed in these 
applications shall not exceed that of a 60°C (l40°F) rated 
conductor. The 90°C (194°F) rating shall be permitted to 
be used for ampacity adjustment and correction 
caklilations~ however, the ampacity shalt not exceed that 
of a 60°C (140°F) rated conductor. 

(B) Cable Tray. The ampacity of Type AC cable 
installed in cable tray shall be determined in accordance 
with 392.80(A). 

III. Construction Specifications 

320.100 Construction. Type AC cable shall have an 
armor of flexible metal tape and shall have an internal 
bonding strip of copper or aluminum in intimate contact 
with the armor for its entire length. 

320.104 Conductors. Insulated conductors shall be of a 
type listed in Table 310.104(A) or those identified for use 
in this cable. In addition, the conductors shall have an 
overall moisture-resistant and fire-retardant fibrous 
covering. For Type ACT, a moisture-resistant fibrous 
covering shall be required only on the individual 
conductors. 

320.108 Equipment Grounding Conductor. Type AC 
cable shall provide an adequate path for fault current as 
required by 2S0.4(A)(S) or (B)( 4) to act as an equipment 
grounding conductor. 

320.120 Marking. The cable shall be marked in 
accordance with 31 O.I2.(), except that Type AC shall have 
ready identification of the manufacturer by distinctive 
external markings on the cable armor throughout its entire 
length. 

ARTICLE 322 

Flat Cable Assemblies: Type Fe 

I. General 

322.1 Scope. 

This article covers the use, installation, and construction 
specifications for flat cable assemblies, Type FC. 
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322.2 Definition. 

Flat Cable Assembly, Type FC. An assembly of parallel 
conductors formed integrally with an insulating material 
web specifically designed for field installation in surface 
metal raceway. 

II. Installation 

322.10 Uses Permitted. 

Flat cable assemblies shall be permitted only as follows: 

(I) As branch circuits to supply suitable tap devices for 
lighting, small appliances, or small power loads. The 
rating of the branch circuit shall not exceed 30 
amperes. 

(2) Where installed for exposed work. 

(3) In locations where they will not be subjected to 
physical damage. Where a flat cable assembly is 
installed less than 2.5 m (8 ft) above the floor or 
fixed working platform, it shall be protected by a 
cover identified for the use. 

(4) In surface metal raceways identified for the use. The 
channel portion of the surface metal raceway systems 
shall be installed as complete systems before the flat 
cable assemblies are pulled into the raceways. 

322.12 Uses Not Permitted. 

Flat cable assemblies shall not be used as follows: 

(1) Where to corrosive unless 
suitable for the application 

(2) In hoistways or on elevators or escalators 

(3) 

(4) Outdoors or in wet or damp locations unless 
identified for the use 

322.30 Securing and Supporting. The flat cable 
assemblies shall be supported by means of their special 
design features, within the surface metal raceways. 

The surface metal raceways shall be supported as 
required for the specific raceway to be installed. 

322.40 Boxes and Fittings. 

(A) Dead Ends. Each flat cable assembly dead end shall 
be terminated in an end-cap device identified for the use. 

The dead-end fitting for the enclosing surface metal 
raceway shall be identified for the use. 

(B) Luminaire Hangers. Luminaire hangers installed 
with the flat cable assemblies shall be identified for the 
use. 

(C) Fittings. Fittings to be installed with flat cable 
assemblies shall be designed and installed to prevent 
physical damage to the cable assemblies. 
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(D) Extensions. All extensions from flat cable assemblies 
shaH be made by approved wiring methods, within the 
junction boxes, installed at either end of the flat cable 
assembly runs. 

322.56 Splices and Taps. 

(A) Splices. Splices shall be made in listed junction 
boxes. 

(B) Taps. Taps shall be made between any phase 
conductor and the grounded conductor or any other 
phase conductor by means of devices and fittings 
identified for the use. Tap devices shall be rated at not 
less than 15 amperes, or more than 300 volts to ground, 
and shall be color-coded in accordance with the 
requirements of 322.120(C). 

III. Construction 

322.100 Construction. Flat cable assemblies shall consist 
of two, three, four, or five conductors. 

322.104 Conductors. Flat cable assemblies shall have 
conductors of lOA WG special stranded copper wires. 

322.112 Insulation. The entire flat cable assembly shall 
be formed to provide a suitable insulation covering all 
the conductors and using one of the materials recognized 
in Table 310. for general branch-circuit wiring. 

322.120 Marking. 

(A) Temperature Rating. In addition to the provisions of 
310. Type Fe cable shall have the temperature rating 
durably marked on the surface at intervals not exceeding 
600 mm (24 in.). 

(B) Identification of Grounded Conductor. The 
grounded conductor shall be identified throughout its 
length by means of a distinctive and durable white or 
gray marking. 

Informational Note: The color gray may have been 
used in the past as an ungrounded conductor. Care 
should be taken when working on existing systems. 

(C) Terminal Block Identification. Terminal blocks 
identified for the use shall have distinctive and durable 
markings for color or word coding. The grounded 
conductor section shall have a white marking or other 
suitable designation. The next adjacent section of the 
terminal block shall have a black marking or other 
suitable designation. The next section shall have a red 
marking or other suitable designation. The final or outer 
section, opposite the grounded conductor section of the 
terminal block~ shall have a blue marking or other 
suitable designation. 
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ARTICLE 324 - FLAT CABLE ASSEMBLIES: TYPE FCC 324.40 

ARTICLE 324 

~1~t~~~I~tlc~()!·~~!!.I~~ _!ype FCC 
I. General 

324.1 Scope. This article covers a field-installed wiring 
system for branch circuits incorporating Type FCC cable 
and associated accessories as defined by the article. The 
wiring system is designed for installation under carpet 
squares. 

324.2 Definitions. 

Bottom Shield. A protective layer that is installed 
between the floor and Type FCC flat conductor cable to 
protect the cable from physical damage and mayor may 
not be incorporated as an integral part of the cable. 

Cable Connector. A connector designed to join Type 
FCC cables without using a junction box. 

FCC System. A complete wiring system for branch 
circuits that is designed for installation under carpet 
squares. The FCC system includes Type FCC cable and 
associated shielding, connectors, terminators, adapters, 
boxes, and receptacles. 

Insulating End. An insulator designed to electrically 
insulate the end of a Type FCC cable. 

Metal Shield Connections. Means of connection 
designed to electrically and mechanically connect a metal 
shield to another metal shield, to a receptacle housing or 
self-contained device, or to a transition assembly. 

Top Shield. A grounded metal shield covering under
carpet components of the FCC system for the purposes of 
providing protection against physical damage. 

Transition Assembly. An assembly to facilitate 
connection of the FCC system to other wiring systems, 
incorporating (1) a means of electrical interconnection 
and (2) a suitable box or covering for providing electrical 
safety and protection against physical damage. 

Type FCC Cable. Three or more flat copper conductors 
placed edge-to-edge and separated and enclosed within an 
insulating assembly. 

324.6 Listing Requirements. Type FCC cable and 
associated fittings shall be listed. 

II. Installation 

324.10 Uses Permitted. 

(A) Branch Circuits. Use of FCC systems shall be 
permitted both for general-purpose and appliance branch 
circuits and for individual branch circuits. 
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(B) Branch-Circuit Ratings. 

(1) Voltage. Voltage between ungrounded conductors 
shall not exceed 300 volts. Voltage between ungrounded 
conductors and the grounded conductor shall not exceed 
150 volts. 

(2) Current. General-purpose and appliance branch 
circuits shall have ratings not exceeding 20 amperes. 
Individual branch circuits shall have ratings not exceeding 
30 amperes. 

(C) Floors. Use of FCC systems shall be permitted on 
hard, sound, smooth, continuous floor surfaces made of 
concrete, ceramic, or composition flooring, wood, and 
similar materials. 

(D) Walls. Use of FCC systems shall be permitted on 
wall surfaces in surface metal raceways. 

(E) Damp Locations. Use of FCC systems in damp 
locations shall be permitted. 

(F) Heated Floors. Materials used for floors heated in 
excess of 30°C (86°F) shall be identified as suitable for 
use at these temperatures. 

(G) System Height. Any portion of an FCC system with 
a height above floor level exceeding 2.3 mm (0.090 in.) 
shall be tapered or feathered at the edges to floor level. 

324.12 Uses Not Permitted. FCC systems shall not be 
used in the following locations: 

(1) Outdoors or in wet locations 

(2) Where subject to corrosive vapors 

(3) In any hazardous (classified) location 

(4) In residential, school, and hospital buildings 

324.18 Crossings. Crossings of more than two Type FCC 
cable runs shall not be permitted at anyone point. 
Crossings of a Type FCC cable over or under a flat 
communications or signal cable shall be permitted. In 
each case, a grounded layer of metal shielding shall 
separate the two cables, and crossings of more than two 
flat cables shall not be permitted at anyone point. 

324.30 Securing and Supporting. All FCC system 
components shall be firmly anchored to the floor or wall 
using an adhesive or mechanical anchoring system 
identified for this use. Floors shall be prepared to ensure 
adherence of the FCC system to the floor until the carpet 
squares are placed. 

324.40 Boxes and Fittings. 

(A) Cable Connections and Insulating Ends. All Type 
FCC cable connections shall use connectors identified for 
their use, installed such that electrical continuity, 
insulation, and sealing against dampness and liquid 
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ARTICLE 324 FLAT CABLE ASSEMBLIES TYPE FCC 

spillage are provided. All bare cable ends shall be 
insulated and sealed against dampness and liquid spillage 
using listed insulating ends. 

(B) Polarization of Connections. All receptacles and 
connections shall be constructed and installed so as to 
maintain proper polarization of the system. 

(C) Shields. 

(1) Top Shield. A metal top shield shall be installed over 
alltloor-mounted Type FCC cable, connectors, and 
insulating ends. The top shield shall completely cover all 
cable runs, corners, connectors, and ends. 

(2) Bottom Shield. A bottom shield shall be installed 
beneath all Type FCC cable, connectors, and insulating 
ends. 

(D) Connection to Other Systems. Power feed, 
grounding connection, and shield system connection 
between the FCC system and other wiring systems shall 
be accomplished in a transition assembly identified for 
this use. 

(E) Metal-Shield Connectors. Metal shields shall be 
connected to each other and to boxes, receptacle housings, 
self-contained devices, and transition assemblies using 
metal-shield connectors. 

324.41 Floor Coverings. Floor-mounted Type FCC 
cable, cable connectors, and insulating ends shall be 
covered with carpet squares not larger than 914 mm (36 
in.) square. Carpet squares that are adhered to the floor 
shall be attached with release-type adhesives. 

324.42 Devices. 

(A) Receptacles. All receptacles, receptacle housings, 
and self-contained devices used with the FCC system 
shall be identified for this use and shall be connected to 
the Type FCC cable and metal shields. Connection from 
any grounding conductor of the Type FCC cable shall be 
made to the shield system at each receptacle. 

(B) Receptacles and Housings. Receptacle housings and 
self-contained devices designed either for floor mounting 
or for in-wall or on-wall mounting shall be permitted for 
use with the FCC system. Receptacle housings and self
contained devices shall incorporate means for facilitating 
entry and termination of Type FCC cable and for 
electrically connecting the housing or device with the 
metal shield. Receptacles and self-contained devices shall 
comply with 406.4. Power and communications outlets 
installed together in common housing shall be permitted 
in accordance with 800.l33(A)(I)(c), Exception No.2. 

324.56 Splices and Taps. 

(A) FCC Systems Alterations. Alterations to FCC 
systems shall be permitted. New cable connectors shaH be 
used at new connection points to make alterations. It shall 
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be permitted to leave unused cable runs and associated 
cable connectors in place and energized. All cable ends 
shall be covered with insulating ends. 

(B) Transition Assemblies. All transition assemblies 
shall be identified for their use. Each assembly shall 
incorporate means for facilitating entry of the Type FCC 
cable into the assembly, for connecting the Type FCC 
cable to grounded conductors, and for electrically 
connecting the assembly to the metal cable shields and to 
equipment grounding conductors. 

324.60 Grounding. All metal shields, boxes, receptacle 
housings, and self-contained devices shall be electrically 
continuous to the equipment grounding conductor of the 
supplying branch circuit. All such electrical connections 
shall be made with connectors identified for this use. The 
electrical resistivity of such shield system shall not be 
more than that of one conductor of the Type FCC cable 
used in the installation. 

HI. Construction 

324.100 Construction. 

(A) Type FCC Cable. Type FCC cable shall be listed for 
use with the FCC system and shall consist of three, four, 
or five flat copper conductors, one of which shall be an 
equipment grounding conductor. 

(B) Shields. 

(1) Materials and Dimensions. AU top and bottom shields 
shall be of designs and materials identitied for their use. 
Top shields shall be metal. Both metallic and nonmetallic 
materials shall be permitted for bottom shields. 

(2) Resistivity. Metal shields shall have cross-sectional 
areas that provide for electrical resistivity of not more 
than that of one conductor of the Type FCC cable used in 
the installation. 

324.101 Corrosion Resistance. Metal components of the 
system shal1 be either corrosion resistant, coated with 
corrosion-resistant materials, or insulated from contact 
with corrosive substances. 

324.112 Insulation. The insulating material of the cable 
shall be moisture resistant and flame retardant. All 
insulating materials in the FCC systems shall be identified 
for their use. 

324.120 Markings. 

(A) Cable Marking. Type FCC cable shall be clearly and 
durably marked on both sides at intervals of not more than 
610 mm (24 in.) with the information required by 
310. and with the following additional 
information: 
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ARTICLE 326 - INTEGRATED GAS SPACER CABLE: TYPE IGS 326.112 

(1) Material of conductors 

(2) Maximum temperature rating 

(3) Ampacity 

(B) Conductor Identification. Conductors shall be 
clearly and durably identified on both sides throughout 
their length as specified in 310. 110. 

ARTICLE 326 

Integrated Gas Sp~c~r <;~~~~:!rP~I~.~ .. ",' 
I. General 

326.1 Scope. 

This article covers the use, installation, and construction 
specifications for integrated gas spacer cable, Type IGS. 

326.2 Definition. 

Integrated Gas Spacer Cable, Type IGS. A factory 
assembly of one or more conductors, each individually 
insulated and enclosed in a loose fit, nonmetallic flexible 
conduit as an integrated gas spacer cable rated 0 through 
600 volts. 

II. Installation 

326.10 Uses Permitted. 

Type lOS cable shall be permitted for use under ground, 
including direct burial in the earth, as the following: 

(I) Service-entrance conductors 

(2) Feeder or branch-circuit conductors 

(3) Service-lateral conductors 

326.12 Uses Not Permitted. Type IGS cable shall not be 
used as interior wiring or be exposed in contact with 
buildings. 

326.24 Bending Radius. Where the coilable nonmetallic 
conduit and cable is bent for installation purposes or is 
flexed or bent during shipment or installation, the radii of 
bends measured to the inside of the bend shall not be less 
than specified in Table 326.24. 

326.26 Bends. A run of Type IGS cable between pull 
boxes or terminations shall not contain more than the 
equivalent of four quarter bends (360 degrees total), 
including those bends located immediately at the pull box 
or terminations. 

326.40 Fittings. Terminations and splices for Type lOS 
cable shall be identified as a type that is suitable for 
maintaining the gas pressure within the conduit. A valve 
and cap shall be provided for each length of the cable and 

2013 California Electrical Code 

Table 326.24 Minimum Radii of Bends 

Conduit Size Minimum Radii 

Metric Designator Trade Size mm in. 

53 2 600 24 

78 3 900 35 

103 4 1150 45 

conduit to check the gas pressure or to inject gas into the 
conduit. 

326.80 Ampacity. The ampacity of Type IGS cable shall 
not exceed the values shown in Table 326.80. 

Table 326.80 Ampacity of Type IGS Cable 

Size (kcmil) Amperes Size (kcmil) Amperes 

250 119 2500 376 

500 168 3000 412 

750 206 3250 429 

1000 238 3500 445 

1250 266 3750 461 

1500 292 4000 476 

1750 315 4250 491 

2000 336 4500 505 

2250 357 4750 519 

III. Construction Specifications 

326.104 Conductors. The conductors shall be solid 
aluminum rods, laid parallel, consisting of one to nineteen 
12.7 mm (12 in.) diameter rods. The minimum conductor 
size shall be 250 kcmil, and the maximum size shall be 
4750 kcmil. 

326.112 Insulation. The insulation shall be dry kraft 
paper tapes and a pressurized sulfur hexafluoride gas 
(SF 6), both approved for electrical use. The nominal gas 

pressure shall be 138 kPa gauge (2QI~!irt?g3:lJg~). The 
thickness ofthe paper spacer shall be as specified in Table 
326.112. 

Table 326.112 Paper Spacer Thickness 

Thickness 

Size (kcmil) mm in. 

250-1000 1.02 0.040 

1250-4750 1.52 0.060 
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326.116 ARTICLE 330 - METAL-CLAD CABLE: TYPE MC 

326.116 Conduit. The conduit shall be a medium density 
polyethylene identified as suitable for use with natural gas 
rated pipe in metric designator 53, 78, or 103 (trade size 
2, 3, or 4). The percent fill dimensions for the conduit are 
shown in Table 326.116. 

The size of the conduit permitted for each conductor 
size shall be calculated for a percent fill not to exceed 
those found in Table 1, Chapter 9. 

Table 326.116 Conduit Dimensions 

Actual Outside Actual Inside 

Conduit Size Diameter Diameter 

Metric Trade 
Designator Size mm in. mm in. 

53 2 60 2.375 49.46 1.947 

78 3 89 3.500 73.30 2.886 

103 4 114 4.500 94.23 3.710 

326.120 Marking. The cable shall be marked in 
accordance with 310.120(A), 310.120(B)(1), and 
310.120(D). 

ARTICLE 328 
Medium Voltage Cable: Type MV 

I. General 

328.1 Scope. This article covers the use, installation, and 
construction specifications for medium voltage cable, 
Type MV. 

328.2 Definition. 

Medium Voltage Cable, Type MV. A single or 
multi conductor solid dielectric insulated cable rated 2001 
volts or higher. 

II. Installation 

328.10 Uses Permitted. Type MV cable shall . be 
permitted for use on power systems rated up to and 
t~.~lllqillg 35,000 volts, nominal, as follows: 

(1) In wet or dry locations. 

(2) In raceways. 

(3) In cable trays, where identified for the use, in 
accordance with 392.10, 392.20(B). (C), and (D), 
392.22(C). 392.30(8)( I), 392.46, 392.56. and 392.60. 
Type MV cable that has an overall metallic sheath or 
armor. complies with the requirements for Type Me 
cable, and is identified as "MV or Me" shall be, 
permitted to be installed in cable trays in accordance 
~it~}92.1 0(8)(2). 
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(4) Direct buried in accordance with 300.50. 

(5) In messenger-supported wiring in accordance with 
Part II of Article 396. 

(6) As exposed runs in accordance with 300.37. Type 
V cable that has an o,;crall metallic sheath or 

armor, complies with the requirements for Type Me 
cable. and is identified a "MV or MC'~ shall be 
p fmilted to be installed as exposed run of metal
clad cable in accordance with 300.37. 

Informational Note: The "Uses Permitted" is not an all
inclusive list. 

328.12 Uses Not Permitted. TypeMV cable shall not be 
used where exposed to direct sunlight, unless identified 
for the use. 

328.14 Installation. Type MV cable hall be installed, 
1 rminated, and tested by quali tied persons. 

Informational Note: JEEE 576-2000, Ri!('omnumded 
Prete/ice for III laUa/ioll. Ten,,/nalion, and Te ling 0/ 
In u/aled Power Cable as U ed in InduMriul and 
Commercial ApplicutiOn..fI, includes installation 
inJQfDlation and Ie ling criteria for MV cable. 

328.80 Ampacity. The ampacity of Type MV cable shall 
be determined in accordance with 310.60. The ampacity 
of Type MV cable installed in cable tray shall be 
determined in accordance with ,~9~:~Q(~J. 

III. Construction Specifications 

328.100 Construction. Type MV cables shall have 
copper, aluminum, or copper-clad aluminum conductors 
and shall comply with Table 31 OJ 04(C) and Table 
310. I04(D) or Table 31 0.f04(E). 

328.120 Marking. Medium voltage cable shall be marked 
as required by 31 0.lI20. 

I. General 

ARTICLE 330 
Metal-Clad Cable: Type Me 

330.1 Scope. This article covers the use, installation, and 
construction specifications of metal-clad cable, Type Me. 

330.2 Definition. 

Metal Clad Cable, Type MC. A factory assembly of one 
or more insulated circuit conductors with or without 
optical fiber members enclosed in an armor of 
interlocking metal tape, or a smooth or corrugated 
metallic sheath. 
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ARTICLE 330 - METAL -CLAD CABLE: TYPE MC 330.24 

H. Installation 

330.10 Uses Permitted. 

(A) General Uses. Type MC cable shall be permitted as 
follows: 

(1) For services, feeders, and branch circuits. 

(2) For power, lighting, control, and signal circuits. 

(3) Indoors or outdoors. 

( 4) Exposed or concealed. 

(5) To be direct buried where identified for such use. 

(6) In cable tray where identified for such use. 

(7) In any raceway. 

(8) As aerial cable on a messenger. 

(9) 

(10) In dry locations and embedded in plaster finish 
on brick or other masonry except in damp or wet 
locations. 

(11) In wet locations where any of the following 
conditions are met: 

a. The metallic covering is impervious to moisture. 

b. jacket is provided under 
the metal covering. 

c. The insulated conductors under the metallic 
covering are listed for use in wet locations, and a 
corrosion-resistant jacket is provided over the 
metallic sheath. 

(12) Where single-conductor cables are used, all phase 
conductors and, where used, the 
conductor shall be grouped together to minimize 
induced voltage on the sheath. 

(B) Specific Uses. Type Me cable shall be permitted to 
be installed in compliance with Parts II and III of Article 
725 and 770.133 as applicable and in accordance with 
330.10(B)(l) through (B)(4). 

(1) Cable Tray. Type Me cable installed in cable tray 
shall comply with 392.10, 392.12, 392.18, 392.20, 
392.22, 392.30, 392.46, 392.56, 392.60(C), and 392.80. 

(2) Direct Buried. Direct-buried cable shall comply with 
300.5 or 300.50, as appropriate. 

(3) Installed as Service-Entrance Cable. Type Me cable 
installed as service-entrance cable shall be permitted in 
accordance with 230.43. 

2013 Califomia Electrical Code 

(4) Installed Outside of Buildjngs or Structures or as 
Aerial Cable. Type MC cable installed outside of 
buildings or structures or as aerial cable shall comply with 
225.10,396.10, and 396.12. 

Informational Note: The "Uses Permitted" is not an all
inclusive list. 

330.12 Uses Not Permitted. Type MC cable shall not be 
used under either ofthe following conditions: 

(1) Where subject to physical damage 

(2) Where exposed to any of the destructive corrosive 
conditions in (a) or (b), unless the metallic sheath or 
armor is resistant to the conditions or is protected by 
material resistant to the conditions: 

a. Direct buried in the earth or embedded in 
concrete unless identified for direct burial 

b. Exposed to cinder fills, strong chlorides, caustic 
alkalis, or vapors of chlorine or of hydrochloric 
acids 

330.17 Through or Parallel to Framing Members. 
Type MC cable shall be protected in accordance with 
300.4(A), (e), and (D) where installed through or parallel 
to framing members. 

330.23 In Accessible Attics. The installation of Type Me 
cable in accessible attics or roof spaces shall also comply 
with 320.23. 

330.24 Bending Radius. Bends in Type MC cable shall 
be so made that the cable will not be damaged. The radius 
of the curve of the inner edge of any bend shall not be less 
than required in 330.24(A) through (e). 

(A) Smooth Sheath. 

(I) Ten times the external diameter of the metallic sheath 
for cable not more than 19 mm (% in.) in external 
diameter 

(2) Twelve times the external diameter of the metallic 
sheath for cable more than 19 mm (% in.) but not 
more than 38 mm (l1f2 in.) in external diameter 

(3) Fifteen times the external diameter of the metallic 
sheath for cable more than 38 mm (1 Yz in.) in 
external diameter 

(B) Interlocked-Type Armor or Corrugated Sheath. 
Seven times the external diameter of the metallic sheath. 

(C) Shielded Conductors. Twelve times the overall 
diameter of one of the individual conductors or seven 
times the overall diameter of the multiconductor cable, 
whichever is greater. 
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330.30 ARTICLE 332-MINERAL-INSULATED, METAL-SHEATHED CABLE: TYPE MI 

330.30 Securing and Supporting. 

(A) General. Type MC cable shall be supported and 
secured by staples, cable ties , straps, hangers, or similar 
fittings or other approved means designed and installed so 
as not to damage the cable. 

(B) Securing. Unless otherwise provided, cables shall be 
secured at intervals not exceeding 1.8 m (6 ft). Cables 
containing four or fewer conductors sized no larger than 
lOA W G shall be secured within 300 mm (12 in.) of every 
box, cabinet, fitting, or other cable termination. 

(C) Supporting. Unless otherwise provided, cables shall 
be supported at intervals not exceeding 1.8 m (6 ft) . 

Horizontal runs of Type MC cable installed in wooden or 
metal framing members or similar supporting means shall 
be considered supported and secured where such support 
does not exceed 1.8-m (6-ft) intervals. 

(D) Unsupported Cables. Type MC cable shall be 
permitted to be unsupported where the cable: 

(1) Is fished between access points through concealed 
spaces in finished buildings or structures and 
supporting is impractical; or 

(2) Is not more than 1.8 m (6 ft) in length from the last 
point of cable support to the point of connection to 
luminaires or other electrical equipment and the cable 
and point of connection are within an accessible 
ceiling. For the purpose of this section, Type MC 
cable fittings shall be permitted as a means of cable 
support. 

330.31 Single Conductors. Where single-conductor 
cables with a nonferrous armor or sheath are used, the 
installation shall comply with 300.20. 

330.40 Boxes and Fittings. Fittings used for connecting 
Type MC cable to boxes, cabinets, or other equipment 
shall be listed and identified for such use. 

330.80 Ampacity. The ampacity of Type MC cable shall 
be determined in accordance with 310.1S or 310.60 for 14 
A WG and larger conductors and in accordance with Table 
402.S for 18 AWG and 16 AWG conductors. The 
installation shall not exceed the temperature ratings of 
terminations and equipment. 

(A) Type MC Cable Installed in Cable Tray. The 
ampacities for Type MC cable installed in cable tray shall 
be determined in accordance with 392.80. 

(B) Single Type MC Conductors Grouped Together. 
Where single Type MC conductors are grouped together 
in a triangular or square configuration and installed on a 
messenger or exposed with a maintained free airspace of 
not less than 2.1S times one conductor diameter (2.1S x 

O.D.) of the largest conductor contained within the 
configuration and adjacent conductor configurations or 
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cables, the ampacity of the conductors shall not exceed 
the allowable ampacities in the following tables: 

(1) Table 310.1S(B)(20) for conductors rated 0 through 
2000 volts 

(2) Table 310.60(C}(67l and Table 310.60(C)(68) for 
conductors rated over 2000 volts 

III. Construction Specifications 

330.104 Conductors. Conductors shall be of copper, 
aluminum, copper-clad aluminum, nickel or nickel-coated 
copper, solid or stranded. The minimum conductor size 
shall be 18 AWG copper, nickel or nickel-coated copper, 
Qt 12 AWG aluminum or copper-clad aluminum. 

330.108 Equipment Grounding Conductor. Where 
Type MC cable is used to provide an equipment 
grounding conductor, it shall comply with 2S0.118(10) 
and 2S0.122. 

330.112 Insulation. Insulated conductors shall comply 
with 330.112(A) or (B). 

(A) 600 Volts. Insulated conductors in sizes 18 AWG and 
16 AWG shall be of a type listed in Table 402.3, with a 
maximum operating temperature not less than 90°C 
(l94°F) and as permitted by 72S.49. Conductors larger 
than 16 AWG shall be of a type listed in Table 
310. I04(A) or of a type identified for use in Type MC 
cable. 

(B) Over 600 Volts. Insulated conductors shall be of a 
type li sted m Table 310.il04(C) through Table 
310.104(E). 

330.116 Sheath. Metallic covering shall be one of the 
following types: smooth metallic sheath, corrugated 
metallic sheath, interlocking metal tape armor. The metallic 
sheath shall be continuous and close fitting. A nonmagnetic 
sheath or armor shall be used on single conductor Type 
MC. Supplemental protection of an outer covering of 
corrosion-resistant material shall be permitted and shall be 
required where such protection is needed. The sheath shall 
not be used as a current-carrying conductor. 

Informational Note: See 300.6 for protection against 
corrosion. 

ARTICLE 332 

Mineral-Insulated, Metal-Sheathed 

Cable: Type MI 

I. General 

332.1 Scope. 

This article covers the use, instal1ation, and construction 
specifications for mineral-insulated, metal-sheathed cable, 
TypeML 
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ARTICLE 332 - MINERAL-INSULATED, METAL-SHEATHED CABLE: TYPE MI 332.80 

332.2 Definition. 

Mineral-Insulated, Metal-Sheathed Cable, Type MI. A 
factory assembly of one or more conductors insulated 
with a highly compressed refractory mineral insulation 
and enclosed in a liquidtight and gastight continuous 
copper or alloy steel sheath. 

II. Installation 

332.10 Uses Permitted. Type MI cable shall be 
permitted as follows: 

(1) For services, feeders, and branch circuits 

(2) For power, lighting, control, and signal circuits 

(3) In dry, wet, or continuously moist locations 

( 4) Indoors or outdoors 

(5) Where exposed or concealed 

(6) Where embedded in plaster, concrete, :fi11, or other 
masonry, whether above or below grade 

(7) ~ll hazardolls (c1assi tied) local ions \vhcrcsp 'clfi'caiIy: 
pemlitted by olher articles in litis Code 

(8) Where exposed to oil and gasoline 

(9) Where exposed to corrosive conditions not 
deteriorating to its sheath 

(lO) In underground runs where suitably protected 
against physical damage and corrosive conditions 

(11) In or attached to cable tray 

Informational Note: The "Uses Permitted" is not 
an all-inclusive list. 

332.12 Uses Not Permitted. Type MI cable shall not be 
used under the foHowing conditions or in the following 
locations: 

(1) In underground runs unless protected from physical 
damage, where necessary 

(2) Where exposed to conditions that are destructive and 
corrosive to the metallic sheath, unless additional 
protection is provided 

332.17 Through or Parallel to Framing Members. 
Type MI cable shall be protected in accordance with 
300.4 where installed through or parallel to framing 
members. 

332.24 Bending Radius. Bends in Type MI cable shall be 
so made that the cable will not be damaged. The radius of 
the inner edge of any bend shall not be less than required 
as follows: 

(1) Five times the external diameter of the metallic 
sheath for cable not more than 19 mm (% in.) in 
external diameter 

(2) Ten times the external diameter of the metallic sheath 
for cable greater than 19 mm (% in.) but not more 
than 25 mm (l in.) in external diameter 
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332.30 Securing and Supporting. Type MI cable shall 
be supported and secured by staples, straps, hangers, or 
similar fittings, designed and installed so as not to damage 
the cable, at intervals not exceeding 1.8 m (6 ft). 

(A) Horizontal Runs Through Holes and Notches. In 
other than vertical runs, cables installed in accordance 
with 300.4 shall be considered supported and secured 
where such support does not exceed 1.8 m (6 ft) intervals. 

(B) Unsupported Cable. Type MI cable shall be 
permitted to be unsupported where the cable is fished 
between access points through concealed spaces in 
finished buildings or structures and supporting is 
impracticab Ie. 

(C) Cable Trays. AU MI cable installed in cable trays 
shall comply with 392.30(A). 

332.31 Single Conductors. Where single-conductor 
cables are used, all phase conductors and, where used, the 
neutral conductor shall be grouped together to minimize 
induced voltage on the sheath. 

332.40 Boxes and Fittings. 

(A) Fittings. Fittings used for connecting Type MI cable 
to boxes, cabinets, or other equipment shall be identified 
for such use. 

(B) Terminal Seals. Where Type MI cable terminates, an 
end seal fitting shall be installed immediately after 
stripping to prevent the entrance of moisture into the 
insulation. The conductors extending beyond the sheath 
shall be individually provided with an insulating material. 

332.80 Ampacity. The ampacity of Type MI cable shall 
be determined in accordance with 310.15. The conductor 
temperature at the end seal fitting shall not exceed the 
temperature rating of the listed end seal fitting, and the 
installation shall not exceed the temperature ratings of 
terminations or equipment. 

(A) Type MI Cable Installed in Cable Tray. The 
ampacities for Type MI cable installed in cable tray shall 
be determined in accordance with 392.80(A). 

(B) Single Type MI Conductors Grouped Together. 
Where single TypeMI conductors are grouped together in 
a triangular or square configuration, as required by 
332.31, and installed on a messenger or exposed with a 
maintained free air space of not less than 2.15 times one 
conductor diameter (2.15 x O.D.) of the largest conductor 
contained within the configuration and adjacent conductor 
configurations or cables, the ampacity of the conductors 
shall not exceed the allowable ampacities of Table 

31 O. I, ?J~KI]l: 
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III. Construction Specifications 

332.104 Conductors. Type MI cable conductors shall be of 
solid copper, nickel, or nickel-coated copper with a 
resistance corresponding to standard AWG and kcmil sizes. 

332.108 Equipment Grounding Conductor. Where the 
outer sheath is made of copper, it shall provide an adequate 
path to serve as an equipment grounding conductor. Where 
the outer sheath is made of steel, a separate equipment 
grounding conductor shall be provided. 

332.112 Insulation. The conductor insulation in TypeMI 
cable shall be a highly compressed refractory mineral that 
provides proper spacing for all conductors. 

332.116 Sheath. The outer sheath shall be of a continuous 
construction to provide mechanical protection and 
mo isture seal. 

ARTICLE 334 
Nonmetallic-Sheathed Cable: Types NM, 

NMC, and NMS 
I. General 

334.1 Scope. This article covers the use, installation, and 
construction specifications of nonmetallic-sheathed cable. 

334.2 Definitions. 

Nonmetallic-Sheathed Cable. A factory assembly of two 
or more insulated conductors enclosed within an overall 
nonmetallic jacket. 

Type NM. Insulated conductors enclosed within an 
overall nonmetallic jacket. 

Type NM C. Insulated conductors enclosed within an 
overall, corrosion resistant, nonmetallic jacket. 

Type NMS. Insulated power or control conductors with 
signaling, data, and communications conductors within an 
overall nonmetallic jacket. 

334.6 Listed. Type NM, Type NMC, and Type NMS 
cables shall be listed. 

II. Installation 

334.10 Uses Permitted. Type NM, Type NMC, and Type 
NMS cables shall be permitted to be llsed in the 
following: 

(1) ()ne- and two-family dwellings and their attached ot: 
detached garages. and their s1or~ge buildings. . 

(2) Multifamily dwellings permitted to be of Types III, IV, 
and V construction except as prohibited in 334.12. 

(3) Other structures permitted to be of Types III, IV, and 
V construction except as prohibited in 334.12. Cables 
shall be concealed within walls, floors, or ceilings 
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that provide a thermal barrier of material that has at 
least a lS-minute finish rating as identified in listings 
of fire-rated assemblies. 
Infonnational Note No.1: Types of building construction 
and occupancy classifications are defined in NFP A 220-
2009, Standard on Types of Building Construction, or the 
applicable building code, or both. 

Infonnationa1 Note No.2: See Infonnative Annex E for 
detennination of building types [NFPA 220, Table 3-1]. 

(4) Cable trays in structures permitted to be Types Ill, 
IV, or V where the cables are identified for the use. 

Informational Note: See 310.lS(A)(3) for 
temperature limitation of conductors. 

(S) Type I and II construc{ionwtl'c're--Installcdwlihil'l 
raceways permitted to be installed in Types I and 11 
construct ion. 

Note: rHCD 1 and HCD 2J Types I, 11, Ill, IV, and V C 
construction as referenced in Section 334,10 shall be as defined A 
in Title 24, Part 2, California Building Code. C 

(A) Type NM. Type NM cable shall be permitted as 
follows: 

(1) For both exposed and concealed work in normally 
dry locations except as prohibited in 334.10(3) 

(2) To be installed or fished in air voids in masonry 
block or tile walls 

(B) Type NMC. Type NMC cable shaH be permitted as 
follows: 

(1) For both exposed and concealed work in dry, moist, 
damp, or corrosive locations, except as prohibited by 
334.10(3) 

(2) In outside and inside walls of masonry block or tile 

(3) In a shallow chase in masonry, concrete, or adobe 
protected against nails or screws by a steel plate at 
least 1.S9 mm e /16 in.) thick and covered with 
plaster, adobe, or similar finish 

(C) Type NMS. Type NMS cable shall be permitted as 
follows: 

(I) For both exposed and concealed work in normally 
dry locations except as prohibited by 334.10(3) 

(2) To be installed or fished in air voids in masonry 
block or tile walls 

334.12 Uses Not Permitted. 

(A) Types NM, NMC, and NMS. Types NM, NMC, and 
NMS cables shall not be permitted as follows: 

(1) In any dwelling or structure not specifically permitted 
in 334.10(1), (2), and (3) 

(2) Exposed in dropped or suspended ceilings in other 
than one- and two-family and multifamily dwellings 
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(3) As service-entrance cable 

(4) In commercial garages hav.ing hazardous (classified) 
locations as defined in 511.3 

(5) In theaters and similar locations, except where 
permitted in 518.4(8) 

(6) In motion picture studios 

(7) In storage battery rooms 

(8) In hoistways or on elevators or escalators 

(9) Embedded in poured cement, concrete, or aggregate 

(10) In hazardous (classified) locations, except where 
specifi:cally permitted by 

(B) Types NM and NMS. Types NM and NMS cables 
shall not be used under the following conditions or in the 
following locations: 

(1) Where exposed to corrosive fumes or vapors 

(2) Where embedded in masonry, concrete, adobe, fill, or 
plaster 

(3) In a shallow chase in masonry, concrete, or adobe 
and covered with plaster, adobe, or similar finish 

(4) In wet or damp locations 

334.15 Exposed Work. In exposed work, except as 
provided in 300.l1(A), cable shall be installed as 
specified in 334.15(A) through (C). 

(A) To Follow Surface. Cable shall closely follow the 
surface of the building finish or ofnmning boards. 

(B) Protection from Physical Damage. Cable shall be 
protected from physical damage where necessary by rigid 
metal conduit, intermediate metal conduit, electrical 
metallic tubing, Schedule 80 PVC conduit, 

or other approved means. 
a floor, the cable shall be enclosed 

in rigid metal conduit, intermediate meta1 conduit, 
electrical metallic tubing, Schedule 80 PVC conduit, 

or other approved 
means extending at least 150 mm (6 in.) above the floor. 

Type NMC cable installed in shallow chases or 
grooves in masonry, concrete, or adobe shall be protected 
in accordance with the requirements in 300A(F) and 
covered with plaster, adobe, or similar finish. 

(C) In Unfinished Basements. and Crawl Spaces. 
Where cable is run at angles with joists in unfinished 
basements and crawl spaces, it shall be permissible to 
secure cables not smaller than two 6 AWG or three 8 
A WG conductors directly to the lower edges of the joists. 
Smaller cables shall be run either through bored holes in 
joists or on running boards. cable 
installed on the wall of an shall be 
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permitted to be installed in a listed conduit or tubing or 
shall be protected in accordance with 300.4. Conduit or 
tubing shall be provided with a suitable insulating bushing 
or adapter at the point the cable enters the raceway. The 

shaH extend 
through the conduit or tubing and into the outlet or device 
box not less than 6 mm (1,4 in.). The cable shall be secured 
within 300 mm (12 in.) of the pojnt where the cable enters 
the conduit or tubing. Metal conduit, tubing, and metal 
outlet boxes shall be connected to an 

334.17 Through or Parallel to Framing Members. 
Types NM, NMC, or NMS cable shall be protected in 
accordance with 300.4 where installed through or parallel 
to framing members. Grommets used as required in 
300.4(8)(1) shall remain in place and be listed for the 
purpose of cable protection. 

334.23 In Accessible Attics. The installation of cable in 
accessible attics or roof spaces shall also comply with 
320.23. 

334.24 Bending Radius. Bends in Types NM, NMC, and 
NMS cable shall be so made that the cable will not be 
damaged. The radius of the curve of the inner edge of any 
bend during or after installation shall not be less than five 
times the diameter of the cable. 

334.30 Securing and Supporting. Nonmetallic-sheathed 
cable shall be supported and secured by staples, cable ties, 
straps, hangers, or similar fittings designed and installed 
so as not to damage the cable, at intervals not exceeding 
1.4 m (41;2 ft) and within 300 mm (12 in.) of every outlet 
box, junction box, cabinet, or fitting. Flat cables shall not 
be stapled on 

Sections of cable protected from physical damage by 
raceway shall not be required to be secured within the 
raceway. 

(A) Horizontal Runs Through Holes and Notches. In 
other than vertical runs, cables installed in accordance 
with 300.4 shall be considered to be supported and 
secured where such support does not exceed lA-m (41;2-
ft) intervals and the nonmetallic-sheathed cable is 
securely fastened in place by an approved means within 
300 mm (12 in.) of each box, cabinet, conduit body, or 
other nonmetallic-sheathed cable termination. 

Informational Note: See 314.17(C) for support where 
nonmetallic boxes are used. 

(B) Unsupported Cables. Nonmetallic-sheathed cable 
shall be permitted to be unsupported where the cable: 

(1) Is fished between access points through concealed 
spaces in finished buildings or structures and 
supporting is impracticable. 
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(2) Is not more than 1.4 m (4Yz ft) from the last point of 
cable support to the point of connection to a 
luminaire or other piece of electrical equipment and 
the cable and point of connection are within an 
accessible ceiling. 

(C) Wiring Device Without a Separate Outlet Box. A 
wiring device identified for the use, without a separate 
outlet box, and incorporating an integral cable clamp shall 
be permitted where the cable is secured in place at 
intervals not exceeding 1.4 m (4Yz ft) and within 300 mm 
(12 in.) from the wiring device wall opening, and there 
shall be at least a 300 mm (12 in.) loop of unbroken cable 
or ISO mm (6 in.) ofa cable end available on the interior 
side of the finished wall to permit replacement. 

334.40 Boxes and Fittings. 

(A) Boxes of Insulating Material. Nonmetallic outlet 
boxes shall be permitted as provided by 314.3. 

(B) Devices of Insulating Material. Switch, outlet, and 
tap devices of insulating material shall be permitted to be 
used without boxes in exposed cable wiring and for 
rewiring in existing buildings where the cable is 
concealed and fished. Openings in such devices shall 
form a close fit around the outer covering of the cable, 
and the device shall fully enclose the part of the cable 
from which any part of the covering has been removed. 
Where connections to conductors are by binding-screw 
terminals, there shall be available as many terminals as 
conductors. 

(C) Devices with Integral Enclosures. Wiring devices 
with integral enclosures identified for such use shall be 
permitted as provided by 300.1S(E). 

334.80 Ampacity. The ampacity of Types NM, NMC, 
and NMS cable shall be determined in accordance with 
310.1S. The allowable ampacity shall not exceed that ora 
60°C (140°F) rated conductor. The 90°C ( 194°F) rating 
shall be permitted to be used for ampacity adjustment and 
correction calculations, provided the final derated 
ampacity does not exceed that of a 60°C (140°F) rated 
conductor. The ampacity of Types NM, NMC, and NMS 
cable installed in cable tray shall be determined in 
accordance with 392.SotAj. 

Where more than two NM cables containing two or 
more current-carrying conductors are installed, without 
maintaining spacing between the cables, through the same 
opening in wood framing that is to be seal~d with thermal 
insulation, caulk, or sealing foam, the allowable ampacity 
of each conductor shall be adjusted in accordance with 
Table 310.1S(B)(~)(a) and the provisions of310.1S(A)(2), 
Exception, shall not apply. 

Where more than two NM cables containing two or 
more current-carrying conductors are installed in contact 
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with thermal insulation without maintammg spacing 
between cables, the allowable ampacity of each conductor 
shall be adjusted in accordance with Table 
310.1S(B)(3)(a). 

III. Construction Specifications 

334.100 Construction. The outer cable sheath of 
nonmetallic-sheathed cable shall be a nonmetallic 
material. 

334.104 Conductors. The 600-volt insulated conductors 
shall be sizes 14 AWG through 2 AWG copper 
conductors or sizes 12 AWG through 2 AWG aluminum 
or copper-clad aluminum conductors. The 
communications conductors shall comply with Part V of 
Article 800. 

334.108 Equipment Grounding Conductor. In addition 
to the insulated conductors, the cable shall have an 
insulated, covered, or bare equipment grounding 
conductor. 

334.112 Insulation. The insulated power conductors shall 
be one of the types listed in Table 31001 ()4(A) that are 
suitable for branch-circuit wiring or one that is identified 
for use in these cables. Conductor insulation shall be rated 
at 90°C ( 194°F). 

Infonnational Note: Types NM, NMC, and NMS cable 
identified by the markings NM-B, NMC-B, and NMS-B 
meet this req uirement. 

334.116 Sheath. The outer sheath of nonmetallic-sheathed 
cable shall comply with 334.116(A), (B), and (C). 

(A) Type NM. The overall covering shall be flame 
retardant and moisture resistant. 

(B) Type NMC. The overall covering shall be flame 
retardant, moisture resistant, fungus resistant, and 
corrosion resistant. 

(C) Type NMS. The overall covering shall be flame 
retardant and moisture resistant. The sheath shall be 
applied so as to separate the power conductors from the 
communications conductors. 

ARTICLE 336 

Jlo\VerSln<l<::()ntr()ITray<:alJle:Typ~T<: 

I. General 

336.1 Scope. 

This article covers the use, installation, and construction 
specifications for power and control tray cable, Type Te. 
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336.2 Definition. 

Power and Control Tray Cable, Type TC. A factory 
assembly of two or more insulated conductors, with or 
without associated bare or covered grounding conductors, 
under a nonmetallic jacket. 

n. Installation 

336.10 Uses Permitted. Type TC cable shan be 
permitted to be used as follows: 

(1) For power, lighting, control, and signal circuits. 

(2) In cable trays. 

(3) In raceways. 

(4) In outdoor locations supported by a messenger wire. 

(5) For Class I circuits as permitted in Parts II and III of 
Article 725. 

(6) For non-power-limited tire alarm circuits if 
conductors comply with the requirements of760.49. 

(7) In industrial establishments where the conditions of 
maintenance and supervision ensure that only 
qualified persons service the installation, and where 
the cable is continuously supported and protected 
against physical damage using mechanical protection, 
such as struts, angles, or channels, Type TC tray 
cable that complies with the crush and impact 
requirements of Type MC cable and is identified for 
such use with the marking Type TC-ER shall be 
permitted between a cable tray and the utilization 
equipment or device. The cable shall be secured at 
intervals not exceeding ].8 m (6 ft). Equipment 
grounding for the utilization equipment shall be 
provided by an equipment grounding conductor 
within the cable. In cables containing conductors 
sized 6 A WG or smaller, the equipment grounding 
conductor shall be provided within the cable or, at the 
time of installation, one or more insulated conductors 
shall be permanently identified as an equipment 
grounding conductor in accordance with 250.119(8). 

Exception: Where not subject to physical damage, Type 
TC-ER shall be permitted to transition between cable 
trays and between cable trays and utilization equipment 
or de vices for a distance not to exceed 1.8 m (6ft) without 
continuous support. The cable shall be mechanically 
supported where exiting the cable tray to ensure that the 
minimum bending radius is not exceeded. 

(8) Where installed in wet locations, Type TC cable shall 
also be resistant to moisture and corrosive agents. 

Informational Note: See 31O.l5(A)(3) for temperature 
limitation of conductors. 

336.12 Uses Not Permitted. Type TC tray cable shall not 
be installed or used as follows: 
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(1) Installed where it will be exposed to physical damage 

(2) Installed outside a raceway or cable tray system, 
except as permitted 336.10(7) 

(3) Used where exposed to direct rays of the sun, unless 
identified as sunlight resistant 

(4) Direct buried, unless identified for such use 

336.24 Bending Radius. Bends in Type TC cable shall be 
made so as not to damage the cable. For Type TC cable 
without metal shielding, the minimum bending radius 
shall be as follows: 

(1) Four times the overall diameter for cables 25 mm (1 
in.) or less in diameter 

(2) Five times the overall diameter for cables larger than 
25 mm (1 in.) but not more than 50 mm (2 in.) in 
diameter 

(3) Six times the overall diameter for cables larger than 
50 mm (2 in.) in diameter 

Type Te cables with metallic shielding shall have a 
minimum bending radius of not less than 12 times the 
cable overall diameter. 

336.80 Ampacity. The ampacity of 
shall be determined in accordance with 
AWG and larger conductors, in accordance with 402.5 for 
18 AWG through 16 AWG conductors where installed in 
cable tray, and in accordance with 310.15 where installed 
in a raceway or as messenger-supported wiring. 

III. Construction Specifications 

336.100 Construction. A metallic sheath or armor as 
defined in 330.116 shall not be permitted either under or 
over the nonmetallic jacket. Metal1ic shield(s) shall be 
permitted over groups of conductors, under the outer 
jacket, or both. 

336.104 Conductors. The insulated conductors of Type 
TC cables shall be in sizes 18 A WG to 1000 kcmil 
copper, nickel, or nickel-coated copper, and sizes 12 
A WG through 1000 kcmil aluminum or copper-clad 
aluminum. Insulated conductors of sizes 14 A WG, and 
larger copper, nickel, or nickel-coated copper, and sizes 
12 AWG through 1000 kcmil aluminum or copper-clad 
aluminum shall be one of the types listed in Table 
310. or Table 3 that is suitable for 
branch circuit and feeder circuits or one that is identified 
for such use. 

(A) Fire Alarm Systems. Where used for fire alarm 
systems, conductors shall also be in accordance with 
760.49. 

(B) Thermocouple Circuits. Conductors in Type TC 
cable used for thermocouple circuits in accordance with 
Part III of Article 725 shall also be permitted to be any of 
the materials used for thermocouple extension wire. 
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(C) Class 1 Circuit Conductors. Insulated conductors of 
18 AWG and 16 A WG copper shall also be in accordance 
with 725.49. 

336.116 Jacket. The outer jacket shall be a flame
retardant, nonmetallic materia1. 

336.120 Marking. There shall be no voltage marking on 
a Type TC cable employing thermocouple extension wire. 

ARTICLE 338 

Service-Entrance Cable: Types SE and USE 

I. General 

338.1 Scope. This article covers the use, installation, and 
construction specifications of service-entrance cable. 

338.2 Definitions. 

Service-Entrance Cable. A single conductor or 
multi conductor assembly provided with or without an 
overall covering, primarily used for services, and of the 
following types: 

Type SE. Service-entrance cable having a flame-retardant, 
moisture-resistant covering. 

Type USE. Service-entrance cable, identified for 
underground use, having a moisture-resistant covering, 
but not required to have a flame-retardant covering. 

II. Installation 

338.10 Uses Permitted. 

(A) Service-Entrance Conductors. Service-entrance 
cable shall be permitted to be used as service-entrance 
conductors and shall be installed in accordance with 
230.6,230.7, and Parts II, III, and IV of Article 230. 

(B) Branch Circuits or Feeders. 

(1) Grounded Conductor Insulated. Type SE service
entrance cables shall be permitted in wiring systems 
where all of the circuit conductors of the cable are of the 
thermoset or thermoplastic type. 

(2) Use of Uninsulated Conductor; Type SE service
entrance cable shall be permitted for use where the 
insulated conductors are used for circuit wiring and the 
uninsulated conductor is used only for equipment 
grounding purposes. 
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Exception: In existing installations, uninsulated 
conductors shall be permitted as a grounded conductor in 
accordance with 250.32 and 250.140, where the 
uninsulated grounded conductor of the cable originates in 
service equipment, and with 225.30 through 225.40. 

(3) Temperature Limitations. Type SE service-entrance 
cable used to supply appliances shall not be subject to 
conductor temperatures in excess of the temperature 
specified for the type of insulation involved. 

(4) Installation Methods for Branch Circuits and 
Feeders. 

(a) Interior Installations. In addition to the 
provisions of this article, Type SE service-entrance cable 
used for interior wiring shall comply with the installation 
requirements of Part II of Article 334, excluding 334.80. 

Where installed in thermal insulation. the ampacity 
shall be in accordanc with the 60°C (140°F) conductor 
lemperatllre rating. The maximum conductor temperature 
rating shall be permitted to be used for ampacity 
adjustment and correction purposes. if the final derated 
ampacity do s not exceed that for a 60°C (140°F) rated 
conductor. 

Informational Note No. 1: See 310.15(A)(3) for 
temperature limitation of conductors. 

Informational Note No.2: I'or the installation of mai 
power fe der conductors in dwelling unils r fer to 
310.15(8)(7). 

(b) Exterior Installations. In addition to the 
provisions of this article, service-entrance cable used for 
feeders or branch circuits, where installed as exterior 
wiring, shall be installed in accordance with Part I of 
Article 225. The cable shall be supported in accordance 
with 334.30. Type USE cable installed as underground 
feeder and branch circuit cable shall comply with Part II 
of Article 340. 

338.12 Uses Not Permitted. 

(A) Service-Entrance Cable. Service-entrance cable 
(SE) shall not be used under the following conditions or 
in the following locations: 

(1) Where subject to physical damage unless protected in 
accordance with 230.50(B) 

(2) Underground with or without a raceway 

(3) For exterior branch circuits and feeder wiring unless 
the installation complies with the provisions of Part I 
of Article 225 and is supported in accordance with 
334.30 or is used as messenger-supported wiring as 
permitted in Part II of Article 396 

(B) Underground Service-Entrance Cable. Underground 
service-entrance cable (USE) shall not be used under the 
following conditions or in the following locations: 

(1) For interior wiring 
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(2) For aboveground installations except where USE 
cable emerges from the ground and is terminated in 

. an enclosure at an outdoor location and the cable is 
protected in accordance with 300.5(D) 

(3) As aerial cable unless it is a multi conductor cable 
identified for use aboveground and installed as 
messenger-supported wiring in accordance with 
225.10 and Part II of Article 396 

338.24 Bending Radius. Bends in Types USE and SE 
cable shall be so made that the cable wi1l not be damaged. 
The radius of the curve of the inner edge of any bend, 
during or after instal1ation, shall not be less than five 
times the diameter of the cable. 

III. Construction 

338.100 Construction. Cabled, single-conductor, Type 
USE constructions recognized for underground use shall 
be permitted to have a bare copper conductor cabled with 
the assembly. Type USE single, parallel, or cabled 
conductor assemblies recognized for underground use 
shall be permitted to have a bare copper concentric 
conductor applied. These constructions shall not require 
an outer overall covering. 

Informational Note: See 230.41, Exception, item (2), for 
directly buried, uninsulated service-entrance conductors. 

Type SE or USE cable containing two or more 
conductors shaH be permitted to have one conductor 
uninsulated. 

338.120 Marking. Service-entrance cable shall be 
marked as required in 310. 120. Cable with the neutral 
conductor smaller than the ungrounded conductors shall 
be so marked. 

ARTICLE 340 
Underground Feeder and Branch-Circuit 

Cable: Type UF 

I. General 

340.1 Scope. This article covers the use, installation, and 
construction specifications for underground feeder and 
branch-circuit cable, Type UF. 

340.2 Definition. 

Underground Feeder and Branch-Circuit Cable, Type 
UFo A factory assembly of one or more insulated 
conductors with an integral or an overall covering of 
nonmetallic material suitable for direct burial in the earth. 

340.6 Listing Requirements. Type UF cable shall be 
listed. 
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II. Installation 

340.10 Uses Permitted. Type UF cable shall be permitted 
as follows: 

(1) For use underground, including direct burial in the 
earth. For underground requirements, see 300.5. 

(2) As single-conductor cables. Where installed as single
conductor cables, all conductors of the feeder 
grounded conductor or branch circuit, including the 
grounded conductor and equipment grounding 
conductor, if any, shall be installed in accordance with 
300.3. 

(3) For wiring in wet, dry, or corrosive locations under the 
recognized wiring methods of this Code. 

(4) Installed as nonmetallic-sheathed cable. Where so 
installed, the installation and conductor requirements 
shall comply with Parts 11 and III of Atticle 334 and 
shall be of the rnulticonductor type. 

(5) For solar photovoltaic systems in accordance with 
690.31. 

(6) As single-conductor cables as the nonheating leads for 
heating cables as provided in 424.43. 

(7) Supported by cable trays. Type UF cable supported by 
cable trays shall be of the multiconductor type. 

Informational Note: See 310.15(A)(3) for temperature 
limitation of conductors. 

340.12 Uses Not Permitted. Type UF cable shall not be 
used as follows: 

(1) As service-entrance cable 

(2) In commercial garages 

(3) In theaters and similar locations 

(4) In motion picture studios 

(5) In storage battery rooms 

(6) In hoistways or on elevators or escalators 

(7) In hazardou (classified) locatio~, except as 
'pecifically permitted ~y other articles in this Code 

(8) Embedded in poW'ed cement, concrete, or aggregate, 
except where embedded in plaster as nonheating leads 
where permitted in 424.43 

(9) Where exposed to direct rays of the sun, unless 
identified as sunlight resistant 

(10) Where subject to physical damage 

(11) As overhead cable, except where installed as 
messenger-supported wiring in accordance with Part II 
of Article 396 

340.24 Bending Radius. Bends in Type UF cable shall be 
so made that the cable is not damaged. The radius of the 
curve of the inner edge of any bend shall not be less than 
five times the diameter of the cable. 

340.80 Ampacity. The ampacity of Type UF cable shall be 
that of 60°C (140°F) conductors in accordance with 310.15. 
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III. Construction Specifications 

340.104 Conductors. The conductors shall be sizes 14 
AWO copper or 12 AWO aluminum or copper-clad 
aluminum through 4/0 A WO. 

340.108 Equipment Grounding Conductor. In addition 
to the insulated conductors, the cable shall be permitted to 
have an insulated or bare equipment grounding conductor. 

340.112 Insulation. The conductors of Type UF shall be 
one of the moisture-resistant types listed in Table 
310.} 04(A) that is suitable for branch-circuit wiring or 
one that is identified for such use. Where installed as a 
substitute wiring method for NM cable, the conductor 
insulation shall be rated 90°C (194°F). 

340.116 Sheath. The overall covering shall be flame 
retardant; moisture, fungus, and corrosion resistant; and 
suitable for direct burial in the earth. 

ARTICLE 342 

Interlnediate Metal Conduit:,!,~p~, !~,~ " 

I. General 

342.1 Scope. This article covers the use, installation, and 
construction specifications for intermediate metal conduit 
(IMC) and associated fittings. 

342.2 Definition. 

Intermediate Metal Conduit (IMC). A steel threadable 
raceway of circular cross section designed for the physical 
protection and routing of conductors and cables and for 
use as an equipment grounding conductor when installed 
with its integral or associated coupling and appropriate 
fittings. 

342.6 Listing Requirements. IMC, factory elbows and 
couplings, and associated fittings shall be listed. 

II. Installation 

342.10 Uses Permitted. 

(A) All Atmospheric Conditions and Occupancies. Use 
of IMC shall be permitted under all atmospheric 
conditions and occupancies. 

(B) Corrosion Environments. IMC, elbows, couplings, 
and fittings shall be permitted to be installed in concrete, 
in direct contact with the earth, or in areas subject to 
severe corrosive influences where protected by corrosion 
protection and judged suitable for the condition. 

(C) Cinder Fill. IMC shall be permitted to be installed in 
or under cinder fill where subject to permanent moisture 
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where protected on all sides by a layer of noncinder 
concrete not less than 50 mm (2 in.) thick; where the 
conduit is not less than 450 mm (18 in.) under the fill; or 
where protected by corrosion protection and judged 
suitable for the condition. 

(D) Wet Locations. All supports, bolts, straps, screws, 
and so forth, shall be of corrosion-resistant materials or 
protected against corrosion by corrosion-resistant 
materials. 

Informational Note: See 300.6 for protection against 
corrosion. 

342.14 Dissimilar Metals. Where practicable, dissimilar 
metals in contact anywhere in the system shall be avoided 
to eliminate the possibility of galvanic action. 

Aluminum fittings and enclosures shall be permitted 
to be used with IMC. 

342.20 Size. 

(A) Minimum. IMC smaller than metric designator 16 
(trade size Yz) shall not be used. 

(B) Maximum. IMC larger than metric designator 103 
(trade size 4) shall not be used. 

Informational Note: See 300.l (C) for the metric 
designators and trade sizes. These are for identification 
purposes only and do not relate to actual dimensions. 

342.22 Number of Conductors. The number of 
conductors shall not exceed that permitted by the 
percentage fill specified in Table 1, Chapter 9. 

Cables shall be permitted to be installed where such 
use is not prohibited by the respective cable articles. The 
number of cables shall not exceed the allowable 
percentage fiU specified in Table 1, Chapter 9. 

342.24 Bends - How Made. Bends of IMC shall be so 
made that the conduit will not be damaged and the 
internal diameter of the conduit will not be effectively 
reduced. The radius of the curve of any field bend to the 
centerline of the conduit shall not be less than indicated in 
Table 2, Chapter 9. 

342.26 Bends - Number in One Run. There shall not 
be more than the equivalent of four quarter bends (360 
degrees total) between pull points, for example, conduit 
bodies and boxes. 

342.28 Reaming and Threading. All cut ends shall be 
reamed or otherwise finished to remove rough edges. 
Where conduit is threaded in the field, a standard cutting 
die with a taper of 1 in 16 (% in. taper per foot) shall be 
used. 

Informational Note: See ANSIIASME B.1.20.l-1983, 
Standardfor Pipe Threads, General Purpose (Inch). 
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ARTICLE 344 - RIGID METAL CONDUIT: TYPE RMC 344.10 

342.30 Securing and Supporting. IMC shall be installed 
as a complete system in accordance with 300.18 and shall 
be securely fastened in place and supported in accordance 
with 342.30(A) and ~B). 

(A) ~~~urely F~st~ll~d .. IMC shall be secured in 
~ccordRnce with one of the following: 

(1) fMC shall be securely fastened within900 -mm(3fij 
of each outl t box, junction box. device box. cabinet, 
conduitb9dy, or other conduit termination. 

(2) Where structural members do not readily p~rmit 

Hastening withio 900 nun (3 ft). fastening shall b 
permitted to be increa ~d to a distance of 1.5 m (5 ft). 

(3) Where approved. conduit shall not be required to be 
securely lastel1cd within 900 mm (3 ft) of the service 
head for above-the-roofkrmination ora rna t. 

(B) Supports. IMC shall be supported in accordance with 
one of the following: 

(1) Conduit shall be supported at intervals not exceeding 
3 m (10 ft). 

(2) The distance between supports for straight runs of 
conduit shall be permitted in accordance with Table 
344.30(B)(2), provided the conduit is made up with 
threaded couplings and such supports prevent 
transmission of stresses to termination where conduit 
is deflected between supports. 

(3) Exposed vertical risers from industrial machinery or 
fixed equipment shall be permitted to be supported at 
intervals not exceeding 6 m (20 ft) if the conduit is 
made up with threaded couplings, the conduit is 
supported and securely fastened at the top and bottom 
of the riser, and no other means of intermediate 
support is readily available. 

(4) Horizontal runs of IMC supported by openings 
through framing members at intervals not exceeding 
3 m (10 ft) and securely fastened within 900 mm (3 
ft) of termination points shall be permitted. 

342.42 Couplings and Connectors. 

(A) Threadless. Threadless couplings and connectors 
used with conduit shall be made tight. Where buried in 
masonry or concrete, they shall be the concretetight type. 
Where installed in wet locations, they shall comply with 
314.l5. Threadless couplings and connectors shall not be 
used on threaded conduit ends unless listed for the 
purpose. 

(B) Running Threads. Running threads shall not be used 
on conduit for connection at couplings. 
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342.46 Bushings. Where a conduit enters a box, fitting, or 
other .. enclosure, a bushing shall be provided to protect the 
wireS from abrasion unless th~J)9,. , fitting, or enclosure is 
designed to provide such protection. 

Informational Note: See 300.4(G) for the protection of 
conductors 4 A WG and larger at bushings. 

342.56 Splices and Taps. Splices and taps shall be made 
in accordance with 300.15. 

342.60 Grounding. IMC shall be permitted as an 
equipment grounding conductor. 

III. Construction Specifications 

342.120 Marking. Each length shall be clearly and 
durably marked at least every 1.5 m (5 ft) with the letters 
IMC. Each length shall be marked as required in 11O.2l. 

342.130 Standard Lengths. The standard length of IMC 
shall be 3.05 m (10 ft), including an attached coupling, 
and each end shall be threaded. Longer or shorter lengths 
with or without coupling and threaded or unthreaded shall 
be permitted. 

ARTICLE 344 

Rigid Metal Cond~i!.: .. .. Iyp~ .. BM~_~_ 

I. General 

344.1 Scope. This article covers the use, installation, and 
construction specitications for rigid metal conduit (RMC) 
and associated fittings . 

344.2 Definition. 

Rigid Metal Conduit (RMC). A threadable raceway of 
circular cross section designed for the physical protection 
and routing of conductors and cables and for use as an 
equipment grounding conductor when installed with its 
integral or associated coupling and appropriate fittings. 
RMC is generally made of steel (ferrous) with protective 
coatings or aluminum (nonferrous). Special use types are 
red brass and stainless steel. 

344.6 Listing Requirements. RMC, factory elbows and 
couplings, and associated fittings shall be listed. 

II. Installation 

344.1 0 Uses Permitted. 

(A) Atmospheric Conditions and Occupancies. 

(1) Galvanized Steel and Stainless Steel RMC. 
Galvanized steel and stainless steel RMC shall be permitted 
under all atmospheric conditions and occupancies. 
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ARTICLE 344 - RIGID METAL CONDUIT: TYPE RMC 

(2) Red Brass RMC. Red brass RMC shall be permitted 
to be installed for direct burial and swimming pool 
applications. 

(3) Aluminum RMC. Aluminum RMC shall be permitted 
to be installed where judged suitable for the environment. 
Rigid aluminum conduit encased in concrete or in direct 
contact with the earth shall be provided with approved 
supplementary corrosion protection. 

(4) Ferrous Raceways and Fittings. Ferrous raceways 
and fittings protected from corrosion solely by enamel 
shall be permitted only indoors and in occupancies not 
subject to severe corrosive influences. 

(8) Corrosive Environments. 

(1) Galvanized Steel, Stainless Steel, and Red Brass 
RMC, Elbows, Couplings, and Fittings. Galvanized 
steel, stainless steel, and red brass RMC elbows, 
couplings, and fittings shall be permitted to be installed 
in concrete, in direct contact with the earth, or in areas 
subject to severe corrosive influences where protected 
by corrosion protection and judged suitable for the 
condition. 

(2) Supplementary Protection of Aluminum RMC. 
Aluminum RMC shall be provided with approved 
supplementary corrosion protection where encased in 
concrete or in direct contact with the earth. 

(C) Cinder Fill. Galvanized steel, stainless steel, and 
red brass RMC shall be permitted to be installed in or 
under cinder fill where subject to permanent moisture 
where protected on al1 sides by a layer of noncinder 
concrete not less than 50 mm (2 in.) thick; where the 
conduit is not less than 450 mm (I8 in.) under the fill; or 
where protected by corrosion protection and judged 
suitable for the condition. 

(D) Wet Locations. All supports, bolts, straps, screws, 
and so forth, shall be of corrosion-resistant materials or 
protected against corrosion by corrosion-resistant 
materials. 

Informational Note: See 300.6 for protection against 
corrosion. 

344.14 Dissimilar Metals. Where practicable, dissimilar 
metals in contact anywhere in the system shall be avoided 
to eliminate the possibility of galvanic action. Aluminum 
fittings and enclosures shall be permitted to be used with 
steel RMC, and steel fittings and enclosures shall be 
permitted to be used with aluminum RMC where not 
subject to severe corrosive influences. 

344.20 Size. 

(A) Minimum. RMC smaller than metric designator 16 
(trade size Y:z) shall not be used. 

Exception: For enclosing the leads of motors as 
permitted in 430. 245 (B). 
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(8) Maximum. RMC larger than metric designator 155 
(trade size 6) shall not be used. 

Informational Note: See 300.1 (C) for the metric 
designators and trade sizes. These are for identification 
purposes only and do not relate to actual dimensions. 

344.22 Number of Conductors. The number of 
conductors shall not exceed that permitted by the 
percentage fill specified in Table 1, Chapter 9. 

Cables shall be permitted to be installed where such 
use is not prohibited by the respective cable articles. The 
number of cables shall not exceed the allowable 
percentage fill specified in Table I, Chapter 9. 

344.24 Bends - How Made. Bends of RMC shall be so 
made that the conduit will not be damaged and so that the 
internal diameter of the conduit will not be effectively 
reduced. The radius of the curve of any field bend to the 
centerline of the conduit shall not be less than indicated in 
Table 2, Chapter 9. 

344.26 Bends Number in One Run. There shall not 
be more than the equivalent of four quarter bends (360 
degrees total) between pull points, for example, conduit 
bodies and boxes. 

344.28 Reaming and Threading. All cut ends shall be 
reamed or otherwise finished to remove rough edges. 
Where conduit is threaded in the field, a standard cutting 
die with a ] in 16 taper (0/4 in. taper per foot) shall be 
used. 

Informational Note: See ANSI! ASME B.1.20.l-1983, 
Standard/or Pipe Threads, General Pwpose (Inch). 

344.30 Securing and Supporting. RMC shall be 
installed as a complete system in accordance with 300.18 
and shall be securely fastened in place and supported in 
accordance with 344.30(A) and 

(A) Securely Fastened. RMC shall be securely fastened 
within 900 mm (3 ft) of each outlet box, junction box, 
device box, cabinet, conduit body, or other conduit 
termination. Fastening shall be permitted to be increased 
to a distance of 1.5 m (5 ft) where structural members do 
not readily permit fastening within 900 mm (3 ft). Where 
approved, conduit shall not be required to be securely 
fastened within 900 mm (3 ft) of the service head for 
above-the-roof termination of a mast. 

(B) Supports. RMC shall be supported III accordance 
with one of the following: 

(1) Conduit shall be supported at intervals not exceeding 
3 m (10 ft). 
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ARTICLE 348 - FLEXIBLE METAL CONDUIT: TYPE FMC 348.12 

(2) The distance between supports for straight runs of 
conduit shall be permitted in accordance with Table 
344.30(B)(2), provided the conduit is made up with 
threaded couplings and such supports prevent 
transmission of stresses to termination where conduit 
is deflected between supports. 

(3) Exposed vertical risers from industrial machinery or 
fixed equipment shall be permitted to be supported at 
intervals not exceeding 6 m (20 ft) if the conduit is 
made up with threaded couplings, the conduit is 
supported and securely fastened at the top and bottom 
of the riser, and no other means of intermediate 
support is readily available. 

(4) Horizontal runs of RMC supported by openings 
through framing members at intervals not exceeding 
3 m (10 ft) and securely fastened within 900 mm (3 
ft) of termination points shall be permitted. 

Table 344.30(B)(2) Supports for Rigid M.etal Conduit 

Conduit Size 

Metric 
Designator Trade Size 

16-21 \12-% 

27 

35-41 1 '!.t-l Y2 
53-63 2-2Y2 

78 and larger 3 and larger 

344.42 Couplings and Connectors. 

Maximum Distance 
Between Rigid Metal 

Conduit Supports 

m 

3.0 

3.7 

4.3 

4.9 

6.1 

ft 

10 

12 
14 

16 
20 

(A) Threadless. Threadless couplings and connectors 
used with conduit shall be made tight. Where buried in 
masonry or concrete, they shall be the concretetight type. 
Where installed in wet locations, they shall comply with 
314.15. Threadless couplings and connectors shall not be 
used on threaded conduit ends unless listed for the 
purpose. 

(B) Running Threads. Running threads shall not be used 
on conduit for connection at couplings. 

344.46 Bushings. Where a conduit enters a box, fitting, or 
other enclosure, a bushing shall be provided to protect the 
wires from abrasion unless the box, fitting, or enclosure is 
designed to provide sucb protection. 

Informational Note: See 300.4(G) for the protection of 
conductors sizes 4 A WG and larger at bushings. 

344.56 Splices and Taps. Splices and taps shall be made 

in accordance with 300.15. 
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344.60 Grounding. RMC shall be permitted as an 
equipment grounding conductor. 

III. Construction Specifications 

344.120 Marking. Each length shall be clearly and 
durably identified in every 3 m (10 ft) as required in the 
first sentence of 110.21. Nonferrous conduit of corrosion
resistant material shall have suitable markings. 

344.130 Standard Lengths. The standard length of RMC 
shall be 3.05 m (10 ft), including an attached coupling, 
and each end shall be threaded. Longer or shorter lengths 
with or without coupling and threaded or unthreaded shall 
be permitted. 

ARTICLE 348 

Flexible Metal Conduit: Type FMC 

I. General 

348.1 Scope. This article covers the use, installation, and 
construction specifications for flexible metal conduit 
(FMC) and associated fittings. 

348.2 Definition. 

Flexible Metal Conduit (FMC). A raceway of circular 
cross section made of helically wound, formed, 
interlocked metal strip. 

348.6 Listing Requirements. FMC and associated 
fittings shall be listed. 

II. Installation 

348.10 Uses Permitted. FMC shall be permitted to be 
used in exposed and concealed locations. 

348.12 Uses Not Permitted. FMC shall not be used in the 
following: 

(1) In wet locations 

(2) In hoistways, other than as permitted in 620.21(A)(I) 

(3) In storage battery rooms 

(4) In any hazardous (classified) location except as 
pennitted by other articles in this Code 

(5) Where exposed to materials having a deteriorating 
effect on the installed conductors, such as oil or 
gasoline 

(6) Underground or embedded in poured concrete or 
aggregate 

(7) Where subject to physical damage 
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ARTICLE 348 - FLEXIBLE METALCONDUIT: TYPE FMC 

348.20 Size. 

(A) Minimum. FMC less than metric designator 16 (trade 
size Yz) shall not be used unless permitted in 348.20(A)(1) 
through (A)(5) for metric designator 12 (trade size 3/8), 

(1) For enclosing the leads of motors as permitted in 
430.245(B) 

(2) In lengths not in excess of 1.8 m (6 ft) for any of the 
following uses: 

a. For utilization equipment 

b. As part of a listed assembly 

c. For tap connections to luminaires as permitted in 
410.117(C) 

(3) For manufactured wiring systems as permitted In 

604.6(A) 

(4) In hoistways as permitted in 620.21(A)(1) 

(5) As part of a listed assembly to connect wired 
luminaire sections as permitted in 410.137(C) 

(B) Maximum. FMC larger than metric designator 103 
(trade size 4) shall not be used. 

Infonnational Note: See 300.I(C) for the metric 
designators and trade sizes. These are for identification 
purposes only and do not relate to actual dimensions. 

348.22 Number of Conductors. The number of 
conductors shall not exceed that permitted by the 
percentage fill specified in Table 1, Chapter 9, or as 
permitted in Table 348.22, or for metric designator 12 
(trade size 

Cables shall be permitted to be installed where such 
use is not prohibited by the respective cable articles. The 
number of cables shal1 not exceed the allowable 
percentage fill specified in Table 1, Chapter 9. 

348.24 Bends How Made. Bends in conduit shall be 
made so that the conduit is not damaged and the internal 
diameter of the conduit is not effectively reduced. Bends 
shall be permitted to be made manually without auxiliary 
equipment. The radius of the curve to the centerline of 
any bend shall not be less than shown in Table 2, Chapter 
9 using the column "Other Bends." 

348.26 Bends - Number in One Run. There shall not 
be more than the equivalent of four quarter bends (360 
degrees total) between pull points, for example, conduit 
bodies and boxes. 

348.28 Trimming. All cut ends shall be trimmed or 
otherwise finished to remove rough edges, except where 
fittings that thread into the convolutions are used. 

348.30 Securing and Supporting. 

FMC shall be securely fastened in place and supported in 
accordance with 348.30(A) and (B). 

(A) Securely Fastened. FMC shall be securely fastened 
in place by an approved means within 300 mm (12 in.) of 
each box, cabinet, conduit body, or other conduit 
termination and shall be supported and secured at 
intervals not to exceed 1.4 m (4Yz ft). 

Exception No.1: Where FMC is fished between access 
points through concealed spaces in finished buildings or 
structures and supporting is impracticable. 

Exception No.2: Where flexibility is necessary afler 
installation, lengths from the last point where the raceway 
is securely fastened shall not exceed the following: 

(/) 900 mm (3 fl) for metric designators 16 through 35 
(trade sizes 12 through 1lj,,) 

(2) 1200 mm (4 fl) for metric designators 41 through 53 
(trade sizes 112 through 2) 

(3) 1500 mm (5 fl) for metric designators 63 (trade size 
and larger 

Exception No.3: Lengths not exceeding 1.8 m (6 fl) from 
a luminaire terminal connection for tap connections to 
luminaires as permitted in 410.117 (C). 

Exception No.4: Lengths not exceeding 1.8 m (6 fl) from 
the last point where the raceway is securely fastened for 
connections within an accessible ceiling to luminaire(s) 
or other equipment. 

Table 348.22 Maximum Number of Insulated Conductors in Metric Designator 12 (Trade Size 3/8) Flexible Metal Conduit* 

Types RFH·2, SF·2 Types TF, XHHW, TW Types TFN, THHN, THWN Types FEP, FEBP, PF, PGF 

Fittings Fittings Fittings Fittings Fittings Fittings Fittings Fittings 

Size Inside Outside Inside Outside Inside Outside Inside Outside 
Conduit Conduit Conduit Conduit Conduit Conduit Conduit Conduit 

18 2 5 5 8 5 8 
16 2 4 4 6 4 6 
14 2 2 3 3 4 3 4 
12 2 2 2 
10 1 

"'In addition, one insulated, covered or bare equipment grounding conductor of the same size shall be permitted. 
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ARTICLE 350 - LIQUIDTIGHT FLEXIBLE METAL CONDUIT: TYPE LFMC 350.26 

(B) Supports. Horizontal runs of FMC supported by 
openings through framing members at intervals not 
greater than 1.4 m (41h ft) and securely fastened within 
300 mm (12 in.) of termination points shall be permitted. 

348.42 Couplings and Connectors. Angle connectors 
shall not be concealed, 

348.56 Splices and Taps. Splices and taps shall be made 
in accordance with 300.1S. 

348.60 Grounding and Bonding. If used to connect 
equipment where flexibility is necessary to minimize tho 
(ran mission of vibration from equipment or to provide 
flexibility for equipment that requires movement after 
installation, an equipment grounding conductor shall be 
installed. 

Where flexibility is not required after installation, 
FMC shall be permitted to be used as an equipment 
grounding conductor when installed in accordance with 
250.118(S). 

Where req uired or installed, equipment grounding 
conductors shall be installed III accordance with 
2S0.134(B). 

Where required or installed, equipment bonding 
jumpers shall be installed in accordance with 2S0.1 02. 

ARTICLE 350 
Liquidtight Flexible Metal Conduit: Type 

LFMC 
I. General 

350.1 Scope. This article covers the use, installation, and 
construction specifications for liquidtight flexible metal 
conduit (LFMC) and associated fittings. 

350.2 Definition. 

Liquidtight Flexible Metal Conduit (LFMC). A 
raceway of circular cross section having an outer 
liquidtight, nonmetallic, sunlight-resistant jacket over an 
inner flexible metal core with associated couplings, 
connectors, and fittings for the installation of electric 
conductors. 

350.6 Listing Requirements. LFMC and associated 
fittings shall be listed. 

II. Installation 

350.10 Uses Permitted. LFMC shall be permitted to be 
used in exposed or concealed locations as follows: 
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(1) Where conditions of installation, operation, or 
maintenance require flexibility or protection from 
liquids, vapors, or solids 

(2) As permitted by 501.l0(B), 502.10, 503.10, and 
S04.20 and in other hazardous (classified) locations 
where specifically approved, and by 553.7(B) 

(3) For direct burial where listed and marked for the purpose 

350.12 Uses Not Permitted. LFMC shall not be used as 
follows: 

(1) Where subject to physical damage 

(2) Where any combination of ambient and conductor 
temperature produces an operating temperature III 

excess of that for which the material is approved 

350.20 Size. 

(A) Minimum. LFMC smaller than metric designator 16 
(trade size 1h) shall not be used. 

Exception: LFMC of metric designator 12 (trade size 3/8) 

shall be permitted as covered in 348.20(A). 

(B) Maximum. The maximum size of LFMC shall be 
metric designator 103 (trade size 4). 

Informational Note: See 300.1(C) for the metric 
designators and trade sizes. These are for identification 
purposes only and do not relate to actual dimensions. 

350.22 Number of Conductors or Cables. 

(A) Metric Designators 16 through 103 (Trade Sizes % 
through 4). The number of conductors shall not exceed 
that permitted by the percentage fill specified in Table 1, 
Chapter 9. 

Cables shall be permitted to be installed where such 
use is not prohibited by the respective cable articles. The 
number of cables shall not exceed the allowable 
percentage fill specified in Table I, Chapter 9. 

(B) Metric Designator 12 (Trade Size 3/8). The number 
of conductors shall not exceed that permitted in Table 
348.22, "Fittings Outside Conduit" columns. 

350.24 Bends - How Made. Bends in conduit shall be 
so made that the conduit will not be damaged and the 
internal diameter of the conduit will not be effectively 
reduced. Bends shal1 be permitted to be made manually 
without auxiliary equipment. The radius of the curve to 
the centerline of any bend shall not be less than required 
in Table 2, Chapter 9 using the column "Other Bends." 

350.26 Bends - Number in One Run. There shall not 
be more than the equivalent of four quarter bends (360 
degrees total) between pull points, for example, conduit 
bodies and boxes. 
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350.30 ARTICLE 352 - RIGID POLYVINYL CHLORIDE CONDUIT: TYPE PVC 

350.30 Securing and Supporting. LFMC shall be 
securely fastened in place and supported in accordance 
with 350.30(A) and (B). 

(A) Securely Fastened. LFMC shall be securely fastened 
in place by an approved means within 300 mm (12 in.) of 
each box, cabinet, conduit body, or other conduit 
termination and shall be supported and secured at 
intervals not to exceed 1.4 m (412 ft). 

Exception No. 1: Where LFMC is fished between access 
points through concealed spaces in finished buildings or 
structures and supporting is impractical. 

Exception No.2: . Where flexibility is necessary after 
installation, lengths from Ihe last point where the raceway 
i. secure(rfa~·ten(!d. shall not exceed the following: 

(1) 900 mm (3 ft) for metric designators 16 through 35 
(trade sizes ~ through 11ft) 

(2) 1200 mm (4 ft) for metric designators 41 through 53 
(trade sizes 1 ~ through 2) 

(3) 1500 mm (5 ft) for metric deSignators 63 (trade size 
2~) and larger 

Exception No.3: Lengths not exceeding 1.8 m (6ft) from 
a luminaire terminal connection for tap conductors to 
luminaires, as permitted in 410.117 (C). 

Exception No.4: Lengths not exceeding 1.8 m (6ft) from 
the last point where the raceway is securely fastened for 
connections within an accessible ceiling to luminaire(s) 
or other equipment. 

(B) Supports. Horizontal runs of LFMC supported by 
openings through framing members at intervals not 
greater than 1.4 m (4~ ft) and securely fastened within 
300 mm (12 in.) of termination points shall be permitted. 

350.42 Couplings and Connectors. Angle connectors 
shall not be concealed. 

350.56 Splices and Taps. Splices and taps shall be made 
in accordance with 300.15. 

350.60 Grounding and Bonding. If used to connect 
equipment where flexibility IS necessary to minimize the 
transmis ion of \ ibration from equipment or to provide 
flexibility for equipment tbat requires movement after 
installation, an equipment grounding conductor shall be 
installed. 

Where flexibility is not required after installation, 
LFMC shall be permitted to be used as an equipment 
grounding conductor when installed in accordance with 
250.118(6). 

Where required or installed, equipment grounding 
conductors shall be installed in accordance with 
250.134(B). 
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Where required or installed, equipment bonding 
jumpers shall be installed in accordance with 250.102. 

Infonnational Note: See 501.30(B), 502.30(B), 
503.30(B), 505.25(B), and 506.25(B) for types of 
equipment grounding conductors. 

III. Construction Specifications 

350.120 Marking. LFMC shall be marked according to 
110.21. The trade size and other information required by 
the listing shall also be marked on the conduit. Conduit 
suitable for direct burial shall be so marked. 

ARTICLE 352 
Rigid Polyvinyl Chloride Conduit: 

Type PVC 

I. General 

352.1 Scope. This article covers the use, installation, and 
construction specifications for rigid polyvinyl chloride 
conduit (PVC) and associated fittings . 

Infonnational Note: Refer to Article 353 for High 
Density Polyethylene Conduit: Type HDPE, and Article 
355 for Reinforced Thermosetting Resin Conduit: Type 
RTRC. 

352.2 Definition. 

Rigid Polyvinyl Chloride Conduit (PVC). A rigid 
nonmetallic conduit of circular cross section, with integral 
or associated couplings, connectors, and fittings for the 
installation of electrical conductors and cables . 

352.6 Listing Requirements. PVC conduit, factory 
elbows, and associated fittings shall be listed. 

II. Installation 

352.10 Uses Permitted. The use of PVC conduit shall be 
permitted in accordance with 352.10(A) through (H). 

Infonnational Note: Extreme cold may cause some 
nonmetallic conduits to become brittle and, therefore, 
more susceptible to damage from physical contact. 

(A) Concealed. PVC conduit shall be permitted in walls, 
floors, and ceilings. 

(B) Corrosive Influences. PVC conduit shall be 
permitted in locations subject to severe corrosive 
influences as covered in 300.6 and where subject to 
chemicals for which the materials are specifically 
approved. 

(C) Cinders. PVC conduit shall be pennitted in cinder fill. 
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ARTICLE 352 - RIGID POLYVINYL CHLORIDE CONDUIT: TYPE PVC 352.30 

(D) Wet Locations. PVC conduit shall be permitted in 
portions of dairies, laundries, canneries, or other wet 
locations, and in locations where walls are frequently 
washed, the entire conduit system, including boxes and 
fittings used therewith, shall be installed and equipped so 
as to prevent water from entering the conduit. All 
supports, bolts, straps, screws, and so forth, shall be of 
corrosion-resistant materials or be protected against 
corrosion by approved corrosion-resistant materials. 

(E) Dry and Damp Locations. PVC conduit shall be 
permitted for use in dry and damp locations not prohibited 
by 352.12. 

(F) Exposed. PVC conduit shall be permitted for exposed 
work. PVC conduit used exposed in areas of physical 
damage shall be identified for the use. 

Infonnational Note: PVC Conduit, Type Schedule 80, is 
identified for areas of physical damage. 

(G) Underground Installations. For underground 
installations. PVC shall be permitted for direct burial and 
underground encased in concrete. See 300.5 and 300.50. 

(H) Support of Conduit Bodies. PVC conduit shall be 
permitted to support nonmetallic conduit bodies not larger 
than the largest trade size of an entering raceway. These 
conduit bodies shall not support luminaires or other 
equipment and shall not contain devices other than splicing 
devices as permitted by 110 .I4(B) and 314 .I6( C)(2). 

(I) Insulation Temperature Limitations. Conductors or 
cables rated at a temp rature higher than the listed 
temperature rating of PVC conduit shall be pennitted to 
be instaJled in PVC conduit, provided the conductors or 
cables are not operated at a temperature higher than the 
listed te_rnp~ra!~~~ . r(lting of the PVC conduit. 

352.12 Uses Not Permitted. 

PVC conduit shall not be used under the conditions 
specified in 352.12(A) through (E). 

RNC shall not be used under the following conditions. 

[OSHPD 1, 2, 3 & 4] PVC conduit shall not be used 
under the conditions specified in 352.12 (AJ through (FJ 

(A) Hazardous (Classified) Locations. In any hazardous 
(classified) location, except as permitted by other articles 
of this Code. 

(B) Support of Luminaires. For the support of 
luminaires or other equipment not described in 352.l0(H). 

(C) Physical Damage. Where subject to physical damage 
unless identified for such use. 

(D) Ambient Temperatures. Where subject to ambient 
temperatures in excess of 50°C (l22°F) unless listed 
otherwise. 
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{E) Theaters and Similar Locations. In theaters and 
similar locations, except as provided in 518.4 and 520.5. 

352.20 Size. 

(A) Minimum. PVC conduit smaller than metric 
designator 16 (trade size Yl) shall not be used. 

(B) Maximum. PVC conduit larger than metric 
designator 155 (trade size 6) shall not be used. 

Informational Note: The trade sizes and metric 
designators are for identification purposes only and do 
not relate to actual dimensions. See 300.1(C). 

352.22 Number of Conductors. The number of 
conductors shall not exceed that permitted by the 
percentage fill specified in Table 1, Chapter 9. 

Cables shall be permitted to be installed where such 
use is not prohibited by the respective cable articles. The 
number of cables shall not exceed the allowable 
percentage fill specified in Table 1, Chapter 9. 

352.24 Bends - How Made. Bends shall be so made 
that the conduit will not be damaged and the internal 
diameter of the conduit will not be effectively reduced. 
Field bends shall be made only with bending equipment 
identified for the purpose. The radius of the curve to the 
centerline of such bends shall not be less than shown in 
Table 2, Chapter 9. 

352.26 Bends - Number in One Run. There shall not 
be more than the equivalent of four quarter bends (360 
degrees total) between pull points, for example, conduit 
bodies and boxes. 

352.28 Trimming. All cut ends shall be trimmed inside 
and outside to remove rough edges. 

352.30 Securing and Supporting. PVC conduit shall be 
installed as a complete system as provided in 300.18 and 
shall be fastened so that movement from thermal 
expansion or contraction is permitted. PVC conduit shall 
be securely fastened and supported in accordance with 
352.30(A) and (8): 

(A) Securely Fastened. PVC conduit shall be securely 
fastened within 900 mm (3 ft) of each outlet box, junction 
box, device box, conduit body, or other conduit 
termination. Conduit listed for securing at other than 900 
mm (3 ft) shall be permitted to be installed in accordance 
with the listing. 

(B) Supports. PVC conduit shall be supported as required 
in Table 352.30. Conduit listed for support at spacings 
other than as shown in Table 352.30 shall be permitted to 
be installed in accordance with the listing. Horizontal runs 
of PVC conduit supported by openings through framing 
members at intervals not exceeding those in Table 352.30 
and securely fastened within 900 mm (3 ft) of termination 
points shall be permitted. 
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352.44 ARTICLE 352 RIGID POLYVINYL CHLOR[DE CONDUIT: TYPE PVC 

Table 352.30 Support of Rigid Polyvinyl Chloride Conduit 

Maximum Spacing 

Conduit Size Between Supports 

Metric 
Designator Trade Size mmorm ft 

16-27 ~-1 900mm 3 

35-53 1~-2 1.5 ill 5 

63-78 2~~-3 1.8 m 6 

91-129 3Y2-5 2.1 m 7 

155 6 2.5 m 8 

352.44 Expansion Fittings. Expansion fittings for PVC 
conduit shall be provided to compensate for thermal 
expansion and contraction where the length change, in 
accordance with Table 352.44, is expected to be 6 mm ('l4 
in.) or greater in a straight run between securely mounted 
items such as boxes, cabinets, elbows, or other conduit 
terminations. 

352.46 Bushings. Where a conduit enters a box, fitting, or 
other enclosure, a bushing or adapter shall be provided to 
protect the wire from abrasion unless the box, fitting, or 
enclosure design provides equivalent protection. 

Informational Note: See 300.4(G) for the protection of 
conductors 4 A WG and larger at bushings. 

352.48 Joints. All joints between lengths of conduit, 
and between conduit and couplings, fittings, and boxes, 
shall be made by an approved method. 

352.56 Splices and Taps. Splices and taps shall be made 
in accordance with 300.15. 

352.60 Grounding. Where equipment grounding is 
required, a separate equipment grounding conductor shall 
be installed in the conduit. 

Exception No.1: As permitted in 250. 134(B), Exception 
No. 2,/or dc circuits and 250. 134(B), Exception No. 1,/01' 
separately run equipment grounding conductors. 

Exception No.2: Where the grounded conductor is used 
to ground equipment as permitted in 250.142. 

III. Construction Specifications 

352.100 Construction. PVC conduit shall be made of 
rigid (nonplasticized) polyvinyl chloride (PVC). PVC 
conduit and fittings shall be composed of suitable 
nonmetallic material that is resistant to moisture and 
chemical atmospheres. For use aboveground, it shaH also 
be flame retardant, resistant to impact and crushing, 
resistant to distortion from heat under conditions likely to 
be encountered in service, and resistant to low 
temperature and sunlight effects. For use underground, 
the material shall be acceptably resistant to moisture and 
corrosive agents and shall be of sufficient strength to 
withstand abuse, such as by impact and crushing, in 

Table 352.44 Expansion Characteristics of PVC Rigid Nonmetallic Conduit Coefficient of Thermal Expansion 6.084 x 10-5 
mmlmm/oC (3.38 x 10-5 in.!in./OF) 

Temperature Length Temperature Length Temperature Length Change of PVC Conduit 
Change Change of Change Change of Change (in./IOO ft) 

(0C) PVC Conduit (OF) PVC Conduit (OF) 

(mmlm) (in.!IOO ft) 

5 0.30 5 0.20 lOS 4,26 

10 0.61 10 0.41 110 4.46 

15 0.91 15 0.61 115 4.66 

20 1.22 20 0.81 120 4.87 

25 1.52 25 1.01 125 5,07 

30 1.83 30 1.22 130 5.27 

35 2.13 35 1.42 135 5.48 
40 2.43 40 1.62 140 5.68 
45 2.74 45 1.83 145 5.88 
50 3.04 50 2.03 150 6.08 

55 3.35 55 2.23 155 6.29 
60 3.65 60 2.43 160 6.49 
65 3.95 65 2.64 165 6.69 
70 4.26 70 2.84 170 6.90 
75 4.56 75 3.04 175 7.10 

80 4.87 80 3.24 180 7.30 
85 5.17 85 3.45 185 7.50 
90 5.48 90 3.65 190 7.71 
95 5.78 95 3.85 195 7,91 
100 6.08 100 4.06 200 8.11 
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ARTICLE 353 - HIGH DENSITY POLYETHYLENE CONDUIT: TYPE HDPE CONDUIT 353.24 

handling and during installation. Where intended for 
direct burial, without encasement in concrete, the material 
shall also be capable of withstanding continued loading 
that is likely to be encountered after installation. 

352.120 Marking. Each length of PVC conduit shall be 
clearly and durably marked at least every 3 m (10 ft) as 
required in the first sentence of 110.21. The type of 
material shall also be included in the marking unless it is 
visually identifiable. For conduit recognized for use 
aboveground, these markings shall be permanent. For 
conduit limited to underground use only, these markings 
shall be sufficiently durable to remain legible until the 
material is installed. Conduit shall be permitted to be 
surface marked to indicate special characteristics of the 
material. 

Informational Note: Examples of these markings 
include but are not limited to "limited smoke" 
and "sunlight resistant." 

ARTICLE 353 
Higb Density Polyethylene Conduit: Type 

HDPE Conduit 
1. General 

353.1 Scope. This article covers the use, installation, and 
construction specifications for high density polyethylene 
(HDPE) conduit and associated fittings . 

Informational Note: Refer to Article 352 for Rigid 
Polyvinyl Chloride Conduit: Type PVC and Article 355 
for Reinforced Thermosetting Resin Conduit: Type 
RTRC. 

353.2 Definition. 

High Density Polyethylene (HDPE) Conduit. A 
nonmetallic raceway of circular cross section, with 
associated couplings, connectors, and fittings for the 
installation of electrical conductors. 

353.6 Listing Requirements. HDPE conduit and 
associated fittings shall be listed. 

II. Installation 

353.10 Uses Permitted. The use of HDPE conduit shall 
be permitted under the following conditions: 

(1) In discrete lengths or in continuous lengths from a 
reel 

(2) In locations subject to severe corrosive influences as 
covered in 300.6 and where subject to chemicals for 
which the conduit is listed 
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(3) In cinder fill 

(4) In direct burial installations in earth or concrete 

Informational Note to (4): Refer to 300.5 and 
300.50 for underground installations. 

(5) Above ground, except as prohibited in 353.12, where 
encased in not less than 50 mm (2 in.) of concrete. 

(6) (}nductors or cables rated at a temperature higher 
than th list d t mp rature rating of HDPE conduit 
shaH b~ permitted to be installed in HDPE conduit. 
provided the conductors or cables are not operated at 
a temperature higher than the listed temperature; 
rating of the HDPE conduit. 

353.12 Uses Not Permitted. HDPE conduit shaH not be 
used under the following conditions: 

(1) Where exposed 

(2) Within a building 

(3) In any hazardous (classified) location, except as 
permitted by other articles in this Code 

(4) Where subject to ambient temperatures in excess of 
50°C (l22°F) unless listed otherwise 

353.20 Size. 

(A) Minimum. HDPE conduit smaller than metric 
designator 16 (trade size 12) shall not be used. 

(B) Maximum. HDPE conduit larger than metric 
designator 155 (trade size 6) shall not be used. 

Informational Note: The trade sizes and metric 
designators are for identification purposes only and do 
not relate to actual dimensions. See 300.1 (C). 

353.22 Number of Conductors. The number of 
conductors shall not exceed that permitted by the 
percentage fill specified in Table 1, Chapter 9. 

Cables shall be permitted to be installed where such 
use is not prohibited by the respective cable articles. The 
number of cables shall not exceed the al10wable 
percentage fill specified in Table 1, Chapter 9. 

353.24 Bends - How Made. Bends shall be so made 
that the conduit will not be damaged and the internal 
diameter of the conduit will not be effectively reduced. 
Bends shall be permitted to be made manual1y without 
auxiliary equipment, and the radius of the curve to the 
centerline of such bends shall not be less than shown in 
Table 354.24. For conduits of metric designators 129 and 
155 (trade sil~es 5 and 6) th allowable radii of bends shan 
be in accordance with specifications provided by th ' 
manufacturer. 
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353.26 ARTICLE 354 - NONMETALLIC UNDERGROUND CONDUIT WITH CONDUCTORS: TYPE NUCC 

353.26 Bends - Number in One Run. There shall not 
be more than the equivalent of four quarter bends (360 
degrees total) between pull points, for example, conduit 
bodies and boxes. 

353.28 Trimming. All cut ends shall be trimmed inside 
and outside to remove rough edges. 

353.46 Bushings. Where a conduit enters a box, fitting, or 
other enclosure, a bushing or adapter shall be provided to 
protect the wire from abrasion unless the box, fitting, or 
enclosure design provides equivalent protection. 

Infonnational Note: See 300.4(G) for the protection of 
conductors 4 A WG and larger at bushings. 

353.48 Joints. All joints between lengths of conduit, and 
between conduit and couplings, fittings, and boxes, shall 
be made by an approved method. 

Informational Note: HDPE conduit can be joined 
using either heat fusion, electrofusion, or mechanical 
fittings. 

353.56 Splices and Taps. Splices and taps shall be made 
in accordance with 300.15. 

353.60 Grounding. Where equipment grounding is 
required, a separate equipment grounding conductor shall 
be installed in the conduit. 

Exception No.1: The equipment grounding conductor 
shall be permitted to be run separately from the conduit 
where used for grounding dc circuits as permitted in 
250.134, Exception No.2. 

Exception No.2: The equipment grounding conductor 
shall not be required where the grounded conductor is 
used to ground equipment as permitted in 250.142. 

III. Construction Specifications 

353.100 Construction. HDPE conduit shall be composed 
of high density polyethylene that is resistant to moisture 
and chemical atmospheres. The material shall be resistant 
to moisture and corrosive agents and shall be of sufficient 
strength to withstand abuse, such as by impact and 
crushing, in handling and during installation. Where 
intended for direct burial, without encasement in concrete, 
the material shall also be capable of withstanding 
continued loading that is likely to be encountered after 
installation. 

353.120 Marking. Each length of HDPE shall be clearly 
and durably marked at least every 3 m (10ft) as required 
in 110.21. The type of material shall also be included in 
the marking. 
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ARTICLE 354 
Nonmetallic Underground Conduit with 
..... .. .... ..... ... .. ... ................ C. onductors:TypeNll~~ . 

I. General 

354.1 Scope. This article covers the use, installation, and 
construction specifications for nonmetallic underground 
conduit with conductors (NUCC). 

354.2 Definition. 

Nonmetallic Underground Conduit with Conductors 
(NUCC). A factory assembly of conductors or cables 
inside a nonmetallic, smooth wall conduit with a circular 
cross section. 

354.6 Listing Requirements. NUCC and associated 
fittings shall be listed. 

II. Installation 

354.10 Uses Permitted. The use of NUCC and fittings 
shall be permitted in the following: 

(1) For direct burial underground installation (For 
minimum cover requirements, see Table 300.5 and 
Table 300.50 under Rigid Nonmetallic Conduit.) 

(2) Encased or embedded in concrete 

(3) In cinder fill 

(4) In underground locations subject to severe corrosive 
influences as covered in 300.6 and where subject to 
chemicals for which the assembly is specifically 
approved 

(5) Aboveground, except as prohibited in 354.12, where 
encased in not less than 50 mm (2 in.) of concrete 

354.12 Uses Not Permitted. NUCC shall not be used in 
the following: 

(1) In exposed locations 

(2) Inside buildings 

Exception: The conductor or the cable portion of the 
assembly, where suitable, shall be permitted to extend 
within the building for termination purposes in 
accordance with 300.3. 

(3) In any hazardous (classified) location, except as 
permitted by other articles of this Code 

354.20 Size. 

(A) Minimum. NUCC smaller than metric designator 16 
(trade size 'i2) shall not be used. 
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ARTICLE 355 - REINFORCED THERMOSETTING RESIGN CONDUIT: TYPE RTRC 355.1 

(B) Maximum. NUCC larger than metric designator 103 
(trade size 4) shall not be used. 

Informational Note: See 300.1 (C) for the metric 
designators and trade sizes. These are for identification 
purposes only and do not relate to actual dimensions. 

354.22 Number of Conductors. The number of 
conductors or cables shall not exceed that permitted by 
the percentage fill in Table 1, Chapter 9. 

354.24 Bends - How Made. Bends shall be manually 
made so that the conduit will not be damaged and the 
internal diameter of the conduit will not be effectively 
reduced. The radius of the curve of the centerline of such 
bends shall not be less than shown in Table 354.24. 

Table 354.24 Minimum Bending Radius for Nonmetallic 
Underground Conduit with Conductors (NUCC) 

Minimum Bending 

Conduit Size Radius 

Metric 
Designator Trade Size mm in. 

16 1/2 250 10 

21 3/4 
300 12 

27 350 14 

35 1'14 450 18 
41 112 500 20 

53 2 650 26 

63 2V2 900 36 

78 3 1200 48 

103 4 1500 60 

354.26 Bends - Number in One Run. There shall not 
be more than the equivalent of four quarter bends (360 
degrees total) between termination points. 

354.28 Trimming. For termination, the conduit shall be 
trimmed away from the conductors or cables using an 
approved method that will not damage the conductor or 
cable insulation or jacket. All conduit ends shall be 
trimmed inside and out to remove rough edges. 

354.46 Bushings. Where the NUCC enters a box, fitting, 
or other enclosure, a bushing or adapter shall be provided 
to protect the conductor or cable from abrasion unless the 
design of the box, fitting, or enclosure provides equivalent 
protection. 

Infonnational Note: See 300.4(G) for the protection of 
conductors size 4 AWG or larger. 

354.48 Joints. All joints between conduit, fittings, and 
boxes shall be made by an approved method. 

2013 California Electrical Code 

354.50 Conductor Terminations. All terminations 
between the conductors or cables and equipment shall be 
made by an approved method for that type of conductor or 
cable. 

354.56 Splices and Taps. Splices and taps shall be made 
in junction boxes or other enclosures. 

354.60 Grounding. Where equipment grounding is 
required, an assembly containing a separate equipment 
grounding conductor shall be used. 

III. Construction Specifications 

354.100 Construction. 

(A) General. NUCC is an assembly that is provided in 
continuous lengths shipped in a coil, reel, or carton. 

(B) Nonmetallic Underground Conduit. The 
nonmetallic underground conduit shall be listed and 
composed of a material that is resistant to moisture and 
corrosive agents. It shall also be capable of being supplied 
on reels without damage or distortion and shall be of 
sufficient strength to withstand abuse, such as impact or 
crushing, in handling and during installation without 
damage to conduit or conductors. 

(C) Conductors and Cables. Conductors and cables used 
in NUCC shall be listed and shall comply with 310.l0(C). 
Conductors of different systems shall be installed in 
accordance with 300.3(C). 

(D) Conductor Fill. The maximum number of conductors 
or cables in NUCC shall not exceed that permitted by the 
percentage fill in Table 1, Chapter 9. 

354.120 Marking. NUCC shall be clearly and durably 
marked at least every 3.05 m (10 ft) as required by 
110.21. The type of conduit material shall also be 
included in the marking. 

Identification of conductors or cables used in the 
assembly shall be provided on a tag attached to each end 
of the assembly or to the side of a reel. Enclosed 
conductors or cables shall be marked in accordance with 
310.120. 

ARTICLE 355 
Reinforced Thermosetting Resin Conduit: 

Type RTRC 
I. General 

355.1 Scope. This article covers the use, installation, and 
construction specification for reinforced thermosetting 
resin conduit (RTRC) and associated fittings. 
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355.2 ARTICLE 355 - REINFORCED THERMOSETTING RESIGN CONDUIT: TYPE RTRC 

Informational Note: Refer to Article 352 for Rigid 
Polyvinyl Chloride Conduit: Type PVC, and Article 353 
for High Density Polyethylene Conduit: Type HDPE. 

355.2 Definition. 

Reinforced Thermosetting Resin Conduit (RTRC). A 
rigid nonmetallic ~()~~l~tt()f circular cross section, with 
integral or associated couplings, connectors, and fittings 
for the installation of electrical conductors and cables. 

355.6 Listing Requirements. RTRC, factory elbows, and 
associated fittings shall be listed. 

II. Installation 

355.10 Uses Permitted. The use of RTRC shall be 
permitted in accordance with 355.10(A) through (I). 

(A) Concealed. RTRC shall be permitted in walls, floors, 
and ceilings. 

(B) Corrosive Influences. RTRC shall be permitted in 
locations subject to severe corrosive influences as covered 
in 300.6 and where subject to chemicals for which the 
materials are specifically approved. 

(C) Cinders. RTRC shall be permitted in cinder fill. 

(D) Wet Locations. RTRC shall be permitted in portions 
of dairies, laundries, canneries, or other wet locations, and 
in locations where walls are frequently washed, the entire 
conduit system, including boxes and fittings used 
therewith, shaH be installed and equipped so as to prevent 
water from entering the conduit. All supports, bolts, 
straps, screws, and so forth, shall be of corrosion-resistant 
materials or be protected against corrosion by approved 
corrosion-resistant materials. 

(E) Dry and Damp Locations. RTRC shall be permitted 
for use in dry and damp locations not prohibited by 
355.] 2. 

(F) Exposed. R TRC shall be permitted for exposed work 
if identified for such use. 

Informational Note: RTRC'. Type XW. i~ id ntified for 
~reas of phy ical damage. 

(G) Underground Installations. For underground 
installations, see 300.5 and 300.50. 

(H) Support of Conduit Bodies. RTRC shall be 
permitted to support nonmetallic conduit bodies not larger 
than the largest trade size of an entering raceway. These 
conduit bodies shall not support luminaires or other 
equipment and shall not contain devices other than 
splicing devices as permitted by 110.14(B) and 
314.16(C)(2). 
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(I) In ulation Temperature Limitations. Conductors or 
cables rated at a temperature higher than the listed 
lcmperature rating of RTRC conduit shall b permitted to be 
installed in RTRC condui~ if the conductors or cables are nol 
operated at a temperature higher than the listed temperature 
rating oftbe RTRC conduit. 

355.12 Uses Not Permitted. RTRC shall not be used under 
the following conditions. 

(A) Hazardous (Classified) Locations. 

(1) In any hazardous ( classified) location, except as 
permitted by other articles in this Code 

(2) In Class I, Division 2 locations, except as permitted in 
501.10(B)(3) 

(B) Support of Luminaires. For the support of luminaires 
or other equipment not described in 355.1O(H). 

(C) Physical Damage. Where subject to physical damage 
unless identified for such use. 

(D) Ambient Temperatures. Where subject to ambient 
temperatures in excess of 50°C (122°F) unless listed 
otherwise. 

(E) Theaters and Similar Locations. In theaters and similar 
locations, except as provided in 518.4 and 520.5. 

355.20 Size. 

(A) Minimum. RTRC smaller than metric designator 16 
(trade size Yz) shall not be used. 

(B) Maximum. RTRC larger than metric designator 155 
(trade size 6) shall not be used. 

Infonnational Note: The trade sizes and metric designators 
are for identification purposes only and do not relate to 
actual dimensions. See 300.1 (C). 

355.22 Number of Conductors. The number of conductors 
shall not exceed that permitted by the percentage fill 
specified in Table 1, Chapter 9. Cables shall be permitted to 
be installed where such use is not prohibited by the 
respective cable articles. The number of cables shall not 
exceed the allowable percentage fill specified in Table 1, 
Chapter 9. 

355.24 Bends - How Made. Bends shall be so made that 
the conduit will not be damaged and the internal diameter of 
the conduit will not be effectively reduced. Field bends shall 
be made only with bending equipment identified for the 
purpose. The radius of the curve to the centerline of such 
bends shall not be less than shown in Table 2, Chapter 9. 

355.26 Bends - Number in One Run. There shall not be 
more than the equivalent of four quarter bends (360 degrees 
total) between pull points, for example, conduit bodies and 
boxes. 
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ARTICLE 355 - REINFORCED THERMOSETTING RESIGN CONDUIT: TYPE RTRC 355.56 

Table 355.44 Expansion Characteristics of Reinforced Thermosetting Resin Conduit (RTRC) 
C oefficient of Thermal Expansion 2.7 x 10-5 mm/mm/OC (1.5 x 10-5 in'/in./°F) 

Length Change of 
Temperature RTRC Conduit Temperature 
Changeeq (mm/m) Change (OF) 

5 0.14 5 

10 0.27 10 

15 0.41 15 

20 0.54 20 

25 0.68 25 

30 0.81 30 

35 0.95 35 

40 1.08 40 

45 1.22 45 

50 1.35 50 

55 1.49 55 

60 1.62 60 

65 1.76 65 

70 1.89 70 

75 2.03 75 

80 2.16 80 

85 2.30 85 

90 2.43 90 

95 2.57 95 

100 2.70 100 

355.28 Trimming. All cut ends shall be trimmed inside and 
outside to remove rough edges. 

355.30 Securing and Supporting. RTRC shall be installed 
as a complete system in accordance with 300.18 and shall be 
securely fastened in place and supported in accordance with 
355.30(A) and 

(A) Securely Fastened. RTRC shall be securely fastened 
within 900 mm (3 ft) of each outlet box, junction box, device 
box, conduit body, or other conduit termination. Conduit 
listed for securing at other than 900 mm (3 ft) shall be 
permitted to be installed in accordance with the listing. 

(B) Supports. RTRC shall be supported as required in Table 
355.30. Conduit listed for support at spacing other than as 
shown in Table 355.30 shall be permitted to be installed in 
accordance with the listing. Horizontal runs ofRTRC supported 
by openings through framing members at intervals not 
exceeding those in Table 355.30 and securely fastened within 
900 mm (3 ft) of termination points shall be permitted. 

355.44 Expansion Fittings. Expansion fittings for RTRC 
shall be provided to compensate for thermal expansion and 
contraction where the length change, in accordance with 
Table 355.44, is expected to be 6 mm (14 in.) or greater in a 
straight run between securely mounted items such as boxes, 
cabinets, elbows, or other conduit terminations. 
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Length Change of Length Change of 
RTRC Conduit Temperature RTRC Conduit 

(in.ll00 ft) Change (OF) (in.llOO ft) 

0.09 105 1.89 

0.18 110 1.98 

0.27 115 2.07 

0.36 120 2.16 

0.45 125 2.25 

0.54 130 2.34 

0.63 135 2.43 

0.72 140 2.52 

0.81 145 2.61 

0.90 150 2.70 

0.99 155 2.79 

1.08 160 2.88 

1.17 165 2.97 

1.26 170 3.06 

1.35 175 3.15 

1.44 180 3.24 

1.53 185 3.33 

1.62 190 3.42 

1.71 195 3.51 

1.80 200 3.60 

Table 355.30 Support of Reinforced Thermosetting 
Resin Conduit (RTRC) 

Maximum Spacing 

Conduit Size Between Supports 

Metric 
Designator Trade Size mmorm ft 

16-27 )12-1 900mrn 3 

35-53 114-2 1.5 m 5 

63-78 2Y2-3 1.8 m 6 

91-129 31h-5 2.1 m 7 

155 6 2.5m 8 

355.46 Bushings. Where a conduit enters a box, fitting, or 
other enclosure, a bushing or adapter shall be provided to 
protect the wire from abrasion unless the box, fitting, or 
enclosure design provides equivalent protection. 

Informational Note: See 300.4(G) for the protection of 
conductors 4 AWG and larger at bushings. 

355.48 Joints. All joints between lengths of conduit, and 
between conduit and couplings, fitting, and boxes, shall be 
made by an approved method. 

355.56 Splices and Taps. Splices and taps shall be made in 
accordance with 300.15. 
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355.60 ARTICLE 356 - LIQUIDTIGHT FLEXIBLE NONMETALLIC CONDUIT: TYPE LFNC 

355.60 Grounding. Where equipment grounding is 
required, a separate equipment grounding conductor shall 
be installed in the conduit. 

Exception No.1: As permitted in 250.134(B), Exception 
No.2, for dc circuits and 250. 134(B), Exception No.1, for 
separately run equipment grounding conductors. 

Exception No.2: Where the grounded conductor is used 
to ground equipment as permitted in 250.142. 

III. Construction Specifications 

355.100 Construction. RTRC and fittings shall be 
composed of suitable nonmetallic material that is 
resistant to moisture and chemical atmospheres. For use 
aboveground, it shall also be flame retardant, resistant to 
impact and crushing, resistant to distortion from heat 
under conditions likely to be encountered in service, and 
resistant to low temperature and sunlight effects. For 
use underground, the material shall be acceptably 
resistant to moisture and corrosive agents and shall be of 
sufficient strength to withstand abuse, such as by impact 
and crushing, in handling and during installation. Where 
intended for direct burial, without encasement in 
concrete, the material shall also be capable of 
withstanding continued loading that is likely to be 
encountered after installation. 

355.120 Marking. Each length of RTRC shall be 
clearly and durably marked at least every 3 m (lOft) as 
required in the first sentence of 110.21. The type of 
material shall also be included in the marking unless it 
is visually identifiable. For conduit recognized for use 
aboveground, these markings shall be permanent. For 
conduit limited to underground use only, these 
markings shall be sufficiently durable to remain legible 
until the material is installed. Conduit shall be 
permitted to be surface marked to indicate special 
characteristics of the material. 

Informational Note: Examples of these markings include 
but are not limited to "limited smoke" and "sunlight 
resistant." 

ARTICLE 356 
Liquidtight Flexible Nonmetallic Conduit: 

Type LFNC .......................................................................... . 
I. General 

356.1 Scope. This article covers the use, installation, and 
construction specifications for liquidtight flexible 
nonmetallic conduit (LFNC) and associated fittings. 
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356.2 Definition. 

Liquidtight Flexible Nonmetallic Conduit (LFNC). A 
raceway of circular cross section of various types as 
follows: 

(1) A smooth seamless inner core and cover bonded 
together and having one or more reinforcement layers 
between the core and covers, designated as Type 
LFNC-A 

(2) A smooth inner surface with integral reinforcement 
within the conduit wall, designated as Type LFNC-B 

(3) A corrugated internal and external surface without 
integral reinforcement within the conduit wall, 
designated as LFN C-C 

LFNC is flame resistant and with fittings and is 
approved for the installation of electrical conductors. 

Informational Note: FNMC is an alternative designation 
forLFNC. 

356.6 Listing Requirements. LFNC and associated 
fittings shall be listed. 

II. Installation 

356.10 Uses Permitted. LFNC shall be permitted to be 
used in exposed or concealed locations for the following 
purposes: 

Informational Note: Extreme cold may cause some types 
of nonmetallic conduits to become brittle and therefore 
more susceptible to damage from physical contact. 

(1) Where flexibility is required for installation, 
operation, or maintenance. 

(2) Where protection of the contained conductors is 
required from vapors, liquids, or solids. 

(3) For outdoor locations where listed and marked as 
suitable for the purpose. 

(4) For direct burial where listed and marked for the 
purpose. 

(5) Type LFNC-B shall be permitted to be installed in 
lengths longer than 1.8 m (6 ft) where secured in 
accordance with 356.30. 

(6) Type LFN C-B as a listed manufactured prewired 
assembly, metric designator 16 through 27 (trade size 
12 through 1) conduit. 

(7) For encasement in concrete where listed for direct 
burial and installed in compliance with 356.42. 

356.12 Uses Not Permitted. LFNC shall not be used as 
follows: 

(1) Where subject to physical damage 

(2) Where any combination of ambient and conductor 
temperatures is in excess of that for which the LFNC 
is approved 
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ARTICLE 356 - LIQUIDTIGHT FLEXIBLE NONMETALLIC CONDOIT: TYPE LFNC 356.120 

(3) In lengths longer than 1.8 m (6 ft), except as 
pennitted by 356.10(5) or where a longer length is 
approved as essential for a required degree of 
flexibility 

(4) Where the operating voltage of the contained 
conductors is in excess of 600 volts, nominal, except 
as pennitted in 600.32(A) 

(5) In any hazardous (classified) location, except as 
permitted by other articles in this Code 

356.20 Size. 

(A) Minimum. LFNC smaller than metric designator 16 
(trade size Yz) shall not be used unless permitted in 
356.20(A)(1) or (A)(2) for metric designator 12 
(trade size %). 

(1) For enclosing the leads of motors as permitted in 
430.245(B) 

(2) In lengths not exceeding 1.8 m (6 ft ) as part of a 
listed assembly for tap connections to luminaires as 
required in 41 0.117(C), or for utilization equipment 

(B) Maximum. LFNC larger than metric designator 103 
(trade size 4) shall not be used. 

Informational Note: See 300.1 (C) for the metric 
designators and trade sizes. These are for identification 
purposes only and do not relate to actual dimensions. 

356.22 Number of Conductors. The number of 
conductors shall not exceed that permitted by the 
percentage fill specified in Table 1, Chapter 9. 

Cables shall be permitted to be installed where such 
use is not prohibited by the respective cable articles. The 
number of cables shall not exceed the allowable 
percentage fill specified in Table 1, Chapter 9. 

356.24 Bends How Made. Bends in conduit shall be 
so made that the conduit is not damaged and the internal 
diameter of the conduit is not effectively reduced. Bends 
shall be permitted to be made manually without auxiliary 
equipment. The radius of the curve to the centerline of 
any bend shall not be less than shown in Table 2, Chapter 
9 using the column "Other Bends." 

356.26 Bends Number in One Run. There shall not 
be more than the equivalent of four quarter bends (360 
degrees total) between pull points, for example, conduit 
bodies and boxes. 

356.28 Trimming. All cut ends of conduit shall be 
trimmed inside and outside to remove rough edges. 

356.30 Securing and Supporting. Type LFNC-B shall 
be securely fastened and supported in accordance with 
one of the following: 
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(1) Where installed in lengths exceeding 1.8 m (6 ft), the 
conduit shall be securely fastened at intervals not 
exceeding 900 mm (3 ft) and within 300 mm (12 in.) 
on each side of every outlet box, junction box, 
cabinet, or fitting. 

(2) Securing or supporting of the conduit shall not be 
required where it is fished, installed in lengths not 
exceeding 900 mm (3 ft) at terminals where 
flexibility is required, or installed in lengths not 
exceeding 1.8 m (6 ft) from a luminaire terminal 
connection for tap conductors to luminaires permitted 
in 410.117(C). 

(3) Horizontal runs of LFNC supported by openings 
through framing members at intervals not exceeding 
900 mm (3 ft) and securely fastened within 300 mm 
(12 in.) oftennination points shall be permitted. 

(4) Securing or supporting of LFNC-B shall not be 
required where installed in lengths not exceeding 1.8 
m (6 ft) from the last point where the raceway is 
securely fastened for connections within an 
accessible ceiling to luminaire( s) or other equipment. 

356.42 Couplings and Connectors. Only fittings listed 
for use with LFNC shall be used. Angle connectors shall 
not be used for concealed raceway installations. Straight 
LFNC fittings are permitted for direct burial or 
encasement in concrete. 

356.56 Splices and Taps. Splices and taps shall be made 
in accordance with 300.15. 

356.60 Grounding and Bonding. Where used to connect 
equipment where flexibility is required, an equipment 
grounding conductor shall be installed. 

Where required or installed, equipment grounding 
conductors shall be installed in accordance with 
250.134(B). 

Where required or installed, equipment bonding 
jumpers shall be installed in accordance with 250.102. 

III. Construction Specifications 

356.100 Construction. LFNC-B as a prewired 
manufactured assembly shall be provided in continuous 
lengths capable of being shipped in a coil, reel, or carton 
without damage. 

356.120 Marking. LFNC shall be marked at least every 
600 mm (2 ft) in accordance with 11 0.21. The marking 
shall include a type designation in accordance with 356.2 
and the trade size. Conduit that is intended for outdoor 
use or direct burial shall be marked. 

The type, size, and quantity of conductors used in 
prewired manufactured assemblies shall be identified by 
means of a printed tag or label attached to each end of the 
manufactured assembly and either the carton, coil, or reel. 
The enclosed conductors shall be marked in accordance 
with 310. 
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358.1 ARTICLE 358 - ELECTRICAL METALLIC TUBING: TYPE EMT 

ARTICLE 358 
Electrical Metallic Tubing: Type EMT 

I. General 

358.1 Scope. This article covers the use, installation, and 
construction specifications for electrical metallic tubing 
(EMT) and associated fittings. 

358.2 Definition. 

Electrical Metallic Tubing (EMT). An unthreaded 
thinwall raceway of circular cross section designed for the 
physical protection and routing of conductors and cables 
and for use as an equipment grounding conductor when 
installed utilizing appropriate fittings. EMT is generally 
made of steel (ferrous) with protective coatings or 
aluminum (nonferrous). 

358.6 Listing Requirements. EMT, factory elbows, and 
associated fittings shall be listed. 

II. Installation 

358.10 Uses Permitted. 

(A) Exposed and Concealed. The use of EMT shall be 
permitted for both exposed and concealed work. 

(B) Corrosion Protection. Ferrous or nonferrous EMT, 
elbows, couplings, and fittings shall be permitted to be 
installed in concrete, in direct contact with the earth, or in 
areas subject to severe corrosive influences where 
protected by corrosion protection and approved as 
suitable for the condition. 

(C) Wet Locations. All supports, bolts, straps, screws, 
and so forth shall be of corrosion-resistant materials or 
protected against corrosion by corrosion-resistant 
materials. 

Informational Note: See 300.6 for protection 
against corrosion. 

358.12 Uses Not Permitted. EMT shall not be used under 
the following conditions: 

(1) Where, during installation or afterward, it will be 
subject to severe physical damage. 

(2) Where protected from corrosion solely by enamel. 

(3) In cinder concrete or cinder fill where subject to 
permanent moisture unless protected on all sides by a 
layer of noncinder concrete at least 50 mm (2 in.) 
thick or unless the tubing is at least 450 mm (18 in.) 
under the fill. 

(4) In any hazardous (classified) location except as 
permitted by other articles in this Code. 
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(5) For the support of luminaires or other equipment 
except conduit bodies no larger than the largest trade 
size of the tubing. 

(6) Where practicable, dissimilar metals in contact 
anywhere in the system shall be avoided to eliminate 
the possibility of galvanic action. 

Exception: Aluminum fittings and enclosures shall be 
permitted to be used with steel EMT where not subject to 
severe corrosive influences. 

358.20 Size. 

(A) Minimum. EMT smaller than metric designator 16 
(trade size Yz) shall not be used. 

Exception: For enclosing the leads of motors as 
permitted in 430.245(B). 

(B) Maximum. The maximum size of EMT shall be 
metric designator 103 (trade size 4). 

Informational Note: See 300.l(C) for the metric 
designators and trade sizes. These are for 
identification purposes only and do not relate to 
actual dimensions. 

358.22 Number of Conductors. The number of 
conductors shall not exceed that permitted by the 
percentage fill specified in Table 1, Chapter 9. 

Cables shall be permitted to be installed where such 
use is not prohibited by the respective cable articles. The 
number of cables shall not exceed the allowable 
percentage fill specified in Table 1, Chapter 9. 

358.24 Bends - How Made. Bends shall be made so 
that the tubing is not damaged and the internal diameter of 
the tubing is not effectively reduced. The radius of the 
curve of any field bend to the centerline of the tubing 
shall not be less than shown in Table 2, Chapter 9 for one
shot and full shoe benders. 

358.26 Bends - Number in One Run. There shall not 
be more than the equivalent of four quarter bends (360 
degrees total) between pull points, for example, conduit 
bodies and boxes. 

358.28 Reaming and Threading. 

(A) Reaming. All cut ends of EMT shall be reamed or 
otherwise finished to remove rough edges. 

(B) Threading. EMT shall not be threaded. 

Exception: EMT with factory threaded integral couplings 
complying with 358.100. 

358.30 Securing and Supporting. EMT shall be installed 
as a complete system in accordance with 300.18 and shall 
be securely fastenedjl1 place and supported in accordance 
with 358.30(A) and lB). 
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ARTICLE 360 - FLEXIBLE METALLIC TUBING: TYPE FMT 360.22 

(A) Securely Fastened. EMT shall be securely fastened in 
place at least every 3 m (lOft). In addition, each EMT run 
between tennination points shall be securely fastened within 
900 mm (3 ft) of each outlet box, junction box, device box, 
cabinet, conduit body, or other tubing termination. 

Exception No.1: Fastening of unbroken lengths shall be 
permitted to be increased to a distance of 1.5 m (5 ft) where 
structural members do not readily permit fastening within 
900 mm (3ft). 

Exception No.2: For concealed work in finished buildings 
or prefinished wall panels where such securing is 
impracticable, unbroken lengths (without coupling) of EMF 
shall be permitted to be fished. 

(B) Supports. Horizontal runs of EMT supported by 
openings through framing members at intervals not greater 
than 3 m (lOft) and securely fastened within 900 mm (3 ft) 
oftennination points shall be permitted. 

358.42 Couplings and Connectors. Couplings and 
connectors used with EMT shall be made up tight. Where 
buried in masonry or concrete, they shall be concretetight 
type. Where installed in wet locations, they shall comply 
with 314.15. 

358.56 Splices and Taps. Splices and taps shall be made in 
accordance with 300.15. 

358.60 Grounding. EMT shall be permitted as an equipment 
grounding conductor. 

Ill. Construction Specifications 

358.100 Construction. Factory-threaded integral couplings 
shall be permitted. Where EMT with a threaded integral 
coupling is used, threads for both the tubing and coupling 
shall be factory-made. The coupling and ENIT threads shall 
be designed so as to prevent bending of the tubing at any part 
of the thread. 

358.120 Marking. EMT shall be clearly and durably marked 
at least every 3 m (10 ft) as required in the first sentence of 
110.21. 

I. General 

360.1 Scope. This article covers the use, installation, and 
construction specifications for flexible metallic tubing 
(FMT) and associated fittings. 
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360.2 Definition. 

Flexible Metallic Tubing (FMT). A raceway that is 
circular in cross section, flexible, metallic, and liquidtight 
without a nonmetallic jacket. 

360.6 Listing Requirements. FMT and associated 
fittings shall be listed. 

n. Installation 

360.10 Uses Permitted. FMT shall be permitted to be 
used for branch circuits as follows: 

(l) In dry locations 

(2) Where concealed 

(3) In accessible locations 

(4) For system voltages of 1000 volts maximum 

360.12 Uses Not Permitted. FMT shall not be used as 
follows: 

(1) In hoistways 

(2) In storage battery rooms 

(3) In hazardous (classified) locations unless otherwise 
permitted under other articles in this Code 

(4) Underground for direct earth burial, or embedded in 
poured concrete or aggregate 

(5) Where subject to physical damage 

(6) In lengths over 1.8 m (6 ft) 

360.20 Size. 

(A) Minimum. FMT smaller than metric designator 16 
(trade size Y;) shall not be used. 

Exception No.1: FMT of metric designator 12 (trade size 
lIB) shall be permitted to be installed in accordance with 
300.22(B) and (C). 

Exception No.2: F MT of metric designator 12 (trade size 
lIB) shall be permitted in lengths not in excess of 1.8 m (6 
ft) as part of a listed assembly or for luminaires. See 
410.117(C). 

(B) Maximum. The maximum size of FMT shall be 
metric designator 21 (trade size 3;4). 

Informational Note: See 300.l(C) for the metric 
designators and trade sizes. These are for identification 
purposes only and do not relate to actual dimensions. 

360.22 Number of Conductors. 

(A) FMT - Metric Designators 16 and 21 (Trade 
Sizes 1h and % ). The number of conductors in metric 
designators 16 (trade size Y2) and 21 (trade size %) shall 
not exceed that permitted by the percentage fill specified 
in Table 1, Chapter 9. 
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360.24 ARTICLE 362 - ELECTRICAL NONMETALLIC TUBING: TYPE ENT 

Cables shall be permitted to be installed where such 
use is not prohibited by the respective cable articles. The 
number of cables shall not exceed the allowable 
percentage fill specified in Table 1, Chapter 9. 

(B) FMT - Metric Designator 12 (Trade Size 3/8), The 
number of conductors in metric designator 12 (trade size 
3/8) shall not exceed that permitted in Table 348.22. 

360.24 Bends. 

(A) Infrequent Flexing Use. When FMT is infrequently 
flexed in service after installation, the radii of bends 
measured to the inside of the bend shall not be less than 
specified in Table 360.24(A). 

Table 360.24(A) Minimum Radii for Flexing Use 

Metric 
Designator Trade Size 

12 % 

16 I;; 

21 'l4 

Minimum Radii for Flexing 
Use 

mm in. 

25.4 10 

317.5 12'12 

444.5 17 JIz 

(B) Fixed Bends. Where FMT is bent for installation 
purposes and is not flexed or bent as required by use after 
installation, the radii of bends measured to the inside of 
the bend shall not be less than specified in Table 
360.24(B). 

Table 360.24(B) Minimum Radii for Fixed Bends 

Metric 
Designator Trade Size 

12 % 

16 !2 

2] 'l4 

Minimum Radii for Fixed 
Bends 

mm in. 

88.9 31;; 

101.6 4 

127.0 

360.56 Splices and Taps. Splices and taps shall be made 
in accordance with 300.15. 

360.60 Grounding. FMT shall be permitted as an 
equipment grounding conductor where installed 111 

accordance with 250.118(7). 

III. Construction Specifications 

360.120 Marking. FMT shall be marked according to 
110.21. 
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ARTICLE 362 
Electrical Nonmetallic Tubing: 

TypeENI 
I. General 

362.1 Scope. This article covers the use, installation, and 
construction specifications for electrical nonmetallic 
tubing (ENT) and associated fittings. 

362.2 Definition. 

Electrical Nonmetallic Tubing (ENT). A nonmetallic, 
pliable, corrugated raceway of circular cross section with 
integral or associated couplings, connectors, and fittings 
for the installation of electrical conductors. ENT is 
composed of a material that is resistant to moisture and 
chemical atmospheres and is flame retardant. 

A pliable raceway is a raceway that can be bent by 
hand with a reasonable force but without other assistance. 

362.6 Listing Requirements. ENT and associated fittings 
shall be listed. 

II. Installation 

362.10 Uses Permitted. For the purpose of this article, 
the first floor of a building shall be that floor that has 50 
percent or more of the exterior wall surface area level 
with or above finished grade. One additional level that is 
the first level and not designed for human habitation and 
used only for vehicle parking, storage, or similar use shall 
be permitted. The use of ENT and fittings shall be 
permitted in the following: 

(I) In any building not exceeding three floors above 
grade as follows: 

a. For exposed work, where not prohibited by 
362.12 

b. Concealed within walls, floors, and ceilings 

(2) In any building exceeding three floors above grade, 
ENT shall be concealed within walls, floors, and 
ceilings where the walls, floors, and ceilings provide 
a thermal barrier of material that has at least a 15-
minute finish rating as identified in listings of fire
rated assemblies. The 15-minute-finish-rated thermal 
barrier shall be permitted to be used for combustible 
or noncombustible walls, floors, and ceilings. 

Exception to (2): Where a fire sprinkler system(s) is 
installed in accordance with NFPA 13-2010, Standard 
for the Installation of Sprinkler Systems, on all floors, 
ENT shall be permitted to be used within walls, floors, 
and ceilings, exposed or concealed, in buildings 
exceeding three floors abovegrade. 
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ARTICLE 362 - ELECTRICAL NONMETALLIC TUBING: TYPE ENT 362.30 

Informational Note: A finish rating is established for 
assemblies containing combustible (wood) supports. The 
finish rating is defined as the time at which the wood 
stud or wood joist reaches an average temperature rise of 
121 °C (250°F) or an individual temperature of 163 °C 
(325°F) as measured on the plane of the wood nearest 
the fire. A finish rating is not intended to represent a 
rating for a membrane cei ling. 

(3) In locations subject to severe corrosive influences as 
covered in 300.6 and where subject to chemicals for 
which the materials are specifically approved. 

(4) In concealed, dry, and damp locations not prohibited 
by362.12. 

(5) Above suspended ceilings where the suspended 
ceilings provide a thermal barrier of material that has 
at least a 15-minute finish rating as identified in 
l1stings of fire-rated assemblies, except as permitted 
in 362.10(1 )(a). 

Exception to (5): ENT shall be permitted to be used above 
suspended ceilings in buildings exceeding three floors 
above grade where the building is protected throughout 
by a fire sprinkler system installed in accordance with 
NFPA 13-2010, Standard for the Installation of Sprinkler 
Systems. 

(6) Encased in poured concrete, or embedded in a 
concrete slab on grade where ENT is placed on sand 
or approved screenings, provided fittings identified 
for this purpose are used for connections. 

(7) For wet locations indoors as permitted in this section 
or in a concrete slab on or belowgrade, with fittings 
listed for the purpose. 

(8) Metric designator 16 through 27 (trade size Yz 
through 1) as listed manufactured prewired assembly. 
Informational Note: Extreme cold may cause some types 
of nonmetallic conduits to become brittle and therefore 
more susceptible to damage from physical contact. 

(9) Conductors or cables rated at a tempcrnturehighcr 
than the listed temperature rating of ENT shall be 
permined to be installed in ENT ifth conductors or 
cables are not operated at a temperature high r than 
lhe listed temp~'rature rating of the ENT. 

362.12 Uses Not Permitted. ENT shall not be used in the 
following: 

(l) In any hazardous (classified) location, except as 
permitted by other articles in this Code 

(2) For the support ofluminaires and other equipment 

(3) Where subject to ambient temperatures in excess of 
50°C (l22°F) unless listed otherwise 

(4) For direct earth burial 

(5) Where the voltage is over 600 volts 

(6) In exposed locations, except as permitted by 
362.10(1), 362.10(5), and 362.10(7) 

(7) In theaters and similar locations, except as provided 
in 518.4 and 520.5 
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(8) Where exposed to the direct rays of the sun, unless 
identified as sun! ight resistant 

(9) Where subject to physical damage 

362.20 Size. 

(A) Minimum. ENT smaller than metric designator 16 
(trade size Yz) shall not be used. 

(B) Maximum. ENT larger than metric designator 53 
(trade size 2) shall not be used. 

Informational Note: See 300.1(C) for the metric 
designators and trade sizes. These are for identification 
purposes only and do not relate to actual dimensions. 

362.22 Number of Conductors. The number of 
conductors shall not exceed that permitted by the 
percentage fill in Table 1, Chapter 9. 

Cables shall be permitted to be installed where such 
use is not prohibited by the respective cable articles. The 
number of cables shall not exceed the allowable 
percentage fill specified in Table 1, Chapter 9. 

362.24 Bends - How Made. Bends shall be so made 
that the tubing will not be damaged and the internal 
diameter of the tubing will not be effectively reduced. 
Bends shall be permitted to be made manually without 
auxiliary equipment, and the radius of the curve to the 
centerline of such bends shall not be less than shown in 
Table 2, Chapter 9 using the column "Other Bends." 

362.26 Bends - Number in One Run. There shall not 
be more than the equivalent of four quarter bends (360 
degrees total) between pull points, for example, conduit 
bodies and boxes. 

362.28 Trimming. All cut ends shall be trimmed inside 
and outside to remove rough edges. 

362.30 Securing and Supporting. ENT shall be installed 
as a complete system in accordance with 300.18 and shall 
be securely fastened in place and supported in accordance 
with 362.30(A) and (B). 

(A) Securely Fastened. ENT shall be securely fastened at 
intervals not exceeding 900 mm (3 ft). In addition, ENT 
shall be securely fastened in place within 900 mm (3 ft) of 
each outlet box, device box, junction box, cabinet, or 
fitting where it terminates. 

Exception No.1: Lengths not exceeding a distance of 1.8 
m (6 fl) from a luminaire terminal connection for tap 
connections to lighting luminaires shall be permitted 
without being secured. 

Exception No.2: Lengths not exceeding 1.8 m (6ft) from 
the last point where the raceway is securely fastened for 
connections within an accessible ceiling to luminaire(s) 
or other equipment. 
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362.46 ARTICLE 366 - AUXILIARY GUTTERS 

Exception No.3: For concealed work in finished 
buildings or prejinished wall panels where such securing 
is impracticable, unbroken lengths (without coupling) of 
ENT shall be permitted to be fished. 

(B) Supports. Horizontal runs of ENT supported by 
openings in framing members at intervals not exceeding 
900 mm (3 ft) and securely fastened within 900 mm (3 ft) 
of termination points shall be permitted. 

362.46 Bushings. Where a tubing enters a box, fitting, or 
other enclosure, a bushing or adapter shall be provided to 
protect the wire from abrasion unless the box, fitting, or 
enclosure design provides equivalent protection. 

Informational Note: See 300.4(G) for the 
protection of conductors size 4 A WG or larger. 

362.48 Joints. All joints between lengths of tubing and 
between tubing and couplings, fittings, and boxes shall be 
by an approved method. 

362.56 Splices and Taps. Splices and taps shall be made 
only in accordance with 300.15. 

Informational Note: See Article 314 for rules on 
the installation and lise of boxes and conduit 
bodies. 

362.60 Grounding. Where equipment grounding is 
required, a separate equipment grounding conductor shall 
be installed in the raceway in compliance with Article 
250, Part VI. 

III. Construction Specifications 

362.100 Construction. ENT shall be made of material 
that does not exceed the ignitibility, flammability, smoke 
generation, and toxicity characteristics of rigid 
(nonplasticized) polyvinyl chloride. 

ENT, as a prewired manufactured assembly, shall be 
provided in continuous lengths capable of being shipped 
in a coil, reel, or carton without damage. 

362.120 Marking. ENT shall be clearly and durably 
marked at least every 3 m (lOft) as required in the first 
sentence of 110.21. The type of material shall also be 
included in the marking. Marking for limited smoke shall 
be permitted on the tubing that has limited smoke
producing characteristics. 

The type, size, and quantity of conductors used in 
prewired manufactured assemblies shall be identified by 
means of a printed tag or label attached to each end of the 
manufactured assembly and either the carton, coil, or reel. 
The enclosed conductors shall be marked in accordance 
with 310.'120. 
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ARTICLE 366 
A uxiliary Gutters 

I. General 

366.1 Scope. This article covers the use, installation, and 
construction requirements of metal auxiliary gutters and 
nonmetallic auxiliary gutters and associated fittings. 

366.2 Definitions. 

Metallic Auxiliary Gutter. A sheet metal enclosure used 
to supplement wiring spaces at meter centers, distribution 
centers, switchboards, and similar points of wiring 
systems. The enclosure has hinged or removable covers 
for housing and protecting electrical wires, cable, and 
busbars. The enclosure is designed for conductors to be 
laid or set in place after the enclosures have been installed 
as a complete system. 

Nonmetallic Auxiliary Gutter. A flame retardant, 
nonmetallic enclosure lIsed to supplement wiring spaces 
at meter centers, distribution centers, switchboards, and 
similar points of wiring systems. The enclosure has 
hinged or removable covers for housing and protecting 
electrical wires, cable, and busbars. The enclosure is 
designed for conductors to be laid or set in place after the 
enclosures have been installed as a complete system. 

366.6 Listing Requirements. 

(A) Outdoors. Nonmetallic auxiliary gutters installed 
outdoors shall comply with the following: 

(1) Be listed as suitable for exposure to sunlight 

(2) Be listed as suitable for use in wet locations 

(3) Be listed for maximum ambient temperature of the 
installation 

(B) Indoors. Nonmetallic auxiliary gutters instal1ed 
indoors shall be listed for the maximum ambient 
temperature of the installation. 

II. Installation 

366.10 Uses Permitted. 

(A) Sheet Metal Auxiliary Gutters. 

(1) Indoor and Outdoor Use. Sheet metal auxiliary 
gutters shall be permitted for indoor and outdoor use. 

(2) Wet Locations. Sheet metal auxiliary gutters installed 
in wet locations shall be suitable for such locations. 

(B) Nonmetallic Auxiliary Gutters. Nonmetallic 
auxiliary gutters shall be listed for the maximum ambient 
temperature of the installation and marked for the 
installed conductor insulation temperature rating. 
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ARTICLE 366 - AUXILIARY GUTTERS 366.58 

(1) Outdoors. Nonmetallic auxiliary gutters shall be 
permitted to be installed outdoors where listed and 
marked as suitable for the purpose. 

Informational Note: Extreme cold may cause 
nonmetallic auxiliary gutters to become brittle and 
therefore more susceptible to damage from physical 
contact. 

(2) Indoors. Nonmetallic auxiliary gutters shall be 
permitted to be installed indoors. 

366.12 Uses Not Permitted. Auxiliary gutters shall not 
be 

(1) To enclose switches, overcurrent devices, appliances, 
or other similar equipment 

(2) To extend a greater distance than 9 m (30 ft) beyond 
the equipment that it supplements 

Exception: As permitted in 620.35 for elevators, an 
auxilimy gutter shall be permitted to extend a distance 
greater than 9 m (30 ft) beyond the equipment it 
supplements. 

Informational Note: For wireways, see Articles 376 and 
378. For busways, see Article 368. 

366.22 Number of Conductors. 

(A) Sheet Metal Auxiliary Gutters. The sum of the 
cross-sectional areas of all contained conductors at any 
cross section of a sheet metal auxiliary gutter shall not 
exceed 20 percent of the interior cross-sectional area of 
the sheet metal auxiliary gutter. The factors in 
310.15(B)(3)(a) shall be applied only where the number 
of current-carrying conductors, including neutral 
conductors classified as current-carrying under the 
provisions of 310.15(B)(5), exceeds 30. Conductors for 
signaling circuits or controller conductors between a 
motor and its starter and used only for starting duty shall 
not be considered as current-carrying conductors. 

(B) Nonmetallic Auxiliary Gutters. The sum of cross
sectional areas of all contained conductors at any cross 
section of the nonmetallic auxiliary gutter shall not 
exceed 20 percent of the interior cross-sectional area of 
the nonmetallic auxiliary gutter. 

366.23 Ampacity of Conductors. 

(A) Sheet Metal Auxiliary Gutters. Where the number 
of current-carrying conductors contained in the sheet 
metal auxiliary gutter is 30 or less, the adjustment factors 
specified in 310.15(B)(3)(a) shall not apply. The current 
carried continuously in bare copper bars in sheet metal 

auxiliary gutters shall not exceed 1.55 amperes/mm2 

(1000 amperes/in.2) of cross section of the conductor. For 
aluminum bars, the current carried continuously shall not 

exceed 1.09 amperes/mm2 (700 amperes/in.2) of cross 
section of the conductor. 
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(B) Nonmetallic Auxiliary Gutters. The 
factors specified in 3 10. 15(B)(3)(a) shall be applicable to 
the current-carrying conductors in the nonmetallic 
auxiliary gutter. 

366.30 Securing and Supporting. 

(A) Sheet Metal Auxiliary Gutters. Sheet metal 
auxiliary gutters shall be supported 
throughout their entire length at intervals not exceeding 
1.5 m (5 ft). 

(B) Nonmetallic Auxiliary Gutters. Nonmetallic 
auxiliary gutters shall be supported at 
intervals not to exceed 900 mm (3 ft) and at each end or 
joint, unless listed for other support intervals. In no case 
shall the distance between supports exceed 3 m (10ft). 

366.44 Expansion Fittings. Expansion fittings shall be 
installed where expected length change, due to expansion 
and contraction due to temperature change, is more than 6 
mm (0.25 in.). 

366.56 Splices and Taps. Splices and taps shall comply 
with 366.56(A) through (D). 

(A) Within Gutters. Splices or taps shall be permitted 
within gutters where they are accessible by means of 
removable covers or doors. The conductors, including 
splices and taps, shall not fill the gutter to more than 75 
percent of its area. 

(B) Bare Conductors. Taps from bare conductors shall 
leave the gutter opposite their terminal connections, and 
conductors shall not be brought in contact with 
uninsulated current-carrying parts of different potential. 

(C) Suitably Identified. All taps shan be suitably 
identified at the gutter as to the circuit or equipment that 
they supply. 

(D) Overcurrent Protection. Tap connections from 
conductors in auxiliary gutters shall be provided with 
overcurrent protection as required in 240.21. 

366.58 Insulated Conductors. 

(A) Deflected Insulated Conductors. Where insulated 
conductors are deflected within an auxiliary gutter, either 
at the ends or where conduits, fittings, or other raceways 
or cables enter or leave the gutter, or where the direction 
of the gutter is deflected greater than 30 degrees, 
dimensions corresponding to one wire per tenninal in 
Table 312.6(A) shall apply. 

(B) Auxiliary Gutters Used as Pull Boxes. Where 
insulated conductors 4 AWG or larger are pulled through 
an auxiliary gutter, the distance between raceway and 
cable entries enclosing the same conductor shall not be 
less than that required in 314.28(A)(l) for straight pulls 
and 314.28(A)(2) for angle pulls. 
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366.60 ARTICLE 368 - BUSWA YS 

366.60 Grounding. Metal auxiliary gutters shall be 
connected to an equipment grounding conductor( s), to an 
equipment bonding jumper, or to the grounded conductor 
where permitted or required by 250.92(B)(1) or 250.142. 

III. Construction Specifications 

366.100 Construction. 

(A) Electrical and Mechanical Continuity. Gutters shall 
be constructed and installed so that adequate electrical 
and mechanical continuity of the complete system is 
secured. 

(B) Substantial Construction. Gutters shall be of 
substantial construction and shall provide a complete 
enclosure for the contained conductors. All surfaces, both 
interior and exterior, shall be suitably protected from 
corrosion. Corner joints shall be made tight, and where 
the assembly is held together by rivets, bolts, or screws, 
such fasteners shall be spaced not more than 300 mm (12 
in.) apart. 

(C) Smooth Rounded Edges. Suitable bushings, shields, 
or fittings having smooth, rounded edges shall be 
provided where conductors pass between gutters, through 
partitions, around bends, between gutters and cabinets or 
junction boxes, and at other locations where necessary to 
prevent abrasion of the insulation of the conductors. 

(D) Covers. Covers shall be securely fastened to the 
gutter. 

(E) Clearance of Bare Live Parts. Bare conductors shall 
be securely and rigidly supported so that the minimum 
clearance between bare current-carrying metal parts of 
different potential mounted on the same surface will not 
be less than 50 mm (2 in.), nor less than 25 mm (1 in.) for 
parts that are held free in the air. A clearance not less than 
25 mm (1 in.) shall be secured between bare current
carrying metal parts and any metal surface. Adequate 
provisions shall be made for the expansion and 
contraction of busbars. 

366.120 Marking. 

(A) Outdoors. Nonmetallic auxiliary gutters installed 
outdoors shall have the following markings: 

(1) Suitable for exposure to sunlight 

(2) Suitable for use in wet locations 

(3) Installed conductor insulation temperature rating 

(B) Indoors. Nonmetallic auxiliary gutters installed 
indoors shall be marked with the installed conductor 
insulation temperature rating. 
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ARTICLE 368 
Busway~ 

I. General Req uirements 

368.1 Scope. This article covers service-entrance, feeder, 
and branch-circuit busways and associated fittings. 

368.2 Definition. 

Busway. A grounded metal enclosure containing factory
mounted, bare or insulated conductors, which are usually 
copper or aluminum bars, rods, or tubes. 

Informational Note: For cablebus, refer to Article 370. 

II. Installation 

368.10 Uses Permitted. Busways shall be permitted to be 
installed where they are located in accordance with 
368.1O(A) through (C). 

(A) Exposed. Busways shall be permitted to be located in 
the open where visible, except as permitted in 368.10(C). 

(B) Behind Acces Panels. Busways shall be pennitted to 
be installed behind access panels, provided the busways 
are totally enclosed, of non ventilating-type construction, 
and installed so that the joints between sections and at 
fittings are accessible for maintenance purposes. Where 
installed behind access panels, means of access shall be 
provided, and either of the following conditions shall be 
met: 

(1) The space behind the access panels shall not be used 
for air-handling purposes. 

(2) Where the space behind the access panels is used for 
environmental air, other than ducts and plenums, 
there shall be no provisions for plug-in connections, 
and the conductors shall be insulated. 

(C) Through Walls and Floors. Busways shall be 
permitted to be installed through walls or floors in 
accordance with (C)(1) and (C)(2). 

(1) WalJs. Unbroken lengths of bus way shall be permitted 
to be extended through dry walls. 

(2) Floors. Floor penetrations shall comply with (a) and (b): 

(a) Busways shall be permitted to be extended 
vertically through dry floors if totally enclosed 
(unventilated) where passing through and for a minimum 
distance of 1.8 m (6 ft) above the floor to provide 
adequate protection from physical damage. 

(b) In other than industrial establishments, where a 
vertical riser penetrates two or more dry floors, a 
minimum 100-mm (4-in.) high curb shall be installed 
around all floor openings for riser busways to prevent 
liquids from entering the opening. The curb shall be 
installed within 300 mm (12 in.) of the floor opening. 
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ARTICLE 368 - BUSW A YS 368.56 

Electrical equipment shall be located so that it will not be 
damaged by liquids that are retained by the curb. 

Infonnational Note: See 300.21 for infonnation 
concerning the spread of fire or products of combustion. 

368.12 Uses Not Permitted. 

(A) Physical Damage. Busways shall not be installed 
where subject to severe physical damage or corrosive 
vapors. 

(B) Hoistways. Busways shall not be installed in 
hoistways. 

(C) Hazardous Locations. Busways shal1 not be installed 
in any hazardous (classified) location, unless specifically 
approved for such use. 

Infonnational Note: See 501.1 O(B). 

(D) Wet Locations. Busways shall not be installed 
outdoors or in wet or damp locations unless identified for 
such use. 

(E) Working Platform. Lighting busway and trolley 
busway shall not be installed less than 2.5 m (8 ft) above 
the floor or working platform unless provided with a 
cover identified for the purpose. 

368.17 Overcurrent Protection. Overcurrent protection 
shall be provided in accordance with 368.17(A) through 
(D). 

(A) Rating of Overcurrent Protection - Feeders. A 
bus way shall be protected against overcurrent in 
accordance with the allowable current rating of the busway. 

Exception No.1: The applicable provisions of 240.4 shall 
be permitted. 

Exception No.2: Where used as transformer secondmy 
ties, the provisions of 450. 6(A) (3) shall be permitted. 

(B) Reduction in Ampacity Size of Busway. 
Overcurrent protection shall be required where bus ways 
are reduced in ampacity. 

Exception: For industrial establishments only, omission 
of overcurrent protection shall be permitted at points 
where busways are reduced in ampacity, provided that 
the length of the busway having the smaller ampacity 
does not exceed 15 m (50 fl) and has an ampacity at least 
equal to one-third the rating or setting of the overcurrent 
device next back on the line, and provided that such 
busway is free from contact with combustible material. 

(C) Feeder or Branch Circuits. Where a busway is used 
as a feeder, devices or plug-in connections for tapping off 
feeder or branch circuits from the bus way shall contain 
the overcurrent devices required for the protection of the 
feeder or branch circuits. The plug-in device shall consist 
of an externally operable circuit breaker or an externally 
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operable fusible switch. Where such devices are mounted 
out of reach and contain disconnecting means, suitable 
means such as ropes, chains, or sticks shall be provided 
for operating the disconnecting means from the floor. 

Exception No.1: As permitted in 240.21. 

Exception No.2: For fixed or semifixed luminaires, 
where the branch-circuit overcurrent device is part of the 
luminaire cord plug on cord-connected luminaires. 

Exception No.3: Where luminaires without cords are 
plugged directly into the busway and the overcurrent 
device is rnounted on the luminaire. 

(D) Rating of Overcurrent Protection - Branch 
Circuits. A busway used as a branch circuit shall be 
protected against overcurrent in accordance with 210.20. 

368.30 Support. Busways shall be securely supported at 
intervals not exceeding 1.5 m (5 ft) unless otherwise 
designed and marked. 

368.56 Branches from Busways. Branches from 
busways shall be permitted to be made in accordance with 
368.56(A), (B), and (C). 

(A) General. Branches from busways shall be permitted 
to use any of the following wiring methods: 

(1) Type AC armored cable 

(2) Type MC metal-clad cable 

(3) Type MI mineral-insulated, metal-sheathed cable 

(4) Type IMC intermediate metal conduit 

(5) Type RMC rigid metal conduit 

(6) Type FMC flexible metal conduit 

(7) Type LFMC liquidtight flexible metal conduit 

(8) Type PVC rigid polyvinyl chloride conduit 

(9) Type RTRC reinforced thermosetting resin conduit 

(10) Type LFNC liquidtight flexible nonmetallic conduit 

(11) Type EMT electrical metallic tubing 

(12) Type ENT electrical nonmetallic tubing 

(13) Busways 

(14) Strut-type channel raceway 

(15) Surface metal raceway 

(16) Surface nonmetallic raceway 

Where a separate equipment grounding conductor is 
used, connection of the equipment grounding conductor to 
the bus way shall comply with 250.8 and 250.12. 
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ARTICLE 368 

(B) Cord and Cable Assemblies. Suitable cord and cable 
assemblies approved for extra-hard usage or hard usage 
and listed bus drop cable shall be permitted as branches 
from busways for the connection of portable equipment or 
the connection of stationary equipment to facilitate their 
interchange in accordance with 400.7 and 400.8 and the 
following conditions: 

(1) The cord or cable shall be attached to the building by 
an approved means. 

(2) The length of the cord or cable from a busway plug
in device to a suitable tension take-up support device 
shall not exceed 1.8 m (6 ft). 

(3) The cord and cable shall be installed as a vertical 
riser from the tension take-up support device to the 
equipment served. 

(4) Strain relief cable grips shall be provided for the cord 
or cable at the busway plug-in device and equipment 
terminations. 

Exception to (B) (2): In industrial establishments only, 
where the conditions of maintenance and supervision 
ensure that only qualified persons service the installation, 
lengths exceeding 1.8 m (6ft) shall be permitted between 
the busway plug-in device and the tension take-up support 
device where the cord or cable is supported at intervals 
not exceeding 2.5 m (8ft). 

(C) Branches from TroHey-Type Busways. Suitable 
cord and cable assemblies approved for extra-hard usage 
or hard usage and listed bus drop cable shall be permitted 
as branches from trolley-type busways for the connection 
of movable equipment in accordance with 400.7 and 
400.8. 

368.58 Dead Ends. A dead end of a busway shall be 
closed. 

368.60 Grounding. Busway shall be connected to an 
equipment grounding conductor(s), to an equipment 
bonding jumper, or to the grounded conductor where 
permitted or required by 250.92(B)(l) or 250.142. 

III. Construction 

368.120 Marking. Busways shall be marked with the 
voltage and current rating for which they are designed, 
and with the manufacturer's name or trademark in such a 
manner as to be visible after installation. 

IV. Requirements for Over 600 Volts, Nominal 

368.214 Adjacent and Supporting Structures. Metal
enclosed busways shall be installed so that temperature 
rise from induced circulating currents in any adjacent 
metallic parts wi1l not be hazardous to personnel or 
constitute a fire hazard. 
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368.234 Barriers and Seals. 

(A) Vapor Seals. Busway runs that have sections located 
both inside and outside of buildings shall have a vapor 
seal at the building wall to prevent interchange of air 
between indoor and outdoor sections. 

Exception: Vapor seals shall not be required in fOlAced
cooled bus. 

(B) Fire Barriers. Fire barriers shall be provided where 
fire walls, floors, or ceilings are penetrated. 

Infonnational Note: See 300.21 for information 
concerning the spread of fire or products of combustion. 

368.236 Drain Facilities. Drain plugs, filter drains, or 
similar methods shall be provided to remove condensed 
moisture from low points in busway run. 

368.237 Ventilated Bus Enclosures. Ventilated busway 
enclosures shal1 be installed in accordance with Article 
110, Part III, and 490.24. 

368.238 Terminations and Connections. Where bus 
enclosures terminate at machines cooled by flammable 
gas, seal-off bushings, baffles, or other means shall be 
provided to prevent accumulation of llammable gas in the 
busway enclosures. 

All conductor termination and connection hardware shall 
be accessible for installation, connection, and 
maintenance. 

368.239 Switches. Switching devices or disconnecting 
links provided in the busway run shall have the same 
momentary rating as the busway. Disconnecting links 
shall be plainly marked to be removable only when bus is 
de-energized. Switching devices that are not load-break 
shall be interlocked to prevent operation under load, and 
disconnecting link enclosures shall be interlocked to 
prevent access to energized parts. 

368.240 Wiring 600 Volts or Less, Nominal. Secondary 
control devices and wiring that are provided as part of the 
metal-enclosed bus run shall be insulated by fire-retardant 
barriers from all primary circuit elements with the 
exception of short lengths of wire, such as at instrument 
transformer terminals. 

368.244 Expansion Fittings. Flexible or expansion 
connections shall be provided in long, straight runs of bus 
to allow for temperature expansion or contraction, or 
where the busway run crosses building vibration 
insulation joints. 

368.258 Neutral Conductor. Neutral bus, where 
required, shall be sized to carryall neutral load current, 
including harmonic currents, and shall have adequate 
momentary and short-circuit rating consistent with system 
requirements. 

368.260 Grounding. Metal-enclosed busway shall be 
grounded. 
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ARTICLE 370 - CABLEBUS 370.6 

368.320 Marking. Each busway run shall be provided 
with a permanent nameplate on which the following 
information shall be provided: 

(1) Rated voltage. 

(2) Rated continuous current; if bus is forced-cooled, 
both the normal forced-cooled rating and the self
cooled (not forced-cooled) rating for the same 
temperature rise shall be given. 

(3) Rated frequency. 

(4) Rated impulse withstand voltage. 

(5) Rated 60-Hz withstand voltage (dry). 

(6) Rated momentary current. 

(7) Manufacturer's name or trademark. 

lnfonnational Note: See ANSI C37.23-1987 (R1991), 
Guide for Metal-Enclosed Bus and Calculating Losses 
in Isolated-Phase Bus, for construction and testing 
requirements for metal-enclosed buses. 

ARTICLE 370 
Cablebus 

370.1 Scope. This article covers the use and installation 
requirements of cablebus and associated fittings. 

370.2 Definition. 

Cablebus. An assembly of insulated conductors with 
fittings and conductor terminations in a completely 
enclosed, ventilated protective metal housing. Cablebus is 
ordinarily assembled at the point of installation from the 
components furnished or specified by the manufacturer in 
accordance with instructions for the specific job. This 
assembly is designed to carry fault current and to 
withstand the magnetic forces of such current. 

370.3 Use. Approved cablebus shall be permitted at any 
voltage or current for which spaced conductors are rated 
and shall be installed only for exposed work, except as 
permitted in 370.6. Cablebus installed outdoors or in 
corrosive, wet, or damp locations shall be identified for 
such use. Cablebus shall not be installed in hoistways or 
hazardous (classified) locations unless specifically 
approved for such use. Cablebus shall be permitted to be 
used for branch circuits, feeders, and services. 

Cablebus framework, where bonded, shall be permitted to 
be used as the equipment grounding conductor for branch 
circuits and feeders. 

370.4 Conductors. 

(A) Types of Conductors. The current-carrying 
conductors in cablebus shall have an insulation rating of 
75°C (l67°F) or higher and be an approved type suitable 
for the application. 
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(B) Ampacity of Conductors. The ampacity of 
conductors in cablebus shall be in accordance with Table 
310JfS(Bj(T7) and Table 310.15(8)(19). or with Table 
310.60(C)(69) and Table 310.60(C)(70) for installations 
over 600 volts. 

(C) Size and Number of Conductors. The size and 
number of conductors shall be that for which the cablebus 
is designed, and in no case smaller than 110 AWG. 

(D) Conductor Supports. The insulated conductors shall 
be supported on blocks or other mounting means designed 
for the purpose. 

The individual conductors in a cablebus shall be 
supported at intervals not greater than 900 mm (3 ft) for 
horizontal runs and 450 mm (1 Y2 ft) for vertical runs. 
Vertical and horizontal spacing between supported 
conductors shall not be less than one conductor diameter 
at the points of support. 

370.5 Overcurrent Protection. Cablebus shall be 
protected against overcurrent in accordance with the 
allowable ampacity of the cablebus conductors in 
accordance with 240.4. 

Exception: Overcurrent protection shall be permitted in 
accordance with 240.100 and 240.101 for over 600 volts, 
nominal. 

370.6 Support and Extension Through Walls and 
Floors. 

(A) Support. Cablebus shall be securely supported at 
intervals not exceeding 3.7 m (12 ft). 

Exception: Where spans longer than 3.7 m (12 ft) are 
required, the structure shall be spec~fically designed for 
the required span length. 

(B) Transversely Routed. Cablebus shall be permitted to 
extend transversely through partitions or walls, other than 
fire walls, provided the section within the wall is 
continuous, protected against physical damage, and 
unventilated. 

(C) Through Dry Floors and Platforms. Except where 
firestops are required, cablebus shall be permitted to 
extend vertically through dry floors and platforms, 
provided the cablebus is totally enclosed at the point 
where it passes through the floor or platform and for a 
distance of 1.8 m (6 ft) above the floor or platform. 

(D) Through Floors and Platforms in Wet Locations. 
Except where firestops are required, cablebus shall be 
permitted to extend vertically through floors and 
platforms in wet locations where (1) there are curbs or 
other suitable means to prevent waterflow through the 
floor or platform opening, and (2) where the cablebus is 
totally enclosed at the point where it passes through the 
floor or platform and for a distance of 1.8 m (6 ft) above 
the floor or platform. 

70-227 



370.7 ARTICLE 372 - CELLULAR CONCRETE FLOOR RACEWAYS 

370.7 Fittings. A cablebus system shall include approved 
fittings for the following: 

(1) Changes in horizontal or vertical direction of the run 

(2) Dead ends 

(3) Terminations in or on connected apparatus or 
equipment or the enclosures for such equipment 

(4) Additional physical protection where required, such 
as guards where subject to severe physical damage 

370.8 Conductor Terminations. Approved terminating 
means shall be used for connections to cablebus 
conductors. 

370.9 Grounding. A cablebus installation shall be 
grounded and bonded in accordance with Article 250, 
excluding 250.86, Exception No.2. 

370.10 Marking. Each section of cablebus shall be 
marked with the manufacturer's name or trade 
designation and the maximum diameter, number, voltage 
rating, and ampacity of the conductors to be installed. 
Markings shall be located so as to be visible after 
installation. 

ARTICLE 372 
Cellular Concrete Floor Raceways 

372.1 Scope. This article covers cellular concrete floor 
raceways, the hollow spaces in floors constructed of 
precast cellular concrete slabs, together with suitable 
metal fittings designed to provide access to the floor cells. 

372.2 Definitions. 

Cell. A single, enclosed tubular space in a floor made of 
precast cellular concrete slabs, the direction of the cell 
being parallel to the direction of the floor member. 

Header. Transverse metal raceways for electrical 
conductors, providing access to predetermined cells of a 
precast cellular concrete floor, thereby permitting the 
installation of electrical conductors from a distribution 
center to the floor cells. 

372.4 Uses Not Permitted. Conductors shall not be 
installed in precast celluJar concrete floor raceways as 
follows: 

(1) Where subject to corrosive vapor 

(2) In any hazardous (classified) location, except as 
permitted by other articles in this Code 

(3) In commercial garages, other than for supplying 
ceiling outlets or extensions to the area below the 
floor but not above 
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Informational Note: See 300.8 for installation of 
conductors with other systems. 

372.5 Header. The header shall be installed in a straight 
line at right angles to the cells. The header shall be 
mechanically secured to the top of the precast cellular 
concrete floor. The end joints shall be closed by a metal 
closure fitting and sealed against the entrance of concrete. 
The header shall be electrically continuous throughout its 
entire length and shall be electrically bonded to the 
enclosure of the distribution center. 

372.6 Connection to Cabinets and Other Enclosures. 
Connections from headers to cabinets and other 
enclosures shall be made by means of listed metal 
raceways and listed fittings. 

372.7 Junction Boxes. Junction boxes shall be leveled to 
the floor grade and sealed against the free entrance of 
water or concrete. Junction boxes shall be of metal and 
shall be mechanically and electrically continuous with the 
header. 

372.8 Markers. A suitable number of markers shall be 
installed for the future location of cells. 

372.9 Inserts. Inserts shall be leveled and sealed against 
the entrance of concrete. Inserts shall be of metal and 
shall be fitted with grounded-type receptacles. A 
grounding conductor shall connect the insert receptacles 
to a positive ground connection provided on the header. 
Where cutting through the cell wall for setting inserts or 
other purposes (such as providing access openings 
between header and cells), chips and other dirt shall not 
be allowed to remain in the raceway, and the tool used 
shall be designed so as to prevent the tool from entering 
the cell and damaging the conductors. 

372.10 Size of Conductors. No conductor larger than 110 
A WG shall be installed, except by special permission. 

372.11 Maximum Number of Conductors. The 
combined cross-sectional area of all conductors or cables 
shall not exceed 40 percent of the cross-sectional area of 
the cell or header. 

372.12 Splices and Taps. Splices and taps shall be made 
only in header access units or junction boxes. A 
continuous unbroken conductor connecting the individual 
outlets is not a splice or tap. 

372.13 Discontinued Outlets. When an outlet is 
abandoned, discontinued, or removed, the sections of 
circuit conductors supplying the outlet shall be removed 
from the raceway. No splices or reinsulated conductors, 
such as would be the case of abandoned outlets on loop 
wiring, shall be allowed in raceways. 
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ARTICLE 374 - CELLULAR JVIETAL FLOOR RACEWAYS 374.100 

372.17 Ampacity of Conductors. The ampacity 
adjustment factors, provided in 310.15(B)(P), shall apply 
to conductors installed in cellular concrete floor raceways. 

ARTICLE 374 

Cellular Metal Floor Raceways 

374.1 Scope. This article covers the use and installation 
requirements for cellular metal floor raceways. 

374.2 Definitions. 

Cellular Metal Floor Raceway. The hollow spaces of 
cellular metal floors, together with suitable fittings, that 
may be approved as enclosures for electrical conductors. 

Cell. A single enclosed tubular space in a cellular metal 
floor member, the axis of the cell being parallel to the axis 
of the metal floor member. 

Header. A transverse raceway for electrical conductors, 
providing access to predetermined cells of a cellular metal 
floor, thereby permitting the installation of electrical 
conductors from a distribution center to the cells. 

374.3 Uses Not Permitted. Conductors shall not be 
installed in cellular metal floor raceways as follows: 

(1) Where subject to corrosive vapor 

(2) In any hazardous (classified) location, except as 
permitted by other articles in this Code 

(3) In commercial garages, other than for supplying 
ceiling outlets or extensions to the area below the 
floor but not above 

Informational Note: See 300.8 for installation of 
conductors with other systems. 

I. Installation 

374.4 Size of Conductors. No conductor larger than 1/0 
A WG shall be installed, except by special permission. 

374.5 Maximum Number of Conductors in Raceway. 
The combined cross-sectional area of all conductors or 
cables shall not exceed 40 percent of the interior cross
sectional area of the cell or header. 

374.6 Splices and Taps. Splices and taps shall be made 
only in header access units or junction boxes. 

For the purposes of this section, so-called loop wiring 
(continuous unbroken conductor connecting the 
individual outlets) shall not be considered to be a splice or 
tap. 
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374.7 Discontinued Outlets. When an outlet IS 

abandoned, discontinued, or removed, the sections of 
circuit conductors supplying the outlet shall be removed 
from the raceway. No splices or reinsulated conductors, 
such as would be the case with abandoned outlets on loop 
wiring, shall be allowed in raceways. 

374.8 Markers. A suitable number of markers shall be 
installed for locating cells in the future. 

374.9 Junction Boxes. Junction boxes shall be leveled to 
the floor grade and sealed against the free entrance of 
water or concrete. Junction boxes used with these 
raceways shall be of metal and shall be electrically 
continuous with the raceway. 

374.10 Inserts. Inserts shall be leveled to the floor grade 
and sealed against the entrance of concrete. Inserts shall 
be of metal and shall be electrically continuous with the 
raceway. In cutting through the cell wall and setting 
inserts, chips and other dirt shall not be allowed to remain 
in the raceway, and tools shall be used that are designed 
to prevent the tool from entering the cell and damaging 
the conductors. 

374.11 Connection to Cabinets and Extensions from 
Cells. Connections between raceways and distribution 
centers and wall outlets shall be made by means of 
liquidtight flexible metal conduit, flexible metal conduit 
where not installed in concrete, rigid metal conduit, 
intermediate metal conduit, electrical metallic tubing, or 
approved fittings . Where there are provisions for the 
termination of an equipment grounding conductor, 
nonmetallic conduit, electrical nonmetallic tubing, or 
liquidtight flexible nonmetallic conduit shall be permitted. 
Where installed in concrete, liquidtight flexible 
nonmetallic conduit shall be listed and marked for direct 
burial. 

Informational Note: Liquidtight flexible metal conduit 
and liquidtight flexible nonmetallic conduit that is 
suitable for installation in concrete is listed and marked 
for direct burial. 

374.17 Ampacity of Conductors. The ampacity adjustment 
factors in 310.15(B)(3) shall apply to conductors installed in 
cellular metal no or raceways. 

II. Construction Specifications 

374.100 General. Cellular metal floor raceways shall be 
constructed so that adequate electrical and mechanical 
continuity of the complete system will be secured. They 
shall provide a complete enclosure for the conductors. The 
interior surfaces shall be free from burrs and sharp edges, 
and surfaces over which conductors are drawn shall be 
smooth. Suitable bushings or fittings having smooth 
rounded edges shall be provided where conductors pass. 
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376.1 ARTICLE 376 - METAL RACEWAYS 

I. General 

ARTICLE 376 
Metal Wireways 

376.1 Scope. This article covers the use, installation, and 
construction specifications for metal wireways and 
associated fittings. 

376.2 Definition. 

Metal Wireways. Sheet metal troughs with hinged or 
removable covers for housing and protecting electrical 
wires and cable and in which conductors are laid in place 
after the wireway has been installed as a complete system. 

II. Installation 

376.10 Uses Permitted. The use of metal wireways shall 
be permitted as follows : 

( 1 ) For exposed work. 

(2) In any hazardous (classified) location, as permitted 
by other articles in this Code. 

(3) In wet locations where wireways arc Ii ted for Ihe 
purpose. 

(4) In concealed spaces as an extension that passes 
transversely through walls, if the length passing 
through the wall is unbroken. Access to the conductors 
shall be maintained on both sides of the wall. 

376.12 Uses Not Permitted. Metal wireways shall not be 
used in the following: 

(1) Where subject to severe physical damage 

(2) Where subject to severe corrosive environments 

376.21 Size of Conductors. No conductor larger than that 
for which the wireway is designed shall be installed in 
any wireway. 

376.22 Number of Conductors and Ampacity. The 
number of conductors and their ampacity shall comply 
with 376.22(A) and (B). 

(A) Cross-Sectional Areas of Wireway. The sum of the 
cross-sectional areas of all contained conductors at any 
cross section of a wireway shall not exceed 20 percent of 
the interior cross-sectional area of the wireway. 

(B) Adjustment Factors. The adjustment factors in 
310.l5(B)O)(a) shall be applied only where the number 
of current-carrying conductors, including neutral 
conductors classified as current-carrying under the 
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provisions of 310.15(B)(S), exceeds 30. Conductors for 
signaling circuits or controller conductors between a 
motor and its starter and used only for starting duty shall 
not be considered as current-carrying conductors. 

376.23 Insulated Conductors. Insulated conductors 
installed in a metallic wireway shall comply with 
376.23(A) and (B). 

(A) Deflected Insulated Conductors. Where insulated 
conductors are deflected within a metallic wireway, either 
at the ends or where conduits, fittings, or other raceways 
or cables enter or leave the metallic wireway, or where 
the direction of the metallic wireway is deflected greater 
than 30 degrees, dimensions corresponding to one wire 
per terminal in Table 312.6(A) shall apply. 

(B) Metallic Wireways Used as Pull Boxes. Where 
insulated conductors 4 A WG or larger are pulled through 
a wireway, the distance between raceway and cable 
entries enclosing the same conductor shall not be less than 
that required by 314.28(A)(1) for straight pul1s and 
314.28(A)(2) for angle pulls. When transposing cable size 
into raceway size, the minimum metric designator (trade 
size) raceway required for the number and size of 
conductors in the cable shall be used. 

376.30 Securing and Supporting. Metal wireways shall 
be supported in accordance with 376.30(A) and (B). 

(A) Horizontal Support. Wireways shall be supported 
where run horizontally at each end and at intervals not to 
exceed 1.S m (S ft) or for individual lengths longer than 
1.S m (S ft) at each end or joint, unless listed for other 
support intervals. The distance between supports shall not 
exceed 3 m (10 ft). 

(B) Vertical Support. Vertical runs of wireways shall be 
securely supported at intervals not exceeding 4.S m (1S ft) 
and shall not have more than one joint between supports. 
Adjoining wireway sections shall be securely fastened 
together to provide a rigid joint. 

376.56 Splices, Taps, and Power Distribution Blocks. 

(A) Splices and Taps. Splices and taps shall be permitted 
within a wireway, provided they are accessible. The 
conductors, including splices and taps, shall not fill the 
wireway to more than 7S percent of its area at that point. 

(B) Power Distribution Blocks. 

(1) Installation. Power distribution blocks installed in 
metal wireways shall be listed. 
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ARTICLE 378 - NONMETALLICWIREWAYS 378.21 

(2) Size of Enclosure. In addition to the wiring space 
requirement in 376.56(A), the power distribution block 
shall be installed in a wireway with dimensions not 
smaller than specitied in the installation instructions of 
the power distribution block. 

(3) Wire Bending Space. Wire bending space at the 
terminals of power distribution blocks shall comply with 
312.6(B). 

(4) Live Parts. Power distribution blocks shall not have 
uninsulated live pa11s exposed within a wireway, whether 
or not the wireway cover is installed. 

376.58 Dead Ends. Dead ends of metal wireways shall be 
closed. 

376.70 Extensions from Metal Wireways. Extensions 
from wireways shall be made with cord pendants installed 
in accordance with 400.10 or with any wiring method in 
Chapter 3 that includes a means for equipment grounding. 
Where a separate equipment grounding conductor is 
employed, connection of the equipment grounding 
conductors in the wiring method to the wireway shall 
comply with 250.8 and 250.12. 

III. Construction Specifications 

376.100 Construction. 

(A) Electrical and Mechanical Continuity. Wireways 
shall be constructed and installed so that electrical and 
mechanical continuity of the complete sYst~ll1 ~,r~"ssur~d. 

(B) Substantial Construction. Wireways shall be of 
substantial construction and shall provide a complete 
enclosure for the contained conductors. All surfaces, both 
interior and exterior, shall be suitably protected from 
corrosion. Corner joints shall be made tight, and where 
the assembly is held together by rivets, bolts, or screws, 
such fasteners shall be spaced not more than 300 mm (12 
in.) apart. 

(C) Smooth Rounded :Edges. Suitable bushings, shields, 
or fittings having smooth, rounded edges shall be 
provided where conductors pass between wireways, 
through partitions, around bends, between wireways and 
cabinets or junction boxes, and at other locations where 
necessary to prevent abrasion of the insulation of the 
conductors. 

(D) Covers. Covers shall be securely fastened to the 
wireway. 

376.120 Marking. Metal wireways shall be so marked 
that their manufacturer's name or trademark will be 
visible after installation. 
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ARTICLE 378 

I. General 

378.1 Scope. This article covers the use, installation, and 
construction specitications for nonmetallic wireways and 
associated tittings. 

378.2 Definition. 

Nonmetallic Wireways. Flame retardant, nonmetallic 
troughs with removable covers for housing and protecting 
electrical wires and cables in which conductors are laid in 
place after the wireway has been installed as a complete 
system. 

378.6 Listing Requirements. Nonmetallic wireways and 
associated fittings shall be listed. 

II. Installation 

378.10 Uses Permitted. The use of nonmetallic wireways 
shall be permitted in the fol1owing: 

(1) Only for exposed work, except as permitted in 
378.10(4). 

(2) Where subject to corrosive environments where 
identified for the use. 

(3) In wet locations where listed for the purpose. 

InfOlmational Note: Extreme cold may cause 
nonmetallic wireways to become brittle and therefore 
more susceptible to damage from physical contact. 

(4) As extensions to pass transversely through walls if 
the length passing through the wall is unbroken. 
Access to the conductors shall be maintained on both 
sides of the wall. 

378.12 Uses Not Permitted. Nonmetallic wireways shall 
not be used in the following: 

(l) Where subject to physical damage 

(2) In any hazardous (classified) location, except as 
permitted by other aJiicles in this Code 

(3) Where exposed to sunlight unless listed and marked 
as suitable for the purpose 

(4) Where subject to ambient temperatures other than 
those for which nonmetallic wireway is listed 

(5) For conductors whose insulation temperature 
limitations would exceed those for which the 
nonmetallic wireway is listed 

378.21 Size of Conductors. No conductor larger than that 
for which the nonmetallic wireway is designed shall be 
installed in any nonmetallic wire way. 
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378.22 ARTICLE 380 - MULTIOUTLET ASSEMBLY 

378.22 Number of Conductors. The sum of cross
sectional areas of all contained conductors at any cross 
section of the nonmetallic wireway shall not exceed 20 
percent of the interior cross-sectional area of the 
nonmetallic wireway. Conductors for signaling circuits or 
controller conductors between a motor and its starter and 
used only for starting duty shall not be considered as 
current -carrying conductors. 

The adjustment factors specified in 310.15(B)(3)(a) 
shall be applicable to the current-carrying conductors up 
to and including the 20 percent fill specified above. 

378.23 Insulated Conductors. Insulated conductors 
installed in a nonmetallic wireway shall comply with 
378.23(A) and (B). 

(A) Deflected Insulated Conductors. Where insulated 
conductors are deflected within a nonmetallic wireway, 
either at the ends or where conduits, fittings, or other 
raceways or cables enter or leave the nonmetallic 
wireway, or where the direction of the nonmetallic 
wireway is deflected greater than 30 degrees, dimensions 
corresponding to one wire per terminal in Table 312.6(A) 
shall apply. 

(B) Nonmetallic Wireways Used as Pull Boxes. Where 
insulated conductors 4 A WG or larger are pulled through 
a wireway, the distance between raceway and cable 
entries enclosing the same conductor shall not be less than 
that required in 314.28(A)(1) for straight pulls and in 
314.28(A)(2) for angle pulls. When transposing cable size 
into raceway size, the minimum metric designator (trade 
size) raceway required for the number and size of 
conductors in the cable shall be used. 

378.30 Securing and Supporting. Nonmetallic wireway 
shall be supported in accordance with 378.30(A) and (B). 

(A) Horizontal Support. Nonmetallic wireways shall be 
supported where run horizontally at intervals not to 
exceed 900 mm (3 ft), and at each end or joint, unless 
listed for other support intervals. In no case shall the 
distance between supports exceed 3 m (10 ft). 

(B) Vertical Support. Vertical runs of nonmetallic 
wireway shal1 be securely supported at intervals not 
exceeding 1.2 m (4 ft), unless listed for other support 
intervals, and shall not have more than one joint between 
supports. Adjoining nonmetallic wireway sections shall 
be securely fastened together to provide a rigid joint. 

378.44 Expansion Fittings. Expansion fittings for 
nonmetallic wireway shall be provided to compensate for 
thermal expansion and contraction where the length 
change is expected to be 6 mm (0.25 in.) or greater in a 
straight run. 

Infonnational Note: See Table 352.44 for expansion 
characteristics of PVC conduit. The expansion 
characteristics of PVC nonmetallic wireway are identical. 
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378.56 Splices and Taps. Splices and taps shall be 
permitted within a nonmetallic wireway, provided they 
are accessible. The conductors, including splices and taps, 
shall not fill the nonmetallic wireway to more than 75 
percent of its area at that point. 

378.58 Dead Ends. Dead ends of nonmetallic wireway 
shall be closed using listed fittings. 

378.60 Grounding. Where equipment grounding is 
required, a separate equipment grounding conductor shall 
be installed in the nonmetallic wireway. A separate 
equipment grounding conductor shall not be required 
where the grounded conductor is used to ground 
equipment as permitted in 250.142. 

378.70 Extensions from Nonmetallic Wireways. 
Extensions from nonmetallic wireway shall be made with 
cord pendants or any wiring method of Chapter 3. A 
separate equipment grounding conductor shall be installed 
in, or an equipment grounding connection shall be made 
to, any of the wiring methods used for the extension. 

III. Construction Specifications 

378.120 Marking. Nonmetallic wireways shal1 be marked 
so that the manufacturer's name or trademark and interior 
cross-sectional area in square inches shall be visible after 
installation. Marking for limited smoke shall be permitted 
on the nonmetallic wireways that have limited smoke
producing characteristics. 

I. General 

ARTICLE 380 
Multioutlet Assembly 

380.1 Scope. This article covers the use and installation 
requirements for multioutlet assemblies. 

Informational Note: See Ihe defmition of muhioullet 
as~mbly in Anicle 100. 

II. Installation 

380.10 Uses Permitted. The use of a multi outlet 
assembly shall be permitted in dry locations. 

380.12 Uses ot PermittedJ A multioutlet assembly shall 
not be installed as follows: 

(1) Where concealed, except that it shall be permissible 
to surround the back and sides of a metal multi outlet 
assembly by the building finish or recess a 
nonmetallic multioutlet assembly in a baseboard 
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ARTICLE 382 - NONMETALLIC EXTENSIONS 382.12 

(2) Where subject to severe physical damage 

(3) Where the voltage is 300 volts or more between 
conductors unless the assembly is of metal having a 
thickness of not less than 1.02 mm (0.040 in.) 

(4) Where subject to corrosive vapors 

(5) In hoistways 

(6) In any hazardous (classified) location, except as 
permitted by other articles in this Code 

380.23 Insulated Conductors. For field ass mbl d 
nultioutlet assemblies. insulated conductors shall comply 
with 380.23(A) and (8). 

(A) Denected Insulated Conductors. Where insulated 
conductors are d fleeted within a multi outlet assembly. ~ither 
at the ends or wh re conduits, fittings. or oth r mceways or 
cables enter or leave the mullioutlet assembly. or where the 
direction of the muJtioutiet assembly is ddlected greater than 
30 degrees, dimensions corresponding to one wire per terminal 
in Table 312.6(A) shall apply. 

(8) M ultioutlet As emblies Used as Pull Boxes. Where 
insulated conductors 4 A WG or larger are pulled through 
a multioutlet assembly. the distance bet we n raceway and 
cable entries enclosing the same conductor hall not be 
less than that required by 314.28{A)ll) for traight pulls 
and 314.28(A)(2) for angle pulls. When transposing cable 
size into raceway size, the minimum metric designator 
(trade ize) raceway required for th\: number and size of 
conductors in the cable shall be used. 

380.76 Metal Multioutlet Assembly Through Dry 
Partitions. It shall be permissible to extend a metal 
multioutlet assembly through (not run within) dry 
partitions if arrangements are made for removing the cap 
or cover on all exposed portions and no outlet is located 
within the partitions. 

I. Genera] 

ARTICLE 382 
N~!lI!!~t~ 'Ji~ ... E~!~~~!~~~ . 

382.1 Scope. This article covers the use, installation, and 
construction specifications for nonmetallic extensions. 

382.2 Definitions. 

Concealable Nonmetallic Extension. A listed assembly 
of two, three, or four insulated circuit conductors within a 
nonmetallic jacket, an extruded thermoplastic covering, or 
a sealed nonmetallic covering. The classification includes 
surface extensions intended for mounting directly on the 
surface of walls or ceilings, and concealed with paint, 
texture, joint compound, plaster, wallpaper, tile, wall 
paneling, or other similar materials. 
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Nonmetallic Extension. An assembly of two insulated 
conductors within a nonmetallic jacket or an extruded 
thermoplastic covering. The classification includes 
surface extensions intended for mounting directly on the 
surface of walls or ceilings. 

382.6 Listing Requirements. Concealable nonmetallic 
extensions and associated fittings and devices shall be 
listed. The starting/source tap device for the extension 
shall contain and provide the following protection for all 
load-side extensions and devices. 

(1) Supplementary overcurrent protection 

(2) Level of protection equivalent to a Class A GFCI 

(3) Level of protection equivalent to a portable GFCI 

(4) Line and load-side miswire protection 

(5) Provide protection from the effects of arc faults 

II. Installation 

382.10 Uses Permitted. Nonmetallic extensions shall be 
permitted only in accordance with 382.10(A), (B), and 
(C). 

(A) From an Existing Outlet. The extension shall be 
from an existing outlet on a 15- or 20-ampere branch 
circuit. Where a concealable nonmetallic extension 
originates from a non-grounding-type receptacle, the 
installation shall comply with 250.130(C), 
406.4(D)(3)(b), or 406.4(D)(3)( c). 

(B) Exposed and in a Dry Location. The extension shall 
be run exposed, or concealed as permitted in 382.15, and 
in a dry location. 

(C) Residential or Offices. For nonmetallic surface 
extensions mounted directly on the surface of walls or 
ceilings, the building shall be occupied for residential or 
office purposes and shall not exceed three floors 
abovegrade. Where identified for the use, concealable 
nonmetallic extensions shall be permitted more than three 
floors abovegrade. 

Infonnational Note No. 1: See 31 0.lS(A)(3) for 
temperature limitation of conductors. 

Infonnational Note No.2: See 362.10 for definition of 
First Floor. 

382.12 Uses Not Permitted. Nonmetallic extensions shall 
not be used as follows: 

(1) In unfinished basements, attics, or roof spaces 

(2) Where the voltage between conductors exceeds 150 
volts for nonmetallic surface extensions and 300 volts 
for aerial cable 
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ARTICLE 382 NONMETALLIC EXTENSIONS 

(3) Where subject to corrosive vapors 

(4) Where run through a floor or partition, or outside the 
room in which it originates 

382.15 Exposed. 

(A) Nonmetallic Extensions. One or more extensions 
shall be permitted to be run in any direction from an 
existing outlet, but not on the floor or within 50 mm (2 
in.) from the floor. 

(B) Concealable Nonmetallic Extensions. Where 
identified for the use, nonmetallic extensions shall be 
permitted to be concealed with paint, texture, concealing 
compound, plaster, wallpaper, tile, wall paneling, or other 
similar materials and installed 
382.15(A). 

382.26 Bends. 

(A) Nonmetallic Extensions. A bend that reduces the 
normal spacing between the conductors shall be covered 
with a cap to protect the assembly from physical damage. 

(B) Concealable Nonmetallic Extensions. Concealable 
extensions shall be permitted to be folded back over 
themselves and flattened as required for installation. 

382.30 Securing and Supporting. 

(A) Nonmetallic Extensions. Nonmetallic surface 
extensions shall be secured in place by approved means at 
intervals not exceeding 200 mm (8 in.), with an allowance 
for 300 mm (12 in.) to the first fastening where the 
connection to the supplying outlet is by means of an 
attachment plug. There shall be at least one fastening 
between each two adjacent outlets supplied. An extension 
shall be attached to only woodwork or plaster finish and 
shall not be in contact with any metal work or other 
conductive material other than with metal plates on 
receptacles. 

(B) Concealable Nonmetallic Extensions. All surface
mounted concealable nonmetallic extension components 
shall be firmly anchored to the wall or ceiling using an 
adhesive or mechanical anchoring system identified for 
this use. 

382.40 Boxes and Fittings. Each run shall terminate in a 
fitting, connector, or box that covers the end of the 
assembly. All fittings, connectors, and devices shall be of 
a type identified for the use. 

382.42 Devices. 

(A) Receptacles. All receptacles, receptac1e housings, 
and self-contained devices used with concealable 
nonmetallic extensions shall be identified for this use. 

(B) Receptacles and Housings. Receptacle housings and 
self-contained devices designed either for surface or for 
recessed mounting shall be permitted for use with 
concealable nonmetallic extensions. Receptacle housings 
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and self-contained devices shall incorporate means for 
facilitating entry and termination of concealable 
nonmetallic extensions and for electrically connecting the 
housing or device. Receptacle and self-contained devices 
shall comply with 406.4. Power and communications 
outlets installed together in common housing shall be 
permitted in accordance with 800. 133(A)(1 )( c), Exception 
No.2. 

382.56 Splices and Taps. Extensions shall consist of a 
continuous unbroken length of the assembly, without 
splices, and without exposed conductors between fittings, 
connectors, or devices. Taps shall be permitted where 
approved fittings completely covering the tap connections 
are used. Aerial cable and its tap connectors shall be 
provided with an approved means for polarization. 
Receptacle-type tap connectors shall be of the locking type. 

III. Construction Specifications (Concealable 
Nonmetallic Extensions Only) 

382.100 Construction. Concealable nonmetallic 
extensions shall be a multilayer flat conductor design 
consisting of a center ungrounded conductor enclosed by 
a sectioned grounded conductor, and an overall sectioned 
grounding conductor. 

382.104 Flat Conductors. Concealable nonmetallic 
extensions shall be constructed, using flat copper 
conductors equivalent to 14 AWG or 12 AWG conductor 
sizes, and constructed per 382.1 04(A), (B), and (C). 

(A) Ungrounded Conductor (Center Layer), The 
ungrounded conductor shall consist of one or more 
ungrounded flat conductor(s) enclosed in accordance with 

and (C) and identified 

(B) Grounded Conductor (Inner Sectioned Layers). 
The grounded conductor shall consist of two sectioned 
inner flat conductors that enclose the center ungrounded 
conductor( s). The sectioned grounded conductor shall be 
enclosed by the sectioned grounding conductor and 
identified in accordance with 200.6. 

(C) Grounding Conductor (Outer Sectioned Layers). 
The grounding conductor shall consist of two overall 
sectioned conductors that enclose the grounded conductor 
and ungrounded conductor( s) and shall comply with 
250.4(A)(5). The grounding conductor layers shall be 
identified by anyone of the following methods: 

(1) As permitted in 250.119 

(2) A clear covering 

(3) One or more continuous green stripes or hash marks 

(4) The term "Equipment Ground" printed at regular 
intervals throughout the cable 
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ARTICLE 384 - STRUT-TYPE CHANNEL RACEWAY 384.56 

382.112 Insulation. The ungrounded and grounded flat 
conductor layers shall be individually insulated and 
comply with 31 0.15(A)(3). The grounding conductor shall 
be covered or insulated. 

382.120 Marking. 

(A) Cable. Concealable nonmetallic extensions shall be 
clearly and durably marked on both sides at intervals of 
not more than~}O mm (24 in.) with the information 
required by 31O.!i20(A) and with the following additional 
information: 

(1) Material of conductors 

(2) Maximum temperature rating 

(3) Ampacity 

(B) Conductor Identification. Conductors shall be 
clearly and durably identified on both sides throughout 
their length as specified in 382.104. 

ARTICLE 384 
Strut-Type Channel Raceway 

I. Genera] 

384.1 Scope. This article covers the use, installation, and 
construction specifications of strut-type channel raceway. 

384.2 Definition. 

Strut-Type Channel Raceway. A metallic raceway that 
is intended to be mounted to the surface of or suspended 
from a structure, with associated accessories for the 
installation of electrical conductors and cables. 

384.6 Listing Requirements. Strut-type channel 
raceways, closure strips, and accessories shall be listed 
and identified for such use. 

II. Installation 

384.10 Uses Permitted. The use of strut-type channel 
raceways shall be permitted in the following: 

(I) Where exposed. 

(2) In dry locations. 

(3) In locations subject to corrosive vapors where 
protected by finishes judged suitable for the 
condition. 

(4) Where the voltage is 600 volts or less. 

(5) As power poles. 

(6) In Class I, Division 2 hazardous (classified) locations 
as permitted in 501.10(8)(3). 
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(7) As extensions of unbroken lengths through walls, 
partitions, and floors where closure strips are 
removable from either side and the portion within the 
wall, partition, or floor remains covered. 

(8) Ferrous channel raceways and fittings protected from 
corrosion solely by enamel shall be permitted only 
indoors. 

384.12 Uses Not Permitted. Strut-type channel raceways 
shall not be used as follows: 

(1) Where concealed. 

(2) Ferrous channel raceways and fittings protected from 
corrosion solely by enamel shall not be permitted 
where subject to severe corrosive influences. 

384.21 Size of Conductors. No conductor larger than that 
for which the raceway is listed shall be installed in strut
type channel raceways. 

384.22 Number of Conductors. The number of 
conductors permitted in strut-type channel raceways shall 
not exceed the percentage fill using Table 384.22 and 
applicable cross-sectional area of specific types and sizes 
of wire given in the tables in Chapter 9. 

The adJustment factors of 310.15(B)(3)(a) shall not 
apply to conductors installed in strut-type channel 
raceways where all of the following conditions are met: 

(1) The cross-sectional area of the raceway exceeds 2500 

mm2 (4 in.2). 

(2) The current-carrying conductors do not exceed 30 in 
number. 

(3) The sum of the cross-sectional areas of all contained 
conductors does not exceed 20 percent of the interior 
cF(}~~=~~~tional area of the strut-type channel 
raceways. 

384.30 Securing and Supporting. 

(A) Surface Mount. A surface mount strut-type channel 
raceway shall be secured to the mounting surface with 
retention straps external to the channel at intervals not 
exceeding 3 m (10 ft) and within 900 mm (3 ft) of each 
outlet box, cabinet, junction box, or other channel 
raceway termination. 

(B) Suspension Mount. Strut-type channel raceways 
shall be permitted to be suspension mounted in air with 
approved appropriate methods designed for the purpose at 
intervals not to exceed 3 m (10 ft) and within 900 mm (3 
ft) of channel raceway terminations and ends. 

384.56 Splices and Taps. Splices and taps shall be 
permitted in raceways that are accessible after installation 
by having a removable cover. The conductors, including 
splices and taps, shall not fill the raceway to more than 75 
percent of its area at that point. All splices and taps shall 
be made by approved methods. 
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384.60 ARTICLE 386 - SURFACE METAL RACEWAYS 

Table 384.22 Channel Size and Inside ero Sectional Area 

Area 40% Area 25% Area 

Size 
in.2 mmZ in.2 mmZ in.2 mm2 

Channel 

] %x 13/ 16 0.887 572 0.355 229 0.222 143 

I % x J l.1 51 743 0.460 297 0.288 186 

I %x I Ys 1.677 1076 0.671 433 0.419 270 

I %x 1% 2.028 1308 0.811 523 0.507 327 

1 % x 2 7/ 16 3. 169 2045 1.267 8]7 0.792 511 

I % x 3V. 4.308 2780 1.723 1112 1.077 695 

lYz x Y. 0.849 548 0.340 219 0.212 137 

1Y2 x l Y> 1.828 1179 0.731 472 0.457 295 

l Y2 x IYs 2.301 1485 0.920 594 0.575 371 

jy> x 3 3.854 2487 1.542 995 0.964 622 

*Raceways with external joiners shall use a 40 percent wire fill 
calculation to determine the number of conductors permitted. 

** Raceways with i.nternal joiners shall use a 25 percent wire fiJI 
calculation to detem1ine the number of conductors permitted. 

384.60 Grounding. Strut-type channel raceway 
enclosures providing a transition to or from other wiring 
methods shall have a means for connecting an equipment 
grounding conductor. Strut-type channel raceways shall 
be permitted as an equipment grounding conductor in 
accordance with 250.118(13). Where a snap-fit metal 
cover for strut-type channel raceways is used to achieve 
electrical continuity in accordance with the listing, this 
cover shall not be permitted as the means for providing 
electrical continuity for a receptacle mounted in the cover. 

III. Construction Specifications 

384.100 Construction. Strut-type channel raceways and 
their accessories shall be of a construction that 
distinguishes them from other raceways. Raceways and 
their elbows, couplings, and other fittings shall be 
designed such that the sections can be electrically and 
mechanically coupled together and installed without 
subjecting the wires to abrasion. They shall comply with 
384.100(A), (B), and (C). 

(A) Material. Raceways and accessories shall be formed 
of steel, stainless steel, or aluminum. 

(B) Corrosion Protection. Steel raceways and 
accessories shall be protected against corrosion by 
galvanizing or by an organic coating. 

Informational Note: Enamel and PVC coatings are 
examples of organic coatings that provide corrosion 
protection. 

(C) Cover. Covers of strut-type channel raceways shall 
be either metallic or nonmetallic. 
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384.120 Marking. Each length of strut-type channel 
raceways shall be clearly and durably identified as 
required in the first sentence of 110.21 . 

ARTICLE 386 
Surface Metal Raceways 

I. General 

386.1 Scope. This article covers the use, installation, and 
construction specifications for surface metal raceways and 
associated fittings . 

386.2 Definition. 

Surface Metal Raceway. A metallic raceway that is 
intended to be mounted to the surface of a structure, with 
associated couplings, connectors, boxes, and fittings for 
the installation of electrical conductors. 

386.6 Listing Requirements. Surface metal raceway and 
associated fittings shall be listed. 

II. Installation 

386.10 Uses Permitted. 

The use of surface metal raceways shall be permitted in 
the following: 

(1) In dry locations. 

(2) In Class I, Division 2 hazardous (classified) locations 
as permitted in 501.10(8)(3). 

(3) Under raised floors , as permitted in 645.5(E)(2). 

(4) Extension through walls and floors. Surface metal 
raceway shall be permitted to pass transversely 
through dry walls, dry partitions, and dry floors if the 
length passing through is unbroken. Access to the 
conductors shall be maintained on both sides of the 
wall, partition, or floor. 

386.12 Uses Not Permitted. Surface metal raceways 
shall not be used in the following: 

(1) Where subject to severe physical damage, unless 
otherwise approved 

(2) Where the voltage is 300 volts or more between 
conductors, unless the metal has a thickness of not 
less than 1.02 mm (0.040 in.) nominal 

(3) Where subject to corrosive vapors 

(4) In hoistways 

(5) Where concealed, except as permitted in 386.10 

386.21 Size of Conductors. No conductor larger than that 
for which the raceway is designed shall be installed in 
surface metal raceway. 
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ARTICLE 388 - SURFACE NONMETALLIC RACEWAYS 388.21 

386.22 Number of Conductors or Cables. The number 
of conductors or cables installed in surface metal raceway 
shall not be greater than the number for which the 
raceway is designed. Cables shall be permitted to be 
installed where such use is not prohibited by the 
respective cable articles. 

The adjustment' factors of310.15(B)(3)(a) shall not 
apply to conductors installed in surface metal raceways 
where all of the following conditions are met: 

(1) The cross-sectional area of the raceway exceeds 2500 

mm2 (4 in.2). 

(2) The current-carrying conductors do not exceed 30 in 
number. 

(3) The sum of the cross-sectional areas of all contained 
conductors does not exceed 20 percent of the interior 
cross-sectional area of the surface metal raceway. 

386.30 Securing and Supporting. Surface metal 
raceways shall be suppOlied at intervals in accordance 
with the manufacturer's installation instructions. 

386.56 Splices and Taps. Splices and taps shall be 
permitted in surface metal raceways having a removable 
cover that is accessible after installation. The conductors, 
including splices and taps, shall not fill the raceway to 
more than 75 percent of its area at that point. Splices and 
taps in surface metal raceways without removable covers 
shall be made only in boxes. All splices and taps shall be 
made by approved methods. 

Taps of Type FC cable installed in surface metal 
raceway shall be made in accordance with 322.56(B). 

386.60 Grounding. Surface metal raceway enclosures 
providing a transition from other wiring methods shall 
have a means for connecting an equipment grounding 
conductor. 

386.70 Combination Raceways. When combination 
surface metallic raceways are used for both signaling and 
for lighting and power circuits, the different systems shall 
be run in separate compartments identified by stamping, 
imprinting, or color coding of the interior finish. 

III. Construction Specifications 

386.100 Construction. Surface metal raceways shall be 
of such construction as will distinguish them from other 
raceways. Surface metal raceways and their elbows, 
couplings, and similar fittings shall be designed so that 
the sections can be electrically and mechanically coupled 
together and installed without subjecting the wires to 
abrasion. 

Where covers and accessories of nonmetallic 
materials are used on surface metal raceways, they shall 
be identified for such use. 

2013 Califomia Electrical Code 

;'<';;"">""':".':,,-:--:,"::-'. , _',:,:.,·:,",·,L " .·~ ·.·. ' _·'·, ;>:. ; · : · , : : " ":,:,,,",,-· 

ARTICLE 388 
Surface Nonmetallic Raceways 

I. General 

388.1 Scope. This article covers the use, installation, and 
construction specifications for surface nonmetallic 
raceways and associated fittings. 

388.2 Definition. 

Surface Nonmetallic Raceway. A nonmetallic raceway 
that is intended to be mounted to the surface of a 
structure, with associated couplings, connectors, boxes, 
and fittings for the installation of electrical conductors. 

388.6 Listing Requirements. Surface nonmetallic 
raceway and associated fittings shall be listed. 

II. I nstallation 

388.10 Uses Permitted. Surface nonmetallic raceways 
shall be permitted as follows : 

(1) The use of surface nonmetallic raceways shall be 
permitted in dry locations. 

(2) Extension through walls and floors shall be permitted. 
Surface nonmetallic raceway shall be permitted to pass 
transversely through dry walls; dry pmtitions, and dry 
floors if the length passing through is unbroken. 
Access to the conductors shall be maintained on both 
sides of the wall, partition, or floor. 

388.12 Uses Not Permitted. Surface nonmetallic 
raceways shall not be used in the following: 

(1) Where concealed, except as permitted in 388.10(2) 

(2) Where subject to severe physical damage 

(3) Where the voltage is 300 volts or more between 
conductors, unless listed for higher voltage 

(4) In hoistways 

(5) In any hazardous (classified) location, except as 
permi tted by other articles in this Code 

(6) Where subject to ambient temperatures exceeding 
those for which the nonmetallic raceway is listed 

(7) For conductors whose insulation temperature 
limitations would exceed those for which the 
nonmetallic raceway is listed 

388.21 Size of Conductors. No conductor larger than that 
for which the raceway is designed shall be installed in 
surface nonmetallic raceway. 
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388.22 ARTICLE 390 - UNDERFLOOR RACEWAYS 

388.22 Number of Conductors or Cables. The number 
of conductors or cables installed in surface nonmetallic 
raceway shall not be greater than the number for which 
the raceway is designed. Cables shall be permitted to be 
installed where such use is not prohibited by the 
respective cable articles. 

388.30 Securing and Supporting. Surface nonmetallic 
raceways shall be supported at intervals in accordance 
with the manufacturer's installation instructions. 

388.56 Splices and Taps. Splices and taps shall be 
permitted in surface nonmetallic raceways having a cover 
capable of being opened in place that is accessible after 
installation. The conductors, including splices and taps, 
shall not fill the raceway to more than 75 percent of its 
area at that point. Splices and taps in surface nonmetallic 
raceways without covers capable of being opened in place 
shall be made only in boxes. All splices and taps shall be 
made by approved methods. 

388.60 Grounding. Where equipment grounding is 
required, a separate equipment grounding conductor shall 
be installed in the raceway. 

388.70 Combination Raceways. When combination 
surface nonmetallic raceways are used both for signaling 
and for lighting and power circuits, the different systems 
shall be run in separate compartments identified by 
stamping, imprinting, or color coding of the interior 
finish. 

III. Construction Specifications 

388.100 Construction. Surface nonmetallic raceways 
shall be of such construction as will distinguish them 
from other raceways. Surface nonmetallic raceways and 
their elbows, couplings, and similar fittings shall be 
designed so that the sections can be mechanically coupled 
together and installed without subjecting the wires to 
abrasion. 

Surface nonmetallic raceways and fittings are made 
of suitable nonmetallic material that is resistant to 
moisture and chemical atmospheres. It shall also be flame 
retardant, resistant to impact and crushing, resistant to 
distortion from heat under conditions likely to be 
encountered in service, and resistant to low-temperature 
effects. 

388.120 Marking. Surface nonmetallic raceways that 
have limited smoke-producing characteristics shall be 
permitted to be so identified. 

ARTICLE 390 
Underfloor Raceways 

390.1 Scope. This article covers the use and installation 
requirements for underfloor raceways. 
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390.2 DefioirioD. 

Underfloor Raceway. A raceway and associated 
components desig.ned and intended for installation 
beneath or flush with the surface of a floor for the 
installation of cables and electrical conductors. 

390.3 Use. 

(A) Permitted. The installation of underfloor raceways 
shall be permitted beneath the surface of concrete or other 
flooring material or in office occupancies where laid flush 
with the concrete floor and covered with linoleum or 
equivalent floor covering. 

(B) Not Permitted. Underfloor raceways shall not be 
installed (1) where subject to corrosive vapors or (2) in 
any hazardous (classified) locations, except as permitted 
by 504.20 and in Class I, Division 2 locations as 
permitted in 50l.10(B)(3). Unless made of a material 
judged suitable for the condition or unless corrosion 
protection approved for the condition is provided, ferrous 
or nonferrous metal underfloor raceways, junction boxes, 
and fittings shall not be installed in concrete or in areas 
subject to severe corrosive influences. 

390.4 Covering. Raceway coverings shall comply with 
:390.4(A) through (D). 

(A) Raceways Not over 100 mm (4 in.) Wide. Half
round and flat-top raceways not over 100 mm (4 in.) in 
width shall have not less than 20 mm (% in.) of concrete 
or wood above the raceway. 

Exception: As permitted in 390. i}(C) and (D) for flat-top 
raceways. 

(B) Raceways over 100 mm (4 in.) Wide But Not over 
200 mm (8 in.) Wide. Flat-top raceways over 100 mm (4 
in.) but not over 200 mm (8 in.) wide with a minimum of 
25 mm (1 in.) spacing between raceways shall be covered 
with concrete to a depth of not less than 25 mm (1 in.). 
Raceways spaced less than 25 mm (1 in.) apart shall be 
covered with concrete to a depth of 38 mm (1 Yz in.). 

(C) Trench-Type Raceways Flush with Concrete. 
Trench-type flush raceways with removable covers shall 
be permitted to be laid flush with the floor surface. Such 
approved raceways shall be designed so that the cover 
plates provide adequate mechanical protection and 
rigidity equivalent to junction box covers. 

(D) Other Raceways Flush with Concrete. In office 
occupancies, approved metal flat-top raceways, if not 
over 100 mm (4 in.) in width, shall be permitted to be laid 
flush with the concrete floor surface, provided they are 
covered with substantial linoleum that is not less than 1.6 
mm C/ l6 in.) thick or with equivalent floor covering. 
Where more than one and not more than three single 
raceways are each installed flush with the concrete, they 
shall be contiguous with each other and joined to form a 
rigid assembly. 
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ARTICLE 392 - CABLE TRAYS 392.10 

390.~ Size of Conductors. No conductor larger than that 
for which the raceway is designed shall be installed in 
underfloor raceways. 

390.6 Maximum Number of Conductors in Raceway. 
The combined cross-sectional area of all conductors or 
cables shall not exceed 40 percent of the interior cross
sectional area of the raceway. 

390}7 Splices and Taps. Splices and taps shall be made 
only in junction boxes. 

For the purposes of this section, so-called loop wiring 
(continuous, unbroken conductor connecting the 
individual outlets) shall not be considered to be a splice or 
tap. 

Exception: Splices and taps shall be permitted in trench
type flush raceway having a removable cover that is 
accessible afier installation. The conductors, including 
splices and taps, shall not/ill more than 75 percent of the 
raceway area at that point. 

390.8 Discontinued Outlets. When an outlet is 
abandoned, discontinued, or removed, the sections of 
circuit conductors supplying the outlet shall be removed 
from the raceway. No splices or reinsulated conductors, 
such as would be the case with abandoned outlets on loop 
wiring, shall be allowed in raceways. 

390.? Laid in Straight Lines. Underfloor raceways shall 
be laid so that a straight line from the center of one 
junction box to the center of the next junction box 
coincides with the centerline of the raceway system. 
Raceways shall be firmly held in place to prevent 
disturbing this alignment during construction. 

390.10 Markers at Ends. A suitable marker shall be 
installed at or near each end of each straight run of 
raceways to locate the last insert. 

390.11 Dead Ends. Dead ends of raceways shall be 
closed. 

390.13 Junction Boxes. Junction boxes shall be leveled 
to the floor grade and sealed to prevent the free entrance 
of water or concrete. Junction boxes used with metal 
raceways shall be metal and shall be electrically 
continuous with the raceways. 

390.14 Inserts. Inserts shall be leveled and sealed to 
prevent the entrance of concrete. Inserts used with metal 
raceways shall be metal and shall be electrically 
continuous with the raceway. Inserts set in or on fiber 
raceways before the floor is laid shall be mechanically 
secured to the raceway. Inserts set in fiber raceways after 
the floor is laid shall be screwed into the raceway. When 
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cutting through the raceway wall and setting inserts, chips 
and other dirt shall not be allowed to remain in the 
raceway, and tools shall be used that are designed so as to 
prevent the tool from entering the raceway and damaging 
conductors that may be in place. 

390.15 Connections to Cabinets and Wall Outlets. 
Connections from underfloor raceways to distribution 
centers and wall outlets shall be made by approved 
fittings or by any of the wiring methods in Chapter 3, 
where installed in accordance with the provisions of the 
respective articles. 

390.17 Ampacity of Conductors. The ampacity 
adjustment factors, in 310.15(B)(3), shall apply to 
conductors installed in underfloor raceways. 

I. General 

ARTICLE 392 
Cable Trays 

392.1 Scope. This article covers cable tray systems, 
including ladder, ventilated trough, ventilated channel, 
solid bottom, and other similar structures. 

Informational Note: For further information on cable 
trays, see ANSIINEMA-VE 1-2002, Metal Cable Tray 
Systems; NECAINEMA 105-2007, Standard for 
Installing Metal Cable Tray Systems; and NEMA-FG 1-
1998, Nonmetallic Cable Tray Systems. 

392.2 Definition. 

Cable Tray System. A unit or assembly of units or 
sections and associated fittings forming a structural 
system used to securely fasten or suppol1 cables and 
raceways. 

II. Installation 

392.10 Uses Permitted. 

Cable tray shall be permitted to be used as a support 
system for service conductors, feeders, branch circuits, 
communications circuits, control circuits, and signaling 
circuits. Cable tray installations shall not be limited to 
industrial establishments. Where exposed to direct rays of 
the sun, insulated conductors and jacketed cables shall be 
identified as being sunlight resistant. Cable trays and their 
associated fittings shall be identified for the intended use. 

(A) Wiring Methods. The wiring methods in Table 
392.10(A) shall be permitted to be installed in cable tray 
systems under the conditions described in their respective 
articles and sections. 
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ARTICLE 392 CABLE TRAYS 

Table 392.3(A) Wiring Methods 

Method 

Armored cable 

CATV cables 

CATV raceways 

Class 2 and Class 3 cables 

Communications cables 

Communications raceways 

Electrical metallic tubing 

Electrical nonmetallic tubing 

Fire alarm cables 

Flexible metal conduit 

Flexible metallic tubing 

Instrumentation tray cable 

Intermediate metal conduit 

Liquidtight flexible metal conduit 

Liquidtight flexible nonmetallic conduit 

Metal-clad cable 

Mineral-insulated, metal-sheathed cable 

Multiconductor service-entrance cable 

Multiconductor underground feeder and branch-circuit cable 

Network-powered broadband communications cables 

Nonmetallic-sheathed cable 

Non-power-limited fire alarm cable 

Optical fiber cables 

Optical fiber raceways 

Other factory-assembled, multiconductor control, signal, or 
power cables that are specifically approved for 
installation in cable trays 

Polyvinyl chloride PVC conduit 

Power and control tray cable 

Power-limited fire alarm cable 

Power-limited tray cable 

Rigid metal conduit 

Rigid nonmetallic conduit 

RTRC 

Article 

320 
820 
820 
725 
800 
800 
358 
362 
760 
348 
360 
727 
342 
350 
356 
330 
332 

338 
340 
830 
334 
760 

770 

770 

352 

336 
760 

725 
344 
352 

355 
725 

(B) In Industrial Establishments. The wiring methods in 
Table 392.10(A) shall be permitted to be used in any 
industrial establishment under the conditions described in 
their respective articles. In industrial establishments only, 
where conditions of maintenance and supervision ensure 
that only qualified persons service the installed cable tray 
system, any of the cables in 392.l0(B)(l) and (B)(2) shall 
be permitted to be installed in ladder, ventilated trough, 
solid bottom, or ventilated channel cable trays. 

(1) Single-conductor cables shall be permitted to be 
installed in accordance with (B)(1)(a) through (B)(l)(c). 

(a) Single-conductor cable shall be 110 AWG or 
larger and shaH be of a type listed and marked on the 
surface for use in cable trays. Where 110 A WG through 
4/0 AWG single-conductor cables are installed in ladder 
cable tray, the maximum al10wable rung spacing for the 
ladder cable tray shall be 225 mm (9 in.). 

70-240 

(b) Welding cables shall comply with the 
provisions of Article 630, Part IV. 

(c) Single conductors used as equipment 
grounding conductors shall be insulated, covered, or bare, 
and they shall be 4 AWG or larger. 

(2) Single- and multiconductor medium voltage cables 
shall be Type MV cable. Single conductors sha11 be 
installed in accordance with 392.1 O(B)(l). 

(C) Hazardous (Classified) Locations. Cable trays in 
hazardous (classified) locations shall contain only the 
cable types and raceways permitted by other articles in 
this Code. 

(D) Nonmetallic Cable Tray. In addition to the uses 
permitted elsewhere in 392.10, nonmetallic cable tray 
shall be permitted in corrosive areas and in areas 
requiring voltage isolation. 

392.12 Uses Not Permitted. Cable tray systems shall not 
be used in hoistways or where subject to severe physical 
damage. 

392.18 Cable Tray Installation. 

(A) Complete System. Cable trays shall be installed as a 
complete system. Field bends or modifications shall be so 
made that the electrical continuity of the cable tray system 
and support for the cables is maintained. Cable tray 
systems shall be permitted to have mechanically 
discontinuous segments between cable tray runs or 
between cable tray runs and equipment. 

(8) Completed Before Installation. Each run of cable 
tray shall be completed before the installation of cables. 

(C) Covers. In pOliions of runs where additional 
protection is required, covers or enclosures providing the 
required protection shall be of a material that is 
compatible with the cable tray. 

(D) Through Partitions and Walls. Cable trays shall be 
permitted to extend transversely through partitions and 
walls or vertically through platforms and floors in wet or 
dry locations where the installations, complete with 
installed cables, are made in accordance with the 
requirements of 300.21. 

(E) Exposed and Accessible. Cable trays shaH be 
exposed and accessible, except as permitted by 
392.10(D). 

(F) Adequate Access. SuffIcient space shall be provided 
and maintained about cable trays to permit adequate 
access for installing and maintaining the cables. 

(G) Raceways, Cables, Boxes, and Conduit Bodies 
Supported from Cable Tray Systems. In industrial 
facilities where conditions of maintenance and 
supervision ensure that only qualified persons service the 
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ARTICLE 392 - CABLE TRAYS 392.22 

installation and where the cable tray systems are designed 
and installed to support the load, such systems shall be 
permitted to support raceways and cables, and boxes and 
conduit bodies covered in 314.1. For raceways 
terminating at the tray, a listed cable tray clamp or adapter 
shall be used to securely fasten the raceway to the cable 
tray system. Additional supporting and securing of the 
raceway shall be in accordance with the requirements of 
the appropriate raceway article. For raceways or cables 
running parallel to and attached to the bottom or side of a 
cable tray system, fastening and suppOliing shall be in 
accordance with the requirements of the appropriate 
raceway or cable article. 

For boxes and conduit bodies attached to the bottom or 
side of a cable tray system, fastening and supporting shall 
be in accordance with the requirements of 314.23. 

(H) l\larking. Cable Irays containing conductor rated 
over 600 volt haJJ have a pcrmanen~ legible warning 
notice carrying the wording "DANGER - HIGH 
VOLTAGE - KECP AWAY" placed in a readily visible 
position on all cable trays. with the spacing of \\ aming 
noti~es not to exceed 3 III (10 fi). 

392.20 Cable and Conductor Installation. 

(A) Multiconductor Cables Rated 600 Volts or Less. 
Multiconductor cables rated 600 volts or less shall be 
permitted to be installed in the same cable tray. 

(B) Cables Rated Over 600 Volts. Cables rated over 600 
volts and those rated 600 volts or less installed in the 
same cable tray shall comply with either of the following: 

(1) The cables rated over 600 volts are TypeMC. 

(2) The cables rated over 600 volts are separated from 
the cables rated 600 volts or less by a solid fixed 
barrier of a material compatible with the cable tray. 

(C) Connected in Parallel. Where single conductor 
cables comprising each phase, neutral, or grounded 
conductor of an alternating-culTent circuit are connected 
in parallel as permitted in 310.IOtH)~ the conductors shall 
be installed in groups consisting of not more than one 
conductor per phase, neutral, or grounded conductor to 
prevent current imbalance in the paralleled conductors 
due to inductive reactance. 

Single conductors shall be securely bound in circuit 
groups to prevent excessive movement due to fault
current magnetic forces unless single conductors are 
cabled together, such as triplexed assemblies. 

(D) Single Conductors. Where any of the single 
conductors installed in ladder or ventilated trough cable 
trays are 110 through 4/0 A WG, all single conductors shall 
be installed in a single layer. Conductors that are bound 
together to comprise each circuit group shall be permitted 
to be installed in other than a single layer. 
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392.22 Number of Conductors or Cables. 
(A) Number of Multiconductor Cables, Rated 2000 
Volts or Less, in Cable Trays. The number of 
multi conductor cables, rated 2000 volts or less, permitted in 
a single cable tray shall not exceed the requirements of this 
section. The conductor sizes apply to both aluminum and 
copper conductors. 

(1) Ladder or Ventilated Trough Cable Trays 
Containing Any Mixture of Cables. Where ladder or 
ventilated trough cable trays contain multiconductor power 
or lighting cables, or any mixture of multiconductor power, 
lighting, control, and signal cables, the maximum number 
of cables shall conform to the following: 

(a) Where all of the cables are 4/0 AWG or larger, the 
sum of the diameters of all cables shall not exceed the cable 
tray width, and the cables shall be installed in a single 
layer. Where the cable ampacity is determined according to 
392.80(A)(1)(c), the cable tray width shall not be less than 
the sum of the diameters of the cables and the sum of the 
required spacing widths between the cables. 

(b) Where all of the cables are smaller than 4/0 
A WG, the sum of the cross-sectional areas of all cables 
shall not exceed the maximum allowable cable fill area in 
Column 1 of Table 392.22(A) for the appropriate cable tray 
width. 

(c) Where 4/0 AWG or larger cables are installed in 
the same cable tray with cables smaller than 4/0 A WG, the 
sum of the cross-sectional areas of all cables smaller than 
4/0 AWG shall not exceed the maximum allowable fill area 
resulting from the calculation in Column 2 of Table 
392.22(A) for the appropriate cable tray width. The 4/0 
AWG and larger cables shall be installed in a single layer, 
and no other cables shall be placed on them. 

(2) Ladder or Ventilated Trough Cable Trays 
Containing Multiconductor Control and/or Signal 
Cables Only. Where a ladder or ventilated trough cable 
tray having a usable inside depth of 150 mm (6 in.) or less 
contains multiconductor control and/or signal cables only, 
the sum of the cross-sectional areas of all cables at any 
cross section shall not exceed 50 percent of the interior 
cross-sectional area of the cable tray. A depth of 150 mm (6 
in.) shall be used to calculate the allowable interior cross
sectional area of any cable tray that has a usable inside 
depth of more than 150 mm (6 in.). 

(3) Solid Bottom Cable Trays Containing Any Mixture 
of Cables. Where solid bottom cable trays contain 
multiconductor power or lighting cables, or any mixture of 
multiconductor power, lighting, control, and signal cables, 
the maximum number of cables shall conform to the 
following: 

(a) Where all of the cables are 4/0 AWG or larger, the sum 
of the diameters of all cables shall not exceed 90 percent of 
the cable tray width, and the cables shall be installed in a 
single layer 

70-241 



ARTICLE CABLE TRAYS 

Table 392.9 Allowable Cable Fill Area for Multiconductor Cables in Ladder, Ventilated Trough, or Solid Bottom Cable Trays for 
Cables Rated 2000 Volts or Less 

Maximum Allowable Fill Area for Muiticonductor Cables 

Ladder or Ventilated Trough Cable 
Trays, 392.9(A) Solid Bottom Cable Trays, 392.9(C) 

Column 1 Columu3 
Inside Width of Applicable for Column 2a Applicable for 392.9(A)(3) Applicable for Column 4a Applicable for 

Cable Tray 392.9(A)(2) Only Only 392.9(C)(2) Only 392.9(C)(3) Only 

mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 

150 6.0 4,500 7.0 4,500 (30 Sd)b 7- (1.2 Sd)b 3,500 5.5 3,500-(25 Sdb) 5.5-Sdb 

225 9.0 6,800 10.5 6,800 - (30 Sd) 10.5- (1.2 Sd) 5,100 8.0 5,100-(25 Sd) 8.0-Sd 

300 12.0 9,000 14.0 9,000 (30 Sd) 14- (1.2 Sd) 7,100 11.0 7,100--(25 Sd) 11.O--Sd 

450 18.0 13,500 21.0 13,500 - (30 Sd) 21- (1.2 Sd) 10,600 16.5 10,600-(25 Sd) 16.5-Sd 

600 24.0 18,000 28.0 18,000 - (30 Sd) 28- (1.2 Sd) 14,200 22.0 14,200--(25 Sd) 22.O--Sd 

750 30.0 22,500 35.0 22,500 (30 Sd) 35- (1.2 Sd) 17,700 27.5 17,700-(25 Sd) 27.5-Sd 

900 36.0 27,000 42.0 27,000 (30 Sd) 42- (1.2 Sd) 21,300 33.0 21,300-(25 Sd) 33.O--Sd 

aThe maximum allowable fill areas in Columns 2 and 4 shall be calculated. For example, the maximum allowable fill in mm2 for a ISO-mm wide cable tray 
in Column 2 shall be 4500 minus (30 multiplied by Sd) [the maximum allowable fill, in square inches, for a 6-in. wide cable tray in Column 2 shall be 7 
minus (1.2 multiplied by Sd)]. 

bThe tenn Sd in Columns 2 and 4 is equal to the sum of the diameters, in mm, of all cables 107.2 mm (in inches, of all 4/0 AWG) and larger multiconductor 
cables in the same cable tray with smaller cables. 

(b) Where all of the cables are smaller than 4/0 
A WG, the sum of the cross- sectional areas of all cables 
shall not exceed the maximum allowable cable fill area in 
Column 3 of Table 392.22(A) for the appropriate cable 
tray width. 

(c) Where 4/0 A WG or larger cables are installed 
in the same cable tray with cables smaller than 4/0 AWG, 
the sum of the cross-sectional areas of all cables smaller 
than 4/0 A WG shall not exceed the maximum allowable 
fill area resulting from the computation in Column 4 of 
Table 392.22(A) for the appropriate cable tray width. The 
4/0 A WG and larger cables shall be installed in a single 
layer, and no other cables shall be placed on them. 

(4) Solid Bottom Cable Tray Containing Multiconductor 
Control and/or Signal Cables Only. Where a solid bottom 
cable tray having a usable inside depth of 150 mm (6 in.) or 
less contains multiconductor control and/or signal cables 
only, the sum of the cross sectional areas of all cables at any 
cross section shall not exceed 40 percent of the interior 
cross-sectional area of the cable tray. A depth of 150 mm (6 
in.) shall be used to calculate the allowable interior cross
sectional area of any cable tray that has a usable inside 
depth of more than 150 mm (6 in.). 
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(5) Ventilated Channel Cable Trays Containing 
M ulticonductor Cables of Any Type. Where ventilated 
channel cable trays contain multi conductor cables of any 
type, the following shall apply: 

(a) Where only one multiconductor cable is 
installed, the cross-sectional area shall not exceed the 
value specified in Column 1 of Table 392.22(A)(5). 

(b) Where more than one multiconductor cable is 
installed, the sum of the cross-sectional area of all cables 
shall not exceed the value specified in Column 2 of Table 
392.22(A)(5). 

(6) Solid Channel Cable Trays Containing 
Multiconductor Cables of Any Type. Where solid 
channel cable trays contain multiconductor cables of any 
type, the following shall apply: 

( a) Where only one multiconductor cable is 
installed, the cross-sectional area of the cable shall not 
exceed the value specified in Column I of Table 
392.22(A)(6). 

(b) Where more than one multiconductor cable is 
installed, the sum of the cross-sectional area of all cable 
shall not exceed the value specified in Column 2 of Table 
392.22(A)(6). 
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Table 392.9(E) AUowable Cable Fill Area for 
Multiconductor Cables in Ventilated Channel Cable Trays 
for Cables Rated 2000 Volts or Less 

Maximum Allowable Fill Area for 
Multiconductor Cables 

Column 2 

Inside Width of Column I More Than 
CabJeTray 

One Cable One Cable 

mm in. mm2 in.2 mm2 in.2 

75 3 1500 2.3 850 1.3 

100 4 2900 4.5 1600 2.5 

150 6 4500 7.0 2450 3.8 

Table 392.9(F) Allowable Cable Fill Area for 
Multiconductor Cables in Solid Channel Cable Trays for 
Cables Rated 2000 Volts or Less 

Column 2 More 

Column 1 
Than One 

Inside Width of 
Cable 

Cable Tray 
One Cable 

in. 2 2 2 2 mm mm in. mm in. 

50 2 850 1.3 500 0.8 

75 3 1300 2.0 700 1.1 

100 4 2400 3.7 1400 2.1 

150 6 3600 5.5 2100 3.2 

(B) Number of Single-Conductor Cables, Rated 2000 
Volts or Less, in Cable Trays. The number of single 
conductor cables, rated 2000 volts or less, permitted in a 
single cable tray section shall not exceed the requirements 
of this section. The single conductors, or conductor 
assemblies, shall be evenly distributed across the cable 
tray. The conductor sizes apply to both aluminum and 
copper conductors. 

(1) Ladder or Ventilated Trough Cable Trays. Where 
ladder or ventilated trough cable trays contain single
conductor cables, the maximum number of single 
conductors shall conform to the following: 

(a) Where all of the cables are 1000 kcmil or 
larger, the sum of the diameters of all single-conductor 
cables shall not exceed the cable tray width, and the 
cables shall be installed in a layer. Conductors that 
are bound together to comprise each circuit group shall be 
permitted to be installed in other than a single layer. 

(b) Where all of the cables are from 250 kcmil 
through 900 kcmil, the sum of the cross-sectional areas of 
all single-conductor cables shall not exceed the maximum 
allowable cable fill area in Column 1 of Table 
392.22(B)(I) for the appropriate cable tray width. 
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(c) Where 1000 kcmil or larger single-conductor 
cables are installed in the same cable tray with single
conductor cables smaller than 1000 kcmil, the sum of the 
cross sectional areas of all cables smaller than 1000 kcmil 
shall not exceed the maximum allowable fill area 
resulting from the computation in Column 2 of Table 
392.22(B)(1) for the appropriate cable tray width. 

(d) Where any of the single conductor cables are 1/0 
through 4/0 AWG, the sum of the diameters of all single 
conductor cables shall not exceed the cable tray width. 

(2) Ventilated Channel Cable Trays. Where 50 mm (2 
in.), 75 mm (3 in.), 100 mm (4 in.), or 150 mm (6 in.) 
wide ventilated channel cable trays contain single
conductor cables, the sum of the diameters of all single 
conductors shall not exceed the inside width of the 
channel. 

(C) Number of Type MV and Type MC Cables (2001 
Volts or Over) in Cable Trays. The number of cables 
rated 2001 volts or over permitted in a single cable tray 
shall not exceed the requirements of this section. 

The sum of the diameters of single-conductor and 
multiconductor cables shall not exceed the cable tray width, 
and the cables shall be installed in a single ]ayer. Where 
single conductor cables are triplexed, quadruplexed, or 
bound together in circuit groups, the sum of the diameters 
of the single conductors shall not exceed the cable tray 
width, and these groups shall be instal1ed in single layer 
arrangement. 

392.30 Securing and Supporting. 

(A) Cable Trays. Cable trays shal1 be supported at 
intervals in accordance with the installation instructions. 

(B) Cables and Conductors. Cables and conductors 
shall be secured to and supported by the cable tray system 
in accordance with (1), (2) and (3) as applicable: 

(l) In other than horizontal runs, the cables shall be 
fastened securely to transverse members of the cable 
runs. 

(2) Supports shall be provided to prevent stress on cables 
where they enter raceways from cable tray systems. 

(3) The system shall provide for the supp0l1 of cables 
and raceway wiring methods in accordance with their 
corresponding articles. Where cable trays support 
individual conductors and where the conductors pass 
from one cable tray to another, or from a cable tray to 
raceway(s) or from a cable tray to equipment where 
the conductors are terminated, the distance between 
the cable trays or between the cable tray and the 
raceway(s) or the equipment shall not exceed 1.8 m 
(6 ft). The conductors shall be secured to the cable 
tray(s) at the transition, and they shal1 be protected, 
by guarding or by location, from physical damage. 
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392.46 ARTICLE 392 - CABLE TRAYS 

Table 392.10(A) Allowable Cable Fill Area for Single-Conductor Cables in Ladder or Ventilated Trough Cable Trays for Cables 
Rated 2000 Volts or Less 

Maximum Allowable Fill Area for Single-Conductor 

Cables in Ladder or Ventilated Trough Cable Trays 

Column 1 Applicable for Column 2
a 

Applicable for 

Inside Width of Cable Tray 392.10(A)(2) Only 392.10(A)(3) Only 

mm in. 2 2 2 2 
mm in. mm in. 

150 6 4,200 6.5 b b 
4,200 - (28 Sd) 6.5 - (1.l Sd) 

225 9 6,100 9.5 6,100 - (28 Sd) 9.5 - (1.1 Sd) 

300 12 8,400 13.0 8,400 - (28 Sd) 13.0-(1.1 Sd) 

450 18 12,600 19.5 12,600 - (28 Sd) 19.5 - (1.1 Sd) 

600 24 16,800 26.0 16,800 - (28 Sd) 26.0 - (1.1 Sd) 

750 30 21,000 32.5 21,000 - (28 Sd) 32.5 - (1.1 Sd) 

900 36 25,200 39.0 25,200 - (28 Sd) 39.0 - (l.l Sd) 

a 2 
The maximum allowable fiJI areas in Column 2 shall be calculated. For example, the maximum allowable fiU, in mm, for a 150 mm wide cable tray in 

Column 2 shall be 4200 minus (28 multiplied by Sd) [the maximum allowable fill, in square inches, for a 6-in . wide cable tray in Column 2 shall be 6.5 
minus (1.1 multiplied by Sd)]. 

b 2 
The tenn Sd in Column 2 is equal to the sum of the diameters, in mm, of all cables 507 mm (in inches, of all 1000 kcmil) and larger single-conductor 

cables in the same ladder or ventilated trough cable tray with small cables. 

392.46 Bushed Conduit and Tubing. A box shall not be 
required where cables or conductors are installed in 
bushed conduit and tubing used for support or for 
protection against physical damage. 

392.56 Cable Splices. Cable splices made and insulated 
by approved methods shall be permitted to be located 
within a cable tray, provided they are accessible. Splices 
shall be permitted to project above the side rails where not 
subject to physical damage. 

392.60 Grounding and Bonding. 

(A) Metallic Cable Trays. Metallic cable trays shall be 
permitted to be used as equipment grounding conductors 
where continuous maintenance and supervision ensure 
that qualified persons service the installed cable tray 
system and the cable tray complies with provisions of this 
section. Metallic cable trays that support electrical 
conductors shall be grounded as required for conductor 
enclosures in accordance with 250.96 and Part IV of 
Article 250. Metal cable trays containing only non-pm cr 
conductors shan be electrically continuous through 
approved connections or the use of a bonding jumper not 
smaller than a lOA WG. 

Informational Note: E>..ampl~s of non-pm er conductors 
include Ilonconducli ~ optic:d fiber cabh:s and CIa ~ 2 and 
CIa s 3 Remote Control Signaling and Power Limiting 
Circuits. 
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Table 392.7(B) Metal Area Requirements for Cable Trays 
Used as Equipment Grounding Conductor 

Maximum Fuse 
Ampere Rating, Minimum Cross-Sectional 

Circuit Breaker Area of Metal" 
Ampere Trip Setting, ---------------

or Circuit Breaker 
Protective Relay 

Ampere Trip Setting 
for Ground-Fault 
Protection of Any 

Cable Circuit in the 
Cable Tray System 

60 

100 

200 

400 

600 

1000 

1200 

1600 

2000 

Steel Cable Trays 

mm2 in.2 

129 0.20 

258 0.40 

451.5 0.70 

645 1.00 

967.5 1.50b 

Aluminum 

Cable Trays 

mm2 in.2 

129 0.20 

129 0.20 

129 0.20 

258 0.40 

258 0.40 

387 0.60 

645 1.00 

967.5 1.50 

1290 2.00b 

aTotal cross-sectional area of both side rails for ladder or trough cable 
trays; or the minimum cross-sectional area of metal in channel cable 
trays or cable trays of one-piece construction. 

bSteel cable trays shall not be used as equipment grounding conductors 
for circuits with ground-fault protection above 600 amperes. Aluminum 
cable trays shall not be used as equipment grounding conductors for 
circuits with ground-fault protection above 2000 amperes. 
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ARTICLE 392 CABLE TRAYS 392.80 

(B) Steel or Aluminum Cable Tray Systems. Steel or 
aluminum cable tray systems shall be permitted to be used 
as equipment grounding conductors, provided all the 
following requirements are met: 

(1) The cable tray sections and fittings are identified as 
an equipment grounding conductor. 

(2) The minimum cross-sectional area of cable trays 
conform to the requirements in Table 392.60(A). 

(3) All cable tray sections and fittings are legibly and 
durably marked to show the cross-sectional area of 
metal in channel cable trays, or cable trays of one
piece construction, and the total cross-sectional area 
of both side rails for ladder or trough cable trays. 

(4) Cable tray sections, fittings, and connected raceways 
are bonded in accordance with 250.96, using bolted 
mechanical connectors or bonding jumpers sized and 
installed in accordance with 250.102. 

(C) Transitions. Where metallic cable tray systems are 
mechanically discontinuous, as permitted in 392.18(A), a 
bonding jumper sized in accordance with 250.102 shall 
connect the two sections of the cable tray, or the cable 
tray and the raceway or equipment. Bonding shall be in 
accordance with 250.96. 

392.80 Ampacity of Conductors. 

(A) Ampacity of Cables, Rated 2000 Volts or Less, in 
Cable Trays. 

(1) Multiconductor Cables. The allowable ampacity of 
multiconductor cables, nominally rated 2000 volts or less, 
instal1ed according to the requirements of 392.22(A) shall 
be as given in Table 310. and Table 
3 subject to the provisions of (A)(l)(a), (b), 
(c), and 310.l5(A)(2). 

(a) The adjustment factors of 3 10.l5(B)(3)(a) shall 
apply only to multiconductor cables with more than three 
current-carrying conductors. Adjustment factors shall be 
limited to the number of current-carrying conductors in 
the cable and not to the number of conductors in the cable 
tray. 

(b) Where cable trays are continuously covered for 
more than 1.8 m (6 ft) with solid unventilated covers, not 
over 95 percent of the allowable ampacities of Table 
310. and Table 310. shall be permitted 
for multiconductor cables. 

( c) Where multi conductor cables are installed in a 
single layer in uncovered trays, with a maintained spacing 
of not less than one cable diameter between cables, the 
ampacity shall not exceed the allowable ambient 
temperature-corrected ampacltles of multi conductor 
cables, with not more than three insulated conductors 
rated 0 through 2000 volts in free air, in accordance with 
310.15(C). 

lnfonnational Note: See Table B.31O.1S(B)(2)(3). 

2013 California Electrical Code 

(2) Single-Conductor Cables. The allowable ampacity of 
single-conductor cables shall be as permitted by 
310.15(A)(2). The adjustment factors of 310.15(B)(3)(a) 
shall not apply to the ampacity of cables in cable trays. 
The ampacity of single-conductor cables, or single 
conductors cabled together (triplexed, quadruplexed, etc.), 
nominally rated 2000 volts or less, shall comply with the 
following: 

(a) Where installed according to the requirements 
of 392.22(B), the ampacities for 600 kcmil and larger 
single-conductor cables in uncovered cable trays shall not 
exceed 75 percent of the allowable ampacities in Table 
310. and Table 310. Where cable 
trays are continuously covered for more than 1.8 m (6 ft) 
with solid unventilated covers, the ampacities for 600 
kcmil and larger cables shall not exceed 70 percent of the 
allowable ampacities in Table 310.l5(B)(17) and Table 
310. 

(b) Where installed according to the requirements 
of 392.22(B), the ampacities for 1/0 AWG through 500 
kcmil single-conductor cables in uncovered cable trays 
shall not exceed 65 of the allowable o't¥o"' .... ".h,"''' 

Table 310. and Table 310. 
cable trays are continuously covered for more than 1.8 m 
(6 ft) with solid unventilated covers, the ampacities for 
1/0 AWG through 500 kcmil cables shall not exceed 60 
percent of the allowable ampacities in Table 
31 and Table 310. 

( c) Where single conductors are installed in a 
single layer in uncovered cable trays, with a maintained 
space of not less than one cable diameter between 
individual conductors, the ampacity of 110 A WG and 
larger cables shall not exceed the allowable ampacities in 
Table 310.l5(B)(l7) and Table 310.15(8)(19). 
Exception to (2) (3) (c): For solid bottom cable trays the 
ampacity of single conductor cables shall be determined 
by 3JO.J5(C). 

(d) Where single conductors are installed in a 
triangular or square configuration in uncovered cable 
trays, with a maintained free airspace of not less than 2.15 
times one conductor diameter (2.15 x a.D.) of the largest 
conductor contained within the configuration and adjacent 
conductor configurations or cables, the ampacity of 110 
A WG and larger cables shall not exceed the allowable 
ampacities of two or three single insulated conductors 
rated 0 through 2000 volts supported on a messenger in 
accordance with 310. 

Informational Note: See Table 31 0.15(B)(20). 
(3) Combinations of Multiconductor and Single
Conductor Cables. Where a cable tray contains a 
combination of multiconductor and single-conductor 
cables, the allowable ampacities shall be as given in 
392.80(A)(l) for l11ulticonductor cables and 392.80(A)(2) 
for single-conductor cables, provided that the following 
conditions apply: 
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392.100 ARTICLE 394 - CONCEALED KNOB-AND-TUBE WIRING 

(1) The sum of the multiconductor cable fill area as a 
percentage of the allowable fill area for the tray 
calculated in accordance with 392.22(A), and the single
conductor cable fill area as a percentage ofthe allowable 
fill area for the tray calculated in accordance with 
392.22(B), totals not more than 100 percent. 

(2) Multiconductor cables are installed according to 
392.22(A) and single-conductor cables are installed 
according to 392.22(B) and 392.22(C) and (D). 

(B) Ampacity of Type MV and Type MC Cables (2001 
Volts or Over) in Cable Trays. The ampacity of cables, 
rated 2001 volts, nominal, or over, installed according to 
392.22(C) shall not exceed the requirements of this section. 

(1) Multiconductor Cables (2001 Volts or Over). The 
allowab Ie ampacity of multiconductor cables shall be as 
given in Table 31O.60(C)(7S) and Table 31O.60{C)(76), 
subject to the following provisions: 

(a) Where cable trays are continuously covered for 
more than 1.8 m (6 ft) with solid unventilated covers, not 
more than 95 percent of the allowable ampacities of Table 
31O.60(CX75) and Table 31O.60(C)(76) shall be permitted 
for multiconductor cables. 

(b) Where multi conductor cables are installed in a 
single layer in uncovered cable trays, with maintained 
spacing of not less than one cable diameter between cables, 
the ampacity shall not exceed the allowable ampacities of 
Table 31 0.6()(C)(71 ) and Table 31 0.6()(C)( 72). 
(2) Single-Conductor Cables (2001 Volts or Over). The 
ampacity of single-conductor cables, or single conductors 
cabled together (triplexed, quadruplexed, etc.), shall comply 
with the following: 

(a) The ampacities for 110 AWG and larger single-
conductor cables in uncovered cable trays shall not exceed 
75 percent of the allowable ampacities in Table 
31O.60tC)(69) and Table 31O.60(C)(70). Where the cable 
trays are covered for more than l.8 m (6 ft) with solid 
unventilated covers, the ampacities for 1/0 AWG and larger 
single-conductor cables shall not exceed 70 percent of the 
allowable ampacities in Table 31 0.~()(<;)(69)and Table 
310.60(CX70). 

(b) Where single-conductor cables are installed in a 
single layer in uncovered cable trays, with a maintained 
space of not less than one cable diameter between individual 
conductors, the ampacity of 110 AWG and larger cables shall 
not exceed the allowable ampacities in Table 31O.6()(C)(69) 
and Table 310.60(C)(70). 

( c) Where single conductors are installed in a 
triangular or square configuration in uncovered cable trays, 
with a maintained free air space of not less than 2.15 times 
the diameter (2.15 x O.D.) of the largest conductor contained 
within the configuration and adjacent conductor 
configurations or cables, the ampacity of 1/0 A WG and 
larger cables shall not exceed the allowable ampacities in 
Table 310.60(C)(67) and Table 310.60(C)(68j. 
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III. Construction Specifications 

392.100 Construction. 

(A) Strength and Rigidity. Cable trays shall have suitable 
strength and rigidity to provide adequate support for all 
contained wiring. 

(B) Smooth Edges. Cable trays shall not have sharp edges, 
burrs, or projections that could damage the insulation or 
jackets of the wiring. 

(C) Corrosion Protection. Cable tray systems shall be 
corrosion resistant. If made of ferrous material, the system 
shall be protected from corrosion as required by 300.6. 

(D) Side Rails. Cable trays shall have side rails or equivalent 
structural members. 

(E) Fittings. Cable trays shall include fittings or other 
suitable means for changes in direction and elevation of runs. 

(F) Nonmetallic Cable Tray. Nonmetallic cable trays shall 
be made of flame-retardant material. 

ARTICLE 394 
Concealed Knob-and-Tube Wiring 

I. General 

394.1 Scope. 

This article covers the use, installation, and construction 
specifications of concealed knob-and-tube wiring. 

394.2. Definition. 

Concealed Knob-and-Tube Wiring. A wiring method 
using knobs, tubes, and flexible nonmetallic tubing for the 
protection and support of single insulated conductors. 

II. Installation 

394.10 Uses Permitted. 

Concealedknob-and-tube wiring shall be permitted to be 
installed in the hollow spaces of walls and ceilings, or in 
unfinished attics and roof spaces as provided by 394.23, only 
as follows: 

(I) For extensions of existing installations 

(2) Elsewhere by special permission 

394.12 Uses Not Permitted. Concealed knob-and-tube 
wiring shall not be used in the following: 

(1) Commercial garages 

(2) Theaters and similar locations 

(3) Motion picture studios 

(4) Hazardous (classified) locations 

(5) Hollow spaces of walls, ceilings, and attics where such 
spaces are insulated by loose, rolled, or foamed-in
place insulating material that envelops the conductors 
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ARTICLE 394 CONCEALED KNOB-AND-TUBE WIRING 394.104 

Exception: [ReD .1J This article is not intended to prohibit 
the installation of insulation where knob-and-tube wiring is 
present, provided the following are complied with: 

(1) The wiring shall be surveyed by an electrical contractor 
licensed by the State of California. Certification shall 
be provided by the electrical contractor that the 
existing wiring is in good condition with no evidence of 
deterioration or improper over-current protection, and 
no improper connections or splices. Repairs, 
alterations, or extensions to the electrical system will 
require permits and inspections by the authority having 
jurisdiction for the enforcement of this code. 

(2) The certification form shall be filed with the authority 
having jurisdiction for the enforcement of this code, 
and a copy fornished to the property owner. 

(3) All accessible areas in the building where insulation 
has been installed around knob-and-tube wiring shall 
be posted by the insulation contractor with a notice, 
clearly visible, stating that caution is required when 
entering these areas. The notice shall be printed in 
both English and Spanish. 

(4) The insulation shall be noncombustible as defined in 
Title 24, Part 2, California Building Code. 

(5) The insulation shall not have any electrical conductive 
material as part of or supporting the insulation material. 

(6) Nothing in this exception will prohibit the authority 
having jurisdiction for the eriforcement of this code 
from requiring permits and inspections for the 
installations of thermal insulation. 

394.17 Through or Parallel to Framing Members. 
Conductors shall comply with 398.17 where passing through 
holes in structural members. Where passing through wood cross 
members in plastered partitions, conductors shall be protected 
by noncombustible, nonabsorbent, insulating tubes extending 
not less than 75mm (3 in.) beyond the wood member. 

394.19 Clearances. 

(A) General. A clearance of not less than 75 mm (3 in.) 
shan be maintained between conductors and a clearance 
of not less than 25 mm (l in.) between the conductor and 
the surface over which it passes. 

(B) Limited Conductor Space. Where space is too limited 
to provide these minimum clearances, such as at meters, 
panelboards, outlets, and switch points, the individual 
conductors shall be enclosed in flexible nonmetallic tubing, 
which shall be continuous in length between the last 
support and the enclosure or terminal point. 

(C) Clearance from .Piping, Exposed Conductors, and So 
Forth. Conductors shall comply with 398.19 for clearances 
from other exposed conductors, piping, and so forth. 

394.23 In Accessible Attics. Conductors in unfinished 
attics and roof spaces shall comply with 394.23(A) or 
(B). 
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Infonnationa1 Note: See 310.15(A)(3) for temperature 
limitation of conductors. 

(A) Accessible by Stairway or Permanent Ladder. 
Conductors shall be installed along the side of or through 
bored holes in floor joists, studs, or rafters. Where run 
through bored holes, conductors in the joists and in studs 
or rafters to a height of not less than 2.1 m (7 ft) above the 
floor or floor joists shall be protected by substantial 
running boards extending not less than 25 mm (l in.) on 
each side of the conductors. Running boards shall be 
securely fastened in place. Running boards and guard 
strips shall not be required where conductors are installed 
along the sides of joists, studs, or rafters. 

(B) Not Accessible by Stairway or Permanent Ladder. 
Conductors shall be instal1ed along the sides of or through 
bored holes in floor joists, studs, or rafters. 

Exception: In buildings completed before the wiring is 
installed, attic and roof spaces that are not accessible by 
stairway or permanent ladder and have headroom at all 
points less than 900 mm (3 ft), the wiring shall be 
permitted to be installed on the edges of rafters or joists 
facing the attic or roof space. 

394.30 Securing and Supporting. 

(A) Supporting. Conductors shall be rigidly supported on 
noncombustible, nonabsorbent insulating materials and 
shall not contact any other objects. Supports shall be 
installed as follows: 

(l) Within 150 mm (6 in.) of each side of each tap or 
splice, and 

(2) At intervals not exceeding 1.4 m (4Y2 ft). 

Where it is impracticable to provide supports, 
conductors shal1 be permitted to be fished through hollow 
spaces in dry locations, provided each conductor is 
individually enclosed in flexible nonmetallic tubing that is 
in continuous lengths between supports, between boxes, 
or between a support and a box. 

(B) Securing. Where solid knobs are used, conductors 
shall be securely tied thereto by tie wires having 
insulation equivalent to that of the conductor. 

394.42 Devices. Switches shall comply with 404.4 and 
404.10(B). 

394.56 Splices and Taps. Splices shall be soldered unless 
approved splicing devices are used. In-line or strain 
splices shall not be used. 

HI. Construction Specifications 

394.104 Conductors. Conductors shall be of a type 
specified by Article 310. 

70-247 



396.1 ARTICLE 398 - OPEN WIRING ON INSULATORS 

ARTICLE 396 
Messenger-Supported Wiring . 

I. General 

396.1 Scope. This article covers the use, installation, and 
construction specifications for messenger-supported wiring. 

396.2 Definition. 

Messenger-Supported Wiring. An exposed wiring 
support system using a messenger wire to support 
insulated conductors by anyone of the following: 

(1) A messenger with rings and saddles for conductor 
support 

(2) A messenger with a field-installed lashing material 
for conductor support 

(3) Factory-assembled aerial cable 

(4) Multiplex cables utilizing a bare conductor, factory 
assembled and twisted with one or more insulated 
conductors, such as duplex, triplex, or quadruplex type 
of construction 

II. Installation 

396.10 Uses Permitted. 

(A) Cable Types. The cable types in Table 396.10(A) 
shall be permitted to be installed in messenger-supported 
wiring under the conditions described in the article or 
section referenced for each. 

Table 396.10(A) Cable Types 

Cable Type 

Medium-voltage cable 

Mineral-insulated, metal
sheathed cable 

Multiconductor service
entrance cable 

Multiconductor underground 
feeder and branch-circuit 
cable 

Other factory-assembled, 
multiconductor control, 
signal, or power cables 
that are identified for the 
use 

Power and control tray cable 

Power-limited tray cable 

Section 

725.61(C) and 
725.82(E) 

Article 

328 

332 

338 

340 

336 

(B) In Industrial Establishments. In industrial 
establishments only, where conditions of maintenance and 
supervision ensure that only qualified persons service the 
installed messenger-supported wiring, the following shall 
be permitted: 

(1) Any of the conductor types shown in Table 
310. 104(A) or Table 310.iI04(B) 

(2) MV cable 
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Where exposed to weather, conductors shall be listed 
for use in wet locations. Where exposed to direct rays of 
the sun, conductors or cables shall be sunlight resistant. 

(C) Hazardous (Classified) Locations. Messenger
supported wiring shall be permitted to be used in 
hazardous (classified) locations where the contained 
cables andlnessenger-supported wiring are specifically 
permitted by other articles in this Cocj~~ 

396.12 Uses Not Permitted. Messenger-supported wiring 
shall not be used in hoistways or where subject to 
physical damage. 

396.30 Messenger. 
(A) Support. The messenger shall be supported at dead 
ends and at intermediate locations so as to eliminate 
tension on the conductors. The conductors shall not be 
permitted to come into contact with the messenger 
supports or any structural members, walls, or pipes. 

(B) Neutral Conductor. Where the messenger is used as 
a neutral conductor, it shall comply with the requirements 
of 225.4, 250.184(A), 250.184(B)(7), and 250.186(B). 

(C) Equipment Grounding Conductor. Where the 
messenger is used as an equipment grounding conductor, 
it shall comply with the requirements of 250.32(B), 
250.118, 250. 1 84(B)(8), and 250.186(D). 

396.56 Conductor Splices and Taps. Conductor splices 
and taps made and insulated by approved methods shall 
be permitted in messenger-supported wiring. 

396.60 Grounding. The messenger shall be grounded as 
required by 250.80 and 250.86 for enclosure grounding. 

ARTICLE 398 
Open Wiring on Insulators 

I. General 

398.1 Scope. This article covers the use, installation, and 
construction specifications of open wiring on insulators. 

398.2 Definition. 
Open Wiring on Insulators. An exposed wiring method 
using cleats, knobs, tubes, and flexible tubing for the 
protection and support of single insulated conductors run 
in or on buildings. 

II. Installation 
398.1 0 Uses Permitted. Open wiring on insulators shall be 
permitted only for industrial or agricultural establishments 
on systems of 600 volts, nominal, or less, as follows: 

( 1) Indoors or outdoors 

(2) In wet or dry locations 

(3) Where subject to corrosive vapors 

(4) For services 

398.12 Uses Not Permitted. Open wiring on insulators 
shall not be installed where concealed by the building 
structure. 
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ARTICLE 398 OPEN WIRING ON INSULATORS 398.30 

398.15 Exposed Work. 

(A) Dry Locations. In dry locations, where not exposed 
to physical damage, conductors shall be permitted to be 
separately enclosed in flexible nonmetallic tubing. The 
tubing shall be in continuous lengths not exceeding 4.5 m 
(15 ft) and secured to the surface by straps at intervals not 
exceeding 1.4 m (4Yz ft). 

(D) Entering Spaces Subject to Dampness, Wetness, or 
Corrosive Vapors. Conductors entering or leaving 
locations subject to dampness, wetness, or corrosive 
vapors shall have drip loops formed on them and shall 
then pass upward and inward from the outside of the 
buildings, or from the damp, wet, or corrosive location, 
through noncombustible, nonabsorbent insulating tubes. 

Informational Note: See 230.52 for individual 
conductors entering buildings or other structures. 

(C) Exposed to Physical Damage. Conductors within 2.1 
m (7 ft) from the floor shall be considered exposed to 
physical damage. Where open conductors cross ceiling 
joists and wall studs and are exposed to physical damage, 
they shall be protected by one of the following methods: 

(1) Guard not less than 25 mm (1 in.) nominal in 
thickness and at least as high as the insulating supports, 
placed on each side of and close to the wiring. 

(2) A substantial running board at least 13 rnm (Y2 in.) thick 
in back of the conductors with side protections. Running 
boards shall extend at least 25 mm (1 in.) outside the 
conductors, but not more than 50 mm (2 in.), and the 
protecting sides shall be at least 50 mm (2 in.) high and 
at least 25 mm (1 in.), nominal, in thickness. 

(3) Boxing made in accordance with 398.15(C)(1) or (C)(2) 
and fW11ished with a cover kept at least 25 mm (I in.) 
away from the conductors within. Where protecting 
vertical conductors on side walls, the boxing shall be 
closed at the top and the holes through which the 
conductors pass shaH be bushed. 

(4) Rigid metal conduit, intermediate metal conduit, rigid 
nonmetal1ic conduit, or electrical metallic tubing. When 
installed in metal piping, the conductors shall be encased in 
continuous lengths of approved flexible tubing. 

398.17 Through or Parallel to Framing Members. 
Open conductors shall be separated from contact with 
walls, floors, wood cross members, or partitions through 
which they pass by tubes or bushings of noncombustible, 
nonabsorbent insulating material. Where the bushing is 
shorter than the hole, a waterproof sleeve of noninductive 
material shall be inserted in the hole and an insulating 
bushing slipped into the sleeve at each end in such a 
manner as to keep the conductors absolutely out of 
contact with the sleeve. Each conductor shall be carried 
through a separate tube or sleeve. 

lnformational Note: See 31O.15(A)(3) for temperature 
limitation of conductors. 
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398.19 Clearances. Open conductors shall be separated at 
least 50 mm (2 in.) from metal raceways, piping, or other 
conducting material, and from any exposed lighting, 
power, or signaling conductor, or shall be separated 
therefrom by a continuous and firmly fixed nonconductor 
in addition to the insulation of the conductor. Where any 
insulating tube is used, it shall be secured at the ends. 
Where practicable, conductors shall pass over rather than 
under any piping subject to leakage or accumulations of 
moisture. 

398.23 In Accessible Attics. Conductors in unfinished 
attics and roof spaces shall comply with 398.23(A) or (B). 

(A) Accessible by Stairway or Permanent Ladder. 
Conductors shall be installed along the side of or through 
bored holes in floor joists, studs, or rafters. Where run 
through bored holes, conductors in the joists and in studs 
or rafters to a height of not less than 2.1 m (7 ft) above the 
noor or noor joists shall be protected by substantial 
running boards extending not less than 25 mm (1 in.) on 
each side of the conductors. Running boards shall be 
securely fastened in place. Running boards and guard 
strips shall not be required for conductors installed along 
the sides of joists, studs, or rafters. 

(B) Not Accessible by Stairway or Permanent Ladder. 
Conductors shall be installed along the sides of or through 
bored holes in floor joists, studs, or rafters. 

Exception: In buildings completed before the wiring is 
installed, in attic and roof spaces that are not accessible by 
stairway or permanent ladder and have headroom at all 
points less than 900 mm (3 ft), the wiring shall be permitted 
to be installed on the of rafters or joists facing the 
attic or roof space. 

398.30 Securing and Supporting. 

(A) Conductor Sizes Smaller Than 8 AWG. Conductors 
smaller than 8 AWG shall be rigidly supported on 
noncombustible, nonabsorbent insulating materials and 
shall not contact any other objects. Supports shall be 
installed as foHows: 

(1) Within 150 mm (6 in.) from a tap or splice 

(2) Within 300 mm (12 in.) of a dead-end connection to a 
larnpholder or receptacle 

(3) At intervals not exceeding 1.4 m (4Y2 ft) and at closer 
intervals sufficient to provide adequate support where 
likely to be disturbed 

(B) Conductor Sizes 8 A WG and Larger. Supports for 
conductors 8 AWG or larger installed across open spaces 
shall be permitted up to 4.5 m (15 ft) apart if 
noncombustible, nonabsorbent insulating spacers are used 
at least every 1.4 m (4Y2 ft) to maintain at least 65 mm 
(2Y2 in.) between conductors. 
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398.42 ARTICLE 399 - OUTDOOR OVERHEAD CONDUCTORS OVER 600 VOLTS 

Where not likely to be disturbed in buildings of mill 
construction, 8 A WG and larger conductors shall be 
permitted to be run across open spaces if supported from 
each wood cross member on approved insulators 
maintaining 150 mm (6 in.) between conductors. 

(C) Industrial Establishments. In industrial 
establishments only, where conditions of maintenance and 
supervision ensure that only qualified persons service the 
system, conductors of sizes 250 kcmil and larger shall be 
permitted to be run across open spaces where supported at 
intervals up to 9.0 m (30 ft) apart. 

(D) Mounting of Conductor Supports. Where nails are 
used to mount knobs, they shall not be smaller than 
tenpenny. Where screws are used to mount knobs, or 
where nails or screws are used to mount cleats, they shall 
be of a length sufficient to penetrate the wood to a depth 
equal to at least one-half the height of the knob and the 
full thickness of the cleat. Cushion washers shall be used 
with nails. 

(E) Tie Wires. Conductors 8 A WG or larger and 
supported on solid knobs shall be securely tied thereto by 
tie wires having an insulation equivalent to that of the 
conductor. 

398.42 Devices. Surface-type snap switches shall be 
mounted in accordance with 404.10(A), and boxes shall 
not be required. Other type switches shall be installed in 
accordance with 404.4. 

III. Construction Specifications 

398.104 Conductors. Conductors shall be of a type 
specified by Article 310. 

ARTICLE 399 
Outdoor Overhead Conductors 

Over 600 Volts 
399.1 Scope. This article covers the use and installation 
for outdoor overhead conductors over 600 volts, nominal. 

399.2 Definition. 

Outdoor Overhead Conductors. Single conductors, insulated, 
covered or bare, installed outdoors on support structures. 

399.10 Uses Permitted. Outdoor overhead conductors 
over 600 volts, nominal, shall be permitted only for 
systems rated over 600 volts, nominal, as follows: 

( 1 ) Outdoors 

(2) For service conductors, feeders, or branch circuits 

Infonnational Note: For additional information on outdoor 
overhead conductors over 600 volts, see ANSI/IEEE C2-
2007, National Electrical Safety Code. 
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399.12 Uses Not Permitted. Overhead conductors, over 
600 volts, nominal shall not be permitted to be installed 
indoors. 

399.30 Support. 

(A) Conductors. Documentation of the engineered design 
by a licensed professional engineer engaged primarily in 
the design of such systems for the spacing between 
conductors shall be available upon request of the authority 
having jurisdiction and shall include consideration of the 
following: 

(1) Applied voltage 

(2) Conductor size 

(3) Distance between support structures 

( 4) Type of structure 

(5) Wind/ice loading 

(6) Surge protection 

(B) Structures. Structures of wood, metal, concrete, or 
combinations of those materials, shall be provided for 
support of overhead conductors over 600 volts, nominal. 
Documentation of the engineered design by a licensed 
professional engineer engaged primarily in the design of 
such systems and the installation of each support structure 
shall be available upon request of the authority having 
jurisdiction and shall include consideration of the following: 

(1) Soil conditions 

(2) Foundations and structure settings 

(3 ) Weight of all supported conductors and equipment 

(4) Weather loading and other conditions such as but not 
limited to ice, wind, temperature, and lightning 

(5) Angle where change of direction occurs 

(6) Spans between adjacent structures 

(7) Effect of dead-end structures 

(8) Strength of guys and guy anchors 

(9) Structure size and material(s) 

(l0) Hardware 

(C) Insulators. Insulators used to support conductors 
shall be rated for all of the following: 

(1) Applied phase-to-phase voltage 

(2) Mechanical strength required for each individual 
installation 

(3) Impulse withstand BIL in accordance with Table 
490.24 

Infonnational Note: 399.30(A), (B), and (C) are not all
inclusive lists. 
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CHAPTER 4 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 400 - FLEXIBLE CORDS AND CABLES 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X tux X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are X 
listed below 

Article I Section 

404 FPN X 

ARTICLE 402 - FIXTURE WIRES 
Adopting Agency BSC SFM OSHPD 

2 AC 123 

Ado t Entire Article X X X X X X 

Adopt Entire Article as amended 
amended sections listed below 

Adopt only those sections that are 
listed below 

Article I Section 

Adopting Agency 

Adopt Entire Article 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

404 FPN 

404.4 

esc 

X 

ARTICLE 404 - SWITCHES 
SFM HCD 

1 2 AC 
X X X 

X 

X 

DSA OSHPD 
SS SS/CC 1 2 3 

X X X 

X X 

ARTICLE 406 - RECEPTACLES, CORD CONNECTORS, AND ATTACHMENT PLUGS (CAPS) 
Adopting Agency BSC SFM HCD DSA OSHPD 

1 2 AC . SS SS/CC 1 2 3 
Adopt Entire Article X X X X X X X 

Adopt Entire Article as amended X X 
(amended sections listed below) 

Adopt only those sections that are X 
listed below 

Article I Section 

406 FPN X 

406.8 (C)(1) X X 
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DPH 
4 

X 

X 

DPH 
4 

X 

X I 
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CHAPTER 4 CALIFORNIA MATRlX ADOPTION TABLES 

ARTICLE 408 - SWITCHBOARDS AND PANELBOARDS 
• Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 FR+i " Adopt Entire Article X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 
• 

ARTICLE 409 -INDUSTRIAL CONTROL PANELS 
Adopting Agency SSC SFM HCD DSA OSHPD 

1 2 AC SS SS/CC 1 2 3 " Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 410 - LUMINAIRES (LIGHTING FIXTURES), LAMPHOLDERS, AND LAMPS 
Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 " Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

! 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 411 - LIGHTING SYSTEMS OPERATING AT 30 VOLTS OR LESS 
Adopting Agency Bsel; HCD DSA OSHPD DPH 

1 2 AC SS -- -- 1 2 3 " Adopt Entire Article X X X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

I Article I Section 

ARTICLE 422 • APPLIANCES 
pting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 " Adopt Entire Article X X X X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are X 
I isled below 

Article I Section 

422.10-422.12 X 
422.16 X 

70-250.2 
2013 California Electrical Code 



CHAPTER 4 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 424- FIXED SPACE·HEATING EQUIPMENT 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 
Adopt Entire Article as amended 

~mended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 426 - FIXED OUTDOOR ELECTRIC DEICING AND SNOW·MEL TING EQUIPMENT 
Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 427 - FIXED ELECTRIC HEATING EQUIPMENT FOR PIPELINES AND VESSELS 
Adopting Agency BSC SFM I HCD DSA OSHPD DPH 

1 2 AC 55 SS/CC 1 2 3 4 

Ado2t Entire Article X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 430 - MOTORS, MOTOR CIRCUITS; AND CONTROLLERS 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC 55 SS/CC 1 2 3 4 
Adopt Entire Article X X X X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

I Article I Section 

ARTICLE 440 - AIR·CONDITIONING AND REFRIGERATING EQUIPMENT 
I Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 I AC 55 SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 
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CHAPTER 4 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 445 - GENERATORS 
Adopting Agency esc SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 

I 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 450 - TRANSFORMERS AND TRANSFORMER VAULTS (lNCUDING SECONDARY TIES) 
Adopting Agency esc SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 I 

Adopt Entire Article X X X X X X X X 

Adopt Entire Article as amended X X 
(amended sections listed below) 

Adopt only those sections that are 
I isted below 

Article I Section 

450.23 X X 

ARTICLE 455 - PHASE CONVERTERS 
Adopting Agency esc SFM HCD DSA OSHPD DPH i 

1 2 AC SS SS/CC 1 2 3 4 
Adopt Entire Article X X X 

I X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section i 

ARTICLE 460 - CAPACITORS 
Adopting Agency esc SFM HCD DSA OSHPD DPH ! 

1 2 AC SS SS/CC 1 2 3 4 
Adopt Entire Article X X X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 470 - RESISTORS AND REACTORS 
Adopting Agency esc SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 
i 

Adopt Entire Article X X X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 
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CHAPTER 4 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 480 - STORAGE BATTERIES 
Adopting Agency esc SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

I 
Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

! 

Article / Section i 

ARTICLE 490 - EQUIPMENT, OVER 600 VOLTS, NOMINAL 
Adopting Agency esc SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article / Section 
i 
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CHAPTER 4 CALIFORNIA MATRIX ADOPTION TABLES 

70-250.6 
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ARTICLE 400 - FLEXIBLE CORDS AND CABLES 400.4 

Chapter 4 Equipment for General Use 

I. General 

ARTICLE 400 
Flexible Cords and Cables 

400.1 Scope. This article covers general requirements, ap
plications, and construction specifications for flexible cords 
and flexible cables. 

400.2 Other Articles. Flexible cords and flexible cables 
shall comply with this article and with the applicable pro
visions of other articles of this Code. 

Table 400.4 Flexible Cords and Cables (See 400.4 .) 

Number 
AWG of AWG 

Trade Type or Conduc- or 
Name Letter Voltage kcmil tors Insulation kcmil 

Lamp C 300 18- 16 2 or more Thermoset or 18-16 
cord 600 14-10 thennoplastic 14-10 

Elevator E 300 or 20-2 2 or more Thermoset 20-16 
cable See Note 7. 600 14-12 

See Note 11. 12-10 
See Note 12. 8-2 

20-16 
14-12 
12-10 
8-2 

Elevator EO 300 or 20-2 2 or more Thermoset 20-16 
cable See Note 7. 600 14-12 

See Note 12. 12-10 
8-2 

Elevator ETP 300 or 
cable See Note 7. 600 

See Note 12. 

Err 300 or 
See Note 7. 600 
See Note 12. 

2013 California Electrical Code 

400.3 Suitability. Flexible cords and cables and their as
sociated fittings shall be suitable for the conditions of use 
and location. 

400.4 Types. Flexible cords and flexible cables shall con
form to the description in Table 400.4. Types of flexible 
cords and flexible cables other than those listed in the table 
shall be the subject of special investigation. 

Nomina) 
Insulation 
Tblclm~l 

Braid 
on Each 
Conduc- Outer 

mm mils tor Covering Use 

0.76 30 Cotton None Pendant or Dry Not 
1.14 45 portable locations hard 

usage 

0.51 20 Cotton Three cotton, Elevator Unclassified 
0.76 30 Outer one lighting and locations 
1.14 45 flame- control 
1.52 60 retardant & 

moisture-
resistant. 
See Note 5. 

0.51 20 Flexible 
0 .76 30 nylon 
1.14 45 jacket 
1.52 60 

0.51 20 Cotton Outer one Elevator Unclassified 
0.76 30 Three cott.on, lighting and locations 
1.14 45 flame- control 
1.52 60 retardant & 

moisture-
resistant. 
See Note 5. 

One cotton Hazardous 
and a (classified) 
neoprene locations 
jacket. 
See Note 5. 

Rayon Thermoplastic Hazardous (classified) locations 

None One cotton or 
equivalent and 
a thermo-
plastic jacket 

(Continues) 
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400.4 ARTICLE 400 - FLEXIBLE CORDS AND CABLES 

Table 400.4 Continued 

Nominal 
lmul lion 
Tbktmss1 

Number Braid 
AWG of AWG on Each 

Trade Type or Conduc- or Conduc- Outer 
Name Letter ~oltage kcmil tors Insulation kcmil mm mils tor Covering Use 

Electric EY 600 18-500 2 or more plus Thermoset 18-16 0.76 (0.51) 30 (20) Optional Thermoset Electric Wet Extra 
vehicle See Note grounding with optional 14-10 1.14 (0.76) 45 (30) vehicle lo<.:ations hard 
cable 13 . conductor(s), nylon 8-2 1.52 (1 .14) 60 (45) charging usage 

plus optional See Note 14. 1-4/0 2.03 ( \.52) 80 (60) 
hybrid data, 250-500 2.41 (1.90) 95 (75) 
signal SeeNOO! See Note 
communi- 14. 14. 
cations, and 
optical fiber 
cables 

r-----
EYJ 300 18-12 18-12 0.76 (0.51) 30 (20) Hard 

See Note See 'O(e See Note usage 
13. 14. 14 . 

r---

EYE 600 18-500 2 or more plus Thermoplastic 18-16 0.76 (0.51) 30 (20) Thermoplastic Extra 
See Note grounding elastomer 14-10 1.14 (0.76) 45 (30) elastomer hard 
13. conductor(s), with optional 8-2 1.52 (1.14) 60 (45) usage 

plus optional nylon 1-4/0 2.03 (1.52) 80 (60) 
hybrid data, See Note 14. 250- 500 2.41 (1.90) 95 (75) 
signal See NO( See Note 
<.:ommuni- 14 . 14. 
cations, and 
optical fiber 
cables 

r-----
EYJE 300 18-12 18-12 0.76 (0.51) 30 (20) Hard 

See Note See Not€ See Note usage 
13. 14 . 14. 

EYT 600 18-500 2 or more plus Thermoplastic 18-16 0.76 (0.51) 30 (20) Optional Thermoplastic Electric Wet Extra 
See Note grounding with optional 14-10 1.14 (0.76) 45 (30) vehicle Locations hard 
13. conductor(s) , nylon 8-2 1.52 (1.14) 60 (45) charging usage 

plus optional See Note 14. 1-4/0 2.03 (1.52) 80 (60) 
hybrid data , 250- 500 2.41 (1.90) 95 (75) 
signal S<2'" 'i'lit See Note 
communi- 14. 14. 
cations , and 
optical fiber 
<.:ables 

r-----
EYJT 300 18-1.2 18-12 0.76 (0.51) 30 (20) Hard 

See Note See I 14. See Note 14. usage 
13. 

Portable G 2000 12-500 2-6 plus Thermoset 12-2 1.52 60 Oil-resistant Portable and extra hard usage 
power grounding 1-410 2.03 80 thermoset 
cable conductor(s) 250-500 2.41 95 

G-GC 2000 12-500 3-6 plus Thermoset 12-2 1.52 60 Oil-resistant 
grounding 1-4/0 2.Q3 80 thermoset 
conductors and 250-500 2.41 95 
I ground check 
conductor 

Heater HPD 300 18-12 2,3, or 4 Thermoset 18-16 0.38 15 None Cotton or Portable Dry Not 
cord 14-12 0 .76 30 rayon heaters locations hard 

usage 

Parallel HPN 300 18-12 2 or 3 Oil-resistant 18-16 Ll4 45 None Oil-resistant Portable Damp Not 
heater See Note 8. thermoset 14 l..52 flU thermoset locations hard 
cord :12 241 1)5 usage 
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ARTICLE 400 - FLEXIBLE CORDS AND CABLES 400.4 

Table 400.4 Continued 

Nominal 
In don 
Tbk'knt5$' 

Number Braid 
AWG of AWG on Each 

Trade Type or Conduc- or Conduc- Outer 
Name Letter ~oltage kcmil tors Insulation kcmil mm mils tor Covering Use 

Thermoset HSJ 300 18-12 2,3, or 4 ThemlOset 18-16 0.76 30 None Cotton and Portable or Damp Hard 
jacketed 14--12 1.14 45 Thelmoset portable locations usage 
heater heater 
cords 

HSJO 300 18-12 Cotton and 
oil-resistant 
thermoset 

HSJOO 300 18-12 Oil-resistant 
thermoset 

Non- NISP-I 300 20-18 2or3 Thermoset 20-18 0.38 15 None Thermoset Pendant or Damp Not 
integral portable locations hard 
parallel NlSP-2 300 18-16 18-16 0.76 30 usage 
cords 

NISPE-l 300 20-18 Themloplastic 20-18 0.38 15 Thermoplastic 
See Note 8. elastomer elastomer 

NISPE-2 300 18-16 18-16 0.76 30 
See Note 8. 

NISPT- I 300 20-18 ThemlOplastic 20-18 0.38 15 Thermoplastic 
See Note 8. 

NISPT-2 300 18-16 18-16 0.76 30 
See Note 8. 

Twisted PD 300 18-16 2 or more Thermoset or 18-16 0.76 30 Cotton Cotton or Pendant or Dry Not 
portable 600 14--10 thermoplastic 14--10 1.14 45 rayon portable locations hard 
cord usage 

Portable PPE 2000 12- 500 1-6 plus Thermoplastic 12-2 1.52 60 Oil-resistant Portable, extra hard usage, 
power optional elastomer 1-4/0 2.D3 80 thermoplastic 
cable grounding 250-500 2.41 95 elastomer 

conductor(s) 

Hard S 600 18-2 2 or more Thermoset 18-16 0.76 30 None Theml0set Pendant or Damp Extra 
service See Note 6. 14--10 1.14 45 portable locations hard 
cord 8-2 1.52 60 usage 

Flexible SC 600 8-250 lor more 8-2 1.52 60 Thermoset4 Portable , extra hard usage 
stage 1-4/0 2.03 80 
and 250 2.41 95 
lighting 
power 
cable 

SCE 600 Thermoplastic Thermoplastic 
elastomer elastomer4 

scr 600 Thermoplastic Thelmo-
plastic4 

Hard SE 600 18-2 2 or more Thermoplastic 18-16 0.76 30 None ThemlOplastic Pendant or Damp Extra 
service See Note 6. elastomer 14--10 1.14 45 elastomer portable locations hard 
cord 8-2 1.52 60 usage 

SEW 600 Damp and 
See Note 6. wet 
See Note 15. locations 

SEO 600 Oil-resistant Damp 
See Note 6. thermoplastic locations 

elastomer 

SEOW 600 Damp and 
See Note 6. wet 
See Note 15. locations 

(Continues) 
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400.4 ARTICLE 400 - FLEXIBLE CORDS AND CABLES 

Table 400.4 Continued 

Nominal 
In lalion 
Tbl('kl1l~~1 

Number Braid 
AWG of AWG on Each 

Trade Type or Conduc- or Conduc- Outer 
Name Letter Voltage kcmil tors Insulation kcmil mm mils tor Covering Use 

Hard SEOO See 600 Oil-resistant Damp 
service Note 6. thermoplastic locations 
cord elastomer 
(cant.) 

SEOOW 600 Damp and 
See Note 6 . wet 
See Note 15. locations 

Junior SJ 300 18-10 2-6 Thermoset 18-12 0.76 30 None Thermoset Pendant or Damp Hard 
hard 10 1.14 45 portable locations usage 
service 
cord 

SJE 300 Thermoplastic ThemlOplastic 
elastomer elastomer 

SJEW 300 Damp and 
See Note 15. wet 

locations 

SJEO 300 Oil-resistant Damp 
thermoplastic locations 
elastomer 

SJEOW 300 Damp and 
See Note 15. wet 

locations 

SJEOO 300 Oil-resistant Damp 
thermoplastic locations 
elastomer 

SJEOOW 300 Damp and 
See Note 15. wet 

locations 

SJO 300 Thermoset Oil-resistant Damp 
thermoset locations 

SlOW 300 Damp and 
See Note 15. wet 

locations 

SJOO 300 Oil-resistant Damp 
thermoset locations 

SlOOW 300 Damp and 
See Note 15. wet 

locations 

SJT 300 Thermoplastic Thermoplastic Damp 
locations 

SJTW 300 Damp and 
See Note 15 . wet 

locations 

SJTO 300 Oil-resistant Damp 
them10plastic locations 

SJTOW 300 Damp and 
See Note 15. wet 

locations 

SJTOO 300 Oil-resistant Damp 
thermoplastic locations 

SlTOOW 300 Damp and 
See Note 15. wet 

locations 
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ARTICLE 400 - FLEXIBLE CORDS AND CABLES 400.4 

Table 400.4 Continued 

Nominal 
I fLom'atioll 
TbldmtSSl 

Number Braid 
AWG of AWG on Each 

Trade 1)'pe or Conduc· or Conduc· Outer 
Name Letter !Voltage kcmil tors Insulation kcmil mm mils tor Covering Use 

Hard SO 600 18-2 2 or more Thermoset 18-16 0 .76 30 None Oil-resistant Pendant or Damp Extra 
service See Note 6. thermoset portable locations hard 
cord usage 

SOW 600 Damp and 
See Note 6. wet 
See Note 15. locati.ons 

SOO (iOO Oil-resistant 14-10 1.14 45 Damp 
See Note 6. thermoset 8-2 1.52 60 locations 

SOOW 600 Damp and 
See Note 6. wet 
See Note 15. locations 

All Spoo l 300 20-18 2or3 Thermoset 20-18 0.76 30 None None Pendant or Damp Not 
thermoset portable locations hard 
parallel usage 
cord 

SP-2 300 18-16 18-16 1.14 45 

SP-3 300 18-10 18-16 1.52 60 Refrigerators, 
14 2.03 80 room air 
12 2.41 95 conditioners, 
10 2.80 110 and as 

pt:mlitted in 
422.16(B) 

All SPE-l 300 20-18 2 or 3 Thermoplastic 20-18 0.76 30 None None Pendant or Damp Not 
elastomer See Note 8. elastomer pOltable locations Hard 
(thermo- usage 
plastic) 
parallel 
cord 

SPE-2 300 18- 16 18-16 1.14 45 
See Note 8. 

SPE-3 300 18-10 18-16 1.52 60 Refrigerators , 
See N.ote 8. 14 2.03 80 room air 

12 2.41 95 conditioners, 
10 2.80 110 and as 

pennitted in 
422.16(B) 

All plastic SPT-l 300 20-18 2or3 Thermoplastic 20-18 0.76 30 None None Pendant or Damp Not 
parallel pOltable locations hard 
cord usage 

SPT- IW 300 2 Damp and 
See Note 15. wet 

locations 

SP1'-2 300 18-16 2 or 3 18-16 1.14 45 Damp 
locations 

SPl'-2W 300 2 Damp and 
See Note 15. wet 

locations 

SP'}":-3 3(x) 18-10 2 or 3 18-16 1.52 60 Refriger- Damp Not 
14 2.03 80 alors , locations hard 
12 2.41 95 room air usage 
10 2.80 110 conditioners, 

and as 
permitted in 
422.16(8) 

(Continues) 
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400.4 ARTICLE 400 - FLEXIBLE CORDS AND CABLES 

Table 400.4 Continued 

Nominal 
loscal tlon 

Thkkness-I 

Number Braid 
AWG of AWG on Each 

Trade Type or Conduc- or Conduc- Outer 
Name Letter Voltage kcmil tors Insulation kcmil mm mils tor Covering Use 

Range, SRD 300 10-4 3 or 4 Themloset 10-4 1.14 45 None Thermoset Portable Damp Ranges 
dryer locations dryers 
cable 

SRDE 300 10-4 3 or 4 Thermoplastic None Thermoplastic 
elastomer elastomer 

SRDT 300 10-4 3 or 4 Thermoplastic None Thermoplastic 

Hard ST 600 18-2 2 or more Thermoplastic 18-16 0.76 30 None Thermoplastic Pendant or Damp Extra 
service See Note 6. 14--10 1.14 45 portable locations hard 
cord 8-2 1.52 60 usage 

STW 600 Damp and 
See Note 6. wet 
See Note 15. locations 

STO 600 Oil-resistant Damp 
See Note 6. thermoplastic locations 

STOW 600 Damp and 
See Note 6. wet 
See Note 15. locations 

STOO 600 Oil-resistant Damp 
See Note 6. thermoplastic locations 

STOOW 600 Damp and 
See Note 6. wet 

locations 

Vacuum SV 300 18-16 2or3 Thermoset 18-16 0.38 15 None Thermoset Pendant or Damp Not 
cleaner portable locations hard 
cord usage 

SVE 300 Thermoplastic Thermoplastic 
elastomer elastomer 

SVEO 300 Oil-resistant 
thermoplastic 
elastomer 

SVEOO 300 Oil-resistant 
thermoplastic 
ela~tomer 

SVO 300 Thermoset Oil-resistant 
thermoset 

SVOO 300 Oil-resistant Oil-resistant 
thermoset thermoset 

SVT 300 Thermoplastic Thermoplastic 

SVTO 300 Thermoplastic Oil-resistant 
thermoplastic 

SVTOO 300 Oil-resistant 
thermoplastic 

Parallel TPT 300 27 2 Thermoplastic 27 0.76 30 None Thermoplastic Attached Damp Not 
tinsel See Note 4. to an locations hard 
cord appliance usage 
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ARTICLE 400 - FLEXIBLE CORDS AND CABLES 400.4 

Table 400.4 Continued 

Nominal 
utallon 

TbjckDm~ 

Number Braid 
AWG of AWG on Each 

Trade Type or Conduc- or Conduc- Outer 
Name Letter lVoltage kcmil tors Insulation kcmil mm mils tor Covering Use 

Jacketed TST 300 27 2 Thermoplastic 27 0.38 15 None Thermoplastic Attached Damp Not 
tinsel See Note 4. to an locations hard 
cord appliance usage 

Portable W 2000 12-500 1-6 Thermoset 12-2 1.52 60 Oil-resistant Portable, ex.tra hard usage 
power- 501-1000 1 1-4/0 2.03 80 them10set 
cable 250-500 2.41 95 

501-1000 2.80 110 

Notes: 
ISee Note to. 
2The required outer covering on some single-conductor cables may be integral with the insulation. 
3 All types listed in Table 400.4 shall have individual conductors twisted together except for Types HPN, SP-l, SP-2, SP-3, SPE-l, SPE-2, SPE-3, 
SPT-l, SPT-2, SPT-3, TPT, NISP-I, NISP-2, NISPT-l, NISPT-2, NISPE-I, NISPE-2, and three-conductor parallel versions of SRD, SRDE, and 
SRDT. 
~ypes TPT and TST shall be pennitted in lengths not exceeding 2.5 m (8 ft) where attached directly, or by means of a special type of plug, to a 
portable appliance rated at 50 watts or less and of such nature that extreme flexibility of the cord is essential. 
5Rubber-filled or varnished cambric tapes shall be permitted as a substitute for the inner braids. 
6Types G, G-GC, S, SC, SCE, SCT, SE, SEa, SEOO, so, sao, ST, STO, STOO, PPE, and W shall be permitted for use on theater stages, in 
garages, and elsewhere where flexible cords are permitted by this Code. 
7Elevator traveling cables for operating control and signal circuits shall contain nonmetallic fillers as necessary to maintain concentricity. Cables 
shall have steel supporting members as required for suspension by 620.41. In locations subject to excessive moisture or corrosive vapors or gases, 
supporting members of other materials shall be permitted. Where steel supporting members are used, they shall run straight through the center of 
the cable assembly and shall not be cabled with the copper strands of any conductor. 

In addition to conductors used for control and signaling circuits, Types E, EO, ETP, and ETT elevator cables shall be permitted to incorporate 
in the construction one or more 20 AWG telephone conductor pairs, one or more coaxial cables, or one or more optical fibers. The 20 AWG 
conductor pairs shall be pennitted to be covered with suitable shielding for telephone, audio, or higher frequency communications circuits; the 
coaxial cables consist of a center conductor, insulation, and shield for use in video or other radio frequency communications circuits. The optical 
fiber shall be suitably covered with flame-retardant thermoplastic. The insulation of the conductors shall be rubber or thermoplastic of thickness not 
less than specified for the other conductors of the particular type of cable. Metallic shields shall have their own protective covering. Where used, 
these components shall be permitted to be incorporated in any layer of the cable assembly but shall not run straight through the center. 
8The third conductor in Type HPN shall be used as an equipment grounding conductor only. The insulation of the equipment grounding conductor 
for Types SPE-I, SPE-2, SPE-3, SPT-l, SPT-2, SPT-3, NISPT-l, NISPT-2, NISPE-l, and NISPE-2 shall be permitted to be thermoset polymer. 
9Theindividual conductors of all cords, except those of heat-resistant cords, shall have a thermoset or thermoplastic insulation, except that the 
equipment grounding conductor where used shall be in accordance with 400.23(B). 
IOWhere the voltage between any two conductors exceeds 300, but does not exceed 600, flexible cord of 10 AWG and smaller shall have thermoset 
or thermoplastic insulation on the individual conductors at least 1.14 mm (45 mils) in thickness, unless Type S, SE, SEa, SEOO, so, sao, ST, 
STO, or STOO cord is used . 
llInsulations and outer coverings that meet the requirements as flame retardant, limited smoke, and are so listed, shall be permitted to be marked 
for limited smoke after the code type designation. 
12Elevator cables in sizes 20 AWG through 14 AWG are rated 300 volts, and sizes 10 through 2 are rated 600 volts. 12 AWG is rated 300 volts with 
a 0.76-mm (30-mil) insulation thickness and 600 volts with a 1.14-mm (45-mil) insulation thickness. 
13Conductor size for Types EY, EYI, EYE, EYJE, EYT, and EYJT cables apply to nonpower-limited circuits only. Conductors of power-limited 
(data, signal, or communications) circuits may extend beyond the stated AWG size range. All conductors shall be insulated for the same cable 
voltage rating. 
14Insulation thickness for Types EY, EYI, EYEJE, EYT, and EYJT cables of nylon construction is indicated in parentheses. 
15 Cords that comply with the requirements for outdoor cords and are so listed shall be permitted to be designated as weather and water resistant 
with the suffix "w" after the code type designation. Cords with the "w" suffix are suitable for use in wet locations and are sunlight r~i lan~ . 
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400.5 ARTICLE 400 - FLEXIBLE CORDS AND CABLES 

400.5 Ampacities for Flexible Cords and Cables. 

(A) Ampacity Tables. Table 400.5(A)( I) provides the 
allowable ampacities, and Table 400.5(A)(2) provides the 
ampacities for flexible cords and cables with not more 
than three current-carrying conductors. These tables shall 
be used in conjunction with applicable end-use product 
standards to ensure selection of the proper size and type. 
Where cords are used in ambient temperatures other than 
30°C (86°P), the temperature correction factors from 
Table 310. 15(B)(2)(aj that correspond to the temperature 
rating of the cord shall be applied to the ampacity in 
Table 400.5(A)(2). Where the number of current-carrying 
conductors exceeds three, the allowable ampacity or the 
ampacity of each conductor shall be reduced from the 3-
conductor rating as shown in Table 400.5(A)(3).i 

Informational Note: S~ Infomla!he Annex B. Table 
8.31 0.15(B)(2)(lI). for adju tmen! r.,ctorllo for mor than 
thr~ current-carrying conductors in a me 'waY ,()r cable 
~i!h load diversity. 

/'. neutral conductor that carrlc " ooiythe unbalanced 
current from other conductors of the samc circuit shall not 
he required to meet the requirements of a current-carr)'j~g 
conductor. 

in a 3-wire circuit consisiinioft\yo'ilha'se-conductoTs 
and the neutral conductor of a 4-wire. 3-phase. wye
connect d system. a common conductor carries 
appro imat Iy tbe same current as the line-to-neutral 
currents of the other conductors and shall be considered to 
be a currenl-carrying conductor. 

On a 4-wire. 3-phasc. wye circuit where more than SO 
percent of the load con i ts of nonlinear loads. there are 
harmonic current pre nt in the neutral conductor and the 
neutral conductor sball be considered to be a current
~arrYing conductor. 

An equipment grounding conductor shall not be 
considered a current-carrying conductor. 

Where a single conductor is us d tor both equipment 
grounding and to carry unbalanced current from other 
conductors, as provided for in 250.140 for electric ranges 
and electric clothes dryers. it shall not be considered as a 
current-carrying conductor. 

(B) Ultimate Insulation Temperature. In no case shall 
conductors be associated together in such a way with 
respect to the kind of circuit, the wiring method used, or the 
number of conductors such that the limiting temperature of 
the conductors is exceeded. 

Table 400.5(A) Allowable Ampacity for Flexible Cords and Cables [Based on Ambient Temperature of 30°C (86°F). 
See 400.13 and Table 400.4.] 

Size (AWG) 

27* 

20 

18 

17 

15 

15 

14 

12 

10 

8 
6 

4 

2 

*Tmsel cord. 

**Elevator cables only. 

Thermoplastic 

Types TPT, TST 

0.5 

-

-

-
-

-

-

-

-

-

-

-

-

Thermoset Types C, E, EO, PD, S, SJ, SJO, SJOW, SJOO, SJOOW, 
SO, SOW, SOO, SOOW, SP-l, SP-2, SP-3, SRD, SV, SVO, SVOO 

Thermoplastic Types ET, ETLB, ETP, ETT, SE, SEW, SE~, SEOW, 
SEOOW, SJE, SJEW, SJEO, SJEOW, SJEOOW, SJT, SJTW, SJTO, 
SJTOW, SJTOO, SJTOOW, SPE-l, SPE-2, SPE-3, SPT-l, SPT-IW, Types HPD, HPN, 

SPT-2, SPT-2W, SPT-3, ST, SRDE, SRDT, STO, STOW, STOO, 
HSJ, HSJO, HSJOO 

STOOW, SVE, SVEO, SVT, SVTO, SVTOO 

A+ B+ 

- - -

5** *** -

7 10 10 

9 12 13 

12 16 17 

12 16 17 

15 18 20 

20 25 30 

25 30 35 
35 40 -
45 55 -

60 70 -

80 95 -

***7 amperes for elevator cables only; 2 amperes for other types, 

+The allowable currents under Column A apply to 3-conductor cords and other multiconductor cords connected to utilization equipment so that only 3 
conductors are current-carrying, The allowable currents under Column B apply to 2-conductor cords and other multiconductor cords connected to utilization 
equipment so that only 2 conductors are current carrying. 
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ARTICLE 400 - FLEXIBLE CORDS AND CABLES 400.6 

Table 400.5(B) Ampacity of Cable Types SC, SCE, SCT, PPE, G, G-GC, and W. [Based on Ambient Temperature of 30°C (86°F). 
See Table 400.4.] 

Copper 
Cooduc.-tor 60°C (140°F) 75°C (167°F) 90°C (194°F) 
Size (AWG 
or kcmil) 1 2 3 I 2 3 I 2 3 

D E F D E F D E .F 

12 31 26 37 31 42 35 
10 44 37 52 43 59 49 
8 60 55 48 70 65 57 80 74 65 
6 80 72 63 95 88 77 105 99 87 
4 105 96 84 125 115 101 140 130 114 

120 113 99 145 135 118 165 152 133 
2 140 128 112 170 152 133 190 174 152 

165 150 131 195 178 156 220 202 177 
1/0 195 173 151 230 207 181 260 234 205 
2/0 225 199 174 265 238 208 300 271 237 
3/0 260 230 201 310 275 241 350 313 274 
4/0 300 265 232 360 317 277 405 361 316 
250 340 296 259 405 354 310 455 402 352 
300 375 330 289 445 395 346 505 449 393 
350 420 363 318 505 435 381 570 495 433 
400 455 392 343 545 469 410 615 535 468 
500 515 448 392 620 537 470 700 613 536 
600 575 690 780 
700 630 755 855 
750 655 785 885 
800 680 815 920 
900 730 870 985 

1000 780 935 1055 
I 
The ampacities under subheading D shall be permitted for single-conductor Types SC, SCE, SCT, PPE, and W cable only where the individual conductors 

are not installed in raceways and are not in physical contact with each other except in lengths not to exceed 600 mm (24 in.) where passing through the wall 
of an enclosure. 
2 
The ampacities under subheading E apply to two-conductor cables and other multiconductor cables connected to utilization equipment so that only two 

conductors are current carrying. 
3 
The ampacities under subheading F apply to three-conductor cables and other multiconductor cables connected to utilization equipment so that only three 

conductors are current carrying. 

Table 400.5 Adjustment Factors for More Than Three 
Current-Carrying Conductors in a .Flexible Cord or Cable 

Number of Conductors 
4 - 6 
7-9 

10-20 
21 - 30 
31-40 

41 and above 

2013 California Electrical Code 

Percent of Value in Tables 
400.S(A) and 400.5(B) 

80 
70 
50 
45 
40 
35 

ee) · Engineering SuperVisi'oo. -'Ullder engineering 
upervision. conductor ampac-itie shall bc ~rmitted 10 be 

calculatcd in accordance with 3 LO.15(C}. 

400.6 Markings. 

(A) Standard Markings. Flexible cords and cables shall 
be marked by means of a printed tag attached to the coil 
reel or carton. The tag shall contain the information 
required in 310.120(A). Types S, SC, SCE, SCT, SE, 
SEO, SEOO, Sl, SlE, SlEO, SlEOO, S10, S1T, SJTO, 
SlTOO, SO, SOO, ST, STO, STOO, SEW, SEOW, 
SEOOW, SlEW, SlEOW, SlEOOW, SlOW, SlTW, 
SJTOW, SJTOOW, SOW, SOOW, STW, STOW, and 
STOOW flexible cords and G, G-GC, PPE, and W 
flexible cables shall be durably marked on the surface at 
intervals not exceeding 610 mm (24 in.) with the type 
designation, size, and number of conductors. 
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ARTICLE 402 FIXTURES WIRES 

(B) Optional Markings. Flexible cords and cable types 
listed in Table 400.4 shall be permitted to be surface marked 
to indicate special characteristics of the cable materials. 
These markings include, but are not limited to, markings for 
limited smoke, sunlight resistance, and so forth. 

400. 7 Uses Permitted. 

(A) Uses. Flexible cords and cables shall be used only for 
the following: 

(1) Pendants 

(2) Wiring of luminaires 

(3) Connection of portable luminaires, portable and 
mobile signs, or appliances 

(4) Elevator cables 

(5) Wiring of cranes and hoists 

(6) Connection of utilization equipment to facilitate 
frequent interchange 

(7) Prevention of the transmission of noise or vibration 

(8) Appliances where the fastening means and 
mechanical connections are specifically designed to 
permit ready removal for maintenance and repair, and 
the appliance is intended or identified for flexible 
cord connection 

(9) Connection of moving parts 

(10) Where specifically permitted elsewhere in this Code 

(B) Attachment Plugs. Where used as permitted in 
400.7(A)(3), (A)(6), and (A)(8), each flexible cord shall be 
equipped with an attachment plug and shall be energized 
from a receptacle outlet or cord connector body. 

Exception: As permitted in 368.56. 

400.8 Uses Not Permitted. Unless specifically permitted 
in 400.7, flexible cords and cables shall not be used for 
the following: 

(1) As a substitute for the fixed wiring of a structure 

(2) Where run through holes in walls, structural ceilings, 
suspended ceilings, dropped ceilings, or floors 

(3) Where run through doorways, windows, or similar 
openings 

(4) Where attached to building surfaces 

Exception to (4): Flexible cord and cable shall be 
permitted to be attached to building surfaces in accordance 
with the provisions of 368. 56(B) 

(5) Where concealed by walls, floors, or ceilings or 
located above suspended or dropped ceilings 

(6) Where instalIed in raceways, except as otherwise 
permitted in this Code 

(7) Where subject to physical damage 

70-260 

400.9 Splices. Flexible cord shall be used only in 
continuous lengths without splice or tap where initially 
installed in applications permitted by 400.7(A). The repair 
of hard-service cord and junior hard-service cord (see 
Trade Name column in Table 400.4) 14 A WG and larger 
shall be permitted if conductors are spliced in accordance 
with 110.14(B) and the completed splice retains the 
insulation, outer sheath properties, and usage 
characteristics of the cord being spliced. 

400.10 Pull at Joints and Terminals. Flexible cords and 
cables shall be connected to devices and to fittings so that 
tension is not transmitted to joints or terminals. 

Exception: Listed portable single-pole devices that are 
intended to accommodate such tension at their terminals 
shall be permitted to be used with single-conductor 
flexible cable. 

Informational Note: Some methods of preventing pull 
on a cord from being transmitted to joints or teIminals 
are knotting the cord, winding with tape, and fittings 
designed for the purpose. 

400.11 In Show Windows and Showcases. Flexible 
cords used in show windows and showcases shall be 
Types S, SE, SE~, SEOO, S1, SJE, S1EO, S1EOO, S10, 
SJOO, SJT, SJTO, SJTOO, SO, sao, ST, STO, STOO, 
SEW, SEOW, SEOOW, SJEW, S1EOW, SJEOOW, 
SJOW, SJOOW, SJTW, SJTOW, SJTOOW, SOW, 
SOOW, STW, STOW, or STOOW. 

Exception No.1: For the wiring of chain-supported 
luminaires. 

Exception No.2: As supply cords for portable luminaires 
and other merchandise being displayed or exhibited. 

400.13 Overcurrent Protection. Flexible cords not 
smaller than 18 A W G, and tinse I cords or cords having 
equivalent characteristics of smaller size approved for use 
with specific appliances, shall be considered as protected 
against overcurrent 240.5. 

400.14 Protection from Damage. Flexible cords and 
cables shall be protected by bushings or fittings where 
passing through holes in covers, outlet boxes, or similar 
enclosures. 

In industrial establishments where the conditions of 
maintenance and supervision ensure that only qualified 
persons service the installation, flexible cords and cables 
shaH be permitted to be installed in aboveground 
raceways that are no longer than 15 m (50 ft) to protect 
the flexible cord or cable from physical damage. Where 
more than three current-carrying conductors are installed 
within the raceway, the allowable ampacity shall be 
reduced in accordance with Table 

II. Construction Specifications 

400.20 Labels. Flexible cords shall be examined and 
tested at the factory and labeled before shipment. 
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ARTICLE 400 - FLEXIBLE CORDS AND CABLES 400.34 

400.21 Coost ruction. 

(A) Conductors. The individual conductors of a flexible 
cord or cable shall hav~ nexible stranding and shall nOl be 
smaller 'hant~~~izes pecified in Table 400.4. 

(B) Nominal Insulation Thickness. The nominal 
thickness of insulation for conductors of flexible cords 
and cables shall not be less than specified in Table 400.4. 

400.22 Grounded-Conductor Identification. One 
conductor of flexible cords that is intended to be used as a 
grounded circuit conductor shall have a continuous 
marker that readily distinguishes it from the other 
conductor or conductors. The identification shall consist 
of one of the methods indicated in 400.22(A) through (F). 

(A) Colored Braid. A braid finished to show a white or 
gray color and the braid on the other conductor or 
conductors finished to show a readily distinguishable solid 
color or colors. 

(B) Tracer in Braid. A tracer in a braid of any color 
contrasting with that of the braid and no tracer in the braid 
of the other conductor or conductors. No tracer shall be 
used in the braid of any conductor of a flexible cord that 
contains a conductor having a braid finished to show 
white or gray. 

Exception: In the case of Types C and PD and cords 
having the braids on the individual conductors finished to 
show white or gray. In such cords, the identifying marker 
shall be permitted to consist of the solid white or gray 
finish on one conductor, provided there is a colored 
tracer in the braid of each other conductor. 

(C) Colored Insulation. A white or gray insulation on 
one conductor and insulation of a readily distinguishable 
color or colors on the other conductor or conductors for 
cords having no braids on the individual conductors. 

For jacketed cords furnished with appliances, one 
conductor having its insulation colored light blue, with 
the other conductors having their insulation of a readily 
distinguishable color other than white or gray. 

Exception: Cords that have insulation on the individual 
conductors integral with the Jacket. 

The insulation shall be permitted to be covered with an 
outer finish to provide the desired color. 

(D) Colored Separator. A white or gray separator on one 
conductor and a separator of a readily distinguishable solid 
color on the other conductor or conductors of cords having 
insulation on the individual conductors integral with the jacket. 

(E) Tinned Conductors. One conductor having the 
individual strands tinned and the other conductor or 
conductors having the individual strands untinned for 
cords having insulation on the individual conductors 
integral with the jacket. 
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(F) Surface Marking. One or more ridges, grooves, or 
white stripes located on the exterior of the cord so as to 
identify one conductor for cords having insulation on the 
individual conductors integral with the jacket. 

400.23 Equipment Grounding Conductor Identification. 
A conductor intended to be used as an equipment 
grounding conductor shall have a continuous identifying 
marker readily distinguishing it from the other conductor 
or conductors. Conductors having a continuous green 
color or a continuous green color with one or more 
yellow stripes shall not be used for other than equipment 
grounding conductors. The identifying marker shall 
consist of one of the methods in 400.23(A) or (B). 

(A) Colored Braid. A braid finished to show a 
continuous green color or a continuous green color with 
one or more yellow stripes. 

(B) Colored Insulation or Covering. For cords having 
no braids on the individual conductors, an insulation of a 
continuous green color or a continuous green color with 
one or more yellow stripes. 

400.24 Attachment Plugs. Where a flexible cord is 
provided with an equipment grounding conductor and 
equipped with an attachment plug, the attachment plug 
shall comply with 250.138(A) and (B). 

III. Portable Cables Over 600 Volts, Nominal 

400.30 Scope. Part III applies to multi conductor 
portable cables used to connect mobile equipment and 
machinery. 

400.31 Construction. 

(A) Conductors. The conductors shall be 12 A WG 
copper or larger and shall employ flexible stranding. 

(B) Equipment Grounding Conductor(s). An 
equipment grounding conductor(s) shall be provided. 
The total area shall not be less than that of the size of the 
equipment grounding conductor required in 250.122. 

400.32 Shielding. All shields shall be connected to an 
equipment grounding conductor. 

400.33 Equipment Grounding Conductors. Equipment 
grounding conductors shall be connected in accordance 
with Parts VI and VII of Article 250. 

400.34 Minimum Bending Radii. The minimum 
bending radii for portable cables during installation and 
handling in service shall be adequate to prevent damage 
to the cable. 

70-261 



400.35 ARTICLE 402 - FIXTURES WIRES 

400.35 Fittings. Connectors used to connect lengths of 
cable in a run shall be of a type that locks firmly together. 
Provisions shall be made to prevent opening or closing 
these connectors while energized. Suitable means shall be 
used to eliminate tension at connectors and terminations. 

400.36 Splices and Terminations. Portable cables shall 
not contain splices unless the splices are of the permanent 
molded, vulcanized types in accordance with IIO.14(B). 
Terminations on portable cables rated over 600 volts, 
nominal, shal1 be accessible only to authorized and 
qualified personnel. 

ARTICLE 402 
Fixture Wires 

402.1 Scope. This article covers general requirements and 
construction specifications for fixture wires. 

402.2 Other Articles. Fixture wires shall comply with 
this article and also with the applicable provisions of 
other articles of this Code. 

Table 402.3 Fixture Wires 

Informational Note: For application in luminaires, see 
Article 410. 

402.3 Types. Fixture wires shall be of a type listed in 
Table 402.3, and they shall comply with all requirements 
of that table. The fixture wires listed in Table 402.3 are all 
suitable for service at 600 volts, nominal, unless 
otherwise specified. 

Infonnational Note: Thennoplastic insulation may 
stiffen at temperatures colder than -10°C (+ 14 OF), 
requiring that care be exercised during installation at 
such temperatures. Thermoplastic insulation may also be 
deformed at nonnal temperatures where subjected to 
pressure, requiring that care be exercised during 
installation and at points of support. 

402.5 Allowable Ampacities for Fixture Wires. The 
allowable ampacity of fixture wire shall be as specified in 
Table 402.5. 

No conductor shall be used under such conditions 
that its operating temperature exceeds the temperature 
specified in Table 402.3 for the type of insulation 
involved. 

Infonnational Note : See 310.15(A)(3) for temperature 
limitation of conductors. 

Thickness of 
Insulation 

Maximum 

Type Outer Operating Application 

Name Letter Insulation AWG mm mils Covering Temperature Provisions 

Heat-resistant FFH-2 Heat-resistant 18-16 0.76 30 Nonmetallic 75°e Fixture wiring 
rubber- covered rubber covering 167°F 
fixture wire - Cross-linked 18-16 0.76 30 
flexible stranding synthetic 

polymer 

ECTFE - solid or HF Ethylene 18-14 0.38 15 None 150°C Fixture wiring 
7- strand chlorotri- 302°F 

fluoroethylene 

ECTFE - flexible HFF Ethylene 18-14 0.38 15 None 150°C Fixture wiring 
stranding chlorotriflu- 302°F 

oroethy1ene 

Tape insulated KF-l Aromatic 18-10 0.14 5.5 None 200 0 e Fixture wiring -
fixture wire - polyimide tape 392°F limited to 300 
solid or 7-strand volts 

KF-2 Aromatic 18-10 0.21 8.4 None 200°C Fixture wiring 
polyimide tape 392°F 

Tape insulated KFF-l Aromatic 18-10 0.14 5.5 None 200°C Fixture wiring -
fixture wire - polyimide tape 392°F limited to 300 
flexible stranding volts 

KFF-2 Aromatic 18-10 0.21 8.4 None 200°C Fixture wiring 
polyimide tape 392°F 
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ARTICLE 402 FIXTURES WIRES 402.5 

Table 402.3 Continued 

Thickness of 
Insulation 

Maximum 

Type Outer Operating Application 

Name Letter Insulation AWG mm mils Covering Temperature Provisions 

Perfluoro- alkoxy PAF Perfluoro- 18-14 0.51 20 None 250°C Fixture wiring 
-solid or7- alkoxy 482°F (nickel or 
strand (nickel or nickel-coated 
nickel-coated copper) 
copper) 

Perfluoro-alkoxy PAFF Perfluoro- 18-14 0.51 20 None 150°C Fixture wiring 
- flexible alkoxy 302°F 
stranding 

Fluorinated PF Fluorinated 18-14 0.51 20 None 200°C Fixture wiring 
ethylene ethylene 392°F 
propylene fixture propylene 
WIre solid or 
7-strand 

Fluorinated PFF Fluorinated 18-14 0.51 20 None 150°C Fixture wiring 
ethylene ethylene 302°F 
propylene fixture propylene 
wire flexible 
stranding 

Fluorinated PGF Fluorinated 18-14 0.36 14 Glass braid 200°C Fixture wiring 
ethylene ethylene 392°F 
propylene fixture propylene 
wire solid or 
7-strand 

Fluorinated PGFF Fluorinated 18-14 0.36 14 Glass braid 150°C Fixture wiring 
ethylene ethylene 302°F 
propylene fixture propylene 
wire - flexible 
stranding 

Extruded PTF Extruded 18-14 0.5] 20 None 250°C Fixture wiring 
polytetraflu- po I ytetrafl u- 482°F (nickel or 
oroethylene - oroethylene nickel-coated 
solid or 7 -strand copper) 
(nickel or nickel-
coated copper) 
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ARTICLE 402 - FIXTURES WIRES 

Table 402.3 Continued 

Thickness of 
Insulation 

Maximum 

Type Outer Operating Application 

Name Letter Insulation AWG mm mils Covering Temperature Provisions 

Extruded PTFF Extruded 18-14 0.51 20 None 150°C Fixture wiring 
polytetraflu- po lytetraflu- 302°F (silver or 
oroethylene oroethylene nickel-coated 
flexible stranding copper) 
26-36 (AWG 
silver or nickel-
coated copper) 

Heat -resistant RFH-l Heat-resistant 18 0.38 15 Nonmetallic 75°C Fixture wiring 
rubber- covered rubber covering 167°F limited to 300 
fixture wire - volts 
solid or 7-strand 

RFH-2 Heat-resistant 18-16 0.76 30 None or non- 75°C Fixture wiring 
rubber Cross- metallic 167°F 
linked covering 
synthetic 
polymer 

Heat-resistant RFHH-2* Cross-linked 18-16 0.76 30 None or non- 90°C Fixture wiring 
cross-linked RFHH-3* synthetic 18-16 1.14 45 metallic 194°F 
synthetic polymer covering 
polymer-insu-
lated fixture wire 

solid or 7-
strand 

Silicone insulated SF-l Silicone rubber 18 0.38 15 Nonmetallic 200°C Fixture wiring -
fixture wire covering 392°F limited to 300 
solid or 7-strand volts 

SF-2 Silicone rubber 18-12 0.76 30 Nonmetallic 200°C Fixture wiring 

10 1.14 45 covering 392°F 

Silicone insulated SFF-I Silicone rubber 18 0.38 15 Nonmetallic 150°C Fixture wiring -
fixture wire covering 302°F limited to 300 
flexible stranding volts 

SFF-2 Silicone rubber 18-12 0.76 30 Nonmetallic ISO°C Fixture wiring 

10 1.14 45 covering 302°F 

Thermoplastic TF* Thermo- plastic 18-16 0.76 30 None 60°C Fixture wiring 
covered fixture 140°F 
wire - solid or 
7-strand 

Thermoplastic TFF* Thermo- plastic 18-16 0.76 30 None 60°C Fixture wiring 
covered fixture 140°F 
wire - flexible 
stranding 
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ARTICLE 402 FIXTURES WIRES 402.5 

Table 402.3 Continued 

Thickness of 
Insulation 

Maximum 

Type Outer Operating Application 

Name Letter Insulation AWG mm mils Covering Temperature Provisions 

Heat-resistant TFN* Thermo- plastic 18-16 0.38 15 Nylon- 90°C Fixture wiring 
thermo- plastic jacketed or 194°F 
covered fixture equivalent 
wire solid or 
7-strand 

Heat-resistant TFFN* Thermoplastic 18-16 0.38 15 Nylon- 90aC Fixture wiring 
thermo- plastic jacketed or 194°F 
covered fixture equivalent 
wire - flexible 
stranded 

Cross-! inked XF* Cross-linked 18-14 0.76 30 None 150aC Fixture wiring -
polyolefin polyolefin 12-10 1.14 45 302°F limited to 300 
insulated fixture volts 
wire - solid or 
7-strand 

Cross-linked XFF* Cross-linked 18-14 0.76 30 None 150aC Fixture wiring 
polyolefin polyolefin 12-10 1.14 45 302°F limited to 300 
insulated fixture volts 
wire flexible 
stranded 

Modified ETFE - ZF Modified 18-14 0.38 15 None 150°C Fixture wiring 
solid or 7 - strand ethylene 302°F 

tetrafluoro-
ethylene 

Flexible stranding ZFF Modified 18-14 0.38 15 None 150a C Fixture wiring 
ethylene 302°F 
tetrafluoro-
ethylene 

High temp. ZHF Modified 18-14 0.38 15 None 200°C Fixture wiring 
modified ETFE ethylene 392°F 

solid or 7- tetrafluoro-
strand ethylene 

*Insulations and outer coverings that meet the requirements of flame retardant, limited smoke, and are so listed shan be 
pennitted to be marked for limited smoke after the Code type designation. 
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402.6 ARTICLE 404 - SWITCHES 

Table 402.5 Allowable Ampacity for Fixture Wires 

Size (AWG) Allowable Ampacity 

18 6 

16 8 

14 17 

12 23 

10 28 

402.6 Minimum Size. Fixture wires shall not be smaller 
than 18 AWG. 

402.7 Number of Conductors in Conduit or Tubing. 
The number of fixture wires permitted in a single conduit 
or tubing shall not exceed the percentage fill specified in 
Table 1, Chapter 9. 

402.8 Grounded Conductor Identification. Fixture 
wires that are intended to be used as grounded conductors 
shall be identified by one or more continuous white 
stripes on other than green insulation or by the means 
described in 400.22(A) through (E). 

402.9 Marking. 

(A) Method of Marking. Thermoplastic insulated fixture 
wire shall be durably marked on the surface at intervals 
not exceeding 610 mm (24 in.). All other fixture wire 
shall be marked by means of a printed tag attached to the 
coil, reel, or carton. 

(B) Optional Marking. Fixture wire types listed in Table 
402.3 shall be permitted to be surface marked to indicate 
special characteristics of the cable materials. These 
markings include, but are not limited to, markings for 
limited smoke, sunlight resistance, and so forth. 

402.10 Uses Permitted. Fixture wires shall be permitted 
(1) for installation in luminaires and in similar equipment 
where enclosed or protected and not subject to bending or 
twisting in use, or (2) for connecting luminaires to the 
branch-circuit conductors supplying the luminaires. 

402.11 Uses Not Permitted. Fixture wires shall not be 
used as branch-circuit conductors except as permitted 
elsewhere in .th~ Code. 

402.12 Overcurrent Protection. Overcurrent protection 
for fixture wires shall be as specified in 240.5. 
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ARTICLE 404 
Switches 

Note: For applications listed in Section 1.9.1 of the 
California Building Code, regulated by the Division of the 
State Architect-Access Compliance see California Code 
of Regulations, Title 24, Part 2 (California Building 
Code), California Chapter 1 (Division 1 California 
Administration) under authority cited by Government 
Code Section 4450 and in reference cited by Government 
Code Sections 4450, through 4461, 12955.1 and Health 
and Safety Code Sections 18949.1, 19952 through 19959. 

I. Installation 

404.1 Scope. The provisions of this article apply to all 
switches, switching devices, and circuit breakers l as 
switches, operating at 600 volts and below. unless specifically 
n!ferenced elsewhere in this Code for higher voltages. 

404.2 Switch Connections. 

(A) Three-Way and Four-Way Switches. Three-way and 
four-way switches shall be wired so that all switching is 
done only in the ungrounded circuit conductor. Where in 
metal raceways or metal-armored cables, wiring between 
switches and outlets shall be in accordance with 300.20(A). 

Exception: Switch loops shall not require a grounded 
conductor. 

(B) Grounded Conductors. Switches or circuit breakers 
shall not disconnect the grounded conductor of a circuit. 

Exception: A switch or circuit breaker shall be permitted to 
disconnect a grounded circuit conductor where all circuit 
conductors are disconnected simultaneously, or where the 
device is arranged so that the grounded conductor cannot be 
disconnected until all the ungrounded conductors of the 
circuit have been disconnected. 

(C) Swit<:hes Controlling Lighting Loads. Where \\'itc~ 
control lighting loads supplied by a grounded general purpc>Sd, 
branch circuit, the grounded circuit conductor for the controlled. 
Jighting circuit shall be provided at the switch location. 

Exception: The grounded circuit cOllductor shall b 
pe,.mitted to be om;lted from the .nvitch enclosure wherd 
fither of /he follOWing cOlldition in (/) 01' (2) apply: 

(/) Conductors for switche. cOl1ll'olling lighting loads 
enler the box through a rac~, ay. The raceway .~halJ 
have sufficient cross-sectioll"/ area to accommodate 
the extension of Ihe grounded circllit conductor of the. 
lighting circuit to the switch locatioll whethel' or not 
the conductors ill tlte raceway are required 10 be 
increased in size to campi) ~Jlth}l{ll~?(I})O)(q}~ 

(2) Cable ~embliesfo" switches con/rolling lighting loads 
enter fhe box through a framing cavify ,hal is open 01 

the lOp or hol/Ofn 017 the same floor lev£4, or through a 
lvall, ./Ioor. or ceiling ,hal i<; unfinished on one side. 
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ARTICLE 404 - SWITCHES 404.8 

Infonnational Note: The "proVISion "Cor a (futurefgroundCd 
conductor is to complet a circuitpa~f~rJ~I1~~Jjgbring 
control d vi 

404.3 Enclosure. 

(A) General. Switches and circuit breakers shall be of the 
externally operable type mounted in an enclosure listed for the 
intended use. The minimum wire-bending space at terminals 
and minimum gutter space provided in switch enclosures shall 
be as required in 312.6. 

Exception No. 1: Pendant- and surface-type snap switches 
and knife switches mounted on an open-face switchboard or 
panelboard shall be permitted without enclosures. 

Exception No. 2: Switches and circuit breakers installed in 
accordance with 110.27(A)(J), (A)(2), (A) (3), or (A)(4) shall 
be permitted without enclosures. 

(B) Used as a Raceway. Enclosures shall not be used as 
junction boxes, auxiliary gutters, or raceways for conductors 
feeding through or tapping off to other switches or overcurrent 
devices, unless the enclosure complies with 312.8. 

404.4 Damp or Wet Locations. 

(A) Suriace:Mounte.iSWitrh or 'Circuit- Breaker. A 
surface-mounted switch or circuit breaker sbal~ be enclosed in 
a weatherproof enclosure or cabinet that shall comply with 
312.2. 

(0) FIush~Moonte<f§\ViicborCin:uitBreaker. A flush
mounted switch or circuit breaker shall be equipped with a 
weatherproof cover. 

(C) Switches in Tub or Shower Spar • Switches shall not 
be installed within tub or shower spaces unless installed as 
part of a listed tub or shower assembly. 

[OSHPD 1,2 & 4] Switches that are not part of a listed tub or 
shower assembly shall not be installed within shower rooms or 
stalls, or be accessible from within those areas. Switches shall 
not be installed within 5 foet (J.52m) of the perimeter of 
bathtubs or shower stalls. 

404.5 Time Switches, Flashers, and Similar Devices. 

Time switches, flashers, and similar devices shall be of the 
enclosed type or shall be mounted in cabinets or boxes or 
equipment enclosures. Energized parts shall be barriered to 
prevent operator exposure when making manual adjustments 
or switching. 

Exception: Devices mounted so they are accessible only to 
qualified persons shall be pennitted without barriers, provided 
they are located within an enclosure such that any energized 
parts within 152 mm (6.0 in.) of the manual adjustment or 
switch are covered ~y suitable barriers. 

404.6 Position and Connection of Switches. 

(A) Single-Throw Knife Switches. Single-throw knife 
switches shall be placed so that gravity will not tend to dose 
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them. Single-throw knife switches, approved for use in the 
inverted position, shaH be provided with an integral 
mechanical means that ensures that the blades remain in the 
open position when so set. 

(B) Double-Throw Knife Switches. Double-throw knife 
switches shall be permitted to be mounted so that the throw is 
either vertical or horizontal. Where the throw is vertical, 
integral mechanical means shall be provided to hold the blades 
in the open position when so set. 

(C) Connection of Switches. Single-throw knife switches and 
switches with butt contacts shall be connected such that their 
blades are de-energized when the switch is in the open 
position. Bolted pressure contact switches shall have barriers 
that prevent inadvertent contact with energized blades. Single
throw knife switches, bolted pressure contact switches, molded 
case switches, switches with butt contacts, and circuit breakers 
used as switches shall be connected so that the terminals 
supplying the load are de-energized when the switch is in the 
open position. 

Exception: The blades and terminals supplying the load of a 
switch shall be permitted to be energized when the switch is in 
the open position where the switch is connected to circuits or 
equiprnent inherently capable of providing a backfeed source 
of power. For such installations, a permanent sign shall be 
installed on the switch enclosure or immediately adjacent to 
open switches with thefollowing words or equivalent: 

WARNING - LOAD SIDE TERMINALS M4Y BE 
ENERGIZED BY BACKFEED. 

404.7 Indicating. General-use and motor-circuit switches, 
circuit breakers, and molded case switches, where mounted in 
an enclosure as described in 404.3, shall clearly indicate 
whether they are in the open (off) or closed (on) position. 

Where these switch or circuit breaker handles are operated 
vertically rather than rotationally or horizontally, the up 
position of the handle shall be the (on) position. 

Exception No.1: Vertically operated double-throw switches 
shall be permitted to be in the closed (on) position with the 
handle in either the up or down position. 

Exception No.2: On busway installations, tap switches 
employing a center-pivoting handle shall be permitted to be 
open or closed with either end of the handle in the up or down 
position. The switch position shall be clearly indicating and 
shall be visible from the floor or from the usual point of 
operation. 

404.8 Accessibility and Grouping. 

(A) Location. All switches and circuit breakers used as 
switches shall be located so that they may be operated from a 
readily accessible place. They shall be installed such that the 
center of the grip of the operating handle of the switch or 
circuit breaker, when in its highest position, is not more than 
2.0 m (6 ft 7 in.) above the floor or working platform. 
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404.9 ARTICLE 404 - SWITCHES 

Exception No.1: On busway installations, fused switches 
and circuit breakers shall be permitted to be located at the 
same level as the busway. Suitable means shall be provided 
to operate the handle of the device from the floor. 

Exception No. 2: Switches and circuit breakers installed 
acijacent to motors, appliances, or other equipment that 
they supply shall be permitted to be located higher than 
2.0 m (6ft 7 in.) and to be accessible by portable means. 

Exception No.3: Hookstick operable isolating switches 
shall be permitted at greater heights. 

(B) Voltage Between Adjacent Devices. A snap switch 
shall not be grouped or ganged in enclosures with other 
snap switches, receptacles, or similar devices, unless they 
are arranged so that the voltage between adjacent devices 
does not exceed 300 volts, or unless they are installed in 
enclosures equipped with identified, securely installed 
barriers between adjacent devices. 

(C) Multipole Snap Switches. A multipole, general-use 
snap switch shall not be permitted to be fed from more 
than a single circuit unless it is listed and marked as a 
two-circuit or three-circuit switch, or unless its voltage 
rating is not less than the nominal line-to-line voltage of 
the system supplying the circuits. 

Informational Note: S 210,7 for disconnect requireme~ 
wh re more th n one circuit supplies a switch. 

404.9 Provisions for General-Use Snap Switches. 

(A) Faceplates. Faceplates provided for snap switches 
mounted in boxes and other enclosures shall be installed 
so as to completely cover the opening and, where the 
switch is flush mounted, seat against the finished surface. 

(B) Grounding. Snap switches, including dimmer and 
similar control switches, shall be connected to an 
equipment grounding conductor and shall provide a 
means to connect metal faceplates to the equipment 
grounding conductor, whether or not a metal faceplate is 
installed. Snap switches shall be considered to be part of 
an effective ground-fault current path if either of the 
following conditions is met: 

(1) The switch is mounted with metal screws to a metal 
box or metal cover that is connected to an equipment 
grounding conductor or to a nonmetallic box with 
integral means for connecting to an equipment 
grounding conductor. 

(2) An equipment grounding conductor or equipment 
bonding jumper is connected to an equipment 
grounding termination of the snap switch. 

Exception tfg~I to (B): Where no means exists within the 
snap-switch enclosure for connecting to the equipment 
grounding conductor, or where the wiring method does 
not include or provide an equipment grounding 
conductor, a snap switch without a connection to an 
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equipment grounding conductor shall be permitted for 
replacement purposes only. A snap switch wired under 
the provisions of this exception and located within '2.5 In 
(8 fi) vertical(v. or J. 5 m (5 ft) horizontally. of ground or 
'(!xpo.-ed grounded metal objects shall he provided with a 
Jaceplute of nonconductillg noncombustible material wilh 
nonmetallic allachment screws. unless the s" itch 
»lOuflIing strap or yoke is nonmetallic or the drcuil i 

rotected by a ground-fault circlIi! interrupte,'. 

Exception No.2 10 (B): Lisled kits or Ii ,ed assemblies shall 
)Iot be required to be connected to an equipment grormding 
conductor if all ofthejDlIowing conditions are met: 

(1) The device is p,.odded with a nonmetallic: filceplale 
'h,!(~{JlJflDt be ills tailed on any other type of device, 

(2) The device does not have mounting means II) accept 
olher configurations o/faceplates. 

The device; equipped wilh a nonmetallic yoke. and 

All purts of the device thaI are aecel ible after 
'ns/allalion of the faceplate are manu ac:tured of 
on metallic materials. 

'Exception No. 3 10 (8): A snap switch with integra~ 
onmetallic enclosure complying with 300.15(£) shall be, 
ermilled wilhom a connection to an equi men' 

groundin conductor. 

(C) Construction. Metal faceplates shall be of ferrous 
metal not less than 0.76 mm (0.030 in.) in thickness or of 
nonferrous metal not less than 1.02 mm (0.040 in.) in 
thickness. Faceplates of insulating material shall be 
noncombustible and not less than 2.54 mm (O.JQQ in.) in 
thickness, but they shall be permitted to be less than 2.54 
mm (0.100 in.) in thickness if formed or reinforced to 
provide adequate mechanical strength. 

404.10 Mounting of Snap Switches. 

(A) Surface Type. Snap switches used with open wiring 
on insulators shall be mounted on insulating material that 
separates the conductors at least 13 mm (Y2 in.) from the 
surface wired over. 

(B) Box Mounted. Flush-type snap switches mounted in 
boxes that are set back of the finished surface as permitted 
in 314.20 shall be installed so that the extension plaster ears 
are seated against the surface. Flush-type snap switches 
mounted in boxes that are flush with the finished surface or 
project from it shall be installed so that the mounting yoke 
or strap of the switch is seated against the box. 

404.11 Circuit Breakers as Switches. A hand-operable 
circuit breaker equipped with a lever or handle, or a 
power-operated circuit breaker capable of being opened 
by hand in the event of a power failure, shall be permitted 
to serve as a switch if it has the required number of poles. 
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ARTICLE 404 - SWITCHES 404.14 

Informational Note: See the provisions contained in 
240.81 and 240.83. 

404.12 Grounding of Enclosures. Metal enclosures for 
switches or circuit breakers shall be connected to an 
equipment grounding conductor as specified in Part IV of 
Article 250. Metal enclosures for switches or circuit 
breakers used as service equipment shall comply with the 
provisions of Part V of Article 250. Where nonmetallic 
enclosures are used with metal raceways or metal
armored cables, provision shall be made for connecting 
the equipment grounding conductor(s). 

Except as covered in 404.9(B), Exception 0. ~1, 
nonmetallic boxes for switches shall be installed with a 
wiring method that provides or includes an equipment 
grounding conductor. 

404.13 Knife Switches. 

(A) Isolating Switches. Knife switches rated at over 1200 
amperes at 250 volts or less, and at over 600 amperes at 
251 to 600 volts, shall be used only as isolating switches 
and shall not be opened under load. 

(B) To Interrupt Currents. To interrupt currents over 
1200 amperes at 250 volts, nominal, or less, or over 600 
amperes at 251 to 600 volts, nominal, a circuit breaker or 
a switch of special design listed for such purpose shall be 
used. 

(C) General-Use Switches. Knife switches of ratings less 
than specified in 404.13(A) and (B) shall be considered 
general-use switches. 

Informational Note: See the definition of 
General-Use Switch in Article 100. 

(D) Motor-Circuit Switches. Motor-circuit switches 
shall be permitted to be of the knife-switch type. 

Informational Note: See the definition of a 
Motor-Circuit Switch in Article 100. 

404.14 Rating and Use of Snap Switches. Snap switches 
shall be used within their ratings and as indicated in 
404. 14(A) through ). 

Informational Note No.1: For switches on signs and 
outline lighting, see 600.6. 

Informational Note No.2: For switches controlling 
motors, see 430.83,430.109, and 430.110. 

(A) Alternating-Current General-Use Snap Switch. A 
form of general-use snap switch suitable only for use on 
ac circuits for controlling the following: 

(l) Resistive and inductive loads not exceeding the 
ampere rating of the switch at the voltage involved 

(2) Tungsten-filament lamp loads not exceeding the 
ampere rating of the switch at 120 volts 

2013 Califomia Electrical Code 

(3) Motor loads not exceeding 80 percent of the ampere 
rating of the switch at its rated voltage 

(B) Alternating-Current or Direct-Current General-Use 
Snap Switch. A form of general-use snap switch suitable 
for use on either ac or dc circuits for controlling the 
following: 

(l) Resistive loads not exceeding the ampere rating of the 
switch at the voltage applied. 

(2) Inductive loads not exceeding 50 percent of the 
ampere rating of the switch at the applied voltage. 
Switches rated in horsepower are suitable for 
controlling motor loads within their rating at the 
voltage applied. 

(3) Tungsten-filament lamp loads not exceeding the ampere 
rating of the switch at the applied voltage ifT-rated. 

(C) CO/ALR Snap Switches. Snap switches rated 20 
amperes or less directly connected to aluminum conductors 
shall be listed and marked COl ALR. 

(D) Alternating-Current Specific-Use Snap Switches 
Rated for 347 Volts. Snap switches rated 347 volts ac shall 
be listed and shall be used only for controlling the loads 
permitted by (D)(l) and (D)(2). 

(1) Noninductive Loads. Noninductive loads other than 
tungsten-filament lamps not exceeding the ampere and 
voltage ratings of the switch. 

(2) Inductive Loads. Inductive loads not exceeding the 
ampere and voltage ratings of the switch. Where particular 
load characteristics or limitations are specified as a 
condition of the listing, those restrictions shall be observed 
regardless of the ampere rating of the load. 

The ampere rating of the switch shall not be less than 
15 amperes at a voltage rating of 347 volts ac. Flush-type 
snap switches rated 347 volts ac shall not be readily 
interchangeable in box mounting with switches identified 
in 404.14(A) and (B). 

(E) Dimmer Switches. General-use dimmer switches shall 
be used only to control permanently installed incandescent 
luminaires unless listed for the control of other loads and 
installed accordingly. 

(F) Cord-and-Plug-Connected L~8ds. Where a snap 
switch i used to control cord-and-plug-connected equipment 
n a general-purpose branch circuit. each snap switch 

controlling receptacle outlets or cord connectors that are 
upplied by pennan nlly connected cord pendants han be 

rated at not tess than the rating of the maximum pennin 
ampere raring or setting of th overcurrent device protecting 
the rece tades or cord connecto~ as provided in 2 J 0.21 B). 

I ntbmlational Note: S . :! IO.SO(A) and 400.7(A)( J) for 
equiva} ncy to a ree ptacl outlet of a cord connector that 
is supplied by a pcnnan ntl~ connected cord ~ndant. 
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404.15 ARTICLE 406 - RECEPTACLES, CORD CONNECTORS, AND ATTACHMENT PLUGS (CAPS) 

Exception: Where a snap Sl~ itch is used 10 control 1l0~ 
more than olle receptacle on a branch circuit, 'he .'~wilch 
shall be permilled '0 be rated aillolless than 'he rating of 
the receptacle. 

II. Construction Specifications 

404.15 Marking. 

(A) Ratings. Switches shall be marked with the current, 
voltage, and, if horsepower rated, the maximum rating for 
which they are designed. 

(B) Off Indication. Where in the off position, a switching 
device with a marked OFF position shall completely 
disconnect all ungrounded conductors to the load it controls. 

404.16 600-Volt Knife Switches. Auxiliary contacts of a 
renewable or quick-break type or the equivalent shall be 
provided on all knife switches rated 600 volts and 
designed for use in breaking current over 200 amperes. 

404.17 Fused Switches. A fused switch shall not have 
fuses in parallel except as permitted in 240.8. 

404.18 Wire-Bending Space. The wire-bending space 
required by 404.3 shall meet Table 312.6(B) spacings to 
the enclosure wall opposite the line and load terminals. 

ARTICLE 406 
Receptacles, Cord Connectors, and 

Attachment Plugs (Caps) 
Note: For applications listed in Section 1.9.1 of the 
California Building Code, regulated by the Division of the 
State Architect-Access Compliance see California Code 
of Regulations, Title 24, Part 2 (California Building 
Code), Chapter 1 (Division 1 California Administration) 
under authority cited by Government Code Section 4450 
and in reference cited by Government Code Sections 
4450, through 4461, 12955.1 and Health and Safety Code 
Sections 18949.1,19952 through 19959. 

406.1 Scope. This article covers the rating, type, and 
installation of receptacles, cord connectors, and 
attachment plugs (cord caps). 

i406.2 Definjtion~: 

Child Care Facility. A building or tructure .. or portio 
thereoft for educational. upervisory, or personal care 
. _~~fice._~ fc.>! . ~orct.han four children 7 years old or les . 

406.3 Receptacle Rating and Type. 

(A) Receptacles. Receptacles shall be listed and marked 
with the manufacturer's name or identification and 
voltage and ampere ratings. 

(B) Rating. Receptacles and cord connectors shall be rated 
not less than 15 amperes, 125 volts, or 15 amperes, 250 volts, 
and shall be of a type not suitable for use as lampholders. 
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Informational Note: See 210.2l(B) for receptacle 
ratings where installed on branch circuits. 

(C) Receptacles for Aluminum Conductors. 
Receptacles rated 20 amperes or less and designed for the 
direct connection of aluminum conductors shall be 
marked COl ALR. 

(D) Isolated Ground Receptacles. Receptacles 
incorporating an isolated grounding conductor connection 
intended for the reduction of electrical noise 
(electromagnetic interference) as permitted in 250.l46(D) 
shall be identified by an orange triangle located on the 
face of the receptacle. 

(1) Isolated Equipment Grounding Conductor 
Required. Receptacles so identified shall be used only 
with equipment grounding conductors that are isolated in 
accordance with 250.l46(D). 

(2) Installation in Nonmetallic Boxes. Isolated ground 
receptacles installed in nonmetallic boxes shall be 
covered with a nonmetallic faceplate. 

Exception: Where an isolated ground receptacle is 
installed in a nonmetallic box, a metal faceplate shall be 
permitted if the box contains a feature or accessory that 
permits the effective grounding of the faceplate. 

406.4 General Installation Requirements. 

Receptacle outlets shall be located in branch circuits in 
accordance with Part III of Article 210. General 
installation requirements shall be in accordance with 
406.4(A) through (F). 

(A) Grounding Type. Receptacles installed on 15- and 
20-ampere branch circuits shall be of the grounding type. 
Grounding-type receptacles shall be installed only on 
circuits of the voltage class and current for which they are 
rated, except as provided in Table 210.21(B)(2) and Table 
210.21 (B)(3). 

Exception: Nongrounding-type receptacles installed in 
accordance with 406. 4(D). 

(B) To Be Grounded. Receptacles and cord connectors that 
have equipment grounding conductor contacts shall have those 
contacts connected to an equipment grounding conductor. 

Exception No.1.' Receptacles mounted on portable and 
vehicle-mounted generators in accordance with 250.34. 

Exception No.2: Replacement receptacles as permitted 
by 406,f1(D) . 

(C) Methods of Grounding. The equipment grounding 
conductor contacts of receptacles and cord connectors shall 
be grounded by connection to the equipment grounding 
conductor of the circuit supplying the receptacle or cord 
connector. 

Informational Note: For installation requirements 
for the reduction of electrical noise, see 
250.146(D). 
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ARTICLE 406 - RECEPTACLES, CORD CONNECTORS AND ATTACHMENT PLUGS (CAPS) 406.5 

The branch-circuit wiring method shall include or provide 
an equipment grounding conductor to which the 
equipment grounding conductor contacts of the receptacle 
or cord connector are connected. 

Informational Note No.1: See 250.118 for acceptable 
grounding means. 

Informational Note No. 2: For extensions of existing 
branch circuits, see 250.130. 

(D) Replacements. Replacement of receptacles shall 
comply with ~()6.41(D)(l) through (D)(6), as applicable. 

(1) Grounding-Type Receptacles. Where a grounding 
means exists in the receptacle enclosure or an equipment 
grounding conductor is installed in accordance with 
250.130(C), grounding-type receptacles shall be used and 
shall be connected to th~ equipment grounding conductor 
in accordance with 406.I (C) or 250.130(C). 

(2) Non-Grounding-Type Receptacles. Where 
attachment to an equipment grounding conductor does not 
exist in the receptacle enclosure, the installation shall 
comply with (D)(2)(a), (D)(2)(b), or (D)(2)(c). 

(a) A non-grounding-type receptacle(s) shall be 
permitted to be replaced with another non-grounding-type 
receptacle( s). 

(b) A non-grounding-type receptacle( s) shall be 
permitted to be replaced with a ground-fault circuit interrupter
type of receptacle(s). These receptacles shall be marked ''No 
Equipment Ground." An equipment grounding conductor shall 
not be connected from the ground-fault circuit-interrupter-type 
receptacle to any outlet supplied from the ground-fault circuit
interrupter receptacle. 

(c) A non-grounding-type receptacle(s) shall be 
permitted to be replaced with a grounding-type 
receptacle(s) where supplied through a ground-fault 
circuit interrupter. Grounding-type receptacles supplied 
through the ground-fault circuit interrupter shall be 
marked "GFCI Protected" and "No Equipment Ground." 
An equipment grounding conductor shall not be 
connected between the grounding-type receptacles. 

(3) Ground-Fault Circuit-Interrupters. Ground-fault 
circuit-interrupter protected receptacles shall be provided 
where replacements are made at receptacle outlets that are 
required to be so protected elsewhere in this Code. 

(4) Arc-Fault Circuit-Interrupter Protection. Where a 
receptacl outlet is supplied by a branch circuit that 
requires arc-fault circuit interrupter protection as specified 
el ewhcre in this Cod, a rcplaccm nl receptacle at Ihis 
outlet hall be one of the folio ing 

(1) ~ listed outlet branch _circuit type arc-fault circuit 
inte~pt~~receplacle 
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(2) Areceptac'teprolected hy a listed outlet branch 
circuit type arc-fault circuit interrupter type 
r~ceptacle 

(3) A receptacle protected by a listed combination type 
arc-fault circuit intemlpter type circuit breaker 

This requirement becomes effective January I. 2014. 

(5) Tamper-Resistant Receptacles. Listed tamper
re istant receptacles sbal I be provided where replacements 
~rc made at receptacle outlet that are required to be 
tamper-resistant elsewhere in this Code. 

(6) Weather-Resistant Receptacles. Weather-resistant 
fec 'ptaclcs hall be provided where replacements are 
made at receptacle outlets that arc required to be 0 

protected elsewh re in this Coue. 

(E) Cord-and-Plug-Connected Equipment. The 
installation of grounding-type receptacles shall not be 
used as a requirement that all cord-and-plug-connected 
equipment be of the grounded type. 

Informational Note: See 250.114 for types of cord-and
plug-connected equipment to be grounded. 

(F) Noninterchangeable Types. Receptacles connected 
to circuits that have different voltages, frequencies, or 
types of current (ac or dc) on the same premises shall be 
of such design that the attachment plugs used on these 
circuits are not interchangeable. 

406.5 Receptacle Mounting. Receptacles shall be 
mounted in boxes or assemblies designed for the purpose, 
and such boxes or assemblies shall be securely fastened in 
place unless otherwise permitted elsewhere in this Code. 

(A) Boxes That Are Set Back. Receptacles mounted in 
boxes that are set back from the finished surface as 
permitted in 314.20 shall be installed such that the 
mounting yoke or strap of the receptacle is held rigidly at 
the finished surface. 

(B) Boxes That Are Flush. Receptacles mounted in 
boxes that are flush with the finished surface or project 
therefrom shall be installed such that the mounting yoke 
or strap of the receptacle is held rigidly against the box or 
box cover. 

(C) Receptacles Mounted on Covers. Receptacles 
mounted to and supported by a cover shall be held rigidly 
against the cover by more than one screw or shall be a 
device assembly or box cover listed and identified for 
securing by a single screw. 

(D) Position of Receptacle Faces. After installation, 
receptacle faces shall be flush with or project from 
faceplates of insulating material and shall project a 
minimum of 0.4 mm (0.015 in.) from metal faceplates. 

Exception: Listed kits or assemblies encompassing 
receptacles and nonmetallic faceplates that cover the 
receptacle face, where the plate cannot be installed on 
any other receptacle, shall be permitted. 
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406.6 ARTICLE 406 - RECEPTACLES, CORD CONNECTORS, AND ATTACHMENT PLUGS (CAPS) 

(E) Receptacles in Countertops and Similar Work 
Surfaces in Dwelling Units. Receptacles shall not be 
installed in a face-up position in countertops or similar 
work surfaces. 

(F) Exposed Terminals. Receptacles shall be enclosed so 
that live wiring terminals are not exposed to contact. 

(G) Voltage Between Adjacent Devices. A receptacle 
shall not be grouped or ganged in enclosures with other 
receptacles, snap switches, or similar devices , unless they 
are arranged so that the voltage between adjacent devices 
does not exceed 300 volts, or unless they are installed in 
enclosures equipped with identified, securely installed 
barriers between adjacent devices. 

406.6 Receptacle Faceplates (Cover Plates). Receptacle 
faceplates shall be installed so as to completely cover the 
opening and seat against the mounting surface. 

ReccpiiiCle "faceplalemo\lllledllisldeaboxhaving···a 
rece s-mounted receptacle shall effecti ely close the 
opening and seat against the mounting surface. 

(A) Thickness of Metal Faceplates. Metal faceplates 
shall be of ferrous metal not less than 0.76 mm (0.030 in.) 
in thickness or of nonferrous metal not less than 1.02 mm 
(0.040 in.) in thickness. 

(B) Grounding. Metal faceplates shall be grounded. 

(C) Faceplates of Insulating Material. Faceplates of 
insulating material shall be noncombustible and not less 
than 2.54 mm (0.10 in.) in thickness but shall be 
permitted to be less than 2.54 mm (0.10 in.) in thickness if 
formed or reinforced to provide adequate mechanical 
strength. 

406. ~ Attachment Plugs, Cord Connectors, and 
Flanged Surface Devices. All attachment plugs, cord 
connectors, and flanged surface devices (inlets and 
outlets) shall be listed and marked with the 
manufacturer's name or identification and voltage and 
ampere ratings. 

(A) Construction of Attachment Plugs and Cord 
Connectors. Attachment plugs and cord connectors shall 
be constructed so that there are no exposed current
carrying parts except the prongs, blades, or pins. The 
cover for wire terminations shall be a part that is essential 
for the operation of an attachment plug or connector 
(dead-front construction). 

(B) Connection of Attachment Plugs. Attachment plugs 
shall be installed so that their prongs, blades, or pins are 
not energized unless inserted into an energized receptacle 
or cord connectors. No receptacle shall be installed so as 
to require the insertion of an energized attachment plug as 
its source of supply. 
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(C) Attachment Plug Ejector Mechanisms. Attachment 
plug ejector mechanisms shall not adversely affect 
engagement of the blades of the attachment plug with the 
contacts of the receptacle. 

(D) Flanged Surface Inlet. A flanged surface inlet shall 
be installed such that the prongs, blades, or pins are not 
energized unless an energized cord connector is inserted 
into it. 

406.~ Noninterchangeability. Receptacles, cord connectors, 
and attachment plugs shall be constructed such that 
receptacle or cord connectors do not accept an attachment 
plug with a different voltage or current rating from that for 
which the device is intended. However, a 20-ampere T -slot 
receptacle or cord connector shall be permitted to accept a 
15-ampere attachment plug of the same voltage rating. Non
grounding-type receptacles and connectors shall not accept 
grounding-type attachment plugs. 

406.1 Receptacles in Damp or Wet Locations. 

(A) Damp Locations. A receptacle installed outdoors in a 
location protected from the weather or in other damp 
locations shall have an enclosure for the receptacle that is 
weatherproof when the receptacle is covered (attachment 
plug cap not inserted and receptacle covers closed). 

An installation suitable for wet locations shall also be 
considered suitable for damp locations. 

A receptacle shall be considered to be in a location 
protected from the weather where located under roofed 
open porches, canopies, marquees, and the like, and will 
not be subjected to a beating rain or water runoff. All 15-
and 20-ampere, 125- and 250-volt nonlocking receptacles 
shall be a listed weather-resistant type. 

Informational Note: The types of receptacles covered by 
this requirement are identified as 5-15, 5-20,6-15, and 
6-20 in ANSIINEMA WD 6-2002, National Electrical 
Manufacturers Association Standard for Dimensions of 
Attachment Plugs and Receptacles. 

(B) Wet Locations. 

(1) 15- and 20-Ampere Receptacles in a Wet Location. 15-
and 20-ampere, 125- and 250-volt receptacles installed in a 
wet location shall have an enclosure that is weatherproof 
whether or not the attachment plug cap is inserted. or othe 
than one- or two-family dwellings. an outlet box hood install 
for this purpose shall be Ii ted, and where installed on 
~nclosure supported from grade as described in 314.23(8) 0 

as described in 314.23(f) shall be identified as Uextra-duty.' 
All 15- and 20-ampere, 125- and 250-volt nonlocking-type 
receptacles shall be listed weather-resistant type. 

Informational Note No. 1: R quiremenls for extra
duty outlet bo hoods arc found in ANSUUL SJ4D 
2000. Co\'er PJCl(. ' 1~t: _ f'lJ.':!It-:!\-[t?!!,,!~ec:! _ tf~ri,!g 
DtN;re.5. 

2013 California Electrical Code 



C 
A 
C 
A 
C 
A 

ARTICLE 406 - RECEPTACLES, CORD CONNECTORS AND ATTACHMENT PLUGS (CAPS) 406.12 

Informational Note No. 2: The types of receptacles 
covered by this requirement are identified as 5-15, 5-20, 
6-15, and 6-20 in ANSIINEMA WD 6-2002, National 
Electrical Manufacturers Association Standard for 
Dimensions of Attachment Plugs and Receptacles. 

Exception: 15- and 20-ampere, 125- through 250-volt 
receptacles installed in a wet location and subject to 
routine high-pressure spray washing shall be permitted to 
have an enclosure that is weatherproof when the 
attachment plug is removed. 

(2) Other Receptacles. All other receptacles installed in a 
wet location shall comply with (B)(2)(a) or (B)(2)(b). 

( a) A receptacle installed in a wet location, where 
the product intended to be plugged into it is not attended 
while in use, shall have an enclosure that is weatherproof 
with the attachment plug cap inserted or removed. 

(b) A receptacle installed in a wet location where 
the product intended to be plugged into it will be attended 
while in use (e.g., portable tools) shall have an enclosure 
that is weatherproof when the attachment plug is removed. 

(C) Bathtub and Shower Space. Receptacles shall not be 
installed within Of directly over a bathtub or shower stall. 

(1) [OSHPD 1, 2 & 4] Receptacles shall not be installed 
within shower rooms or stalls or be accessible from 
within these areas. Receptacles shall not be installed 
within 5 feet (1.52 m) of the perimeter of bathtubs or 
shower stalls. 

(D) Protection for Floor Receptacles. Standpipes of Hoor 
receptacles shall allow HOOf-cleaning equipment to be 
operated without damage to receptacles. 

(E) Flush Mounting with Faceplate. The enclosure for a 
receptacle installed in an outlet box flush-mounted in a 
finished surface shall be made weatherproof by means of a 
weatherproof faceplate assembly that provides a watertight 
connection between the plate and the finished surface. 

406.] ~ Grounding-Type Receptacles, Adapters, Cord 
Connectors, and Attachment Plugs. 
(A) Grounding Poles. Grounding-type receptacles, cord 
connectors, and attachment plugs shall be provided with 
one fixed grounding pole in addition to the circuit poles. 
The grounding contacting pole of grounding-type plug-in 
ground-fault circuit interrupters shall be permitted to be of 
the movable, self-restoring type on circuits operating at not 
over 150 volts between any two conductors or any 
conductor and ground. 

(B) Grounding-Pole Identification. Grounding-type 
receptacles, adapters, cord connections, and attachment 
plugs shall have a means for connection of an equipment 
grounding conductor to the grounding pole. 

A terminal for connection to the grounding pole shall be 
designated by one of the following: 

(1) A green-colored hexagonal-headed or -shaped terminal 
screw or nut, not readily removable. 
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(2) A green-colored pressure wire connector body (a wire 
barrel). 

(3) A similar green-colored connection device, in the case 
of adapters. The grounding terminal of a grounding 
adapter shall be a green-colored rigid ear, lug, or 
similar device. The equipment grounding connection 
shall be so designed that it cannot make contact with 
current-carrying parts of the receptacle, adapter, or 
attachment plug. The adapter shall be polarized. 

(4) If the terminal for the equipment grounding conductor is 
not visible, the conductor entrance hole shall be marked 
with the word green or ground, the letters G or GR, a 
grounding symbol, or otherwise identified by a distinctive 
green color. If the terminal for the equipment grounding 
conductor is readily removable, the area adjacent to the 
terminal shall be similarly marked. 

Informational Note: See Informational Note Figure 
406.IO(B)(4). 

Informational Note Figure 406.10(B)(4) One Example of a 
Symbol Used to Identify the Termination Point for an 
Equipment Grounding Conductor. 

(C) Grounding Terminal Use. A grounding terminal shall 
not be used for purposes other than grounding. 

(D) Grounding-Pole Requirements. Grounding-type 
attachment plugs and mating cord connectors and 
receptacles shall be designed such that the equipment 
grounding connection is made before the current-carrying 
connections. Grounding-type devices shall be so designed 
that grounding poles of attachment plugs cannot be brought 
into contact with current-carrying parts of receptacles or 
cord connectors. 

(E) Use. Grounding-type attachment plugs shall be used 
only with a cord having an equipment grounding 
conductor. 

Informational Note: See 200.1 O(B) for 
identification of grounded conductor terminals. 

406.11 Connecting Receptacle Grounding Terminal to 
Box. The connection of the receptacle grounding terminal 
shall comply with 250.146. 

406.12 Tamper-Resistant Receptacles in Dwelling 
Units. In all areas specified in 210.52, all nonl~~i ... g-: 
type 125-volt, 15- and 20-ampere receptacles shall be 
listed tamper-resistant receptacles. 

£rception: Receptacles in the follOWing locations shall not be 
r(,(/IIir"d to be tumpe"-res' lanl: 

(1) R~~~pfacle.fi located more than 1.7 m (51!z.f!. above 
the floor. 
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406.]3 ARTICLE 408 - SWITCHBOARDS AND PANELBOARDS 

(2) Recepla(.'/el thaI are part of a luminaire or appliance. 

(3) A single receptacle or a duplex receptacle jor two 
appliances localed within dedicated space /or each 
appliance fhat, in Hormal u.Je, i not ea ily moved 
from one place to anofher and thai is cord-and-plll~ 
connecled in accordance with 400.7(A)(6), fA)(7). or 
(A)f8). , 

(4) Nongrollnding receplacle' u eel for replacements as 
permitted ill 406.4(D)(2)(a). 

406..I:fTamper-Resistant ·" Recepfacle "io 'Guest Roo'ms 
and Guest Suites. All nonlocking-typc, 125-volt. 15- and 
20-ampere receptacles located in gue t rooms and guest 
suites shall be listed tamper-resistant receptacles. 

406.14 Tamper~Resi tant Receptacles ' lo""C'hil(j"Care 
Facilities. In all child care facilities, all nonlocking-lype, 
I 25-volt, 15- and 20- ampere receptacles shall be listed 
tamper-resistant receptacles. 

ARTICLE 408 
..... ~~t.;~~9~r~~~g~ , ~~n~I~()~ .. ()s 

I. General 

408.1 Scope. This article covers switchboards and 
panelboards. It does not apply to equipment operating at 
over 600 vol~!~~(;~ptll~~t!<:ifi<:rtllyrcferenced el~cwhcre 
in the Code. 

408.2 Other Articles. Switches, circuit breakers, and 
overcurrent devices used on witchboards and 
panelboards and their enclosures shall comply with this 
article and also with the requirements of Articles 240, 
250, 312, 314, 404, and other articles that apply. 
Switchboards and panelboards in hazardous (classified) 
locations shall comply with the ~pplicable provisions of 
Articles 500 through 517. 

408.3 Support and Arrangement of Busbars and 
Conductors. 

(A) Conductors and Busbars on a Switchboard or 
Panel board. Conductors and busbars on a switchboard or 
panelboard shall comply with 408.3(A)(l), (A)(2), and 
(A)(3) as applicable. 

(1) Location. Conductors and busbars shall be located so 
as to be free from physical damage and shall be held 
firmly in place. 

(2) Service Switchboards. Barriers shall be placed in all 
service switchboards such that no uninsulated, 
ungrounded service busbar or service terminal is exposed 
to inadvertent contact by persons or maintenance 
equipment while servicing load terminations. 
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(3) Same Vertical Section. Other than the required 
interconnections and control wmng, only those 
conductors that are intended for termination in a vertical 
section of a switchboard shall be located in that section. 

Exception: Conductors shall be permitted to travel 
horizontally through vertical sections of switchboards 
where such conductors are isolated from bus bars by a 
barrier. 

(B) Overheating and Inductive Effects. The 
arrangement of busbars and conductors shall be such as to 
avoid overheating due to inductive effects. 

(C) Used as Service Equipment. Each switchboard or 
panel board, if used as service equipment, shall be 
provided with a main bonding jumper sized in accordance 
with 250.28(D) or the equivalent placed within the 
panelboard or one of the sections of the switchboard for 
connecting the grounded service conductor on its supply 
side to the switchboard or panel board frame. All sections 
of a switchboard shall be bonded together using an 
equipment bonding conductor sized in accordance with 
Table 250.122 or Table 250.66 as appropriate . 

Exception: Switchboards and panelboards used as 
service equipment on high-impedance grounded-neutral 
systems in accordance with 250.36 shall not be required 
to be provided with a main bonding jumper. 

(D) Terminals. In switchboards and panelboards, load 
terminals for field wiring, including grounded circuit 
conductor load terminals and connections to the 
equipment grounding conductor bus for load equipment 
grounding conductors, shall be so located that it is not 
necessary to reach across or beyond an uninsulated 
ungrounded line bus in order to make connections. 

(E) Phase Arrangement. The phase arrangement on 3-
phase buses shall be A, B, C from front to back, top to 
bottom, or left to right, as viewed from the front of the 
switchboard or panelboard. The B phase shall be that 
phase having the higher voltage to ground on 3-phase, 4-
wire, delta-connected systems. Other busbar arrangements 
shall be permitted for additions to existing installations 
and shall be marked. 

Exception: Equipment within the same single section or 
multisection switchboard or panelboard as the meter on 
3-phase, 4-wire, delta-connected systems shall be 
permitted to have the same phase configuration as the 
metering equipment. 

Infonnational Note: See 110.15 for requirements on 
marking the busbar or phase conductor having the 
higher voltage to ground where supplied from a 4-wire, 
delta-connected system. 
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ARTICLE 408 - SWITCHBOARDS AND P ANELBOARDS 408.22 

(F) S,,;tchboard or Paoelboard Ideotification. 

OJ High-Leg Identification. A switchboard or 
panelboard containing a 4-wire, delta-connected system 
where the midpoint of one phase winding is grounded 
shall be legibly and permanently field marked as follows: 

"Caution Phase Has Volts to Ground" 

(2) Ungrounded Systems. A switchboard or panelboard 
containing an ungrounded electrical system as permitted 
~n 250.21 shall be legibly and permanently neld marked 
as follows: 

"Caution Ungrounded System Operating - __ 
Volts B~tween Conductors" 

(G) Minimum Wire-Bending Space. The minimum 
wire-bending space at terminals and minimum gutter 
space provided in panelboards and switchboards shall be 
as required in 312.6. 

408.4 Field Identification Requiredj 

(A) Circuit Directory or Circuit Identification. Every 
circuit and circuit modification shall be legibly 
identified as to its clear, evident, and specific purpose or 
use. The identification shall include sufficient detail to 
allow each circuit to be distinguished from all others. 
Spare positions that contain unused overcurrent devices 
or switches shall be described accordingly. The 
identification shall be included in a circuit directory that 
is located on the face or inside of the panel door in the 
case of a panelboard, and located at each switch or 
circuit breaker in a switchboard. No circuit shall be 
described in a manner that depends on transient 
conditions of occupancy. 

(8) Source of Supply. All switchboards and 
panelboards supplied by a feeder in other than one- or 
two-family dwellings hall be marked to indicate the 
de ice or equipm nt where the power supply originate. 

408.5 CJearance for Conductor Entering Bus 
Enclosures. Where conduits or other raceways enter a 
switchboard, floor-standing panelboard, or similar 
enclosure at the bottom, sufficient space shall be 
provided to permit installation of conductors in the 
enclosure. The wiring space shall not be less than shown 
in Table 408.5 where the conduit or raceways enter or 
leave the enclosure below the busbars, their supports, or 
other obstructions. The conduit or raceways, including 
their end fittings, shall not rise more than 75 mm (3 in.) 
above the bottom of the enclosure. 

408.7 Unused Openings. Unused openings for circuit 
breakers and switches shall be closed using identified 
closures, or other approved means that provide 
protection substantially equivalent to the wall of the 
enclosure. 
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Table 408.5 Clearance for Conductors Entering Bus Enclosures 

Conductor 

Insulated busbars, their 
supports, or other 
obstructions 

Noninsulated busbars 

n. Switchboards 

Minimum Spacing Between Bottom of 
Enclosure and Busbars, Their 

Supports, or Other Obstructions 

mm in. 

200 8 

250 10 

408.16 Switchboards in Damp or Wet Locations. 
Switchboards in damp or wet locations shall be installed 
in accordance with 312.2. 

408.17 Location Relative to Easily IgnitibleMaterial. 
Switchboards shall be placed so as to reduce to a 
minimum the probability of communicating fire to 
adjacent combustible materials. Where installed over a 
combustible floor, suitable protection thereto shall be 
provided. 

408.18 Clearances. 

(A) From Ceiling. For other than a totally enclosed 
switchboard, a space not less than 900 mm (3 ft) shall be 
provided between the top of the switchboard and any 
combustible ceiling, unless a noncombustible shield is 
provided between the switchboard and the ceiling. 

(B) Around Switchboards. Clearances around 
switchboards shall comply with the provisions of 
110.26. 

408.19 Conductor Insulation. An insulated conductor 
used within a switchboard shall be listed, shall be flame 
retardant, and shall be rated not less than the voltage 
applied to it and not less than the voltage applied to 
other conductors or busbars with which it may come in 
contact. 

408.20 Location of Switchboards. Switchboards that 
have any exposed live parts shall be located in 
permanently dry locations and then only where under 
competent supervision and accessible only to qualified 
persons. Switchboards shall be located such that the 
probability of damage from equipment or processes IS 

reduced to a minimum. 

408.22 Grounding of Instruments, Relays, Meters, 
and Instrument Transformers on Switchboards. 
Instruments, relays, meters, and instrument transformers 
located on switchboards shall be grounded as specified 
in 250.170 through 250.178. 
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408.30 

III. Panelboards 

408.30 General. All panelboards shall have a rating not 
less than the minimum feeder capacity required for the 
load calculated in accordance with Part III, IV, or V of 
Article 220, as applicable. 

Informational Note: See 110.22 tor additional 
requirements. 

408.36 Overcurrent Protection. In addition to the 
requirement of 408.30, a panelboard shall be protected by 
an overcurrent protective device having a rating not 
greater than that of the panelboard. This overcurrent 
protective device shall be located within or at any point 
on the supply side of the panelboard. 

Exception No.1: Individual protection shall not be 
required for a panel board used as service equipment with 
multiple disconnecting means in accordance with 230.71. 
In panelboards protected by three or more main circuit 
breakers or sets of fuses, the circuit breakers or sets of 
fuses shall not supply a second bus structure within the 
same panelboard assembly. 

Exception No.2: Individual protection shall not be 
required for a panelboard protected on its supply side by 
two main circuit breakers or two sets of fuses having a 
combined rating not greater than that of the panelboard. 
A panelboard constructed or wired under this exception 
shall not contain more than 42 overcurrent devices. For 
the purposes of determining the maximum of 42 
overcurrent devices, a 2-pole or a 3-pole circuit breaker 
shall be considered as two or three overcurrent devices, 
respectively. 

Exception No.3: For existing panelboards, individual 
protection shall not be required for a panelboard used as 
service equipment for an individual residential 
occupancy. 

(A) Snap Switches Rated at 30 Amperes or Less. 
Panelboards equipped with snap switches rated at 30 
amperes or less shall have overcurrent protection of 200 
amperes or less. 

(B) Supplied Through a Transformer. Where a 
panelboard is supplied through a transformer, the 
overcurrent protection required by 408.36 shall be located 
on the secondary side of the transformer. 

Exception: A panelboard supplied by the secondary side 
of a transformer shall be considered as protected by the 
overcurrent protection provided on the primary side of 
the transformer where that protection is in accordance 
with 240.21(C)(J). 

(C) Delta Breakers. A 3-phase disconnect or overcurrent 
device shall not be connected to the bus of any panelboard 
that has less than 3-phase buses. Delta breakers shall not 
be installed in panelboards. 
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(D) Back-Fed Devices. Plug-in-type overcurrent 
protection devices or plug-in type main lug assemblies 
that are backfed and used to terminate field-installed 
ungrounded supply conductors shall be secured in place 
by an additional fastener that requires other than a pull to 
release the device from the mounting means on the panel. 

408.37 Panelboards in Damp or Wet Locations. 
Panelboards in damp or wet locations shall be installed to 
comply with 312.2. 

408.38 Enclosure. Panelboards shall be mounted in 
cabinets, cutout boxes, or enclosures designed for the 
purpose and shall be dead-front. 

Exception: Panelboards other than of the dead-front, 
externally operable type shall be permitted where 
accessible only to qualified persons. 

408.39 Relative Arrangement of Switches and Fuses. 
In panelboards, fuses of any type shall be installed on the 
load side of any switches. 

Exception: Fuses installed as part of service equipment 
in accordance with the provisions of 230.94 shall be 
permitted on the line side of the service switch. 

408.40 Grounding of Panelboards. Panel board cabinets 
and panelboard frames, if of metal, shall be in physical 
contact with each other and shall be connected to an 
equipment grounding conductor. Where the panelboard is 
used with nonmetallic raceway or cable or where separate 
equipment grounding conductors are provided, a terminal 
bar for the equipment grounding conductors shall be 
secured inside the cabinet. The terminal bar shall be 
bonded to the cabinet and panelboard frame, if of metal; 
otherwise it shall be connected to the equipment 
grounding conductor that is run with the conductors 
feeding the panelboard. 

Exception: Where an isolated equipment grounding 
conductor is provided as permitted by 250. 146(D), the 
insulated equipment grounding conductor that is run with 
the circuit conductors shall be permitted to pass through 
the panelboard without being connected to the 
panelboard's equipment grounding terminal bar. 

Equipment grounding conductors shall not be connected 
to a terminal bar provided for grounded conductors or 
neutral conductors unless the bar is identified for the 
purpose and is located where interconnection between 
equipment grounding conductors and grounded circuit 
conductors is permitted or required by Article 250. 

408.41 Grounded Conductor Terminations. Each 
grounded conductor shall terminate within the panelboard 
in an individual terminal that is not also used for another 
conductor. 
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ARTICLE 408 - SWITCHBOARDS AND PANELBOARDS 408.56 

Exception: Grounded conductors of circuits with parallel 
conductors shall be permitted to terminate in a single 
terminal if the terminal is identified for connection of 
more than one conductor. 

IV. Construction Specifications 

408.50 Panels. The panels of switchboards shall be made 
of moisture-resistant, noncombustible material. 

408.51 Busbars. Insulated or bare busbars shall be rigidly 
mounted. 

408.52 Protection of Instrument Circuits. Instruments, 
pilot lights, potential transformers, and other switchboard 
devices with potential coils shall be supplied by a circuit 
that is protected by standard overcurrent devices rated 15 
amperes or less. 

Exception No.1: Overcurrent devices rated more than 15 
amperes shall be permitted where the internlption of the 
circuit could create a hazard. Short-circuit protection 
shall be provided. 

Exception No.2: For ratings of 2 amperes or less, 
special types of enclosed fuses shall be permitted. 

408.53 Component Parts. Switches, fuses, and 
fuseholders used on panelboards shal1 comply with the 
applicable requirements of Articles 240 and 404. 

408.54 Maximum Number of Overcurrent Devices. A 
panelboard shall be provided with physical means to 
prevent the installation of more overcurrent devices than 
that number for which the panelboard was designed, 
rated, and listed. 

For the purposes of this section, a 2-pole circuit 
breaker or fusible switch shall be considered two 
overcurrent devices; a 3-pole circuit breaker or fusible 
switch shall be considered three overcurrent devices. 

The enclosure for a 
panelboard shall have the top and bottom wire-bending 
space sized in accordance with TabJe 312.6(8) for the 
largest conductor entering or leaving the enclosure. Side 
wire-bending space shall be in accordance with Table 
312.6(A) for the largest conductor to be terminated in that 
space. 

Exception No.1: Either the top or bottom Wire-bending 
space shall be permitted to be sized in accordance with 
Table 312.6(A) for a panelboard rated 225 amperes or 
less and designed to contain not over 42 overcurrent 
devices. For the purposes of this exception, a 2-pole or a 
3-pole circuit breaker shall be considered as two or three 
overcurrent devices, respective~v. 
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Exception No.2: Either the top or bottom Wire-bending 
space for any panelboard shall be permitted to be sized in 
accordance with Table 312.6(A) where at least one side 
wire-bending ,space is sized in accordance with Table 
312. 6(B) for the largest conductor to be terminated in any 
side wire-bending space. 

Exception No.3: The top and bottom wire-bending space 
shall be permitted to be sized in accordance with Table 
312.6(A) spacings if the panelboard is designed and 
constructedfor wiring using only a single 90 degree bend 
for each conductor, including the grounded circuit 
conductor, and the wiring diagram shows and specifies 
the method of wiring that shall be used. 

Exception No.4: Either the top or the bottom wire
bending space, but not both. shall be permitted to be sized 
in accordance with Table 312.6(A) where there are no 
conductors terminated in that space. 

408.56 Minimum Spacings. The distance between bare 
metal parts, busbars, and so forth shaH not be less than 
specified in Table 408.56. 

Where close proximity does not cause excessive 
heating, parts of the same polarity at switches, enclosed 
fuses, and so forth shall be permitted to be p1aced as close 
together as convenience in handling will allow. 

Exception: The distance shall be permitted to be less than 
that specified in Table 408.56 at circuit breakers and 
switches and in listed components installed in 
switchboards and panelboards. 

Table 40856 Minimum Spacings Between Bare Metal Parts 

Opposite 
Polarity 
"''here 

J\'lounted on Opposite 
the Same Polaritv 
Surface WbereHeld i 

Live Parts to 

Free in Air Ground* 

Voltage mm in. mm in. mm in. 

Not over 125 volts, 19.1 12.7 lh 12.7 12 
nominal 

Not over 250 volts, 31.8 P4 19.1 34 12.7 12 
nominal 

Not over 600 volt';, 50.8 2 25.4 1 25.4 1 
nominal 

: 

*For spacmg between live parts and doors of cabmets, see 
312.11 (A)(l), (2), and (3). 
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408.58 ARTICLE 409 - INDUSTRIAL CONTROL PANELS 

408.58 Panelboard Marking. Panelboards shall be 
durably marked by the manufacturer with the voltage and 
the current rating and the number of phases for which 
they are designed and with the manufacturer's name or 
trademark in such a manner so as to be visible after 
installation, without disturbing the interior parts or wiring. 

ARTICLE 409 
Industrial Control Panels 

I. General 

409.1 Scope. This article covers industrial control panels 
intended for general use and operating at 600 volts or less. 

Infonnational Note: UL 508A-200l, Standard for 
Industrial Control Panels, is a safety standard for 
industrial control panels. 

409.2 Definitions. 

Control Circuit. The circuit of a control apparatus or 
system that carries the electric signals directing the 
performance of the controller but does not carry the main 
power current. 

Industrial Control Panel. An assembly of two or more 
components consisting of one of the following: 

(1) Power circuit components only, such as motor 
controllers, overload relays, fused disconnect 
switches, and circuit breakers 

(2) Control circuit components only, such as 
pushbuttons, pilot lights, selector switches, timers, 
switches, control relays 

(3) A combination of power and control circuit components 

These components, with associated wiring and 
terminals, are mounted on or contained within an 
enclosure or mounted on a subpanel. The industrial 
control panel does not include the controlled equipment. 

409.3 Other Articles. In addition to the requirements of 
Article 409, industrial control panels that contain branch 
circuits for specific loads or components, or are for 
control of specific types of equipment addressed in other 
articles of this Code, shall be constructed and installed in 
accordance with the applicable requirements from the 
specific articles in Table 409.3. 

II. Installation 

409.20 Conductor - Minimum Size and Ampacity. 
The size of the industrial control panel supply conductor 
shall have an ampacity not less than 125 percent of the 
full-load current rating of all resistance heating loads plus 
125 percent of the full-load current rating of the highest 
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Table 409.3 Other Articles 

Equipment/Occupancy Article Section 

Branch circuits 210 

Luminaires 410 

Motors, motor circuits, and 430 
controllers 

Air-conditioning and 440 
refrigerating equipment 

Capacitors 460.8, 460.9 

Hazardous (classified) 500,501,502, 
locations 503, 504,505 

Commercial garages; aircraft 511,513,514, 
hangars; motor fuel 515,516,and 
dispensing facilities; bulk 517 Part IV 
storage plants; spray 
application, dipping, and 
coating processes; and 
inhalation anesthetizing 
locations 

Cranes and hoists 610 

Electrically driven or 675 
controlled irrigation 
machines 

Elevators, dumbwaiters, 620 
escalators, moving walks, 
wheelchair lifts, and 
stairway chair lifts 

Industrial machinery 670 

Resistors and reactors 470 

Transfonners 450 

Class 1, Class 2, and Class 3 725 
remote-control, signaling, 
and power-limited 
circuits 

rated motor plus the sum of the full-load current ratings of 
all other connected motors and apparatus based on their 
duty cycle that may be in operation at the same time. 

409.21 Overcurrent Protection. 

(A) General. Industrial control panels shall be provided 
with overcurrent protection in accordance with Parts I, II, 
and IX of Article 240. 

(B) Location. This protection shall be provided for each 
incoming supply circuit by either of the following: 

(1) An overcurrent protective device located ahead of the 
industrial control panel. 

(2) A single main overcurrent protective device located 
within the industrial control panel. Where overcurrent 
protection is provided as part of the industrial control 
panel, the supply conductors shall be considered as 
either feeders or taps as covered by 240.21. 
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ARTICLE 409 - INDUSTRIAL CONTROL PANELS 409.110 

(C) Rating. The rating or setting of the overcurrent 
protective device for the circuit supplying the industrial 
control panel shall not be greater than the sum of the 
largest rating or setting of the branch-circuit short-circuit 
and ground-fault protective device provided with the 
industrial control panel, plus 125 percent of the full-load 
current rating of all resistance heating loads, plus the sum 
of the full-load currents of all other motors and apparatus 
that could be in operation at the same time. 

Exception: Where one or more instantaneous trip circuit 
breakers or motor short-circuit protectors are used for 
motor branch-circuit short-circuit and ground-fault 
protection as permitted by 430. 52 (C), the procedure 
specified above for determining the maximum rating of 
the protective device for the circuit supplying the 
industrial control panel shall apply with the following 
provision: For the pwpose of the calculation, each 
instantaneous trip circuit breaker or motor short-circuit 
protector shall be assumed to have a rating not exceeding 
the maximum percentage of motor full-load current 
permitted by Table 430.52 for the type of control panel 
supply circuit protective device employed. 

Where no branch-circuit short-circuit and ground-fault 
protective device is provided with the industrial control 
panel for motor or combination of motor and non-illotor 
loads, the rating or setting of the overcurrent protective 
device shall be based on 430.52 and 430.53, as applicable. 

409.22 Short-Circuit Current Rating. An industria~ 
control panel shall not be installed where the available 
fault current exceeds ils short-circuit current rating as, 
marked in accordance "ilh 409.110(4). 

409.30 Disconnecting Means. Disconnecting means that 
supply motor loads shall comply with Part IX of Article 
430. 

409.60 Grounding. Multisection industrial control panels 
shall be bonded together with an equipment grounding 
conductor or an equivalent equipment grounding bus 
sized in accordance with Table 250.122. Equipment 
grounding conductors shall be connected to this 
equipment grounding bus or to an equipment grounding 
termination point provided in a single-section industrial 
control panel. 

III. Construction Specifications 

409.100 Enclosures. 

Table 110.28 shall be used as the basis for selecting 
industrial control panel enclosures for use in specific 
locations other than hazardous (classified) locations. The 
enclosures are not intended to protect against conditions 
such as condensation, icing, corrosion, or contamination 
that may occur within the enclosure or enter via the conduit 
or unsealed openings. 
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409.102 Busbars and Conductors. Industrial control 
panels utilizing busbars shall comply with 409.102(A) 
and (B). 

(A) Support and Arrangement. Busbars shall be protected 
from physical damage and be held frrmly in place. 

(B) Phase Arrangement. The phase arrangement on 3-
phase horizontal common power and vertical buses shall 
be A, B, C from front to back, top to bottom, or left to 
right, as viewed from the front of the industrial control 
panel. The B phase shall be that phase having the higher 
voltage to ground on 3-phase, 4-wire, delta-connected 
systems. Other bus bar arrangements shall be permitted for 
additions to existing installations, and the phases shall b~ 
permanently marked. 

409.104 i\\' irinfJ Space. 

(A) General. Industrial control panel enclosures shall not 
be used as junction boxes, auxiliary gutters, or raceways 
for conductors feeding through or tappi!1g ()ft~()other 
switches or overcurrent devices or other' equiprilcnt ' 
unless the conductOi fill less than~Opt:r~ent of th~cross
sectional area of the wiring space: "In a-dditiori. the 
conductors, splices, and taps shall not fill the wiring space 
at any cross section to more than 75 percent of the cross
sectional area of that space. 

(B) Wire Bending Space. Wire bending space within 
industrial control panels for field wiring terminals shall be 
in accordance with the requirements in 430.10(B). 

409.106 Spacings. Spacing in feeder circllhsbet\\'ec"n 
uninsulated Ii e parts of adjacent components, between 
uninsulated Ii c parts of components and grounded or 
acct:ssible non--curr nt-carrying metal parts. between 
uninsulated live parts of components and the enclosure. and 
at field wiring termin.ClI~. ~h~II~~Cl~§~~~\'J1iIlJ~ble 430.97. 

Exception: Spacings shall be permitted to be less than 
those specified in Table 430.97 at circuit breakers and 
switches and in listed components installed in industrial 
control panels. 

409.108 Service Equipment. Where used as service 
equipment, each industrial control panel shall be of the 
type that is suitable for use as service equipment. 

Where a grounded conductor is provided, the 
industrial control panel shall be provided with a main 
bonding jumper, sized in accordance with 250.28(D), for 
connecting the grounded conductor, on its supply side, to 
the industrial control panel equipment ground bus or 
equipment ground terminal. 

409.110 Marking. An industrial control panel shall be 
marked with the following information that is plainly 
visible after installation: 

(1) Manufacturer's name, trademark, or other descriptive 
marking by which the organization responsible for 
the product can be identified. 
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410.1 ARTICLE 410 - LUMINAIRES, LAMPHOLDERS, AND LAMPS 

(2) 

(3) 

Supply voltage, number of phases, frequency, 
and full-load current for each incoming supply 
circuit. 

Industrial control panels supplied by more than 
one power source such that more than one 
di connecting means i required to disconnect aU 
power within the control panel hall be lnarked 
to indicate that mor~ than one disconnecting 
means i required to de·energize the equipment. 

(4) Short-circuit current rating of the industrial 
control panel based on one of the following: 

a. Short-circuit current rating of a listed and 
labeled assembly 

b. Short-circuit current rating established 
utilizing an approved method 

Informational Note: UL 508A-2001, Standard for 
Industrial Control Panels, Supplement SB, is an 
example of an approved method. 

Exception to ('!): Short-circuit current rating markings 
are not required for industrial control panels containing 
only control circuit components. 

(5) If the industrial control panel is intended as service 
equipment,it shall be marked to identify it as being 
suitable for use as service equipment. 

(6) Electrical wiring diagram or the identification 
number of a separate electrical wiring diagram or a 
designation referenced in a separate wiring diagram. 

(7) An enclosure type number shall be marked on the 
industrial control panel enclosure. 

ARTICLE 410 
Luminaires, Lampholders, and Lamps 

I. General 

410.1 Scope. This article covers luminaires, portable 
luminaires, lampholders, pendants, incandescent filament 
lamps, arc lamps, electric-discharge lamps, decorative 
lighting products, lighting accessories for temporary 
seasonal and holiday use, portable flexible lighting 
products, and the wiring and equipment forming part of 
such products and lighting installations. 

410.2 Definitions. 

Closet Storage Space. The volume bounded by the sides 
and back closet walls and planes extending from the 
closet floor vertically to a height of 1.8 m (6 ft) or to the 
highest clothes-hanging rod and parallel to the walls at a 
horizontal distance of 600 mm (24 in.) from the sides and 
back of the closet walls, respectively, and continuing 
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vertically to the closet ceiling parallel to the walls at a 
horizontal distance of 300 mm (12 in.) or the width of the 
shelf, whichever is greater; for a closet that permits access 
to both sides of a hanging rod, this space includes the 
volume below the highest rod extending 300 mm (12 in.) 
on either side of the rod on a plane horizontal to the floor 
extending the entire length of the rod. See Figure 410.2. 

1.8 m (6 it) 
or 

rod height 

l 
~ ........... 

Figure 410.2 Closet Storage Space. 

Lighting Track. A manufactured assembly designed to 
support and energize luminaires that are capable of being 
readily repositioned on the track. Its length can be altered 
by the addition or subtraction of sections of track. 

410.5 Live Parts. Luminaires, portable luminaires, 
lampholders, and lamps shall have no live parts normally 
exposed to contact. Exposed accessible terminals in 
lampholders and switches shall not be installed in metal 
luminaire canopies or in open bases of portable table or 
floor luminaires. 

Exception: Cleat-type lampholders located at least 2.5 m 
(8.ft) above the floor shall be permitted to have exposed 
terminals. 

410.6 Listing Required. All luminaires and lampholders 
shall be listed. 

410.8 Inspection. Luminaires shall be installed such that the 
connections between the luminaire conductors and the 
circuit conductors can be inspected without requiring the 
disconnection of any part of the wiring unless the luminaires 
are connected by attachment plugs and receptacles. 
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ARTICLE 410 - LUMINAIRES, LAMPHOLDERS, AND LAMPS 410.18 

II. Luminaire Locations 

410.10 Luminaires in Specific Locations. 

(A) Wet and Damp Locations. Luminaires installed in 
wet or damp locations shall be installed such that water 
cannot enter or accumulate in wiring compartments, 
lampholders, or other electrical parts. All luminaires 
installed in wet locations shall be marked, "Suitable for 
Wet Locations." All luminaires installed in damp 
locations shall be marked "Suitable for Wet Locations" or 
"Suitable for Damp Locations." 

(B) Corrosive Locations. Luminaires installed in 
corrosive locations shall be of a type suitable for such 
locations. 

(C) In Ducts or Hoods. Luminaires shall be permitted to 
be installed in commercial cooking hoods where all of the 
following conditions are met: 

(1) The luminaire shall be identified for use within 
commercial cooking hoods and installed such that the 
temperature limits of the materials used are not 
exceeded. 

(2) The luminaire shall be constructed so that all exhaust 
vapors, grease, oil, or cooking vapors are excluded 
from the lamp and wiring compartment. Diffusers 
shall be resistant to thermal shock. 

(3) Parts of the luminaire exposed within the hood shall 
be corrosion resistant or protected against corrosion, 
and the surface shall be smooth so as not to collect 
deposits and to facilitate cleaning. 

(4) Wiring methods and materials supplying the 
luminaire(s) shall not be exposed within the cooking 
hood. 

Informational Note: See 110.11 for conductors 
and equipment exposed to deteriorating agents. 

(D) Bathtub and Shower Areas. No parts of cord
connected luminaires, chain-, cable-, or cord-suspended 
luminaires, lighting track, pendants, or ceiling-suspended 
(paddle) fans shall be located within a zone measured 900 
mm (3 ft) horizontally and 2.5 m (8 ft) vertically from the 
top of the bathtub rim or shower stall threshold. This zone 
is all encompassing and includes the space directly over the 
tub or shower stall. Luminaires located within the actual 
outside dimension of the bathtub or shower to a height of 
2.5 m (8 ft) vertically from the top of the bathtub rim or 
shower threshold shall be marked for damp locations, or 
marked for wet locations where subject to shower spray. 

(E) Luminaires in Indoor Sports, Mixed-Use, and All
Purpose Facilities. Luminaires subject to physical damage, 
using a mercury vapor or metal halide lamp, installed in 
playing and spectator seating areas of indoor sports, mixed
use, or all-pmpose facilities shall be of the type that 
protects the lamp with a glass or plastic lens. Such 
luminaires shall be permitted to have an additional guard. 
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410.11 Luminaires Near Combustible Material. 
Luminaires shall be constructed, installed, or equipped 
with shades or guards so that combustible material is not 
subjected to temperatures in excess of 90°C (194°F). 

410.12 Luminaires over Combustible Material. 
Lampholders installed over highly combustible material 
shall be of the unswitched type. Unless an individual 
switch is provided for each luminaire, lampholders shall 
be located at least 2.5 m (8 ft) above the floor or shall be 
located or guarded so that the lamps cannot be readily 
removed or damaged. 

410.14 Luminaires in Show Windows. Chain-supported 
luminaires used in a show window shall be permitted to 
be externally wired. No other externally wired luminaires 
shall be used. 

410.16 Luminaires in Clothes Closets. 

(A) Luminaire Types Permitted. Only luminaires of the 
following types shall be permitted in a closet: 

(1) Surface-mounted or recessed incandescent or LED 
luminaires ~Vilh c~mpletely cn~losed light sources 

(2) Surface-mounted or recessed fluorescent lumina ires 

(3) Surface-mounted fluorescent or LED luminaires 
identified as suitable for installation within the c1o_~>~t 

storage space 

(B) Luminaire Types Not Permitted. Incandescent 
luminaires with open or partially enclosed lamps and 
pendant luminaires or lampholders shall not be permitted. 

(C) Location. The mml111Um clearance between 
luminaires installed in clothes closets and the nearest 
point of a closet storage space shall be as follows: 

(1) 300 mm (12 in.) for surface-mounted incandescent or 
LED luminaires with a completely enclosed light 
source installed on the wall above the door or on the 
ceiling. 

(2) 150 mm (6 in.) for surface-mounted fluorescent 
luminaires installed on the wall above the door or on 
the ceiling. 

(3) 150 mm (6 in.) for recessed incandescent or LED 
luminaires with a completely enclosed light source 
installed in the wall or the ceiling. 

(4) 150 mm (6 in.) for recessed fluorescent luminaires 
installed in the wall or the ceiling. 

(5) Surface-mounted fluorescent or LED luminaires shall 
be permitted to be installed within the closet storage 
space where identified for this use. 

410.18 Space for Cove Lighting. Coves shall have 
adequate space and shall be located so that lamps and 
equipment can be properly installed and maintained. 
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HI. Provisions at Luminaire Outlet Boxes, Canopies, 
and Pans 

410.20 Space for Conductors. Canopies and outlet boxes 
taken together shall provide space so that 
luminaire conductors and their connecting devices 

410.21 Temperature Limit of Conductors in Outlet 
Boxes. Luminaires shall be of such construction or 
installed so that the conductors in outlet boxes shall not be 
subjected to temperatures greater than that for which the 
conductors are rated. 

Branch-circuit wiring, other than 2-wire or multiwire 
branch circuits supplying power to luminaires connected 
together, shall not be passed through an outlet box that is 
an integral part of a luminaire unless the luminaire is 
identified for through-wiring. 

Infonnational Note: See for wiring supplying 
power to connected together. 

410.22 Outlet Boxes to Be Covered. In a completed 
installation, each outlet box shall be provided with a cover 
unless covered by means of a luminaire canopy, 
lampholder, receptacle, or similar device. 

410.23 Covering of Combustible Material at Outlet 
Boxes. Any combustible wall or ceiling finish exposed 
between the edge of a luminaire canopy or pan and an 
outlet box shall be covered with noncombustible material. 

410.24 Connection of Electric-Discharge 
Luminaires. 

(A) Independent of the Outlet Box. Electric-discharge 
luminaires supported independently of the outlet 

box shall be connected to the branch circuit through metal 
raceway, nonmetallic raceway, Type MC cable, Type AC 
cable, Type MI cable, nonmetallic sheathed cable, or by 
flexible cord as permitted in 410.62(B) or 410.62(C). 

(B) Access to Boxes. Electric-discharge 
luminaires surface mounted over concealed outiet, pull, or 
junction boxes and designed not to be supported solely by 
the oudet box shall be provided with suitable openings in 
the back of the lumina ire to provide access to the wiring 
in the box. 

IV. Luminaire Supports 

410.30 Supports. 

(A) General. Luminaires and lampholders shall be 
securely supported. A luminaire that weighs more than 3 
kg (6 lb) or exceeds 400 nun (16 in.) in any dimension 
shall not be supported by the screw shell of a lampholder. 
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(B) Metal or Nonmetallic Poles Supporting 
Luminaires. Metal or nonmetallic poles shall be 
permitted to be used to support luminaires and as a 
raceway to enclose supply conductors, provided the 
following conditions are met: 

(1) A pole shall have a handhole not less than 50 mm x 
100 mm (2 in. x 4 in.) with a cover suitable for use in 
wet locations to provide access to the supply 
terminations within the pole or pole base. 

Exception No.1: No handhole shall be required in a pole 
2.5 m (8 ft) or less in height abovegrade where the supply 
wiring method continues without splice or pull point, and 
where the interior of the pole and any splices are 
accessible by removing the luminaire. 

Exception No.2: No handhole shall be required in a pole 
6.0 In (20ft) or less in height abovegrade that is provided 
with a hinged base. 
(2) Where raceway risers or cable is not installed within 

the pole, a threaded fitting or nipple shall be brazed, 
welded, or attached to the pole opposite the handhole 
for the supply connection. 

(3) A metal pole shall be provided with an equipment 
grounding terminal as follows: 

a. A pole with a handhole shall have the equipment 
grounding terminal accessible from the 
handhole. 

b. A pole with a hinged base shall have the 
equipment grounding terminal accessible within 
the base. 

Exception to (3): No grounding terminal shall be 
required in a pole 2.5 In (8 ft) or less in height 
abovegrade where the suPPZy wiring method continues 
without splice or pull, and where the interior of the pole 
and any splices are accessible by removing the luminaire. 
(4) A metal pole with a hinged base shall have the 

hinged base and pole bonded together. 

(5) Metal raceways or other equipment grounding 
conductors shall be bonded to the metal pole with an 
equipment grounding conductor recognized by 
250.118 and sized in accordance with 250.122. 

(6) Conductors in vertical poles used as raceway shall be 
supported as provided in 300.19. 

410.36 Means of Support. 
(A) Outlet Boxes. Outlet boxes or fittings installed as 
required by 314.23 and complying with the provisions of 
314.27(A)(l) and 314.27(A)(A)(2) shall be permitted to 
support luminaires. 

(B) Suspended Ceilings. Framing members of suspended 
ceiling systems used to support luminaires shall be 
securely fastened to each other and shall be securely 
attached to the building structure at appropriate intervals. 
Luminaires shall be securely fastened to the ceiling 
framing member by mechanical means such as bolts, 
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screws, or rivets. Listed clips identified for use with the 
type of ceiling framing member( s) and luminaire( s) shall 
also be permitted. 

(C) Luminaire Studs. Luminaire studs that are not a part 
of outlet boxes, hickeys, tripods, and crowfeet shall be 
made of steel, malleable iron, or other material suitable 
for the application. 

(D) Insulating Joints. Insulating joints that are not 
designed to be mounted with screws or bolts shall have an 
exterior metal casing, insulated from both screw 
connections. 

(E) Raceway Fittings. Raceway fittings used to support a 
luminaire(s) shall be capable of supporting the weight of 
the complete fixture assembly and lamp(s). 

(F) Busways. Luminaires shall be permitted to be 
connected to busways in accordance with 368.17(C). 

(G) Trees. Outdoor luminaires and associated equipment 
shall be permitted to be supported by trees. 

Informational Note No.1: See 225.26 for restrictions for 
support of overhead conductors. 

Informational Note No.2: See 300.5(D) for protection 
of conductors. 

V. Grounding 

410.40 General. Luminaires and lighting equipment shall 
be grounded as required in Article 250 and Part V of this 
article. 

410.42 Luminaire(s) with Exposed Conductive Parts. 
Exposed metal parts shall be connected to an equipment 
grounding conductor or insulated from the equipment 
grounding conductor and other conducting surfaces or be 
inaccessible to unqualified personnel. Lamp tie wires, 
mounting screws, clips, and decorative bands on 
spaced at least 38 mm (l Yz in.) from lamp terminals shall 
not be required to be grounded. 

410.44 Methods of Grounding. Luminaires and 
equipment shall be mechanically connected to an 
equipment grounding conductor as specified in 250.118 
and sized in accordance with 250.122. 

Exception No.1: Luminaires made of insulating material 
that is directly wired or attached to outlets supplied by a 
wiring method that does not provide a ready means for 
grounding attachment to an equipment grounding 
conductor shall be made of insulating material and shall 
have no exposed conductive parts. 

Exception No.2: Replacement luminaires shall be 
permitted to connect an equipment grounding conductor 
from the outlet in compliance with 250.130(C). The 
luminaire shall then comply with 4 J 0.42. 
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Exception No.3: Where no equipment grounding 
conductor exists at the outlet, replacement luminaires that 
are GFCI protected shall not be required to be connected 
to an equipment grounding conductor. 

410.46 Equipment Grounding Conductor Attachment. 
Luminaires with exposed metal parts shall be provided 
with a means for connecting an equipment grounding 
conductor for such luminaires. 

VI. Wiring of Luminaires 

410.48 Luminaire Wiring - General. Wiring on or 
within luminaires shall be neatly arranged and shall not be 
exposed to physical damage. Excess wiring shall be 
avoided. Conductors shall be arranged so that they are not 
subjected to temperatures above those for which they are 
rated. 

410.50 Polarization of Luminaires. Luminaires shall be 
wired so that the screw shells of lampholders are 
connected to the same luminaire or circuit conductor or 
terminaL The grounded conductor, where connected to a 
screw shell lampholder, shall be connected to the screw 
shell. 

410.52 Conductor Insulation. Luminaires shall be wired 
with conductors having insulation suitable for the 
environmental conditions, current, voltage, and 
temperature to which the conductors will be subjected. 

Informational Note: For ampacity of fixture wire, 
maximum operating temperature, limitations, 
minimum wire size, and so forth, see Article 402. 

410.54 Pendant Conductors for Incandescent Filament 
Lamps. 

(A) Support. Pendant lampholders with permanently 
attached leads, where used for other than festoon wiring, 
shall be hung from separate stranded rubber-covered 
conductors that are soldered directly to the circuit 
conductors but supported independently thereof. 

(B) Size. Unless part of listed decorative lighting 
assemblies, pendant conductors shall not be smaller than 
14 A WG for mogul-base or medium-base screw shell 
lampholders or smaller than 18 A WG for intermediate or 
candelabra-base lampholders. 

(C) Twisted or Cabled. Pendant conductors longer than 
900 mm (3 ft) shall be twisted together where not cabled 
in a 1 isted assemb ly. 

410.56 Protection of Conductors and Insulation. 

(A) Properly Secured. Conductors shall be secured in a 
manner that does not tend to cut or abrade the insulation. 
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(B) Protection Through Metal. Conductor insulation 
shall be protected from abrasion where it passes through 
metal. 

(C) Luminaire Stems. Splices and taps shall not be 
located within luminaire arms or stems. 

(D) Splices and Taps. No unnecessary splices or taps 
shall be made within or on a luminaire. 

Informational Note: For approved means of making 
connections, see 110.14. 

(E) Stranding. Stranded conductors shall be used for 
wiring on luminaire chains and on other movable or 
flexible parts. 

(F) Tension. Conductors shall be arranged so that the 
weight of the luminaire or movable parts does not put 
tension on the conductors. 

410.59 Cord-Connected Showcases. Individual 
showcases, other than fixed, shall be permitted to be 
connected by flexible cord to permanently installed 
receptacles, and groups of not more than six such 
showcases shall be permitted to be coupled together by 
flexible cord and separable locking-type connectors with 
one of the group connected by flexible cord to a 
permanently installed receptacle. 

The installation shall comply with 41 0.59(A) through (E). 

(A) Cord Requirements. Flexible cord shall be of the 
hard-service type, having conductors not smaller than the 
branch-circuit conductors, having ampacity at least equal 
to the branch-circuit overcurrent device, and having an 
equipment grounding conductor. 

Informational Note: See Table 250.122 for size of 
equipment grounding conductor. 

(B) Receptacles, Connectors, and Attachment Plugs. 
Receptacles, connectors, and attachment plugs shall be of 
a listed grounding type rated 15 or 20 amperes. 

(C) Support. Flexible cords shall be secured to the 
undersides of showcases such that all of the following 
conditions are ensured: 

(1) The wiring is not exposed to physical damage. 

(2) The separation between cases is not in excess of 50 
mm (2 in.), or more than 300 mm (12 in.) between 
the first case and the supply receptacle. 

(3) The free lead at the end of a group of showcases has 
a female fitting not extending beyond the case. 

(D) No Other Equipment. Equipment other than 
showcases shall not be electrically connected to 
showcases. 

(E) Secondary Circuit(s). Where showcases are cord
connected, the secondary circuit( s) of each electric
discharge lighting ballast shall be limited to one 
showcase. 
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410.62 Cord-Connected Lampholders and Luminaires. 

(A) Lampholders. Where a metal lampholder is attached 
to a flexible cord, the inlet shall be equipped with an 
insulating bushing that, if threaded, is not smaller than 
metric designator 12 (trade size %) pipe size. The cord 
hole shall be of a size appropriate for the cord, and all 
burrs and fins shall be removed in order to provide a 
smooth bearing surface for the cord. 

Bushing having holes 7 mm e/32 in.) in diameter shall 
be permitted for use with plain pendant cord and holes 11 
mm in.) in diameter with reinforced cord. 

(B) Adjustable Luminaires. Luminaires that require 
adjusting or aiming after installation shall not be required 
to be equipped with an attachment plug or cord connector, 
provided the exposed cord is of the hard-usage or extra
hard-usage type and is not longer than that required for 
maximum adjustment. The cord shal1 not be subject to 
strain or physical damage. 

(C) Electric-Discharge Luminaires. 

(1) Cord-Connected Installation. A luminaire or a listed 
assembly shall be permitted to be cord connected if the 
following conditions apply: 

(1) The luminaire is located directly below the outlet or 
busway. 

(2) The flexible cord meets all the following: 

a. Is visible for its entire length outside the 
luminaire 

b. Is not subject to strain or physical damage 

c. Is terminated in a grounding-type attachment 
plug cap or bus way plug, or is a part of a listed 
assembly incorporating a manufactured wiring 
system connector in accordance with 604.6(C), 
or has a luminaire assembly with a strain relief 
and canopy having a maximum 152 mm (6 in.) 
long section of raceway for attachment to an 
outlet box above a suspended ceiling 

(2) Provided with Mogul-Base, Screw Shell 
Lampholders. Electric-discharge luminaires provided 
with mogul-base, screw shell lampholders shall be 
permitted to be connected to branch circuits of 50 
amperes or less by cords complying with 240.5. 
Receptacles and attachment plugs shall be permitted to be 
of a lower ampere rating than the branch circuit but not 
less than 125 percent of the luminaire full-load current. 

(3) Equipped with Flanged Surface Inlet. Electric
discharge luminaires equipped with a flanged surface inlet 
shall be permitted to be supplied by cord pendants 
equipped with cord connectors. Inlets and connectors 
shall be permitted to be of a lower ampere rating than the 
branch circuit but not less than 125 percent of the 
luminaire load current. 
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410.64 Luminaires as Raceways. Luminaires shall not 
be used as a raceway for circuit conductors unless ,hey 
comply with 4 1 ().64(A). (B), or (C) . 

(A) Listed. Luminaires listed and marked tor II e as a 
raceway shall be permitted to be used as a raceway. 

(8) Through-Wiring. Luminaires identitied for through
wiring. as perrnilt d by 410.21. hall be permiulO!d to be 
used as a raceway. 

(C) Luminaires Connected Together. Luminaires 
designed lor end-to-end connection to form a continuous 
assembly. or luminaires connccted together by recognized 
wiring methods, shalt be permitted to contain the 
conductors of a 2-wirc branch circuit, or one multiwire 
branch circuit, supplying the connected luminaires and 
shall nOI be required to be listed as a raceway. One 
additional 2-wire branch circuit separately supplying one 
or more of the connected luminaires shall also b 
permitted. 

Informational Note: See Artick toO for the definition at' 
Multiwi!'£' 8rallchi.~i,.c.:lIif. 

410.68 Feeder and Branch-Circuit Conductors and 
Ballasts. Feeder and branch-circuit conductors within 75 
mm (3 in.) of a ballast, LED driver.po\veruppIY, ' o~ 
transformer shall have an insulation temperature rating 
not lower than 90°C ( 194°F), unless supplying a 
luminaire marked as suitable for a different insulation 
temperature. 

VII. Construction of Luminaires 

410.70 Combustible Shades and Enclosures. Adequate 
airspace shall be provided between lamps and shades or 
other enclosures of combustible material. 

410.74 Luminaire Rating. 

(A) Marking. All luminaires shall be marked with the 
maximum lamp wattage or electrical rating, 
manufacturer's name, trademark, or other suitable means 
of identification. A luminaire requiring supply wire rated 
higher than 60°C (140°F) shall be marked with the 
minimum supply wire temperature rating on the luminaire 
and shipping carton or equivalent. 

(B) Electrical Rating. The electrical rating shall include 
the voltage and frequency and shall indicate the current 
rating of the unit, including the ballast, transformer, LEI), 
drivcr. power supply, or autotransformer. 

410.82 Portable Luminaires. 

(A) General. Portable luminaires shall be wired with 
flexible cord recognized by 400.4 and an attachment plug 
of the polarized or grounding type. Where used with 
Edison-base lampholders, the grounded conductor shall 
be identified and attached to the screw shell and the 
identified blade of the attachment plug. 
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(B) Portable Handlamps. In addition to the provisions of 
410.82(A), portable handlamps shall comply with the 
following: 

(1) Metal shell, paper-lined lampholders shall not be 
used. 

(2) Handlamps shall be equipped with a handle of 
molded composition or other insulating material. 

(3) Handlamps shall be equipped with a substantial guard 
attached to the lamp holder or handle. 

(4) Metallic guards shan be grounded by means of an 
equipment grounding conductor run with circuit 
conductors within the power-supply cord. 

(5) Portable handlamps shall not be required to be 
grounded where supplied through an isolating 
transformer with an ungrounded secondary of not 
over 50 volts. 

410.84 Cord Bushings. A bushing or the equivalent shall 
be provided where flexible cord enters the base or stem of 
a portable luminaire. The bushing shall be of insulating 
material unless a jacketed type of cord is used. 

VIII. Installation of Lampholders 

410.90 Screw Shell Type. Lampholders of the screw 
shell type shall be installed for use as lampholders only. 
Where supplied by a circuit having a grounded conductor, 
the grounded conductor shall be connected to the screw 
shell. 

410.93 Double-Pole Switched Lampholders. 

Where supplied by the ungrounded conductors of a 
circuit, the switching device of lampholders of the 
switched type shall simultaneously disconnect both 
conductors of the circuit. 

410.96 Lampholders in Wet or Damp Locations. 
Lampholders installed in wet locations shall be listed for 
lise in \ et locations. Lampholders installed in damp 
Ioca.tion~ shaH b listed for damp locations or shall be 
listed for wet locations. 

410.97 Lampbolders Near Combustible Materia'. 
Lampholders shall be constructed, installed, or equipped 
with shades or guards so that combustible material is not 
subjected to temperatures in excess of 90°C (194°F), 

I'X. Lamps and Auxiliary Equipment 

410.103 Bases, Incandescent Lamps. 

An incandescent lamp for general use on lighting branch 
circuits shall not be equipped with a medium base if rated 
over 300 watts, or with a mogul base if rated over 1500 
watts. Special bases or other devices shall be used for 
over 1500 watts. 
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410.104 Electric-Discharge Lamp Auxiliary Equipment. 

(A) Enclosures. Auxiliary equipment for electric
discharge lamps shall be enclosed in noncombustible 
cases and treated as sources of heat. 

(B) Switching. Where supplied by the ungrounded 
conductors of a circuit, the switching device of auxiliary 
equipment shall simultaneously disconnect all conductors. 

X. Special Provisions for Flush and Recessed 
Luminaires 

410.110 General. Luminaires installed in recessed 
cavities in walls or ceilings, including suspended ceilings, 
shall comply with 410.115 through 410.122. 

410.115 Temperature. 

(A) Combustible Material. Luminaires shall be installed 
so that adjacent combustible material will not be 
subjected to temperatures in excess of 90°C (l94°P). 

(B) Fire-Resistant Construction. Where a luminaire is 
recessed in fire-resistant material in a building of fire
resistant construction, a temperature higher than 90°C 
(l94°P) but not higher than 150°C (302°P) shall be 
considered acceptable if the luminaire is plainly marked 
for that service. 

(C) Recessed Incandescent Luminaires. Incandescent 
luminaires shall have thermal protection and shall be 
identified as thermally protected. 

Exception No. 1: Thermal protection shall not be 
required in a recessed luminaire identified for use and 
installed in poured concrete. 

Exception No.2: Thermal protection shall not be 
required in a recessed luminaire whose design, 
construction, and thermal performance characteristics 
are equivalent to a thermally protected luminaire and are 
identified as inherently protected. 

410.116 Clearance and Installation. 

(A) Clearance. 

(1) Non-Type IC. A recessed luminaire that is not 
identified for contact with insulation shall have all 
recessed parts spaced not less than 13 mm (Yz in.) from 
combustible materials. Th~ points of support and the trim 
finishing off the opening~ in the ceiling, wall, or other 
finished surface shall be permitted to be in contact with 
combustible materials. 

(2) Type IC. A recessed luminaire that is identified for 
contact with insulation, Type IC, shall be permitted to be 
in contact with combustible materials at recessed parts, 
points of support, and portions passing through or 
finishing off the opening in the building structure. 
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(B) Installation. Thermal insulation shall not be installed 
above a recessed luminaire or within 75 mm (3 in.) of the 
recessed luminaire's enclosure, wiring compartment, 
pallasl. transform r. LED driver. or power supply uule s 
the luminairc is i~t!I1~in~q . ~~Type Ie for insulation 
contact. 

410.117 Wiring. 

(A) General. Conductors that have insulation suitable for 
the temperature encountered shall be used. 

(B) Circuit Conductors. Branch-circuit conductors that 
have an insulation suitable for the temperature 
encountered shall be permitted to terminate in the 
luminaire. 

(C) Tap Conductors. Tap conductors of a type suitable 
for the temperature encountered shall be permitted to run 
from the luminaire terminal connection to an outlet box 
placed at least 300 mm (1 ft) from the luminaire. Such tap 
conductors shall be in suitable raceway or Type AC or 
MC cable of at least 450 mm (18 in.) but not more than 
1.8 m (6 ft) in length. 

XI. Construction of Flush and Recessed Luminaires 

410.118 Temperature. Luminaires shall be constructed 
such that adjacent combustible material is not subject to 
temperatures in excess 0 f 90°C (194 °P). 

410.120 Lamp Wattage Marking. Incandescent lamp 
luminaires shall be marked to indicate the maximum 
allowable wattage of lamps. The markings shall be 
permanently installed, in letters at least 6 mm (~ in.) 
high, and shall be located where visible during relamping. 

410.121 Solder Prohibited. No solder shall be used in 
the construction of a luminaire r cessed housing. 

410~!~~ _~~f!1pholders. Lampbolders of the screw shell 
type shall be of porcelain or other uitable in ulating 
materials. 

XU. Special Provisions for Electric-Discharge Lighting 
Systems of 1000 Volts or Less 

410.130 General. 

(A) Open-Circuit Voltage of 1000 Volts or Less. 
Equipment for use with electric-discharge lighting 
systems and designed for an open-circuit voltage of 1000 
volts or less shall be of a type identified for such service. 

(B) Considered as Energized. The terminals of an 
electric-discharge lamp shall be considered as energized 
where any lamp terminal is connected to a circuit of over 
300 volts. 

(C) Transformers of the Oil-Filled Type. Transformers 
of the oil-filled type shall not be used. 
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(D) Additional Requirements. In addition to complying 
with the general requirements for luminaires, such 
equipment shall comply with Part XIII of this article. 

(E) Thermal Protection - Fluorescent Luminaires. 

(1) Integral Thermal Protection. The ballast of a 
fluorescent luminaire installed indoors shall have integral 
thermal protection. Replacement ballasts shall also have 
thermal protection integral with the ballast. 

(2) Simple Reactance Ballasts. A simple reactance 
ballast in a fluorescent luminaire with straight tubular 
lamps shall not be required to be thermally protected. 

(3) Exit Lumioaires. A ballast in a t1uorescent exit 
luminaire shall not have thermal protection. 

(4) Egress Luminaires. A ballast in a fluorescent 
lumina ire that is used for egress lighting and energized 
only during a failure of the normal supply shall not have 
thermal protection. 

(F) High-Intensity Discharge Luminaires. 

(1) Recessed. Recessed high-intensity luminaires 
designed to be installed in wall or ceiling cavities shall 
have thermal protection and be identified as thermally 
protected. 

(2) Inherently Protected. Thermal protection shall not be 
required in a recessed high-intensity luminaire whose 
design, construction, and thermal performance 
characteristics are equivalent to a thermally protected 
luminaire and are identified as inherently protected. 

(3) Installed in Poured Concrete. Thermal protection 
shall not be required in a recessed high-intensity 
discharge luminaire identified for use and installed in 
poured concrete. 

(4) Recessed Remote Ballasts. A recessed remote ballast 
for a high-intensity discharge lumina ire shall have 
thermal protection that is integral with the ballast and 
shall be identified as thermally protected. 

(5) Metal Halide Lamp Containment. Luminaires that 
use a metal halide lamp other than a thick-glass parabolic 
reflector lamp (P AR) shall be provided with a 
containment barrier that encloses the lamp, or shall be 
provided with a physical means that only allows the use 
of a lamp that is Type O. 

Informational Note: See ANSI Standard C78.389, 
American National Standard/or Electric Lamps - High 
intensity Discharge, .Methods of Measuring 
Characteristics. 

(G) Disconnecting Means. 

(1) General. fn indoor locations other than dwellings and 
associated accessory structures, tluorescent luminaires 
that utilize double-ended lamps and contain ballast(s) that 
can be serviced in place shall have a disconnecting means 
either internal or external to each luminaire. For cxi ting 
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installed luminaires without disconnecting means. at the 
lime a ballast i replaced a disconnecting In ans shall be 
installed. The line side terminals of the disconnecting 
means shall be guarded. 

Exception No.1: A disconnecting means shall not be 
required for luminaires installed in hazardous (classified) 
location (s). 

Exception No.2: A disconnecting means shall not be 
requiredfor emergency illwnination required in 700.16. 

Exception No.3: For cord-and-plug-connected 
luminaires, an accessible separable connector or an 
accessible plug and receptacle shall be permitted to serve 
as the disconnecting means. 

Exception No.4: A disconnecting means shall not be 
required in industrial establishments with restricted 
public access where conditions of maintenance and 
supervision ensure that only qualified persons service the 
installation by written procedures. 

Exception No.5: Where more than one luminaire is 
installed and supplied by other than a multiwire branch 
circuit, a disconnecting means shall not be required for 
every luminaire when the design of the installation 
includes disconnecting means, such that the illuminated 
space cannot be leji in total darkness. 

(2) Multiwire Branch Circuits. When connected to 
multiwire branch circuits, the disconnecting means shall 
simultaneously break all the supply conductors to the 
ballast, including the grounded conductor. 

(3) Location. The disconnecting means shall be located 
so as to be accessible to qualified persons before servicing 
or maintaining the ballast. Where the disconnecting 
means is external to the luminaire, it shall be a single 
device, and shall be attached to the luminaire or the 
lumina ire shall be located within sight of the 
disconnecting means. 

410.134 Direct-Current Equipment. Luminaires 
installed on dc circuits shall be equipped with auxiliary 
equipment and resistors designed for dc operation. The 
luminaires shall be marked for dc operation. 

410.135 Open-Circuit Voltage Exceeding 300 Volts. 
Equipment having an open-circuit voltage exceeding 300 
volts shall not be installed in dwelling occupancies unless 
such equipment is designed so that there will be no 
exposed live parts when lamps are being inserted, are in 
place, or are being removed. 

410.136 Luminaire Mounting. 

(A) Exposed Components. Luminaires that have exp()sed 
ballasts, iraosformers. LED dri ers, or power supplies 
shall be installed such that ~~IJ~~~~.~.Jr~l'l~formers, LED 
drivers. or power supplies shall not be in contact with 
combustible material unless listed for such condition. 
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(B) Combustible Low-Density Cellulose Fiberboard. 
Where a surface-mounted luminaire containing a ballast, 

is to be 
installed on combustible low-density cellulose fiberboard, 
it shall be marked for this condition or shall be spaced not 
less than 38 mm (l 'h in.) from the surface of the 
fiberboard. Where such luminaires are partially or wholly 
recessed, the provisions of 410.110 through 410.122 shall 
apply. 

Infonnational Note: Combustible low-density cellulose 
fiberboard includes sheets, panels, and tiles that have a 

density of 320 kg/m3 (20 Ib/ft3) or less and that are 
formed of bonded plant fiber material but does not 
include solid or laminated wood or fiberboard that has a 

density in excess of 320 kg/m3 (20 Ib/ft3) or is a 
material that has been integrally treated with fire
retarding chemicals to the degree that the flame spread 
in any plane of the material will not exceed 25, 
detennined in accordance with tests for surface burning 
characteristics of building materials. See ANSI/ASTM 
E84-1997, Test Method for Swface Burning 
Characteristics of Building Materials. 

410.137 Equipment Not Integral with Luminaire. 

(A) Metal Cabinets. Auxiliary equipment, including 
reactors, capacitors, resistors, and similar equipment, 
where not installed as part of a luminaire assembly, shall 
be enclosed in accessible, permanently installed metal 
cabinets. 

(B) Separate Mounting. Separately mounted ballasts, 
that are 

for direct connection to a wiring system shall not be 
required to be enclosed. 

(C) Wired Luminaire Sections. Wired luminaire 
sections are paired, with a ballast(s) supplying a lamp or 
lamps in both. For interconnection between paired units, it 
shall be permissible to use metric designator 12 (trade 
size 3/8) flexible metal conduit in lengths not exceeding 
7.5 m (25 ft), in conformance with Article 348. Luminaire 
wire operating at line voltage, supplying only the 
ballast(s) of one of the paired luminaires shall be 
permitted in the same raceway as the lamp supply wires 
of the paired luminaires. 

410.138 Autotransformers. An autotransformer that is 
used to raise the voltage to more than 300 volts, as part of 
a ballast for supplying lighting units, shall be supplied 
only by a grounded system. 

410.139 Switches. Snap switches shall comply with 404.14. 

Special Provisions for Electric-Discharge 
Lighting Systems of More Than 1000 Volts 

410.140 General. 

(A) Listing. Electric-discharge lighting systems with an 
open-circuit voltage exceeding 1000 volts shall be listed 
and installed in conformance with that Jisting. 
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(B) Dwelling Occupancies. Equipment that has an open
circuit voltage exceeding 1000 volts shall not be installed 
in or on dwelling occupancies. 

(C) Live Parts. The terminal of an electric-discharge 
lamp shall be considered as a live part. 

(D) Additional Requirements. In addition to complying 
with the general requirements for luminaires, such 
equipment shall comply with Part XIV of this article. 

Infonnational Note: For signs and outline lighting, see 
Article 600. 

410.141 Control. 

(A) Disconnection. Luminaires or lamp installation shall 
be controlled either singly or in groups by an externally 
operable switch or circuit breaker that opens all 
ungrounded primary conductors. 

(B) Within Sight or Locked Type. The switch or circuit 
breaker shall be located within sight from the luminaires 
or lamps, or it shall be permitted to be located elsewhere 
if it is provided with a means for locking in the open 
position. The provisions for locking or adding a lock to 
the disconnecting means must remain in place at the 
switch or circuit breaker whether the lock is installed or 
not. Portable means for adding a lock to the switch or 
circuit breaker shall not be permitted. 

410.142 Lamp Terminals and Lampholders. Parts that 
must be removed for lamp replacement shall be hinged or 
held captive. Lamps or lampholders shall be designed so 
that there are no exposed live parts when 1amps are being 
inserted or removed. 

410.143 Transformers. 

(A) Type. Transformers shall be enclosed, identified for 
the use, and listed. 

(B) Voltage. The secondary circuit voltage shall not 
exceed 15,000 volts, nominal, under any load condition. 
The voltage to ground of any output terminals of the 
secondary circuit shall not exceed 7500 volts under any 
load conditions. 

(C) Rating. Transformers shall have a secondary short
circuit current rating of not more than 150 rnA if the 
open-circuit voltage is over 7500 volts, and not more than 
300 rnA if the open-circuit voltage rating is 7500 volts or 
less. 

(D) Secondary Connections. Secondary circuit outputs 
shall not be connected in parallel or in series. 

410.144 Transformer Locations. 

(A) Accessible. Transformers shall be accessible after 
installation. 
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ARTICLE 411 - LIGHTING SYSTEMS OPERATING AT 30 VOLTS OR LESS 411.2 

(B) Secondary Conductors. Transformers shall be 
installed as near to the lamps as practicable to keep the 
secondary conductors as short as possible. 

(C) Adjacent to Combustible Materials. Transformers 
shall be located so that adjacent combustible materials are 
not subjected to temperatures in excess of 90°C (194 OF). 

410.145 Exposure to Damage. 

Lamps shall not be located where normally exposed to 
physical damage. 

410.146 Marking. 

Each luminaire or each secondary circuit of tubing having 
an open-circuit voltage of over 1000 volts shall have a 
clearly legible marking in letters not less than 6 mm (14 
in.) high reading "Caution __ volts." The voltage 
indicated shall be the rated open-circuit voltage. 

XIV~ Lighting Track 

410.151 Installation. 

(A) Lighting Track. Lighting track shall be permanently 
installed and permanently connected to a branch circuit. 
Only lighting track fittings shall be installed on lighting 
track. Lighting track fittings shall not be equipped with 
general-purpose receptacles. 

(B) Connected Load. The connected load on lighting 
track shall not exceed the rating of the track. Lighting 
track shall be supplied by a branch circuit having a rating 
not more than that of the track. 

Informational Note : The load calculation in 
220.43(B) does not limit the length of track on a 
single branch circuit, and it does not limit the 
number of luminaires on a single track. 

(C) Locations Not Permitted. Lighting track shall not be 
installed in the following locations: 

(1) Where likely to be subjected to physical damage 

(2) In wet or damp locations 

(3) Where subject to corrosive vapors 

(4) In storage battery rooms 

(5) In hazardous (classified) locations 

(6) Where concealed 

(7) Where extended through walls or partitions 

(8) Less than 1.5 m (5 ft) above the finished floor except 
where protected from physical damage or track 
operating at less than 30 volts rms open-circuit 
voltage 

(9) Where prohibited by 410.1 OeD) 

(D) Support. Fittings identified for use on lighting track 
shall be designed specifically for the track on which they 
are to be installed. They shall be securely fastened to the 
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track, shall maintain polarization and connections to the 
equipment grounding conductor, and shall be designed to 
be suspended directly from the track. 

410.153 Heavy-Duty Lighting Track. Heavy-duty 
lighting track is lighting track identified for use exceeding 
20 amperes. Each fitting attached to a heavy-duty lighting 
track shall have individual overcurrent protection. 

410.154 Fastening. Lighting track shall be securely 
mounted so that each fastening is suitable for supporting 
the maximum weight of luminaires that can be installed. 
Unless identified for supports at greater intervals, a single 
section 1.2 m (4 ft) or shorter in length shall have two 
supports, and, where installed in a continuous row, each 
individual section of not more than 1.2 m (4 ft) in length 
shall have one additional support. 

410.155 Construction Requirements. 

(A) Construction. The housing for the lighting track 
system shall be of substantial construction to maintain 
rigidity. The conductors shall be installed within the track 
housing, permitting insertion of a luminaire, and designed 
to prevent tampering and accidental contact with live 
parts. Components of lighting track systems of different 
voltages shall not be interchangeable. The track 
conductors shall be a minimum 12 AWG or equal and 
shall be copper. The track system ends shall be insulated 
and capped. 

(B) Grounding. Lighting track shall be grounded in 
accordance with Article 250, and the track sections shall 
be securely coupled to maintain continuity of the 
circuitry, polarization, and grounding throughout. 

XV. Decorative Lighting and Similar Accessories 

410.160 Listing of Decorative Lighting. Decorative 
lighting and similar accessories used for holiday lighting 
and similar purposes, in accordance with 590.3(B), shall 
be listed. 

ARTICLE 411 
Lighting Systems Operating at 30 Volts or 

Less 
411.1 Scope. This article covers lighting systems 
operating at 30 volts or less and their associated 
components. 

411.2 Definition. 

Lighting Systems Operating at 30 Volts or Less. A 
lighting system consisting of an isolating power supply, 
the low-voltage luminaires, and associated equipment that 
are all identified for the use. The output circuits of the 
power supply are rated for not more than 25 amperes and 
operate at 30 volts (42.4 volts peak) or less under all load 
conditions. 
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411.3 ARTICLE 422 - APPLIANCES 

411.3 Listing Required. 

Lighting systems operating at 30 volts or less shall 
comply with 411.3(A) or 411.3(B). 

(A) Listed System. Lighting systems operating at 30 
volts or less shall be listed as a complete system. The 
luminaires, power supply, and luminaire fittings 
(including the exposed bare conductors) of an exposed 
bare conductor lighting system shall be listed for the use 
as part of the same identified lighting system. 

(B) Assembly of Listed Parts. A lighting system 
assembled from the following listed parts shall be 
permitted: 

(1) Low-voltage luminaires 

(2) Low-voltage luminaire power supply 

(3) Class 2 power supply 

(4) Low-voltage luminaire fittings 

(5) Cord (secondary circuit) for which the luminaires and 
power supply are listed for use 

(6) Cable, conductors in conduit, or other fixed wiring 
method for the secondary circuit 

The luminaires, power supply, and luminaire fittings 
(including the exposed bare conductors) of an exposed 
bare conductor lighting system shall be listed for use as 
part of the same identified lighting system. 

411.4 Specific Location Requirements. 

(A) Walls, Floors, and Ceilings. Conductors concealed 
or extended through a wall, floor, or ceiling shall be in 
accordance with (1) or (2): 

(1) Installed using any of the wiring methods specified in 
Chapter 3 

(2) Installed using wiring supplied by a listed Class 2 
power source and installed in accordance with 
725.130 

(B) Pools, Spas, Fountains, and Similar Locations" 
Lighting systems shall be installed not less than 3 m (10 
ft) horizontally from the nearest edge of the water, unless 
permitted by Article 680. 

411.5 Secondary Circuits. 

(A) Grounding. Secondary circuits shall not be 
grounded. 

(B) Isolation. The secondary circuit shall be insulated 
from the branch circuit by an isolating transformer. 

(C) Bare Conductors. Exposed bare conductors and 
current-carrying parts shall be permitted for indoor 
installations only. Bare conductors shall not be installed 
less than 2.1 m (7 ft) above the finished floor, unless 
specifically listed for a lower installation height. 
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(D) Insulated Conductors. Exposed insulated secondary 
circuit conductors shall be of the type, and installed as, 
described in (1), (2), or (3): 

(1) Class 2 cable supplied by a Class 2 power source and 
installed in accordance with Parts I and III of Article 
725. 

(2) Conductors, cord, or cable of the listed system and 
installed not less than 2.1 m (7 ft) above the finished 
floor unless the system is specifically listed for a 
lower installation height. 

(3) Wiring methods described in Chapter 3 

411.6 Branch Circuit. 

Lighting systems operating at 30 volts or less shall be 
supplied from a maximum 20-ampere branch circuit. 

411.7 Hazardous (Classified) Locations. 

Where installed in hazardous (classified) locations, these 
systems shall conform with Articles 500 through 517 in 
addition to this article. 

ARTICLE 422 

I. General 

422.1 Scope. 

This article covers electrical appliances used III any 
occupancy. 

422.2 Definition~ 

Vending Machine. Any self .. service device that 
ispenses products or merchandise without th necessity 

of rep I nishing the device between each vending 
operation and is designed to require insertion of coin. 
paper currency, token. card key, or receipt of paYIl):ent by 
other means. 

422.3 Other Articles. 

The requirements of Article 430 shall apply to the 
installation of motor-operated appliances, and the 
requirements of Article 440 shall apply to the installation 
of appliances containing a hermetic refrigerant motor
compressor( s), except as specifically amended in this 
article. 

422.4 Live Parts. 

Appliances shall have no live parts normally exposed to 
contact other than those parts functioning as open
resistance heating elements, such as the heating element 
of a toaster, which are necessarily exposed. 

II. Installation 
422.10 Branch-Circuit Rating. 

This section specifies the ratings of branch circuits 
capable of carrying appliance current without overheating 
under the conditions specified. 
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ARTICLE 422 APPLIANCES 422.11 

(A) Individual Circuits. The rating of an individual 
branch circuit shall not be less than the marked rating of 
the appliance or the marked rating of an appliance having 
combined loads as provided in 422.62. 

The rating of an individual branch circuit for motor
operated appliances not having a marked rating shall be in 
accordance with Part II of Article 430. 

The branch-circuit rating for an appliance that is a 
continuous load, other than a motor-operated appliance, 
shall not be less than 125 percent of the marked rating, or 
not less than 100 percent of the marked rating if the 
branch-circuit device and its assembly are listed for 
continuous loading at 100 percent of its rating. 

Branch circuits and branch-circuit conductors for 
household ranges and cooking appliances shall be 
permitted to be in accordance with Table 220.55 and shall 
be sized in accordance with 210.19(A)(3). 

(B) Circuits Supplying Two or More Loads. For branch 
circuits supplying appliance and other loads, the rating 
shall be determined in accordance with 210.23. 

422.11 Overcurrent Protection. 

Appliances shall be protected against overcurrent in 
accordance with 422.l1(A) through (0) and 422.10. 

(A) Branch-Circuit Overcurrent Protection. Branch 
circuits shall be protected in accordance with 240.4. 

If a protective device rating is marked on an 
appliance, the branch-circuit overcurrent device rating 
shall not exceed the protective device rating marked on 
the appliance. 

(B) Household-Type Appliances with Surface Heating 
Elements. Household-type appliances with surface 
heating elements having a maximum demand of more 
than 60 amperes calculated in accordance with Table 
220.55 shall have their power supply subdivided into two 
or more circuits, each of which shall be provided with 
overcurrent protection rated at not over 50 amperes. 

(C) Infrared Lamp Commercial and Industrial 
Heating Appliances. Infrared lamp commercial and 
industrial heating appliances shall have overcurrent 
protection not exceeding 50 amperes. 

(D) Open-Coil or Exposed Sheathed-Coil Types of 
Surface Heating Elements in Commercial-Type 
Heating Appliances. Open-coil or exposed sheathed-coil 
types of surface heating elements in commercial-type 
heating appliances shall be protected by overcurrent 
protective devices rated at not over 50 amperes. 

(E) Single Non-motor-Operated Appliance. If the 
branch circuit supplies a single non-motor-operated 
appliance, the rating of overcurrent protection shall 
comply with the following: 

(1) Not exceed that marked on the appliance. 

2013 California Electrical Code 

(2) Not exceed 20 amperes if the overcurrent protection 
rating is not marked and the appliance is rated 13.3 
amperes or less; or 

(3) Not exceed 150 percent of the appliance rated current 
if the overcurrent protection rating is not marked and 
the appliance is rated over 13.3 amperes. Where 150 
percent of the appliance rating does not correspond to 
a standard overcurrent device ampere rating, the next 
higher standard rating shall be permitted. 

(F) Electric Heating Appliances Employing 
Resistance-Type .ILL .. ,"""" ..... Elements Rated More Than 
48 Amperes. 

(1) Electric Heating Appliances. Electric heating 
appliances employing resistance-type heating elements 
rated more than 48 amperes, other than household 
appliances with surface heating elements covered by 
422.11 (B), and commercial-type heating appliances 
covered by 422.11(D), shall have the heating elements 
subdivided. Each subdivided load shall not exceed 48 
amperes and shall be protected at not more than 60 
amperes. 

These supplementary overcurrent protective devices 
shall be (1) factory-installed within or on the heater 
enclosure or provided as a separate assembly by the 
heater manufacturer; (2) accessible; and (3) suitable for 
branch-circuit protection. 

The main conductors supplying these overcurrent 
protective devices shall be considered branch-circuit 
conductors. 

(2) Commercial Kitchen and Cooking Appliances. 
Commercial kitchen and cooking appliances using 
sheathed-type heating elements not covered in 422.11(D) 
shall be permitted to be subdivided into circuits not 
exceeding 120 amperes and protected at not more than 
150 amperes where one of the following is met: 

(1) Elements are integral with and enclosed within a 
cooking surface. 

(2) Elements are completely contained within an 
enclosure identified as suitable for this use. 

(3) Elements are contained within an ASME-rated and 
stamped vessel. 

(3) Water Heaters and Steam Boilers. Water heaters 
and steam boilers employing resistance-type immersion 
electric heating elements contained in an ASME-rated and 
stamped vessel or listed instantaneous water heaters shall 
be permitted to be subdivided into circuits not exceeding 
120 amperes and protected at not more than 150 amperes. 

(G) Motor-Operated Appliances. Motors of motor
operated appliances shall be provided with overload 
protection in accordance with Part III of Article 430. 
Hermetic refrigerant motor-compressors in air
conditioning or refrigerating equipment shall be provided 
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422.12 ARTICLE 422 - APPLIANCES 

with overload protection in accordance with Part VI of 
Article 440. Where appliance overcurrent protective 
devices that are separate from the appliance are required, 
data for selection of these devices shall be marked on the 
appliance. The minimum marking shall be that specified 
in 430.7 and 440.4. 

422.12 Central Heating Equipment. Central heating 
equipment other than fixed electric space-heating 
equipment shall be supplied by an individual branch 
circuit. 

Exception No.1: Auxilimy equipment, such as a pump, 
valve, humidifier, or electrostatic air cleaner directly 
associated with the heating equipment, shall be permitted 
to be connected to the same branch circuit. 

Exception No. 2: Permanently connected air
conditioning equipment shall be permitted to be 
connected to the same branch circuit. 

422.13 Storage-Type Water Heaters. A fixed storage
type water heater that has a capacity of 450 L (120 gal) or 
less shall be considered a continuous load for the 
purposes of sizing branch circuits. 

Informational Note: For branch-circuit rating, see 
422.10. 

422.14 Infrared Lamp Industrial Heating Appliances. 
In industrial occupancies, infrared heating appliance 
lampholders shall be permitted to be operated in series on 
circuits of over 150 volts to ground, provided the voltage 
rating of the lampholders is not less than the circuit 
voltage. 

Each section, panel, or strip carrying a number of 
infrared lampholders (including the internal wiring of 
such section, panel, or strip) shall be considered an 
appliance. The terminal connection block of each such 
assembly shall be considered an individual outlet. 

422.15 Central Vacuum Outlet Assemblies. 

(A) Listed central vacuum outlet assemblies shall be 
permitted to be connected to a branch circuit III 

accordance with 21 0.23(A). 

(B) The ampacity of the connecting conductors shall not 
be less than the ampacity of the branch circuit conductors 
to which they are connected. 

(C) Accessible non-current-carrying metal parts of the 
central vacuum outlet assembly likely to become 
energized shall be connected to an equipment grounding 
conductor in accordance with 250.110. Incidental metal 
parts such as screws or rivets installed into or on 
insulating material shall not be considered likely to 
become energized. 

422.16 Flexible Cords. 

(A) General. Flexible cord shall be permitted (1) for the 
connection of appliances to facilitate their frequent 
interchange or to prevent the transmission of noise or 
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vibration or (2) to facilitate the removal or disconnection 
of appliances that are fastened in place, where the 
fastening means and mechanical connections are 
specifically designed to permit ready removal for 
maintenance or repair and the appliance is intended or 
identified for flexible cord connection. 

(B) Specific Appliances. 

(1) Electrically Operated Kitchen Waste Disposers. 
Electrically operated kitchen waste disposers shall be 
permitted to be cord-and-plug-connected with a flexible 
cord identified as suitable for the purpose in the 
installation instructions of the appliance manufacturer, 
where all of the following conditions are met: 

(1) The flexible cord shall be terminated with a 
grounding-type attachment plug. 

Exception: A listed kitchen waste disposer distinctly 
marked to identify it as protected by a system of double 
insulation, or its equivalent, shall not be required to be 
terminated with a grounding-type attachment plug. 

(2) The length of the cord shall not be less than 450 mm 
(18 in.) and not over 900 mm (36 in.). 

(3) Receptacles shall be located to avoid physical 
damage to the flexible cord. 

(4) The receptacle shall be accessible. 

(2) Built-in Dishwashers and Trash Compactors. Built
in dishwashers and trash compactors shall be permitted to 
be cord-and-plug-connected with a flexible cord identified 
as suitable for the purpose in the installation instructions 
of the appliance manufacturer where all of the following 
conditions are met: 

(I) The flexible cord shall be terminated with a 
grounding-type attachment plug. 

Exception: A listed dishwasher or trash compactor 
distinctly marked to identify it as protected by a system of 
double insulation, or its equivalent, shall not be required 
to be terminated with a grounding-type attachment plug. 

(2) The length of the cord shall be 0.9 m to 1.2 III (3 ft to 
4 ft) measured from the face of the attachment plug 
to the plane of the rear ofthe appliance. 

(3) Receptacles shall be located to avoid physical 
damage to the flexible cord. 

(4) The receptacle shall be located in the space occupied 
by the appliance or adjacent thereto. 

(5) The receptacle shall be accessible. 

(3) Wall-Mounted Ovens and Counter-Mounted 
Cooking Units. Wall-mounted ovens and counter
mounted cooking units complete with provisions for 
mounting and for making electrical connections shall be 
permitted to be permanently connected or, only for ease in 
servicing or for installation, cord-and-plug-connected. 
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ARTICLE 422 - APPLIANCES 422.33 

A separable connector or a plug and receptacle 
combination in the supply line to an oven or cooking unit 
shall be approved for the temperature of the space in 
which it is located. 

(4) Range Hoods. Range hoods shall be permitted to be 
cord-and-plug-connected with a flexible cord identified as 
suitable for use on range hoods in the installation 
instructions of the appliance manufacturer, where all of 
the following conditions are met: 

(1) The flexible cord is terminated with a grounding-type 
attachment plug. 

Exception: A listed range hood distinctly marked to 
identify it as protected by a system of double insulation, 
or its equivalent, shall not be required to be terminated 
with a grounding-type attachment plug. 

(2) The length of the cord is not less than 450 mm (18 
in.) and not over 900 mm (36 in.). 

(3) Receptacles are located to avoid physical damage to 
the flexible cord. 

(4) The receptacle is accessible. 

(5) The receptacle is supplied by an individual branch circuit. 

422.17 Protection of Combustible Material. Each 
electrically heated appliance that is intended by size, 
weight, and service to be located in a fixed position sha11 
be placed so as to provide ample protection between the 
appliance and adjacent combustible material. 

422.18 Support of Ceiling-Suspended (Paddle) Fans. 
Ceiling-suspended (paddle) fans shall be supported 
independently of an outlet box or by listed outlet box or 
outlet box systems identified for the use and installed in 
accordance with 314.27(C). 

422.20 Other Installation Methods. Appliances 
employing methods of installation other than covered by 
this article shall be permitted to be used only by special 
permission. 

III. Disconnecting Means 

422.30 General. A means shall be provided to 
simultaneously disconnect each appliance from all 
ungrounded conductors in accordance with the following 
sections of Part III. If an appliance is supplied by more 
than one branch-circuit or feed r thes~ disconnecting 
means shall be grouped and identified ~~the appliance 
disconnect. 

422.31 Disconnection of Permanently Connected 
Appliances. 

(A) Rated at Not over 300 Volt-Amperes or lis 
Horsepower. For permanently connected appliances rated 
at not over 300 volt-amperes or Ys hp, the branch-circuit 
overcurrent device shall be permitted to serve as the 
disconnecting means. 
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(~lA pliances Rated o\'er joo ' Volt~A'lnperes. For 
permanently connected appliances rated over 300 volt
.amperes, tho branch-circuit switch or circuit breaker 
shall be permitted to serve as the disconnecting means 
where the switch or circuit breaker is within sight from 
the appliance or is capable of being locked in the open 
position. The provision for locking or adding a lock to 
the disconnecting means shall be installed on or at the 
switch or circuit breaker used as the disconnecting 
means and shall remain in place with or without the lock 
installed. 

Informational Note: For appliances employing unit 
switches, see 422.34. 

(C) Motor-Operated Appliances Rated - over -v.; 
Horsepowe.", For permanently conn cted motor
pperated appliances with motors rated over Va hor e 
pm er. th branch-circuit switch or circuit breaker shall 
be permitted to s~rve a the disconnecting means when.~ 
the switch or circuit br akcr is within sight trom the 
appliance. Th discon.!!t;~HJlgrneans shall comply witl, 
430.109 and 430. 110. 

Exception: If all appliance of more than Ys hp is 
provided with a unit switch that complies with 
422. 34(A), (B), (C), or (D), the switch or circuit breaker 
serving as the other disconnecting means shall be 
permitted to be out of sight from the appJjg'l£(~~1 

422.33 Disconnection of Cord-and-Plug-Connected 
Appliances. 

(A) Separable Connector or an Attachment Plug and 
Receptacle. For cord-and-plug-connected appliances, an 
accessible separable connector or an accessible plug and 
receptacle shall be permitted to serve as the 
disconnecting means. Where the separable connector or 
plug and receptacle are not accessible, cord-and-plug
connected appliances shall be provided with 
disconnecting means in accordance with 422.31. 

(B) Connection at the Rear Base of a Range. For cord
and-plug-connected household electric ranges, an 
attachment plug and receptacle connection at the rear 
base of a range, if it is accessible from the front by 
removal of a drawer, shall be considered as meeting the 
intent of 422.33(A). 

(C) Rating. The rating of a receptacle or of a separable 
connector shall not be less than the rating of any 
appliance connected thereto. 

Exception: Demand factors authorized elsewhere in this 
Code shall be permitted to be applied to the rating of a 
receptacle or of a separable connector. 
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ARTICLE 422 APPLIANCES 

422.34 Unit Switcb(es) as Disconnecting Means. A unit 
switch( es) with a marked-off position that is a part of an 
appliance and disconnects all ungrounded conductors 
shall be permitted as the disconnecting means required by 
this article where other means for disconnection are 
provided in occupancies specified in 422.34(A) through 
(D). 

(A) Multifamily Dwellings. In multifamily dwellings, the 
other disconnecting means shall be within the dwelling 
unit, or on the same floor as the dwelling unit in which 
the appliance is installed, and shall be permitted to control 
lamps and other appliances. 

(B) Two-Family Dwellings. In two-family dwellings, the 
other disconnecting means shall be permitted either inside 
or outside of the dwelling unit in which the appliance is 
installed. In this case, an individual switch or circuit 
breaker for the dwelling unit shall be permitted and shall 
also be permitted to control lamps and other appliances. 

(C) One-Family Dwellings. In one-family dwellings, the 
service disconnecting means shall be permitted to be the 
other disconnecting means. 

(D) Other Occupancies. In other occupancies, the 
branch-circuit switch or circuit breaker, where readily 
accessible for servicing of the appliance, shall be 
permitted as the other disconnecting means. 

422.35 Switch and Circuit Breaker to Be Indicating. 
Switches and circuit breakers used as disconnecting 
means shall be of the indicating type. 

IV. Construction 

422.40 Polarity in Cord-and-Plug-Connected 
Appliances. If the appliance is provided with a manually 
operated, line-connected, single-pole switch for appliance 
on-off operation, an Edison-base lampholder, or a 15- or 
20-ampere receptacle, the attachment plug shall be of the 
polarized or grounding type. 

A 2-wire, nonpolarized attachment plug shall be permitted 
to be used on a listed double-insulated shaver. 

Informational Note: For polarity of Edison-base 
larnpholders, see 410.82(A). 

422.41 Cord-and-Plug-Connected Appliances Subject 
to Immersion. Cord-and-plug-connected portable, 
freestanding hydromassage units and hand-held hair 
dryers shall be constructed to provide protection for 
personnel against electrocution when immersed while in 
the "on" or "off' position. 

422.42 Signals for Heated Appliances. In other than 
dwelling-type occupancies, each electrically heated 
appliance or group of appliances intended to be applied to 
combustible material shall be provided with a signal or an 
integral temperature-limiting device. 
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422.43 Flexible Cords. 

(A) Heater Cords. All cord-and-plug-connected 
smoothing irons and electrically heated appliances that 
are rated at more than 50 watts and produce temperatures 
in excess of 121°C (250°F) on surfaces with which the 
cord is likely to be in contact shaH be provided with one 
of the types of approved heater cords listed in Table 
400.4. 

(B) Other Heating Appliances. All other cord-and-plug
connected electrically heated appliances shall be 
connected with one of the approved types of cord listed in 
Table 400.4, selected in accordance with the usage 
specified in that table. 

422.44 Cord-and-Plug-Connected Immersion Heaters. 

Electric heaters of the cord-and-plug-connected 
immersion type shall be constructed and installed so that 
current-carrying parts are effectively insulated from 
electrical contact with the substance in which they are 
immersed. 

422.45 Stands for Cord-and-Plug-Connected 
Appliances. Each smoothing iron and other cord-and
plug-connected electrically heated appliance intended to 
be applied to combustible material shall be equipped with 
an approved stand, which shall be permitted to be a 
separate piece of equipment or a part of the appliance. 

422.46 Flatirons. Electrically heated smoothing irons 
shall be equipped with an identified temperature-limiting 
means. 

422.47 Water Heater Controls. All storage or 
instantaneous-type water heaters shall be equipped with a 
temperature-limiting means in addition to its control 
thermostat to disconnect all ungrounded conductors. Such 
means shall comply with both of the following: 

(1) Installed to sense maximum water temperature. 

(2) Be either a trip-free, manually reset type or a type 
having a replacement element. Such water heaters 
shall be marked to require the installation of a 
temperature and pressure relief valve. 

Exception No.1: Storage water heaters that are 
identified as being suitable for use with a supply water 
temperature of 82°C (l80°F) or above and a capacity of 
60 kW or above. 

Exception No.2: Instantaneous-type water heaters that 
are identtfied as being suitable for such use, with a 
capacity of 4 L (1 gal) or less. 

Informational Note: See ANSI Z21.22-1999/CSA 4.4-
M99, Relief Valves for Hot Water Supply Systems. 
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422.48 Infrared Lamp Industrial Heating Appliances. 

(A) 300 Watts or Less. Infrared heating lamps rated at 
300 watts or less shall be permitted with lampholders of 
the medium-base, unswitched porcelain type or other 
types identified as suitable for use with infrared heating 
lamps rated 300 watts or less. 

(B) Over 300 Watts. Screw shell lampholders shall not 
be used with infrared lamps rated over 300 watts, unless 
the lampholders are identified as being suitable for use 
with infrared heating lamps rated over 300 watts. 

422.49 High-Pressure Spray Washers. All single-phase 
cord-and-plug-connected high-pressure spray washing 
machines rated at 250 volts or less shall be provided with 
factory-installed ground-fault circUlt-Interrupter 
protection for personnel. The ground-fault circuit 
interrupter shall be an integral part of the attachment plug 
or shall be located in the supply cord within 300 mm (12 
in.) of the attachment plug. 

422.50 Cord-and-Plug-Connected Pipe Heating 
Assemblies. Cord-and-plug-connected pipe heating 
assemblies intended to prevent freezing of piping shall be 
listed. 

422.51 Cord-and-Plug-Connected Vending Machines. 
Cord-and-plug-connected vending machines 
manufactured or remanufactured on or after January I, 
2005 , shall include a ground-fault circuit interrupter as an 
integral part of the attachment plug or be located within 
300 mm (12 in.) of the attachment plug. Older vending 
machines manufactured or remanufactured prior to 
I~~l!~EY 1, 2005, shall be connected to a GFCI-protected 
outlet. 

Infonnational Note: For further information, see 
ANSI/UL 541-2005, Standard/or Refrigerated Vending 
Machines, or ANSI/UL 751-2005, Standard/or Vending 
Machines. 

422.52 Electric Drinking Fountains. Electric drinking 
fountains shall be protected with ground-fault circuit
interrupter protection. 

V. Marking 

422.60 Nameplate. 

(A) Nameplate Marking. Each electrical appliance shall 
be provided with a nameplate giving the identifying name 
and the rating in volts and amperes, or in volts and watts. 
If the appliance is to be used on a specific frequency or 
frequencies, it shall be so marked. 

Where motor overload protection external to the 
appliance is required, the appliance shall be so marked. 

Infonnational Note: See 422.11 for overcurrent 
protection requirements. 
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(B) To Be Visible. Marking shall be located so as to be 
visible or easily accessible after installation. 

422.61 Marking of Heating Elements. All heating 
elements that are rated over one ampere, replaceable in 
the field , and a part of an appliance shall be legibly 
marked with the ratings in volts and amperes, or in volts 
and watts, or with the manufacturer's part number. 

422.62 Appliances Consisting of Motors and Other 
Loads. 

(A) Nameplate Horsepower Markings. Where a motor
operated appliance nameplate includes a horsepower 
rating, that rating shall not be less than the horsepower 
rating on the motor nameplate. Where an appliance 
consists of multiple motors, or one or more motors and 
other loads, the nameplate value shall not be less than the 
equivalent horsepower of the combined loads, calculated 
in accordance with 430.110(C)(1). 

(B) Additional Nameplate Markings. Appliances, other 
than those factory-equipped with cords and attachment 
plugs and with nameplates in compliance with 422.60, 
shall be marked in accordance with 422.62(B)(1) or 
(B)(2). 

(1) Marking. In addition to the marking required in 422.60, 
the marking on an appliance consisting of a motor with other 
load( s) or motors with or without other load( s) shall specify 
the minimum supply circuit conductor ampacity and the 
maximum rating of the circuit overcurrent protective device. 
This requirement shall not apply to an appliance with a 
nameplate in compliance with 422.60 where both the 
minimum supply circuit conductor ampacity and maximum 
rating of the circuit overcurrent protective device are not 
more than 15 amperes. 

(2) Alternate Marking Method. An alternative marking 
method shall be permitted to specify the rating of the 
largest motor in volts and amperes, and the additional 
load(s) in volts and amperes, or volts and watts in 
addition to the marking required in 422.60. The ampere 
rating of a motor Ys horsepower or less or a nonmotor load 
1 ampere or less shall be permitted to be omitted unless 
such loads constitute the principal load. 

ARTICLE 424 
Fixed Electric Space-Heating Equipment 

I. General 

424.1 Scope. This article covers fixed electric equipment 
used for space heating. For the purpose of this article, 
heating equipment shall include heating cable, unit 
heaters, boilers, central systems, or other approved fixed 
electric space-heating equipment. This article shall not 
apply to process heating and room air conditioning. 
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424.2 Other Articles. Fixed electric space-heating 
equipment incorporating a hermetic refrigerant motor
compressor shall also comply with Article 440. 

424.3 Branch Circuits. 

(A) Branch-Circuit Requirements. Individual branch 
circuits shall be permitted to supply any voh-ampere or 
wattage rating of fixed electric space-heating equipment 
for which they are rated. 

Branch circuits supplying two or more outlets for 
fixed electric space-heating equipment shall be rated 15, 
20, 25, or 30 amperes. In other tban a dwelling unit, fixed 
infrared heating equipment shall be permitted to be 
supplied from branch circuits rated not over 50 amperes. 

(B) Branc~:::<'::ir~llit Sizing. Fixed electric space-heating 
equipment and motors shall be considered continuous load. 

424.6 Listed Equipment. Electric baseboard heaters, 
heating cables, duct heaters, and radiant heating systems 
shall be listed and labeled. 

II. Installation 

424.9 General. All fixed electric space-heating 
equipment shall be installed in an approved manner. 

Permanently installed electric baseboard heaters equipped 
with factory-installed receptacle outlets, or outlets 
provided as a separate listed assembly, shall be permitted 
in lieu of a receptacle outlet(s) that is required by 
210.50(B). Such receptacle outlets shall not be connected 
to the heater circuits. 

Informational Note: Listed baseboard heaters include 
instructions that may not permit their installation below 
receptacle outlets. 

424.10 Special Permission. Fixed electric space-heating 
equipment and systems installed by methods other than 
covered by this article shall be permitted only by special 
permission. 

424.11 Supply Conductors. Fixed electric space-heating 
equipment requiring supply conductors with over 60°C 
insulation shall be clearly and permanently marked. This 
marking shal1 be plainly visible after installation and shall 
be permitted to be adjacent to the field connection box. 

424.12 Locations. 

(A) Exposed to Physical Damage. Where subject to 
physical damage, fixed electric space-heating equipment 
shall be protected in an approved manner. 

(B) Damp or Wet Locations. Heaters and related 
equipment installed in damp or wet locations shall be 
listed for such locations and shall be constructed and 
installed so that water or other liquids cannot enter or 
accumulate in or on wired sections, electrical 
components, or ductwork. 
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Informational Note No. 1: See 110.11 for equipment 
exposed to deteriorating agents. 

Informational Note No.2: See 680.27(C) for pool deck 
areas. 

424.13 Spacing from Combustible Materials. Fixed 
electric space-heating equipment shall be installed to 
provide the required spacing between the equipment and 
adjacent combustible material, unless it is listed to be 
installed in direct contact with combustible material. 

III. Control and Protection of Fixed Electric Space-
Heating Equipment 

424.19 Disconnecting Means. Means shall be provided 
to simultaneously disconnect the heater, motor 
controller(s), and supplementary overcurrent protective 
device(s) of all fixed electric space-heating equipment 
from all ungrounded conductors. Where heating 
equipment is supplied by more than one source, the 
disconnecting means shall be grouped and marked. The 
disconnecting means specified in 424.19(A) and (B) 
shall have an ampere rating not less than 125 percent of 
the total load of the motors and the heaters. The 
provision for locking or adding a lock to the 
disconnecting means shall be installed on or at the 
switch or circuit breaker used as the disconnecting 
means and shall remain in place with or without the lock 
installed. 

(A) Heating Equipment with Supplementary 
Overcurrent Protection. The disconnecting means for 
fixed electric space-heating equipment with 
supplementary overcurrent protection shall be within 
sight from the supplementary overcurrent protective 
device(s), on the supply side of these devices, if fuses, 
and, in addition, shall comply with either 424.19(A)(l) 
or (A)(2). 

(1) Heater Containing No Motor Rated over I/S 

Horsepower. The above disconnecting means or unit 
switches complying with 424.19(C) shall be permitted to 
serve as the required disconnecting means for both the 
motor controller(s) and heater under either of the 
following conditions: 

(1) The disconnecting means provided is also within 
sight from the motor controller(s) and the heater. 

(2) The disconnecting means provided is capable of 
being locked in the open (QID position. 

(2) Heater Containing a Motor(s) Rated over l/S 

Horsepower. The above disconnecting means shall be 
permitted to serve as the required disconnecting means 
for both the motor control1er(s) and heater under either 
of the following conditions: 
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(I) Where the disco~ncctinimeansls Tn ' sigilifroillth~ 
motor controller(s) and the heater and complie wit~ 
Part IX of Article 430. 

(2) 
...................................... . " .. ... , 

\Vhere a motor( ) of more than 18 hp and tht! heater 
arc provided with a single unit switch that compile j 

with 422.34(A), (B), lC). or (D). the disconnecting 
means shall be permiued to be olll()fsiah! Jr{)J!ltlle 
motor controller. . . ... . 

(B) Heating Equipment Without Supplementary 
Overcurrent Protection. 

(1) Without Motor or with Motor Not over I/g 

Horsepower. For fixed electric space-heating equipment 
without a motor rated over 1/8 hp, the branch-circuit 
switch or circuit breaker shall be permitted to serve as the 
disconnecting means where the switch or circuit breaker 
is within sight frorpthe heater or is capable of being 
locked in the open (off) position. 

(2) Over )/g Horsepower. For motor-driven electric 
space-heating equipment with a motor rated over I/g hp, a 
disconnecting means shall be located within sight from 
the motor controller or shall be permitted to comply with 
the requirements in 424.19(A)(2). 

(C) Unit Switch(es) as Disconnecting Means. A unit 
switch( es) with a marked "off' position that is part of a 
fixed heater and disconnects all ungrounded conductors 
shall be permitted as the disconnecting means required by 
this article where other means for disconnection are 
provided in the types of occupancies in 424.19(C)(l) 
through (C)( 4). 

(1) Multifamily Dwellings. In multifamily dwellings, the 
other disconnecting means shall be within the dwelling 
unit, or on the same floor as the dwelling unit in which 
the fixed heater is installed, and shall also be permitted to 
control lamps and appliances. 

(2) Two-Family Dwellings. In two-family dwellings, the 
other disconnecting means shall be permitted either inside 
or outside of the dwelling unit in which the fixed heater is 
installed. In this case, an individual switch or circuit 
breaker for the dwelling unit shall be permitted and shall 
also be permitted to control lamps and appliances. 

(3) One-Family Dwellings. In one-family dwellings, the 
service disconnecting means sha11 be permitted to be the 
other disconnecting means. 

(4) Other Occupancies. In other occupancies, the 
branch-circuit switch or circuit breaker, where readily 
accessible for servicing of the fixed heater, shall be 
permitted as the other disconnecting means. 
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424.20 Thermostatically Controlled Switching Devices. 

(A) Serving as Both Controllers and Disconnecting 
Means. Thermostatically controlled switching devices 
and combination thermostats and manually controlled 
switches shall be permitted to serve as both controllers 
and disconnecting means, provided they meet all of the 
following conditions: 

(1) Provided with a marked "off' position 

(2) Directly open all ungrounded conductors when 
manually placed in the "off' position 

(3) Designed so that the circuit cannot be energized 
automatically after the device has been manually 
placed in the "off' position 

(4) Located as specified in 424.19 

(B) Thermostats That Do Not Directly Interrupt All 
Ungrounded Conductors. Thermostats that do not 
directly interrupt all ungrounded conductors and 
thermostats that operate remote-control circuits shall not 
be required to meet the requirements of 424.20(A). These 
devices shall not be permitted as the disconnecting means. 

424.21 Switch and Circuit Breaker to Be Indicating. 
witches and circuit breakers used as disconnecting means 
shall be of the indicating type. 

424.22 Overcurrent Protection. 

(A) Branch-Circuit Devices. Electric space-heating 
equipment, other than such motor-operated equipment as 
required by Articles 430 and 440 to have additional 
overCUlTent protection, shall be permitted to be protected 
against overCUlTent where supplied by one of the branch 
circuits in Article 210. 

(B) Resistance Elements. Resistance-type heating 
elements in electric space-heating equipment shall be 
protected at not more than 60 amperes. Equipment rated 
more than 48 amperes and employing such elements shall 
have the heating elements subdivided, and each 
subdivided load shall not exceed 48 amperes. Where a 
subdivided load is less than 48 amperes, the rating of the 
supplementary overcurrent protective device shall comply 
with 424.3(B). A boiler employing resistance-type 
immersion heating elements contained in an AS ME-rated 
and stamped vessel shall be permitted to comply with 
424.72(A). 

(C) Overcurrent Protective Devices. The supplementary 
overCUlTent protective devices for the subdivided loads 
specified in 424.22(B) shall be (l) factory-installed within 
or on the heater enclosure or supplied for use with the 
heater as a separate assembly by the heater manufacturer; 
(2) accessible, but shall not be required to be readily 
accessible; and (3) suitable for branch-circuit protection. 

Informational Note: See 240.10. 

70-297 



ARTICLE 424 - FIXED ELECTRlC SP ACE-HEATING 

Where cartridge fuses are used to provide this 
overcurrent protection, a single disconnecting means shall 
be permitted to be used for the several subdivided loads. 

Informational Note No.1: For supplementary 
overcurrent protection, see 240.10. 

Informational Note No.2: For disconnecting means for 
cartridge fuses in circuits of any voltage, see 240.40. 

(D) Branch-Circuit Conductors. The conductors 
supplying the supplementary overcurrent protective 
devices shall be considered branch-circuit conductors. 

Where the heaters are rated 50 kW or more, the 
conductors supplying the supplementary overcurrent 
protective devices specified in 424.22(C) shall be 
permitted to be sized at not less than 100 percent of the 
nameplate rating of the heater, provided all of the 
following conditions are met: 

(I) The heater is marked with a minimum conductor size. 

(2) The conductors are not smaller than the marked 
minimum size. 

(3) A temperature-actuated device controls the cyclic 
operation of the equipment. 

(E) Conductors for Subdivided Loads. Field-wired 
conductors between the heater and the supplementary 
overcurrent protective devices shall be sized at not less 
than 125 percent of the load served. The supplementary 
overcurrent protective devices specified in 424.22(C) 
sha11 protect these conductors in accordance with 240.4. 

Where the heaters are rated 50 kW or more, the 
ampacity of field-wired conductors between the heater 
and the supplementary over current protective devices 
shall be permitted to be not less than 100 percent of the 
load of their respective subdivided circuits, provided all 
of the following conditions are met: 

(1) The heater is marked with a minimum conductor size. 

(2) The conductors are not smaller than the marked 
minimum size. 

(3) A temperature-activated device controls the cyclic 
operation of the equipment. 

IV. Marking of Heating Equipment 

424.28 Nameplate. 

(A) Marking Required. Each unit of fIxed electric space
heating equipment shal1 be provided with a nameplate giving 
the identifying name and the nonnal rating in volts and watts 
or in volts and amperes. 

Electric space-heating equipment intended for use on 
alternating current only, direct current only, shall be 
marked to so indicate. The marking of equipment consisting of 
motors over 18 hp and other loads shall specify the rating of the 
motor in volts, amperes, and frequency, and the heating load in 
volts and watts or in volts and amperes. 
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(B) Location. This nameplate shall be located so as to be 
visible or easily accessible after installation. 

424.29 Marking of Heating Elements. 11 heating 
elements that are replaceable in the fIeld and are part of 
an electric heater shall be legibly marked with the ratings 
in volts and watts or in volts and amperes. 

V. Electric Space-Heating Cables 

424.34 Heating Cable Construction. Heating cables 
shall be furnished complete with factory-assembled 
nonheating leads at least 2.1 m (7 ft) in length. 

424.35 Marking of Heating Cables. Each unit shall be 
marked with the identi fying name or identification 
symbol, catalog number, and ratings in volts and watts or 
in volts and amperes. 

Each unit length of heating cable shall have a permanent 
legible marking on each nonheating lead located within 
75 mm (3 in.) of the terminal end. The lead wire shall 
have the following color identification to indicate the 
circuit voltage on which it is to be used: 

(1) 120 volt, nominal yellow 

(2) 208 volt, nominal blue 

(3) 240 volt, nominal red 

(4) 277 volt, nominal brown 

(5) 480 volt, nominal orange 

424.36 Clearances of Wiring in Ceilings. Wiring located 
above heated ceilings shall be spaced not less than 50 mm 
(2 in.) above the heated ceiling and shall be considered as 
operating at an ambient temperature of 50°C (l22°F). The 
ampacity of conductors shall be calculated on the basis of 
the correction factors shown in the 0-2000 volt ampacity 
tables of Article 310. If this wiring is located above 
thermal insulation having a minimum thickness of 50 mm 
(2 in.), the wiring shall not require correction for 
temperature. 

424.38 Area Restrictions. 

(A) Shall Not Extend Beyond the Room or Area. 
Heating cables shall not extend beyond the room or area 
in which they originate. 

(B) Uses Prohibited. Heating cables shall not be installed 
in the following: 

(1) In closets 

(2) Over wal1s 

(3) Over partitions that extend to the ceiling, unless they 
are isolated single runs of embedded cable 

(4) Over cabinets whose clearance from the ceiling is 
less than the minimum horizontal dimension of the 
cabinet to the nearest cabinet edge that is open to the 
room or area 
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(C) In Closet Ceilings as Low-Temperature Heat 
Sources to Control Relative Humidity. The provisions 
of 424.38(B) shall not prevent the use of cable in closet 
ceilings as low-temperature heat sources to control 
relative humidity, provided they are used only in those 
portions of the ceiling that are unobstructed to the floor by 
shelves or other permanent luminaires. 

424.39 Clearance from Other Objects and Openings. 
Heating elements of cables shall be separated at least 200 
mm (8 in.) from the edge of outlet boxes and junction 
boxes that are to be used for mounting surface luminaires. 
A clearance of not less than 50 mm (2 in.) shall be 
provided from recessed luminaires and their trims, 
ventilating openings, and other such openings in room 
surfaces. No cable covered by any 

424.40 Splices. Embedded cables shall be spliced only 
where necessary and only by approved means, and in no 
case shall the length of the heating cable be altered. 

424.41 Installation of Heating Cables on Dry Board, in 
Plaster, and on Concrete Ceilings. 

(A) In Walls. Cables shall not be installed in walls unless 
it is necessary for an isolated single nm of cable to be 
installed down a vertical surface to reach a dropped 
ceiling. 

(B) Adjacent Runs. Adjacent runs of cable not exceeding 
9 watts/m watts/ft) shall not be installed less than 38 
mm (1 Y2 in.) on centers. 

(C) Surfaces to Be Applied. Heating cables shall be applied 
only to gypsum board, plaster lath, or other fire-resistant 
material. With metal lath or other electrically conductive 
surfaces, a coat of plaster shall be applied to completely 
separate the metal lath or conductive surface from the cable. 

Infonnational Note: See also 424.41 (F). 

(D) Splices. All heating cables, the splice between the 
heating cable and nonheating leads, and 75-mm (3-in.) 
minimum of the nonheating lead at the splice shall be 
embedded in plaster or dry board in the same manner as 
the heating cable. 

(E) Ceiling Surface. The entire ceiling surface shall have 
a finish of thermally noninsulating sand plaster that has a 
nominal thickness of 13 mm (Y2 in.), or other 
noninsulating material identified as suitable for this use 
and applied according to specified thickness and 
directions. 

(F) Secured. Cables shall be secured by means of 
approved stapling, tape, plaster, nonmetallic spreaders, or 
other approved means either at intervals not exceeding 
400 mm (16 in.) or at intervals not exceeding 1.8 m (6 ft) 
for cables identified for such use. Staples or metal 
fasteners that straddle the cable shall not be used with 
metal lath or other electrically conductive surfaces. 
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(G) Dry Board Installations. In dry board installations, 
the entire ceiling below the heating cable shall be covered 
with gypsum board not exceeding 13 mm (12 in.) 
thickness. The void between the upper layer of gypsum 
board, plaster lath, or other fire-resistant material and the 
surface layer of gypsum board shall be completely filled 
with thermally conductive, nonshrinking plaster or other 
approved material or equivalent thermal conductivity. 

(H) Free from Contact with Conductive Surfaces. 
Cables shall be kept free from contact with metal or other 
electrically conductive surfaces. 

(I) Joists. In dry board applications, cable shall be 
installed parallel to the joist, leaving a clear space 
centered under the joist of 65 mm (2Y2 in.) (width) 
between centers of adjacent runs of cable. A surface layer 
of gypsum board shall be mounted so that the nails or 
other fasteners do not pierce the heating cable. 

(J) Crossing Joists. Cables shall cross joists only at the 
ends of the room unless the cable is required to cross 
joists elsewhere in order to satisfy the manufacturer's 
instructions that the installer avoid placing the cable too 
close to ceiling penetrations and luminaires. 

424.42 Finished Ceilings. Finished ceilings shall not be 
covered with decorative panels or beams constructed of 
materials that have thermal insulating properties, such as 
wood, fiber, or plastic. Finished ceilings shall be 
permitted to be covered with paint, wallpaper, or other 
approved surface finishes. 

424.43 Installation of Nonheating Leads of Cables. 

(A) Free Nonheating Leads. Free nonheating leads of 
cables shall be installed in accordance with approved 
wiring methods from the junction box to a location within 
the ceiling. Such installations shall be permitted to be 
single conductors in approved raceways, single or 
multiconductor Type UF, Type NMC, Type MI, or other 
approved conductors. 

(B) Leads in Junction Box. Not less than 150 mm (6 in.) 
of free nonheating lead shall be within the junction box. 
The marking of the leads shall be visible in the junction 
box. 

(C) Excess Leads. Excess leads of heating cables shall 
not be cut but shall be secured to the underside of the 
ceiling and embedded in plaster or other approved 
material, leaving only a length sufficient to reach the 
junction box with not less than 150 mm (6 in.) of free lead 
within the box. 

424.44 Installation of Cables in Concrete or Poured 
Masonry Floors. 

(A) Watts per Linear Meter (Foot). Constant wattage 
heating cables shall not exceed 54 watts per linear meter 

watts linear foot) of cable. 
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(B) Spacing Between Adjacent Runs. The spacing 
between adjacent runs of cable shall not be less than 25 
mm (l in.) on centers. 

(C) Secured in Place. Cables shall be secured in place by 
nonmetallic frames or spreaders or other approved means 
while the concrete or other finish is applied. 

Cables shall not be installed where they bridge 
expansion joints unless protected from expansion and 
contraction. 

(D) Spacings Between Heating Cable and Metal 
Embedded in the Floor. Spacings shall be maintained 
between the heating cable and metal embedded in the 
floor, unless the cable is a grounded metal-clad cable. 

(E) Leads Protected. Leads shall be protected where they 
leave the floor by rigid metal conduit, intermediate metal 
conduit, rigid nonmetallic conduit, electrical metallic 
tubing, or by other approved means. 

(F) Bushings or Approved Fittings. Bushings or 
approved fittings shall be used where the leads emerge 
within the floor slab. 

(G) Ground-Fault Circuit-Interrupter Protection. 
Ground-fauh circuit-interrupter protection for personnel 
shall be provided fbr cables installed in electrically heated 
floors of bathrooms, and in hydromassage 
bathtub locations. 

424.45 Inspection and Tests. Cable installations shall be 
made with due care to prevent damage to the cable 
assembly and shall be inspected and approved before 
cables are covered or concealed. 

VI. Duct Heaters 

424.57 General. 

Part VI shall apply to any heater mounted in the airstream 
of a forced-air system where the air-moving unit is not 
provided as an integral part of the equipment. 

424.58 Identification. Heaters installed in an air duct 
shall be identified as suitable for the installation. 

424.59 Airflow. Means shall be provided to ensure 
uniform and adequate airflow over the face of the heater 
in accordance with the manufacturer's instructions. 

Informational Note: Heaters instaIJed within 1.2 m (4 ft) 
of the outlet of an air-moving device, heat pump, air 
conditioner, elbows, baffle plates, or other obstructions 
in ductwork may require turning vanes, pressure plates, 
or other devices on the inlet side of the duct heater to 
ensure an even distribution of air over the face of the 
heater. 

424.60 Elevated Inlet Temperature. Duct heaters 
intended for use with elevated inlet air temperature shall 
be identified as suitable for use at the elevated 
temperatures. 
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424.61 Installation of Duct Heaters with Heat Pumps 
and Air Conditioners. Heat pumps and air conditioners 
having duct heaters closer than 1.2 m (4 ft) to the heat 
pump or air conditioner shall have both the duct heater 
and heat pump or air conditioner identified as suitable for 
such installation and so marked. 

424.62 Condensation. Duct heaters used with air 
conditioners or other air-cooling equipment that could 
result in condensation of moisture shall be identified as 
suitable for use with air conditioners. 

424.63 Fan Circuit Interlock. Means shall be provided 
to ensure that the fan circuit is energized when any heater 
circuit is energized. However, time- or temperature
controlled delay in energizing the fan motor shall be 
pennitted. 

424.64 Limit Controls. Each duct heater shall be 
provided with an approved, integral, automatic-reset 
temperature-limiting control or controllers to de-energize 
the circuit or circuits. 

In addition, an integral independent supplementary 
control or controllers shall be provided in each duct heater 
that disconnects a sufficient number of conductors to 
interrupt current flow. This device shall be manually 
resettable or replaceable. 

424.65 Location of Disconnecting Means. Duct heater 
controller equipment shall be either accessible with the 
disconnecting means installed at or within sight from the 
controller or as permitted by 424. 19(A). 

424.66 Installation. Duct heaters shall be installed in 
accordance with the manufacturer's instructions in such a 
manner that operation does not create a hazard to persons 
or property. Furthennore, duct heaters shall be located 
with respect to building construction and other equipment 
so as to permit access to the heater. Sufficient clearance 
shall be maintained to permit replacement of controls and 
heating elements and for adjusting and cleaning of 
controls and other parts requiring such attention. See 
110.26. 

Informational Note: For additional installation 
information, see NFPA 90A-2009, Standard for the 
Installation' of Air-Conditioning and Ventilating 
Systems, and NFPA 90B-2009, Standard for the 
Installation of Warm Air Heating and Air-Conditioning 
Systems. 

VII. Resistance-Type Boilers 

424.70 Scope. The provisions in Part VII of this article 
shall apply to boilers employing resistance-type heating 
elements. Electrode-type boilers shall not be considered 
as employing resistance-type heating elements. See Part 
VIn of this article. 

424.71 Identification. Resistance-type boilers shall be 
identified as suitable for the installation. 
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424.72 Overcurrent Protection. 

(A) Boiler Employing Resistance-Type Immersion Heating 
Elements in an ASME-Rated and Stamped Vessel. A boiler 
employing resistance-type immersion heating elements 
contained in an ASME-rated and stamped vessel shall have the 
heating elements protected at not more than 150 amperes. 
Such a boiler rated more than 120 amperes shaH have the 
heating elements subdivided into loads not exceeding 120 
amperes. 

Where a subdivided load is less than 120 amperes, the rating 
of the overcurrent protective device shall comply with 
424.3(B). 

(B) Boiler Employing Resistance-Type Heating Elements 
Rated More Than 48 Amperes and Not Contained in an 
ASME-Rated and Stamped Vessel. A boiler employing 
resistance-type heating elements not contained in an ASNIE
rated and stamped vessel shall have the heating elements 
protected at not more than 60 amperes. Such a boiler rated 
more than 48 amperes shall have the heating elements 
subdivided into loads not exceeding 48 amperes. 

Where a subdivided load is less than 48 amperes, the 
rating of the overcurrent protective device shall comply with 
424.3(B). 

(C) Supplementary Overcurrent Protective Devices. The 
supplementary overcurrent protective devices for the 
subdivided loads as required by 424.72(A) and (B) shall be as 
follows: 

(l) Factory-installed within or on the boiler enclosure or 
provided as a separate assembly by the boiler 
manufacturer 

(2) Accessible, but need not be readily accessible 

(3) Suitable for branch-circuit protection 

Where cartridge fuses are used to provide this overcurrent 
protection, a single disconnecting means shall be permitted for 
the several subdivided circuits. See 240.40. 

(D) Conductors Supplying Supplementary Overcurrent 
Protective Devices. The conductors supplying these 
supplementary overcurrent protective devices shall be 
considered branch-circuit conductors. 

Where the heaters are rated 50 kW or more, the conductors 
supplying the overcurrent protective device specified in 
424.72(C) shall be permitted to be sized at not less than 100 
percent of the nameplate rating of the heater, provided all of 
the following conditions are met: 

(1 ) The heater is marked with a minimum conductor size. 

(2) The conductors are not smaller than the marked minimum 
size. 

(3) A temperature- or pressure-actuated device controls the 
cyclic operation of the equipment. 

(E) Conductors for Subdivided Loads. Field-wired 
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conductors between the heater and the supplementary 
overcurrent protective devices shall be sized at not less than 
125 percent ofthe load served. The supplementary overcurrent 
protective devices specified in 424.72(C) shall protect these 
conductors in accordance with 240.4. 

Where the heaters are rated 50 kW or more, the ampacity of 
field-wired conductors between the heater and the 
supplementary overcurrent protective devices shall be 
permitted to be not less than 100 percent of the load of their 
respective subdivided circuits, provided all of the following 
conditions are met: 

(1) The heater is marked with a minimum conductor size. 

(2) The conductors are not smaller than the marked minimum 
size. 

(3) A temperature-activated device controls the cyclic 
operation of the equipment. 

424.73 Overtemperature Limit Control. Each boiler 
designed so that in nonnal operation there is no change in state 
of the heat transfer medium shall be equipped with a 
temperature-sensitive limiting means. It shall be installed to 
limit maximum liquid temperature and shall directly or 
indirectly disconnect all ungrounded conductors to the heating 
elements. Such means shall be in addition to a temperature
regulating system and other devices protecting the tank against 
excessive pressure. 

424.74 Overpressure Limit Control. Each boiler designed so 
that in nonnal operation there is a change in state of the heat 
transfer medium from liquid to vapor shall be equipped with a 
pressure-sensitive limiting means. It shall be installed to Jimit 
maximum pressure and shall directly or indirectly disconnect 
all ungrounded conductors to the heating elements. Such 
means shall be in addition to a pressure-regulating system and 
other devices protecting the tank against excessive pressure. 

VIII. Electrode-Type Boilers 

424.80 Scope. The provisions in Part VIII of this article shall 
apply to boilers for operation at 600 volts, nominal, or less, in 
which heat is generated by the passage of current between 
electrodes through the liquid being heated. 

Infonnational Note: For over 600 volts, see Part V of Article 
490. 

424.81 Identification. Electrode-type boilers shall be 
identified as suitable for the installation. 

424.82 Branch-Circuit Requirements. The size of branch
circuit conductors and overcurrent protective devices shall be 
calculated on the basis of 125 percent of the total load (motors 
not included). A contactor, relay, or other device, approved for 
continuous operation at 100 percent of its rating, shall be 
permitted to supply its fu]]-rated load. See 21O.l9(A), 
Exception. The provisions of this section shall not apply to 
conductors that fonn an integral part of an approved boiler. 
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Where an electrode boiler is rated 50 kW or more, the 
conductors supplying the boiler electrode(s) shall be 
permitted to be sized at not less than 100 percent of the 
nameplate rating of the electrode boiler, provided all the 
following conditions are met: 

(I) The electrode boi ler is marked with a minimum 
conductor size. 

(2) The conductors are not smaller than the marked 
minimum size. 

(3) A temperature- or pressure-actuated device controls 
the cyclic operation of the equipment. 

424.83 Overtemperature Limit Control. Each boiler, 
designed so that in normal operation there is no change in 
state of the heat transfer medium, shall be equipped with a 
temperature-sensitive limiting means. It shall be installed 
to limit maximum liquid temperature and shall directly or 
indirectly interrupt all current flow through the electrodes. 
Such means shall be in addition to the temperature
regulating system and other devices protecting the tank 
against excessive pressure. 

424.84 Overpressure Limit Control. Each boiler, 
designed so that in normal operation there is a change in 
state of the heat transfer medium from liquid to vapor, 
shall be equipped with a pressure-sensitive limiting 
means. It shall be installed to limit maximum pressure and 
shall directly or indirectly interrupt all current flow 
through the electrodes. Such means shall be in addition to 
a pressure-regulating system and other devices protecting 
the tank against excessive pressure. 
424.85 Grounding. For those boilers designed such that 
fault currents do not pass through the pressure vessel, and 
the pressure vessel is electrically isolated from the 
electrodes, all exposed non-current-carrying metal parts, 
including the pressure vessel, supply, and return 
connecting piping, shall be grounded. 

For all other designs, the pressure vessel containing 
the electrodes shall be isolated and electrically insulated 
from ground. 

424.86 Markings. 
All electrode-type boilers shall be marked to show the 
following: 

(1) The manufacturer's name 
(2) The normal rating in volts, amperes, and kilowatts 
(3) The electrical supply required specifying frequency, 

number of phases, and number of wires 

(4) The marking "Electrode-Type Boiler" 

(5) A warning marking, "All Power Supplies Shall Be 
Disconnected Before Servicing, Including Servicing 
the Pressure Vessel" 

The nameplate shall be located so as to be visible 
after installation. 
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IX. Electric Radiant Heating Panels and Heating 
Panel Sets 

424.90 Scope. The provisions of Part IX of this article 
shall apply to radiant heating panels and heating panel 
sets. 

424.91 Definitions. 

Heating Panel. A complete assembly provided with a 
junction box or a length of flexible conduit for connection 
to a branch circuit. 

Heating Panel Set. A rigid or nonrigid assembly 
provided with nonheating leads or a terminal junction 
assembly identified as being suitable for connection to a 
wiring system. 

424.92 Markings. 

(A) Location. Markings shall be permanent and in a 
location that is visible prior to application of panel finish. 

(B) Identified as Suitable. Each unit shall be identified 
as suitable for the installation. 

(C) Required Markings. Each unit shall be marked with 
the identifying name or identification symbol, catalog 
number, and rating in volts and watts or in volts and 
amperes. 

(D) Labels Provided by Manufacturer. The 
manufacturers of heating panels or heating panel sets shall 
provide marking labels that indicate that the space-heating 
installation incorporates heating panels or heating panel 
sets and instructions that the labels shall be affixed to the 
panelboards to identify which branch circuits supply the 
circuits to those space-heating installations. If the heating 
panels and heating panel set instal1ations are visible and 
distinguishable after installation, the labels shall not be 
required to be provided and affixed to the panelboards. 

424.93 Installation. 

(A) General. 

(1) Manufacturer's Instructions. Heating panels and 
heating panel sets shall be installed in accordance with the 
manufacturer's instructions. 

(2) Locations Not Permitted. The heating portion shall 
not be installed as follows: 

(1) In or behind surfaces where subject to physical 
damage 

(2) Run through or above walls, partitions, cupboards, or 
similar portions of structures that extend to the 
ceiling 

(3) Run in or through thermal insulation, but shall be 
permitted to be in contact with the surface of thermal 
insulation 
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(3) Separation from Outlets for Luminaires. Edges of 
panels and panel sets shall be separated by not less than 
200 mm (8 in.) from the edges of any outlet boxes and 
junction boxes that are to be used for mounting surface 
luminaires. A clearance of not less than 50 mm (2 in.) 
shall be provided from recessed luminaires and their 
trims, ventilating openings, and other such openings in 
room surfaces, unless the heating panels and panel sets 
are listed and marked for lesser clearances, in which case 
they shall be permitted to be installed at the marked 
clearances. Sufficient area shall be provided to ensure that 
no heating panel or heating panel set is to be covered by 
any surface-mounted units. 

(4) Surfaces Covering Heating Panels. After the 
heating panels or heating panel sets are installed and 
inspected, it shall be permitted to install a surface that has 
been identified by the manufacturer's instructions as 
being suitable for the installation. The surface shall be 
secured so that the nails or other fastenings do not pierce 
the heating panels or heating panel sets. 

(5) Surface Coverings. Surfaces permitted by 
424.93(A)( 4) shall be permitted to be covered with paint, 
wallpaper, or other approved surfaces identified in the 
manufacturer's instructions as being suitable. 

(B) Heating Panel Sets. 

(1) Mounting Location. Heating panel sets shall be 
permitted to be secured to the lower face of joists or 
mounted in between joists, headers, or nailing strips. 

(2) Parallel to Joists or Nailing Strips. Heating panel 
sets shall be installed parallel to joists or nailing strips. 

(3) Installation of Nails, Staples, or Other Fasteners. 
Nailing or stapling of heating panel sets shall be done 
only through the unheated portions provided for this 
purpose. Heating panel sets shall not be cut through or 
nailed through any point closer than 6 mm (% in.) to the 
element. Nails, staples, or other fasteners shall not be used 
where they penetrate current-carrying parts. 

(4) Installed as Complete U nit. Heating panel sets shall 
be installed as complete units unless identified as suitable 
for field cutting in an approved manner. 

424.94 Clearances of Wiring in Ceilings. Wiring located 
above heated ceilings shall be spaced not less than 50 mm 
(2 in.) above the heated ceiling and shall be considered as 
operating at an ambient of 500 e (122°F). The ampacity 
shall be calculated on the basis of the correction factors 
given in the 0-2000 volt ampacity tables of Article 310. If 
this wiring is located above thermal insulations having a 
minimum thickness of 50 mm (2 in.), the wiring shall not 
require correction for temperature. 
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424.95 Location of Branch-Circuit and Feeder Wiring 
in Walls. 

(A) Exterior Walls. Wiring methods shall comply with 
Article 300 and 31 0.15(A)(3). 

(B) Interior Walls. Any wiring behind heating panels or 
heating panel sets located in interior walls or partitions 
shall be considered as operating at an ambient 
temperature of 400 e (l04°F), and the ampacity shall be 
calculated on the basis of the correction factors given in 
the 0-2000 volt ampacity tables of Article 310. 

424.96 Connection to Branch-Circuit Conductors. 

(A) General. Heating panels or heating panel sets 
assembled together in the field to form a heating 
installation in one room or area shall be connected in 
accordance with the manufacturer's instructions. 

(B) Heating Panels. Heating panels shall be connected to 
branch-circuit wiring by an approved wiring method. 

(C) Heating Panel Sets. 

(1) Connection to Branch-Circuit Wiring. Heating 
panel sets shall be connected to branch-circuit wiring by a 
method identified as being suitable for the purpose. 

(2) Panel Sets with Terminal Junction Assembly. A 
heating panel set provided with terminal junction 
assembly shall be permitted to have the nonheating leads 
attached at the time of installation in accordance with the 
manufacturer's instructions. 

424.97 Nonheating Leads. Excess nonheating leads of 
heating panels or heating panel sets shall be permitted to 
be cut to the required length. They shall meet the 
instal1ation requirements of the wiring method employed 
in accordance with 424.96. Nonheating leads shall be an 
integral part of a heating pane] and a heating panel set and 
shall not be subjected to the ampacity requirements of 
424.3(8) for branch circuits. 

424.98 Installation in Concrete or Poured Masonry. 

(A) Maximum Heated Area. Heating panels or heating 

panel sets shall not exceed 355 watts/m2 (33 watts/ft2) of 
heated area. 

(B) Secured in Place and Identified as Suitable. 
Heating panels or heating panel sets shall be secured in 
place by means specified in the manufacturer's 
instructions and identified as suitable for the installation. 

(C) Expansion Joints. Heating panels or heating panel 
sets shall not be installed where they bridge expansion 
joints unless provision is made for expansion and 
contraction. 

(D) Spacings. Spacings shall be maintained between heating 
panels or heating panel sets and metal embedded in the floor. 
Grounded metal-clad heating panels shall be permitted to be 
in contact with metal embedded in the t1oor. 
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(E) Protection of Leads. Leads shall be protected where 
they leave the floor by rigid metal conduit, intermediate 
metal conduit, rigid nonmetallic conduit, or electrical 
metallic tubing, or by other approved means. 

(F) Bushings or Fittings Required. Bushings or 
approved fittings shall be used where the leads emerge 
within the floor slabs. 

424.99 Installation Under Floor Covering. 

(A) Identification. Heating panels or heating panel sets 
for installation under floor covering shall be identified as 
suitable for installation under floor covering. 

(B) Maximum Heated Area. Heating panels or panel 
sets installed under floor covering shall not exceed 160 
watts/m2 (15 watts/ft2

) of heated area. 

(C) Installation. Listed heating panels or panel sets, if 
installed under floor covering, shall be installed on floor 
surfaces that are smooth and flat in accordance with the 
manufacturer's instructions and shall also comply with 
424.99(C)(1) through (C)(5). 

(1) Expansion Joints. Heating panels or heating panel 
sets shall not be installed where they bridge expansion 
joints unless protected from expansion and contraction. 

(2) Connection to Conductors. Heating panels and 
heating panel sets shall be connected to branch-circuit and 
supply wiring by wiring methods recognized in Chapter 3. 

(3) Anchoring. Heating panels and heating panel sets 
shall be firmly anchored to the floor using an adhesive or 
anchoring system identified for this use. 

(4) Coverings. After heating panels or heating panel sets 
are installed and inspected, they shall be permitted to be 
covered by a floor covering that has been identified by the 
manufacturer as being suitable for the installation. The 
covering shall be secured to the heating panel or heating 
panel sets with release-type adhesives or by means 
identified for this use. 

(5) Fault Protection. A device to open all ungrounded 
conductors supplying the heating panels or heating panel 
sets, provided by the manufacturer, shall function when a 
low- or high-resistance line-to-line, line-to-grounded 
conductor, or line-to-ground fault occurs, such as the 
result of a penetration of the element or element 
assembly. 

Infonnational Note: An integral grounding shield may 
be required to provide this protection. 
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ARTICLE 426 
Fixed Outdoor Electric Deicing and Snow

Melting Equipment 
I. General 

426.1 Scope. The requirements of this article shall apply 
to electrically energized heating systems and the 
installation of these systems. 

(A) Embedded. Embedded in driveways, walks, steps, 
and other areas. 

(B) Exposed. Exposed on drainage systems, bridge 
structures, roofs, and other structures. 

426.2 Definitions. 

Heating System. A complete system consIstmg of 
components such as heating elements, fastening devices, 
nonheating circuit wiring, leads, temperature controllers, 
safety signs, junction boxes, raceways, and fittings. 

Impedance Heating System. A system in which heat is 
generated in a pipe or rod, or combination of pipes and 
rods, by causing current to flow through the pipe or rod 
by direct connection to an ac voltage source from .811 
i~QI~tJTlg transformer. The pipe or rod shall be permitted 
to be embedded in the surface to be heated, or constitute 
the exposed components to be heated. 

Resistance Heating Element. A specific separate 
element to generate heat that is embedded in or fastened 
to the surface to be heated. 

Informational Note: Tubular heaters, strip heaters, 
heating cable, heating tape, and heating panels are 
examples of resistance heaters. 

Skin-Effect Heating System. A system in which heat is 
generated on the inner surface of a ferromagnetic 
envelope embedded in or fastened to the surface to be 
heated. 

Informational Note: Typically, an electrically insulated 
conductor is routed through and connected to the 
envelope at the other end. The envelope and the 
electrically insulated conductor are connected to an ac 
voltage source from an isolating transformer. 

426.3 Application of Other Articles. Cord-and-plug
connected fixed outdoor electric deicing and snow
melting equipment intended for specific use and identified 
as suitable for this use shall be installed according to 
Article 422. 

426.4 Continuous Load. Fixed outdoor electric deicing 
and snow-melting equipment shall be considered as a 
continuous load. 
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H. Installation 

426.10 General. Equipment for outdoor electric deicing 
and snow melting shall be identified as being suitable for 
the following: 

(1) The chemical, thermal, and physical environment 

(2) Installation in accordance with the manufacturer's 
drawings and instructions 

426.11 Use. Electric heating equipment shall be installed 
in such a manner as to be afforded protection from 
physical damage. 

426.12 Thermal Protection. External surfaces of outdoor 
electric deicing and snow-melting equipment that operate 
at temperatures exceeding 60°C (140°F) shall be 
physically guarded, isolated, or thermally insulated to 
protect against contact by personnel in the area. 

426.13 Identification. The presence of outdoor electric 
deicing and snow-melting equipment shall be evident by 
the posting of appropriate caution signs or markings 
where clearly visible. 

426.14 Special Permission. Fixed outdoor deicing and 
snow-melting equipment employing methods of 
construction or installation other than covered by this 
artic1e shall be permitted only by special permission. 

III. Resistance Heating Elements 

426.20 Embedded Deicing and Snow-Melting 
Equipment. 

(A) Watt Density. Panels or units shall not exceed 1300 
watts/m2 (120 watts/ft2) of heated area. 

(B) Spacing. The spacing between adjacent cable runs is 
dependent upon the rating of the cable and shall be not 
less than 25 mm (l in.) on centers. 

(C) Cover. Units, panels, or cables shall be installed as 
follows: 

(1) On a substantial asphalt or masonry base at least 50 
mm (2 in.) thick and have at least 38 mm (1 liz in.) of 
asphalt or masonry applied over the units, panels, or 
cables; or 

(2) They shall be permitted to be installed over other 
approved bases and embedded within 90 mm (3l1z in.) 
of masonry or asphalt but not less than 38 mm (1 liz 
in.) from the top surface; or 

(3) Equipment that has been listed for other forms of 
installation shall be installed only in the manner for 
which it has been identified. 

(D) Secured. Cables, units, and panels shall be secured in 
place by frames or spreaders or other approved means 
while the masonry or asphalt finish is applied. 
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(E) Expansion and Contraction. Cables, units, and 
panels shall not be installed where they bridge expansion 
joints unless provision is made for expansion and 
contraction. 

426.21 Exposed Deicing and Snow-Melting 
Equipment. 
(A) Secured. Heating element assemblies shall be secured 
to the surface being heated by approved means. 

(B) Overtemperature. Where the heating element is not 
in direct contact with the surface being heated, the design 
of the heater assembly shall be such that its temperature 
limitations shall not be exceeded. 

(C) Expansion and Contraction. Heating elements and 
assemblies shall not be installed where they bridge 
expansion joints unless provision is made for expansion 
and contraction. 

(D) Flexural Capability. Where installed on flexible 
structures, the heating elements and assemblies shall have 
a flexural capability that is compatible with the structure. 

426.22 Installation of N onheating Leads for Embedded 
Equipment. 
(A) Grounding Sheath or Braid. Nonheating 1eads 
having a grounding sheath or braid shall be permitted to 
be embedded in the masonry or asphalt in the same 
manner as the heating cable without additional physical 
protection. 
(B) Raceways. All but 25 mm to 150 mm (l in. to 6 in.) 
of nonheating leads not having a grounding sheath shall 
be enclosed in a rigid metal conduit, electrical metallic 
tubing, intermediate metal conduit, or other raceways 
within aspha1t or masomy. The distance from the factory 
splice to raceway shall not be less than 25 mm (l in.) or 
more than 150 mm (6 in.). 

(C) Bushings. Insulating bushings shall be used in the 
asphalt or masonry where leads enter conduit or tubing. 

(D) Expansion and Contraction. Leads shall be 
protected in expansion joints and where they emerge from 
masonry or asphalt by rigid conduit, electrical metallic 
tubing, intermediate metal conduit, other raceways, or 
other approved means. 

(E) Leads in Junction Boxes. Not less than 150 mm (6 
in.) of free nonheating lead shall be within the junction 
box. 
426.23 Installation of Nonheating Leads for Exposed 
Equipment. 

(A) Nonheating Leads. Power supply nOIlheatulg 
(cold leads) for resistance elements shall be for 
the temperature encountered. Not less than] 50 mm (6 in.) 
of nonheating leads shall be provided within the junction 
box. Preassembled factory-supplied and field-assembled 
nonheating leads on approved heaters shall be permitted 
to be shortened if the markings specified in 426.25 are 
retained. 
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(B) Protection. Nonheating power supply leads shall 
be enclosed in a rigid conduit, intermediate metal 
conduit, electrical metallic tubing, or other approved 
means. 

426.24 Electrical Connection. 

(A) Heating Element Connections. Electrical 
connections, other than factory connections of heating 
elements to nonheating elements embedded in 
masonry or asphalt or on exposed surfaces, shall be 
made with insulated connectors identified for the use. 

(B) Circuit Connections. Splices and terminations at 
the end of the nonheating leads, other than the heating 
element end, shall be installed in a box or fitting in 
accordance with 110.14 and 300.15. 

426.25 Marking. Each factory-assembled heating unit 
shall be legibly marked within 75 mm (3 in.) of each 
end of the nonheating leads with the permanent 
identification symbol, catalog number, and ratings in 
volts and watts or in volts and amperes. 

426.26 Corrosion Protection. Ferrous and nonferrous 
metal raceways, cable armor, cable sheaths, boxes, 
fittings, supports, and support hardware shall be 
permitted to be installed in concrete or in direct 
contact with the earth, or in areas subject to severe 
corrosive influences, where made of material suitable 
for the condition, or where provided with corrosion 
protection identified as suitable for the condition. 

426.27 Grounding Braid or Sheath. Grounding 
means, such as copper braid, metal sheath, or other 
approved means, shall be provided as part of the 
heated section of the cable, panel, or unit. 

426.28 
Ground-fault protection of equipment shall be 
provided for fixed outdoor electric deicing and snow
melting \;1d1l.UIJUU.,IU. 

IV. Impedance Heating 

426.30 Personnel Protection. Exposed elements of 
impedance heating systems shall be physically 
guarded, isolated, or thermally insulated with a 
weatherproof jacket to protect against contact by 
personne I in the area. 

426.31 Isolation Transformer. 
transformer with a grounded shield between the 
primary and secondary windings shall be used to 
isolate the distribution system from the heating 
system. 
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426.32 Voltage Limitations. Unless protected by 
ground-fault circUIt-mterrupter protection for 
personnel, the secondary winding of the isolation 
transformer connected to the impedance heating 
elements shall not have an output voltage greater than 
30 volts ac. 

Where ground-fault circuit-interrupter protection 
for personnel is provided, the voltage shall be 
permitted to be greater than 30 but not more than 80 
volts. 

426.33 Induced Currents. All current-carrying 
components shall be installed in accordance with 
300.20. 

426.34 Grounding. An impedance heating system that 
is operating at a voltage greater than 30 but not more 
than 80 shall be grounded at a designated point(s). 

V. Skin-Effect Heating 

426.40 Conductor Ampacity. The current through the 
electrically insulated conductor inside the 
ferromagnetic envelope shall be permitted to exceed 
the ampacity values shown in Article 310, provided it 
is identified as suitable for this use. 

426.41 pun Boxes. Where pull boxes are used, they 
shall be accessible without excavation by location in 
suitable vaults or abovegrade. Outdoor pull boxes shall 
be of watertight construction. 

426.42 Single Conductor in Enclosure. The 
provisions of 300.20 shall not apply to the installation 
of a single conductor in a ferromagnetic envelope 
(metal enclosure). 

426.43 Corrosion Protection. Ferromagnetic 
envelopes, ferrous or nonferrous metal raceways, 
boxes, fittings, supports, and support hardware shall be 
permitted to be installed in concrete or in direct contact 
with the earth, or in areas subjected to severe corrosive 
influences, where made of material suitable for the 
condition, or where provided with corrosion protection 
identified as suitable for the condition. Corrosion 
protection shall maintain the original wall thickness of 
the ferromagnetic envelope. 

426.44 Grounding. The ferromagnetic envelope shall 
be connected to an equipment grounding conductor at 
both ends; and, in addition, it shall be permitted to be 
connected to an equipment grounding conductor at 
intermediate points as required by its design. 

The provisions of 250.30 shall not apply to the 
installation of skin-effect heating systems. 

Informational Note: For grounding methods, see 
Article 250. 
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VI. Control and Protection 

426.50 Disconnecting Means. 

(A) Disconnection. All fixed outdoor deicing and snow
melting equipment shall be provided with a means for 
simultaneous disconnection from all ungrounded 
conductors. Where readily accessible to the user of the 
equipment, the branch-circuit switch or circuit breaker 
shall be permitted to serve as the disconnecting means. 
The disconnecting means shall be of the indicating type 
and be provided with a positive lockout in the "off' 
position. 

(B) Cord-and-Plug-Connected Equipment. The 
factory-installed attachment plug of cord-and-plug
connected equipment rated 20 amperes or less and 150 
volts or less to ground shall be permitted to be the 
disconnecting means. 

426.51 Controllers. 

(A) Temperature Controller with "Off' Position. 
Temperature controlled switching devices that indicate an 
"off' position and that interrupt line current shall open all 
ungrounded conductors when the control device is in the 
"off' position. These devices shall not be permitted to 
serve as the disconnecting means unless capable of being 
locked in the open position. 

(B) Temperature Controller Without "Off' Position. 
Temperature controlled switching devices that do not 
have an "off' position shall not be required to open all 
ungrounded conductors and shall not be permitted to 
serve as the disconnecting means. 

(C) Remote Temperature Controller. Remote 
controlled temperature-actuated devices shall not be 
required to meet the requirements of 426.51(A). These 
devices shall not be permitted to serve as the 
disconnecting means. 

(D) Combined Switching Devices. Switching devices 
consisting of combined temperature-actuated devices and 
manually controlled switches that serve both as the 
controller and the disconnecting means shall comply with 
all of the following conditions: 

(1) Open all ungrounded conductors when manually 
placed in the "off' position 

(2) Be so designed that the circuit cannot be energized 
automatically if the device has been manually placed 
in the "off' position 

(3) Be capable of being locked in the open position 

426.54 Cord-and-Plug-Connected Deicing and Snow
Melting Equipment. Cord-and-plug-connected deicing 
and snow-melting equipment shall be listed. 
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ARTICLE 427 
Fixed Electric Heating Equipment for 

Pipelines and Vessels 
I. General 

427.1 Scope. 

The requirements of this article shall apply to electrically 
energized heating systems and the installation of these 
systems used with pipelines or vessels or both. 

Informational Note: For further information, see 
ANSIIIEEE Std. 515-2002, Standard for the Testing, 
Design, Installation and Maintenance of Electrical 
Resistance Heat Tracing for Industrial Applications; 
ANSI/IEEE Std. 844-2000, Recommended Practice for 
Electrical Impedance, induction, and Skin Effect 
Heating of Pipelines and Vessels; and ANSIIl~ECA 
202-2001, Recommended Practice for Installing and 
Maintaining Industrial Heat Tracing Systems. 

427.2 Definitions. 

Impedance Heating System. A system in which heat is 
generated in a pipeline or vessel wall by causing current 
to flow through the pipeline or vessel wall by direct 
connection to an ac voltage source from a dual-winding 
transformer. 

Induction Heating System. A system in which heat is 
generated in a pipeline or vessel wall by inducing current 
and hysteresis effect in the pipeline or vessel wall from an 
external isolated ac field source. 

Integrated Heating System. A complete system 
consisting of components such as pipelines, vessels, 
heating elements, heat transfer medium, thermal 
insulation, moisture barrier, nonheating leads, temperature 
controllers, safety signs, junction boxes, raceways, and 
fittings. 

Pipeline. A length of pipe including pumps, valves, 
flanges, control devices, strainers, and/or similar 
equipment for conveying fluids. 

Resistance Heating Element. A specific separate 
element to generate heat that is applied to the pipeline or 
vessel externally or internally. 

Infonnational Note: Tubular heaters, strip heaters, 
heating cable, heating tape, heating blankets, and 
immersion heaters are examples of resistance heaters. 

Skin-Effect Heating System. A system in which heat is 
generated on the inner surface of a ferromagnetic 
envelope attached to a pipeline or vessel, or both. 

Informational Note: Typically, an electrically insulated 
conductor is routed through and connected to the 
envelope at the other end. The envelope and the 
electrically insulated conductor are connected to an ac 
voltage source from a dual-winding transformer. 
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Vessel. A container such as a barrel, drum, or tank for 
holding fluids or other material. 

427.3 Application of Other Articles. Cord-connected 
pipe heating assemblies intended for specific use and 
identified as suitable for this use shall be installed 
according to Article 422. 

427.4 Continuous Load. Fixed electric heating 
equipment for pipelines and vessels shall be considered 
continuous load. 

n. Installation 

427.10 General. Equipment for pipeline and vessel 
electric heating shall be identified as being suitable for (1) 
the chemical, thermal, and physical environment and (2) 
installation in accordance with the manufacturer's 
drawings and instructions. 

427.11 Use. Electric heating equipment shall be installed 
in such a manner as to be afforded protection from 
physical damage. 

427.12 Thermal Protection. External surfaces of pipeline 
and vessel heating equipment that operate at temperatures 
exceeding 60°C (140°F) shall be physically guarded, 
isolated, or thermally insulated to protect against contact 
by personnel in the area. 

427.13 Identification. The presence of electrically heated 
pipelines, vessels, or both, shall be evident by the posting 
of appropriate caution signs or markings at intervals not 
exceeding 6 m (20 ft) along the pipeline or vessel and on 
or adjacent to equipment in the piping system that 
requires periodic servicing. 

III. Resistance Heating Elements 

427.14 Secured. Heating element assemblies shall be 
secured to the surface being heated by means other than 
the thermal insulation. 

427.15 Not in Direct Contact. Where the heating 
element is not in direct contact with the pipeline or vessel 
being heated, means shall be provided to prevent 
overtemperature of the heating element unless the design 
of the heater assembly is such that its temperature 
limitations will not be exceeded. 

427.16 Expansion and Contraction. Heating elements 
and assemblies shall not be installed where they bridge 
expansion joints unless provisions are made for expansion 
and contraction. 

427.17 Flexural Capability. Where installed on flexible 
pipelines, the heating elements and assemblies shall have 
a flexural capability that is compatible with the pipeline. 

427.18 Power Supply Leads. 
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(A) Nonheating Leads. Power supply nonheating leads 
(cold leads) for resistance elements shall be suitable for 
the temperature encountered. Not less than 150 mm (6 in.) 
of nonheating leads shall be provided within the junction 
box. Preassembled factory-supplied and field-assembled 
nonheating leads on approved heaters shall be permitted 
to be shortened if the markings specified in 427.20 are 
retained. 

(B) Power Supply Leads Protection. Nonheating power 
supply leads shall be protected where they emerge from 
electrically heated pipeline or vessel heating units by rigid 
metal conduit, intermediate metal conduit, electrical 
metallic tubing, or other raceways identified as suitable 
for the application. 

(C) Interconnecting Leads. Interconnecting nonheating 
leads connecting portions of the heating system shall be 
permitted to be covered by thermal insulation in the same 
manner as the heaters. 

427.19 Electrical Connections. 

(A) Nonheating Interconnections. Nonheating 
interconnections, where required under thermal 
insulation, shall be made with insulated connectors 
identified as suitable for this use. 

(B) Circuit Connections. Splices and terminations 
outside the thermal insulation shall be installed in a box or 
fitting in accordance with 110.14 and 300.15. 

427.20 Marking. Each factory-assembled heating unit 
shall be legibly marked within 75 mm (3 in.) of each end 
of the nonheating leads with the permanent identification 
symbol, catalog number, and ratings in volts and watts or 
in volts and amperes. 

427.22 
Ground-fault protection of equipment shall be provided 
for electric heat tracing and heating panels. This 
requirement shall not apply in industrial establishments 
where there is alarm indication of ground faults and the 
following conditions apply: 

(1) Conditions of maintenance and supervision ensure 
that only qualified persons service the installed 
systems. 

(2) Continued circuit operation is necessary for safe 
operation of equipment or processes. 

427.23 Grounded Conductive Covering. Electric 
heating equipment shall be listed and have a grounded 
conductive covering in accordance with 427.23(A) or (B). 
The conductive covering shall provide an effective 
ground path for equipment protection. 

(A) Heating Wires or Cables. Heating wires or cables 
shall have a grounded conductive covering that surrounds 
the heating element and bus wires, if any, and their 
electrical insulation. 
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(B) Heating Panels. Heating panels shall have a 
grounded conductive covering over the heating element 
and its electrical insulation on the side opposite the side 
attached to the surface to be heated. 

IV. Impedance Heating 

427.25 Personnel Protection. All accessible external 
surfaces of the pipeline, vessel, or both, being heated shall 
be physical1y guarded, isolated, or thermally insulated 
(with a weatherproof jacket for outside installations) to 
protect against contact by personnel in the area. 

427.26 Isolation Transformer. A dual-winding 
transformer with a grounded shield between the primary 
and secondary windings shall be used to isolate the 
distribution system from the heating system. 

427.27 Voltage Limitations. Unless protected by ground
fault circuit-interrupter protection for personnel, the 
secondary winding of the isolation transformer connected 
to the pipeline or vessel being heated shall not have an 
output voltage greater than 30 volts ac. 

Where ground-fault circuit-intelTUpter protection for 
personnel is provided, the voltage shall be permitted to be 
greater than 30 but not more than 80 volts. 

Exception: In industrial establishments, the isolation 
tramformer connected to the pipeline or vessel being 
heated shall be permitted to have an output voltage not 
greater than 132 volts ac to ground where all of the 
following conditions apply: 

(1) Conditions of maintenance and supervision ensure 
that only qualified persons service the installed 
5!ystems. 

(2) Ground-fault protection of equipment is prOVided. 

(3) The pipeline or vessel being heated is completely 
enclosed in a grounded metal enclosure. 

(4) The transformer secondwy connections to the 
pipeline or vessel being heated are completely 
enclosed in a grounded metal mesh or metal 
enclosure. 

427.28 Induced Currents. All current-carrying 
components shall be installed in accordance with 300.20. 

427.29 Grounding. The pipeline, vessel, or both, that is 
being heated and operating at a voltage greater than 30 
but not more than 80 shall be grounded at designated 
points. 

427.30 Secondary Conductor Sizing. The ampacity of 
the conductors connected to the secondary of the 
transformer shall be at least 100 percent of the total load 
of the heater. 
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V. Induction Heating 

427.35 Scope. This part covers the installation of line 
frequency induction heating equipment and accessories 
for pipelines and vessels. 

Infonnational Note: See Article 665 for other 
applications. 

427.36 Personnel Protection. Induction coils that operate 
or may operate at a voltage greater than 30 volts ac shall 
be enclosed in a nonmetallic or split metallic enclosure, 
isolated, or made inaccessible by location to protect 
personnel in the area. 

427.37 Induced Current. Induction coils shall be 
prevented from inducing circulating currents in 
surrounding metallic equipment, supports, or structures by 
shielding, isolation, or insulation of the cutTent paths. 
Stray cutTent paths shall be bonded to prevent arcing. 

VI. Skin-Effect Heating 

427.45 Conductor Ampacity. The ampacity of the 
electrically insulated conductor inside the ferromagnetic 
envelope shall be permitted to exceed the values given in 
Article 310, provided it is identified as suitable for this 
use. 

427.46 Pull Boxes. Pull boxes for pulling the electrically 
insulated conductor in the ferromagnetic envelope shall 
be permitted to be buried under the thermal insulation, 
provided their locations are indicated by permanent 
markings on the insulation jacket surface and on 
drawings. For outdoor installations, pull boxes shall be of 
watertight construction. 

427.47 Single Conductor in Enclosure. The provisions 
of 300.20 shaH not apply to the installation of a single 
conductor in a ferromagnetic envelope (metal enclosure). 

427.48 Grounding. The ferromagnetic envelope shall be 
grounded at both ends, and, in addition, it shall be 
permitted to be grounded at intermediate points as 
required by its design. The ferromagnetic envelope shall 
be bonded at all joints to ensure electrical continuity. 

The provisions of 250.30 shall not apply to the installation 
of skin-effect heating systems. 

rnfonnational Note: See Article 250 for grounding 
methods. 

VII. Control and Protection 

427.55 Disconnecting Means. 

(A) Switch or Circuit Breaker. Means shall be provided 
to simultaneously disconnect all fixed electric pipeline or 
vessel heating equipment from all ungrounded 
conductors. The branch-circuit switch or circuit breaker, 
where readily accessible to the user of the equipment, 
shall be permitted to serve as the disconnecting means. 
The disconnecting means shall be of the indicating type 
and shall be provided with a positive lockout in the "off' 
position. 
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(B) Cord-and-Plug-Connected Equipment. The 
factory-installed attachment plug of cord-and-plug
connected equipment rated 20 amperes or less and 150 
volts or tess to ground shall be permitted to be the 
disconnecting means. 

427.56 Controls. 

(A) Temperature Control with "Orf' Position. 
Temperature-controlled switching devices that indicate an 
"off' position and that interrupt line current shall open all 
ungrounded conductors when the control device is in this 
"off' position. These devices shall not be permitted to 
serve as the disconnecting means unless capable of being 
locked in the open position. 

(B) Temperature Control Without "Orf' Position. 
Temperature controlled switching devices that do not 
have an "off' position shall not be required to open all 
ungrounded conductors and shall not be permitted to 
serve as the disconnecting means. 

(C) Remote Temperature Controller. Remote 
controlled temperature-actuated devices shall not be 
required to meet the requirements of 427.56(A) and (B). 
These devices shall not be permitted to serve as the 
disconnecting means. 

(D) Combined Switching Devices. Switching devices 
consisting of combined temperature-actuated devices and 
manually controlled switches that serve both as the 
controllers and the disconnecting means shall comply 
with all the following conditions: 

(1) Open all ungrounded conductors when manually 
placed in the "off' position 

(2) Be designed so that the circuit cannot be energized 
automatically if the device has been manually placed 
in the "off' position 

(3) Be capable of being locked in the open position 

427.57 Overcurrent Protection. Heating equipment shall 
be considered as protected against overcurrent where 
supplied by a branch circuit as specified in 210.3 and 
210.23. 

ARTICLE 430 

Motors, Motor Circ~ .~ .!~,al!~. , .~ontrollers 

I. General 

430.1 Scope. This article covers motors, motor branch
circuit and feeder conductors and their protection, motor 
overload protection, motor control circuits, motor 
controllers, and motor control centers. 
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General. 430.1 through 430.18 
Motor Circuit Conductors, 430.21 through 430.29 
Motor and Branch-Circuit Overload Protection, 430.31 

through 430.44 
Motor Branch-Circuit Short-Circuit and Ground-Fault 

Protection, 430.51 through 430.58 
Motor Feeder Short-Circuit and Ground-Fault Protection, 

430.61 through 430.63 
Motor Control Circuits, 430.71 through 430.74 
Motor Controllers, 430.81 through 430.90 
Motor Control Centers, 430.92 through 430.98 
Disconnecting Means, 430.101 through 430.113 
Adjustable Speed Drive Systems, 430.120 through 430.128 
Over 600 Volts, Nominal, 430.221 through 430.227 
Protection of Live Parts-All Voltages, 430.231 

through 430.233 
Grounding-All Voltages, 430.241 through 430.245 
Tables, Tables 430.247 through 430.251 (B) 

Part I 
Part II 
Part III 

Part IV 

Part V 

Part VI 
Part VII 
Part VIII 
Part IX 
Part X 
Part XI 
Part XII 

Part XIII 
Part XIV 

To Supply 

Motor feeder 

Part II 
430.24, 

430.25, 430.26 

Motor feeder 
short-circuit and 
ground-fault protection 

Motor disconnecting means 

Motor branch-circuit 
short-circuit and 
ground-fault protection 

Motor circuit conductor 

Motor controller 

Motor control circuits 

Motor overload protection 

Motor 

Thermal protection 

Secondary controller 
Secondary conductors 

Secondary resistor 

Figure 430.1 Article 430 Contents. 

Part V 

Part IX 

Part IV 

Part" 

Part VII 

Part VI 

Part III 

Part I 

Part III 

Part II 
430.23 

Part II 
430.23 and Article 470 

Informational Note No.1: Installation requirements for 
motor control centers are covered in 110.26(E). Air
conditioning and refrigerating equipment are covered in 
Article 440. 

Informational Note No.2: Figure 430.1 is for 
information only. 

430.2 Definitions. 

Adjustable Speed Drive. A combination of the power 
converter, motor, and motor-mounted auxiliary devices 
such as encoders, tachometers, thermal switches and 
detectors, air blowers, heaters, and vibration sensors. 

Adjustable-Speed Drive System. An interconnected 
combination of equipment that provides a means of 
adjusting the speed of a mechanical load coupled to a 
motor. A drive system typically consists of an adjustable 
speed drive and auxiliary electrical apparatus. 
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Controller. For the purpose of this article, a controller is 
any switch or device that is normally used to start and 
stop a motor by making and breaking the motor circuit 
current. 

Motor Control Circuit. The circuit of a control 
apparatus or system that carries the electric signals 
directing the performance of the controller but does not 
carry the main power current. 

System Isolation Equipment. A redundantly monitored, 
remotely operated contactor-isolating system, packaged to 
provide the disconnection/isolation function, capable of 
verifiable operation from multiple remote locations by 
means of lockout switches, each having the capability of 
being padlocked in the "off' (open) position. 

Valve Actuator Motor (V AM) Assemblies. A 
manufactured assembly, used to operate a valve, 
consisting of an actuator motor and other components 
such as controllers, torque switches, limit switches, and 
overload protection. 

Informational Note: V AMs typically have short-time 
duty and high-torque characteristics. 

430.4 Part-Winding Motors. A part-winding start 
induction or synchronous motor is one that is arranged for 
starting by first energizing part of its primary (armature) 
winding and, subsequently, energizing the remainder of 
this winding in one or more steps. A standard part
winding start induction motor is arranged so that one-half 
of its primary winding can be energized initially, and, 
subsequently, the remaining half can be energized, both 
halves then carrying equal current. A hermetic refrigerant 
compressor motor shall not be considered a standard part
winding start induction motor. 

Where separate overload devices are used with a 
standard part-winding start induction motor, each half of 
the motor winding shall be individually protected in 
accordance with 430.32 and 430.37 with a trip current 
one-half that specified. 

Each motor-winding connection shaH have branch
circuit short-circuit and ground-fault protection rated at 
not more than one-half that specified by 430.52. 

Exception: A short-circuit and ground-fault protective 
device shall be permitted for both windings if the device 
will allow the motor to start. Where time-delay (dual
element) fuses are used, they shall be permitted to have a 
rating not exceeding 150 percent of the motor fitll-load 
current. 

430.5 Other Articles. Motors and controllers shall also 
comply with the applicable provisions of Table 430.5. 

430.6 Ampacity and Motor Rating Determination. The 
size of conductors supplying equipment covered by 
Article 430 shall be selected from the allowable ampacity 
tables in accordance with 31 O.l5(B) or shall be ca1cul.ated 
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Table 430.5 Other Articles 

Article Section 

Air-conditioning and refrigerating 440 
equipment 

Capacitors 460.8, 
460.9 

Commercial garages; aircraft 511,513,514, 
hangars; motor fuel dispensing 515,516,and 
facilities; bulk storage plants; 517 Part IV 
spray application, dipping, and 
coating processes; and inhalation 
anesthetizing locations 

Cranes and hoists 610 

Electrically driven or controlled 675 
irrigation machines 

Elevators, dumbwaiters, escalators, 620 
moving walks, wheelchair lifts, 
and stairvvay chair lifts 

Fire pumps 695 

Hazardous (classified) locations 500-503 and 
505 

Industrial machinery 670 

Motion picture projectors 540.11 and 
540.20 

Motion picture and television 530 
studios and similar locations 

Resistors and reactors 470 

Theaters, audience areas of motion 520.48 
picture and television studios, and 
similar locations 

Transfonners and transfonner vaults 450 

in accordance with 310.15(C). Where flexible cord is 
used, the size of the conductor shall be selected in 
accordance with 400.5. The required ampacity and motor 
ratings shall be determined as specified in 430.6(A), (B), 
(C), and (D). 

(A) General Motor Applications. For general motor 
applications, current ratings shall be determined based on 
(A)(l) and (A)(2). 

(1) Table Values. Other than for motors built for low 
speeds (less than 1200 RPM) or high torques, and for 
multispeed motors, the values given in Table 430.247, 
Table 430.248, Table 430.249, and Table 430.250 shall be 
used to determine the ampacity of conductors or ampere 
ratings of switches, branch-circuit short-circuit and 
ground-fault protection, instead of the actual current 
rating marked on the motor nameplate. Where a motor is 
marked in amperes, but not horsepower, the horsepower 
rating shal1 be assumed to be that con-esponding to the 
value given in Table 430.247, Table 430.248, Table 
430.249, and Table 430.250, interpolated if necessary. 
Motors built for low speeds (less than 1200 RPM) or high 
torques may have higher full-load currents, and 
multispeed motors will have full-load current varying 
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with speed, in which case the nameplate current ratings 
shall be used. 

Exception No. 1 : Multispeed motors shall be in 
accordance with 430.22(.'1) and 430.52. 

Exception No.2: For equipment that employs a shaded
pole or permanent-split capacitor-type jail or blower 
motor that is marked with the motor type, the full load 
current for such motor marked on the nameplate of the 
equipment in which the fan or blower motor is employed 
shall be used instead of the horsepower rating to 
determine the ampacity or rating of the disconnecting 
means, the branch-circuit conductors, the controller, the 
branch-circuit short-circuit and ground-fault protection, 
and the separate overload protection. This marking on the 
equipment nameplate shall not be less than the current 
marked on the fan or blower motor nameplate. 

Exception No.3: For a listed motor-operated appliance 
that is marked with both motor horsepower and full-load 
current, the motor full-load current marked on the 
nameplate of the appliance shall be used instead of the 
horsepower rating on the appliance nameplate to 
determine the ampacity or rating of the disconnecting 
means, the branch-circuit conductors, the controller, the 
branch-circuit short-circuit and ground-fault protection, 
and any separate overload protection. 

(2) Nameplate Values. Separate motor overload 
protection shall be based on the motor nameplate current 
rating. 

(8) Torque Motors. For torque motors, the rated current 
shall be locked-rotor current, and this nameplate current 
shall be used to determine the ampacity of the branch
circuit conductors covered in 430.22 and 430.24, the 
ampere rating of the motor overload protection, and the 
ampere rating of motor branch-circuit short-circuit and 
ground-fault protection in accordance with 430.52(B). 

Informational Note: For motor controllers and 
disconnecting means, see 430.83(D) and 430.110. 

(C) Alternating-Current Adjustable Voltage Motors. 
For motors used in alternating-current, adjustable voltage, 
variable torque drive systems, the ampacity of conductors, 
or ampere ratings of switches, branch-circuit short-circuit 
and ground-fault protection, and so forth, shall be based 
on the maximum operating current marked on the motor 
or control nameplate, or both. If the maximum operating 
current does not appear on the nameplate, the ampacity 
determination shall be based on 150 percent of the values 
given in Table 430.249 and Table 430.250. 

(D) Valve Actuator l"lotor AssembUes.For valv 
actuator molor assemblies (VAMs). the rated current hall 
be tht! nameplate full-load current, and Ihis currenl shall 
be used to determine the maximum rating or setting of the 
motor branch-circuit short-circuit and ground-fault 

Q~()tt!£fi\,e .. ~(!.yi.~.~ ..... ~ .. I.~ .~ ..... tt~~ .... ~.lrp~£i!Y . '?f!!!(!. £'?.~Q.!:I<;!.2.~: 
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430.7 Marking on Motors and Multimotor Equipment. 
(A) Usual Motor Applications. A motor shall be marked 
with the following information: 
(I) Manufacturer's name. 
(2) Rated volts and full-load current. For a multispeed 

motor, full-load current for each speed, except 
shaded-pole and permanent-split capacitor motors 
where amperes are required only for maximum 
speed. 

(3) Rated frequency and number of phases if an ac 
motor. 

(4) Rated full-load speed. 
(5) Rated temperature rise or the insulation system class 

and rated ambient temperature. 
(6) Time rating. The time rating shall be 5, 15, 30, or 60 

minutes, or continuous. 
(7) Rated horsepower if lis hp or more. For a multispeed 

motor lis hp or more, rated horsepower for each 
speed, except shaded-pole and permanent-split 
capacitor motors I/S hp or more where rated 
horsepower is required only for maximum speed. 
Motors of arc welders are not required to be marked 
with the horsepower rating. 

(8) Code letter or locked-rotor amperes if an altemating
current motor rated 12 hp or more. On polyphase 
wound-rotor motors, the code letter shall be omitted. 

Informational Note: See 430.7(B). 
(9) Design letter for design B, C, or D motors. 

Infonnational Note: Motor design letter definitions are 
found in ANSIINEMA MG 1-1993, Motors and 
Generators, Part 1, Definitions, and in IEEE 100-1996, 
Standard Dictionary of Electrical and Electronic Terms. 

(10) Secondary volts and full-load current if a wound
rotor induction motor. 

(11) Field current and voltage for dc excited 
synchronous motors. 

(12) Winding - straight shunt, stabilized shunt, 
compound, or series, if a dc motor. Fractional 
horsepower dc motors 175 mm (7 in.) or less in 
diameter shall not be required to be marked. 

(13) A motor provided with a thermal protector 
complying with 430.32(A)(2) or (B)(2) shall be 
marked "Thermally Protected." Thermally 
protected motors rated 100 watts or less and 
complying with 430.32(B)(2) shall be permitted to 
use the abbreviated marking "T.P." 

(14) A motor complying with 430.32(B)(4) shall be 
marked "Impedance Protected." Impedance
protected motors rated 100 watts or less and 
complying with 430.32(B)( 4) shall be permitted to 
use the abbreviated marking "Z.P." 

(15) Motors equipped with electrically powered 
condensation prevention heaters shall be marked 
with the rated heater voltage, number of phases, 
and the rated power in watts. 
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(B) Locked-Rotor Indicating Code Letters. Code letters 
marked on motor nameplates to show motor input with 
locked rotor shall be in accordance with Table 430.7(8). 

The code letter indicating motor input with locked 
rotor shall be in an individual block on the nameplate, 
properly designated. 

Table 430.7(B) Locked-Rotor In(lic~ltilll!! Code Letters 

Code Letter 

A 

B 

C 

D 

E 

F 

G 

H 

K 

L 

M 

N 

P 

R 

S 

T 

U 

V 

Kilovolt-Amperes per Horsepower with 
Locked Rotor 

0-3.14 

3.15-3.54 

3.55-3.99 

4.0-4.49 

4.5-4.99 

5.0-5.59 

5.6-6.29 

6.3-7.09 

7.1-7.99 

8.0-8.99 

9.0-9.99 

10.0--11.19 

11.2-12.49 

12.5-13.99 

14.0-15.99 

16.0-17.99 

18.0-19.99 

20.0-22.39 

22.4 and 

(1) Multispeed Motors. Multispeed motors shall be 
marked with the code letter designating the locked-rotor 
kilovolt-ampere (kVA) per horsepower (hp) for the 
highest speed at which the motor can be started. 

Exception: Constant horsepower multispeed motors shall 
be marked with the code letter giving the highest locked
rotor kilovolt-ampere (kVA) per horsepower (hpj. 

(2) Single-Speed Motors. Single-speed motors starting 
on wye connection and running on delta connections shall 
be marked with a code letter corresponding to the locked
rotor kilovolt-ampere (kV A) per horsepower (hp) for the 
wye connection. 

(3) Dual-Voltage Motors. Dual-voltage motors that have 
a different locked-rotor kilovolt-ampere (kV A) per 
horsepower (hp) on the two voltages shall be marked with 
the code letter for the voltage giving the highest locked
rotor kilovolt-ampere (kV A) per horsepower (hp). 

(4) 50/60 Hz Motors. Motors with 50- and 60-Hz ratings 
shall be marked with a code letter designating the locked
rotor kilovolt-ampere (kVA) per horsepower (hp) on 60 
Hz. 
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(5) Part-Winding Motors. Part-winding start motors 
shall be marked with a code letter designating the locked
rotor kilovolt-ampere (kV A) per horsepower (hp) that is 
based on the locked-rotor current for the full winding of 
the motor. 

(C) Torque Motors. Torque motors are rated for 
operation at standstill and shall be marked in accordance 
with 430.7(A), except that locked-rotor torque shall 
replace horsepower. 

(D) Multimotor and Combination-Load Equipment. 

(1) Factory-Wired. Multimotor and combination-load 
equipment sha11 be provided with a visible nameplate 
marked with the manufacturer's name, the rating in volts, 
frequency, number of phases, minimum supply circuit 
conductor ampacity, and the maximum ampere rating of 
the circuit short-circuit and ground-fault protective 
device. The conductor ampacity shall be calculated in 
accordance with 430.24 and counting all of the motors 
and other loads that will be operated at the same time. The 
short-circuit and ground-fault protective device rating 
shall not exceed the value calculated in accordance with 
430.53. Multimotor equipment for use on two or more 
circuits shall be marked with the preceding information 
for each circuit. 

(2) Not Factory-Wired. Where the equipment is not 
factory-wired and the individual nameplates of motors 
and other loads are visible after assembly of the 
equipment, the individual nameplates shall be permitted 
to serve as the required marking. 

430.8 Marking on Controllers. A controller shall be 
marked with the manufacturer's name or identification, 
the voltage, the current or horsepower rating, the short
circuit current rating, and such other necessary data to 
properly indicate the applications for which it is suitable. 

Exception No.1: The short-circuit current rating is not 
required for controllers applied in accordance with 
430.81 (A) or (B). 

Exception No.2: The short-circuit rating is not required 
to be marked on the controller when the short-circuit 
current rating of the controller is marked elsewhere on 
the assembly. 

Exception No.3: The short-circuit rating is not required 
to be marked on the controller when the assembly into 
which it is installed has a marked short-circuit current 
rating. 

Exception No.4: Short-circuit ratings are not required 
for controllers rated less than 2 hp at 300 V or less and 
listed exclusively for general-purpose branch circuits. 

A controller that includes motor overload protection 
suitable for group motor application shall be marked with 
the motor overload protection and the maximum branch
circuit short-circuit and ground-fault protection for such 
applications. 
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Combination controllers that employ adjustable 
instantaneous trip circuit breakers shall be clearly marked 
to indicate the ampere settings of the adjustable trip 
element. 

Where a controller is built in as an integral part of a 
motor or of a motor-generator set, individual marking of 
the control1er shall not be required if the necessary data 
are on the nameplate. For controllers that are an integral 
part of equipment approved as a unit, the above marking 
shall be permitted on the equipment nameplate. 

Informational Note: See 110.10 for infonnation on 
circuit impedance and other characteristics. 

430.9 Terminals. 

(A) Markings. Terminals of motors and controllers shall 
be suitably marked or colored where necessary to indicate 
the proper connections. 

(B) Conductors. Motor controllers and terminals of 
control circuit devices shall be connected with copper 
conductors unless identified for use with a different 
conductor. 

(C) Torque Requirements. Control circuit devices with 
screw-type pressure terminals used with 14 AWG or 
smaller copper conductors shall be torqued to a minimum 

of 0.8 N· m (7 lb-in.) unless identified for a different 
torque value. 

430.10 Wiring Space in Enclosures. 

(A) General. Enclosures for motor controllers and 
disconnecting means shall not be used as junction boxes, 
auxiliary gutters, or raceways for conductors feeding 
through or tapping off to the other apparatus unless 
designs are employed that provide adequate space for this 
purpose. 

Informational Note: See 312.8 for switch and 
overcurrent-device enclosures. 

(B) Wire-Bending Space in Enclosures. Minimum wire
bending space within the enclosures for motor controllers 
shall be in accordance with Table 430.10(B) where 
measured in a straight line from the end of the lug or wire 
connector (in the direction the wire leaves the terminal) to 
the wall or barrier. Where alternate wire termination 
means are substituted for that supplied by the 
manufacturer of the controller, they shall be of a type 
identified by the manufacturer for use with the controller 
and shall not reduce the minimum wire-bending space. 

430.11 Protection Against Liquids. Suitable guards or 
enclosures shall be provided to protect exposed current
carrying parts of motors and the insulation of motor leads 
where installed directly under equipment, or in other 
locations where dripping or spraying oil, water, or other 
liquid is unless the motor is 
designed for the existing conditions. 
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AND CONTROLLERS 

Table 430.10(B) Minimum Wire-Bending Space at the 
Terminals of Enclosed Motor Controllers 

Wires per Terminat* 

Size of Wire 2 
(AWG 

mm in. mm in. 
or 

14-10 Not specified 

8-6 38 1\12 

4-3 50 2 
2 65 2Y2 

1 75 
1/0 125 5 125 
2/0 150 6 150 6 

3/0-4/0 175 7 175 7 
250 200 8 200 8 

300 250 10 250 10 
350-500 300 12 300 12 
600-700 350 14 400 16 
750-900 450 18 475 19 

*Where provision for three or more wires per tenninal exists, the 
minimum wire-bending space shall be in accordance with the 
requirements of Article 312. 

430.12 Motor Terminal Housings. 

(A) Material. Where motors are provided with terminal 
housings, the housings shall be of metal and of substantial 
construction. 

Exception: In other than hazardous (classified) locations, 
substantial, nonmetallic, housings shall 
be permitted, provided an internal grounding means 
between the motor frame and the equipment grounding 
connection is incorporated within the housing. 

(B) Dimensions and Space Wire-to-Wire 
Connections. Where these terminal housings enclose 
wire-to-wire connections, they shall have minimum 
dimensions and usable volumes in accordance with Table 
430.12(B). 

(C) Dimensions and Space - Fixed Terminal 
Connections. Where these terminal housings enclose 
rigidly mounted motor terminals, the terminal housing 
shall be of sufficient size to provide minimum terminal 
spacings and usable volumes in accordance with Table 
430.12(C)(1) and Table 430.12(C)(2). 

(D) Large Wire or Factory Connections. For motors 
with larger ratings, greater number of leads, or larger wire 
sizes, or where motors are installed as a part of factory
wired equipment, without additional connection being 
required at the motor terminal housing during equipment 
instal1ation, the terminal housing shall be of ample size to 
make connections, but the foregoing provisions for the 
volumes of terminal housings shall not be considered 
applicable. 
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ARTICLE 430 MOTORS, MOTOR CIRCUIT'S~ AND CONTROLLERS 430.14 

Table 430.12(B) Terminal Housings - Wire-to-Wire 
Connections 

Motors 275 mm (11 in.) in Diameter or l~ess 

Horsepower 

1 and smalle~ 

11/2,2, and 3b 

5 and 7Y2 
10 and 15 

Cover Opening 
Minimum Dimension 

45 1% 

50 2 
65 2Y1 

Usable Volume 

275 16.8 

365 22.4 
595 36.4 

Motors Over 275 mm (11 in.) in Diameter - Alternating-Current 
Motors 

Full Load 
Current 

for 3-
Phase 

Motors 
with 

Maximum 
of12 
Leads 

Box Cover 
Opening 

Minimum 

Dimension 

mm in. 

Usable Volume 
Minimum 

em3 in.3 

Typical 
Maximum 
Horsepowe 
r 3-Phase 

230 460 
Vol Vol 

t 

(Amperes) _~:---_:---___ -:-_---:-:-__ ---:---:_--:-::_ 
45 
70 
110 
160 
250 
400 
600 

Full-Load 
Current for 
Motors with 
Maximum of 

6 Leads 

t05 
165 
24() 
375 
600 
900 

84 
100 
125 
150 
175 
200 

3.3 1,265 77 
4.0 2,295 140 
5.0 4,135 252 
6.0 7,380 450 
7.0 13,775 840 
8,0 1540 

Direct-Current Motors 

Minimum 
Dimensions 

84 3.3 
100 4.0 
125 5.0 
150 6.0 
175 7.0 
200 8.0 

25 50 
40 75 
60 125 
100 200 
150 300 
250 500 

Usable Volume 
Minimum 

900 55 
1,640 100 
2,950 180 
5,410 330 
9,840 600 

Note: Auxiliary leads for such items as brakes, thermostats, space 
heaters, and exciting fields shall be permitted to be neglected if their 
current-carrying area does not exceed 25 percent of the current-carrying 
area of the machine power leads. 

aFor motors rated 1 hp and smaller and with the terminal housing 
partially or wholly integral with the frame or end shield, the volume of 

the tenninal housing shall not be less than 18.0 cm3 (1.1 io.3) per wire
to-wire connection. The minimum cover opening dimension is not 
specified. 

bFor motors rated I Yz, 2, and 3 hp and with the terminal housing 
partially or wholly integral with the frame or end shield, the volume of 

the terminal housing shall not be less than 23.0 em3 (1.4 in.3) per wire
to-wire connection. The minimum cover opening dimension is not 
specified. 
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Table 430.12(Q(l) Terminal Spacings - Fixed Terminals 

Nominal Volts 

240 or less 

Over 250 600 

Table 

Power-Supply 
Conductor Size 

(AWG) 

14 

12 and 10 

8 and 6 

Minimum 

Between Line 
Terminals 

Between Line Terminals 
and Otllel' Uninsulated 

Meta] Parts 

mm 

6 

10 

in. mm 

6 

10 

in. 

Usable Volumes Fixed Terminals 

Minimum Usable Volume pel' 

I'Ol.vpr'_."",llnnIV Conductor 

cm3 in.3 

16 

20 1~ 

37 2~ 

(E) Equipment Grounding Connections. A means for 
attachment of an equipment grounding conductor 
termination in accordance with 250.8 shall be provided at 
motor terminal housings for wire-to-wire connections or 
fixed terminal connections. The means for such 
connections shall be permitted to be located either inside 
or outside the motor terminal housing. 

Exception: Where a motor is installed as a part of 
factOly-wired equipment that is required to be grounded 
and lvi/hout additional connection being required at the 
motor terminal housing during equipment installation, a 
separate rneans for motor grounding at the motor 
terminal housing shall not be required. 

430.13 Bushing. Where wires pass through an opening in 
an enclosure, conduit box, or barrier, a bushing shall be 
used to protect the conductors from the edges of openings 
having sharp edges. The bushing shall have smooth, welI
rounded surfaces where it may be in contact with the 
conductors. If used where oj Is, greases, or other 
contaminants may be present, the bushing shall be made 
of material not deleteriously affected. 

Infonnational Note: For conductors exposed to 
deteriorating agents, see 31 O.lO(G). 

430.14 Location of Motors. 

(A) Ventilation and Maintenance. Motors shall be 
located so that adequate ventilation is provided and so 
that maintenance, such as lubrication of bearings and 
replacing of brushes, can be readily accomplished. 

Exception: Ventilation shall not be required for 
submersible types of motors. 

(B) Open Motors. Open motors that have commutators 
or collector rings shall be located or protected so that 
sparks cannot reach adjacent combustible material. 
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430.16 ARTICLE 430 - MOTORS, MOTOR CIRCUITS, AND CONTROLLERS 

Exception: Installation of these motors on wooden floors 
or supports shall be permitted. 

430.16 Exposure to Dust Accumulations. In locations 
where dust or flying material collects on or in motors in 
such quantities as to seriously interfere with the 
ventilation or cooling of motors and thereby cause 
dangerous temperatures, suitable types of enclosed motors 
that do not overheat under the prevailing conditions shall 
be used. 

Informational Note: Especially severe conditions may 
require the use of enclosed pipe-ventilated motors, or 
enclosure in separate dusttight rooms, properly 
ventilated from a source of clean air. 

430.17 Highest Rated or Smallest Rated Motor. In 
determining compliance with 430.24, 430.53(B), and 
430.53(C), the highest rated or smallest rated motor shall 
be based on the rated full-load current as selected from 
Table 430.247, Table 430.248, Table 430.249, and Table 
430.250. 

430.18 Nominal Voltage of Rectifier Systems. The 
nominal value of the ac voltage being rectified shall be 
used to determine the voltage of a rectifier derived 
system. 

Exception: The nominal dc voltage of the rectifier shall 
be used ifit exceeds the peak value of the ac voltage being 
rectified. 

II. Motor Circuit Conductors 

430.21 General. Part II specifies ampacltles of 
conductors that are capable of carrying the motor current 
without overheating under the conditions specified. 

The provisions of Part II shall not apply to motor 
circuits rated over 600 volts, nominal. 

The provisions of Articles 250, 300, and 310 shall not 
apply to conductors that form an integral part of 
equipment, such as motors, motor controllers, motor 
control centers, or other factory-assembled control 
equipment. 

Informational Note No. 1: See 300.1(B) and 310.1 for 
similar requirements . 

Informational Note No.2: See 1l0.14(C) and 430.9(B) 
for equipment device terminal requirements. 

Informational Note No.3: For over 600 volts, nominal, 
see Part Xl. 

430.22 Single Motor. Conductors that supply a single 
motor used in a continuous duty application shall have an 
ampacity of not less than 125 percent of the motor full
load current rating, as determined by 430.6(A)( l),()r~()t, 
less than specified in 430.22(A) through (G). 
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('fI)irect~CurreDt Motor~Rectifier Supplied. For dc 
motors operating fTom a rectified power supply, the 
conductor ampacity on the input of the recti fier shall not 
be less than 125 percent of the rated input current to the 
rectifier. For dc motors operating from a rectified single
phase power supply. tbe conductors between the field 
wiring output terminals ofth rectifier and lit motor shall 
hay an ampacity of not less than the following 
percentag~s 0 f the I'[)Qt~! fllJl-:I<>.~4 ,~1I1I~~t rating: 

(1) Where a rectifier bridge of the single-phase, half
wave type is used, 190 percent. 

(2) Where a rectifier bridge of the single-phase, full-
wave type is used, 150 percent. 

(B) Multispeed Motor. For a multispeed motor, the 
selection of branch-circuit conductors on the line side of 
the controller shall be based on the highest of the full-load 
current ratings shown on the motor nameplate. The 
ampacity of Ihe branch-circuit con~~ctors between the 
controller and the motor shall not be less than 125 percenl 
of the current rating of the winding( s) that the conductors 
energize. 

(C) Wye-Start, Delta-Run Motor. For a wye-start, delta
run connected motor, the ,ampacity of the branch-circuit 
conductors on the line side of the controller shall not be 
les than 125 percent of the motor full-load current as 
detemlined by 430.6(A)( I). The ampacity of the 
conductors b tween the controller and the motor shall not 
be I . s than 72 percent of the motor full-load current 
rating as determined by 430.6(A)( I). 

Informational Note: The ~lndh;ldual'~ ' " motor circuit 
conductors of a \\ y - taJ1. delta-nm connect d motor 
carry 58 percent of the rat d load current. The multiplier 
of 72 percent i obtained by mUltiplying 58 percent by 
1.25. 

Q?)r~rt~Winding Motor. For a part-winding connected 
motor. the ampacity of the branch-circuit conductors on 
the line side of the controller . hall not be less than 1251 
percent of the motor fuJI-load current as detemljned by 
430.6(A)( I). The ampacity of the conductors between the 
~ontrol1er and the motor shall not be less than 62.5' 
percent of the motor full-load current rating a detennined 
py ~30"·§(~)(U.: 

Informati onal Note: The multiplier of 62.5 percent is 
obtained by multiplying 50 percent by 1.25. 

(E) Other Than Continuous Duty. Conductors for a 
motor used in a short-time, intermittent, periodic, or 
varying duty application shall have an ampacity of not 
less than the percentage of the motor nameplate current 
rating shown in Table 430.22(E), unless the authority 
having jurisdiction grants special permission for 
conductors of lower ampacity. 
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ARTICLE 430 - MOTORS, MOTOR CIRCUITS, AND CONTROLLERS 430.23 

Table 430.22(E) Duty-Cycle Service 

Nameplate Current Rating Percentages 

5- 15- 30- & Contin-

Classification of 
Service 

Short-time duty 
operating valves, 
raising or lowering 
rolls, etc. 

Intennittent duty freight 
and passenger 
elevators, tool heads, 
pumps, drawbridges, 
turntables, etc. (for arc 
welders, see 630.11) 

Periodic duty rolls, ore
and coal-handling 
machines, etc. 

Varying duty 

Minut Minut 60-
e Minute 

Rated Rated Rated 
Motor Motor Motor 

110 120 150 

85 85 90 

85 90 95 

110 120 150 

uous 

Rated 

Motor 

140 

140 

200 

Note: Any motor application shall be considered as continuous duty unless 
the nature of the apparatus it drives is such that the motor will not operate 
continuously with load under any condition of use. 

(F) Separate Terminal Enclosure. The conductors 
between a stationary motor rated 1 hp or less and the 
separate terminal enclosure permitted in 430.245(B) shall 
be permitted to be smaller than 14 A WG but not smaller 
than 18 A WG, provided they have an ampacity as 
specified in 430.22(A). 
(G) Conductors for Small Motors. Conductors for small 

olors shan not be smaller than 14 A WO unless 
otherwise permitted in 430.22(G)( I) or (0)(2). 
(I) 18 AWG Copper. Where installed in a cabinet or 
nclo ure. 18 A WG individual copper conductors. copper 

conductors that are part of a jacket d multiconductor 
cable assembly. or copper conductors in a flexible cord 
shall be permitted, under eith r of the following sets of 
conditions: 
(I) Motor circuits with a full 4 10ad ampacity greater than 

3.5 amp~res or less than or equal to 5 amperes if all 
the following conditions are met: 
8. The circuit i protected in accordance with 

430.52. 
b. The circuit is provid d with maximum Class 10 

overload protection in accordance with 430.32. 
c. ° ercurr nt protection is provided in accordance 

\\'ith 240.4(0)( I )(2). 
(2) Motor circuits with a full-load ampacity of 3.S, 

amperes or less if allthefoI12~ ,i":g~2r1:~Hi2r1:s.are 
met: 
a. The circuit is 1?~2t~t::t~Q ~ il1. ~ ~t::~2.~~~~~c~\\,it~ 

430.52. 
b. The circuit is provided with maximum Clas 20 

overload protection in accordance with 430.32. 
c. Overcurrent protection is provided In 

accordance with 240.4(0)( I )(2). 
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(2) 16 AWG Copper. Where installed in a cabinet o~ 
~nclosurc. 16 A WG individual copper conductorsJ 
copper conductors that are part of a jacketed 
muhiconductor cable assembly, or copper conductorS: 
in a flexible cord shall be permitted under either o~ 
the following sets of conditioDs: 
( I) Motor circuits with a full-load ampacity greatetj 

than 5.5 amperes and less than or equal to ~ 
amper s if all the following conditions are met: 
R. The cir£.~iLj~_ .1~r.Qt~f!~~Ljr1: . ~c.c<?r~!'!I,~ ...... ~~i .. tl~ 

430.52. 
b. The circ·lili'Tsprovided ·wiihmaxlmuJnCias~ 

10 overload protection in accordance witH 
4]0.32. 

¢. Overcurrcnt protection is provided in: 
ac~ordance with 240.4(D)(2)(2). 

(2) Motor circuits with a full-load ampacily of 5.5 
amperes or less ifall the foJlo"ing conditions are 
met: 
9. The circuit i protected in accordance with 

430.52. 
b. The circuit is provided with maximum Class 

20 overload protection in accordance with 
430.32. 

~. Overcurrent protection is provi~.ed . in 
;t~~c;9~c!~~c ~fJ~th 2~~9~4((»)(2)(2). 

430.23 Wound-Rotor Secondary. 

(A) Continuous Duty. For continuous duty, the 
conductors connecting the secondary of a wound-rotor ac 
motor to its controller shall have an ampacity not less than 
125 percent of the full-load secondary current of the 
motor. 

(B) Other Than Continuous Duty. For other than 
continuous duty, these conductors shall have an ampacity, 
in percent of full-load secondary current, not less than that 
specified in Table 430.22(E). 

(C) Resistor Separate from Controller. Where the 
secondary resistor is separate from the controller, the 
ampacity of the conductors between controller and 
resistor shall not be less than that shown in Table 
430.23(C). 

Table 430.23(C) Secondary Conductor 

Resistor Duty Classification 

Light starting duty 

Heavy starting duty 

Extra-heavy starting duty 

Light intermittent duty 

Medium intermittent duty 

Heavy intermittent duty 

Continuous duty 

Ampacity of Conductor in 
Percent of Full-Load 
Secondary Current 

35 

45 

55 

65 

75 

85 

110 
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430.24 ARTICLE 430 - MOTORS, MOTOR CIRCUITS, AND CONTROLLERS 

430.24 Several Motors or a Motor(s) and Othe." 
Load(s). Conductors supplying several motors, or a 
motor(s) and other load(s), shal1 have an ampacity not less 
than the sum of each of the following: 

(I) 125 percent of the full-load current rating o('thd 
highest rated motor, as determined by 430.6(A) 

(2) Sum of the full-load current ratings of all the ()~~~f: 
mOlors in the group. as determined by 430.6(A) 

(3) 100 percent ofrhe noncontinuous non-motor load 

(4) 125 percent of the continuolls non-Illotor load. 

Informational Note : See Informative Annex D, Example 
No.D8 . 

Exception No.1: Where one or more of the motors of the 
group are used for short-time, intermittent, periodic, or 
varying duty, the ampere rating of such motors to be used 
in the summation shall be determined in accordance with 
430. 22 (E). For the highest rated motor, the greater of 
either the ampere rating from 430.22(E) or the largest 
continuous duty motorfitll-load current multiplied by 1.25 
shall be used in the summation. 

Exception No.2 : The ampacity of conductors supplying 
motor-operated .fixed electric space-heating equipment 
shall comply with 424. 3 (B) . 

Exception No.3: Where the circuitry is interlocked so as 
to prevent ,~i,!~II!f£IIJ,~:9,l!~ operation of selected motors or 
other lq,!~l,l~J the conductor ampacity shall be permitted to 
be based on the summation qf the currents of the motors 
and other loads to be operated ~imullaneous~r that results 
in the highest total current. 

430.25 Multimotor and CombInation-Load 
Equipment. The ampacity of the conductors supplying 
muJtimotor and combination-load equipment shall not be 
less than the minimum circuit ampacity marked on the 
equipment in accordance with 430.7(D). Where the 
equipment is not factory-wired and the individual 
nameplates are visible in accordance with 430.7(D)(2), 
the conductor ampacity shall be determined in accordance 
with 430.24. 

430.26 Feeder Demand Factor. Where reduced heating 
of the conductors results from motors operating on duty
cycle, intermittently, or from all motors not operating at 
one time, the authority having jurisdiction may grant 
permission for feeder conductors to have an ampacity less 
than specified in 430.24, provided the conductors have 
sufficient ampacity for the maximum load determined in 
accordance with the sizes and number of motors supplied 
and the character of their loads and duties. 

Informational Note: Demand factors determined in the 
design of new facilities can often be validated against 
actual historical experience from similar installations. 
Refer to ANSI/IEEE Std. 141, iEEE Recommended 
Practice for Electric Power Distribution for Industrial 
Plants, and ANSllIEEE Std. 241, Recommended 
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Practice for Electric Power Systems in Commercial 
Buildings, for information on the calculation of loads 
and demand factor. 

430.27 Capacitors with Motors. Where capacitors are 
installed in motor circuits, conductors shall comply with 
460.8 and 460.9. 

430.28 Feeder Taps. Feeder tap conductors shall have an 
ampacity not less than that required by Part II, shall 
terminate in a branch-circuit protective device, and, in 
addition, shall meet one of the following requirements: 

(I) Be enclosed either by an enclosed controller or by a 
raceway, be not more than 3.0 m (10 ft) in length, 
and, for field installation, be protected by an 
overcurrent device on the line side of the tap 
conductor, the rating or setting of which shall not 
exceed 1000 percent of the tap conductor ampacity 

(2) Have an ampacity of at least one-third that of the 
feeder conductors, be suitably protected from 
physical damage or enclosed in a raceway, and be not 
more than 7.5 m (25 ft) in length 

(3) Have an ampacity not less than the feeder conductors 

Exception: Feeder taps over 7.5 m (25 ft) long. In high
bay manufacturing buildings [over 11 m (35 ft) high at 
wall~J, where conditions of maintenance and supervision 
ensure that only qualified persons service the systems, 
conductors tapped to a feeder shall be permitted to be not 
over 7.5 m (25 ft) long horizontally and not over 30.0 m 
(100 ft) in total length where all of the following 
conditions are met: 

(1) The ampacity of the tap conductors is not less than 
one-third that qf the feeder conductors. 

(2) The tap conductors terminate with a single circuit 
breaker or a single set of fuses complying with (1) 
Part IV, where the load-side conductors are a branch 
circuit, or (2) Part V, where the load-side conductors 
are a feeder. 

(3) The tap conductors are suitably protected from 
physical damage and are installed in raceways. 

(4) The tap conductors are continuous from end-to-end 
and contain no splices. 

(5) The tap conductors shall be 6 A WG copper or 4 
A WG aluminum or larger. 

(6) The tap conductors shall not penetrate walls, floors, 
or ceilings. 

(7) The tap shall not be made less than 9.0 m (30ft) from 
the floor. 

430.29 Constant Voltage Direct-Current Motors -
Power Resistors. Conductors connecting the motor 
controller to separately mounted power accelerating and 
dynamic braking resistors in the armature circuit shall 
have an ampacity not less than the value calculated from 
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ARTICLE 430 MOTORS, MOTOR CIRCUITS, AND CONTROLLERS 430.32 

Table 430.29 using motor full-load current. If an armature 
shunt resistor is used, the power accelerating resistor 
conductor ampacity shall be calculated using the total of 
motor full-load current and armature shunt resistor 
current. 

Armature shunt resistor conductors shall have an 
ampacity of not less than that calculated from Table 
430.29 using rated shunt resistor current as full-load 
current. 

Table 430.29 Conductor Factors for Power Resistors 

Ampacity of 

Time in Seconds Conductor in 
Percent of 

On Off 
Full·Load Current 

5 75 35 
10 70 45 

15 75 55 

15 45 65 
15 30 75 
15 15 85 

Continuous ItO 

In. l\fotor and Branch-Circuit Overload Protection 

430.31 General. Part III specifies overload devices 
intended to protect motors, motor-control apparatus, and 
motor branch-circuit conductors against excessive heating 
due to motor overloads and failure to start. 

Informational Note: See the definition of Overload in 
Article 100. 

These provisions 
protection where 
as in the case of fire pumps. 

Informational Note: For protection of fire pump supply 
conductors, see 695.7. 

The provisions of Part I II shall not apply to motor 
circuits rated over 600 vo1ts, nominal. 

Informational Note No.1: For over 600 volts, nominal, 
see Part Xl. 

Informational Note No.2: See Informative Annex D, 
Example No. D8. 

430.32 Continuous-Duty Motors. 

(A) More Than 1 Horsepower. Each motor used in a 
continuous duty application and rated more than 1 hp 
shall be protected against overload by one of the means in 
430.32(A)(1) through (A)(4). 

(1) Separate Overload Device. A separate overload 
device that is responsive to motor current. This device 
shall be selected to trip or shall be rated at no more than 
the following percent of the motor nameplate full-load 
current rating: 
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Motors with a marked service 
factor 1.15 or greater 

Motors with a marked temperature 
rise 40°C or less 

All other motors 

125% 

125% 

115% 

Modification of this value shall be permitted as provided 
in 430.32(C). For a multispeed motor, each winding 
connection shall be considered separately. 

Where a separate motor overload device is connected 
so that it does not carry the total current designated on the 
motor nameplate, such as for wye-delta starting, the 
proper percentage of nameplate current applying to the 
selection or setting of the overload device shall be clearly 
designated on the equipment, or the manufacturer's 
selection table shall take this into account. 

Informational Note: Where power factor correction 
capacitors are installed on the load side of the motor 
overload device, see 460.9. 

(2) Thermal Protector. A thermal protector integral with 
the motor, approved for use with the motor it protects on 
the basis that it will prevent dangerous overheating of the 
motor due to overload and failure to start. The ultimate 
trip current of a thermally protected motor shall not 
exceed the fol1owing percentage of motor full-load 
current given in Table 430.248, Table 430.249, and Table 
430.250: 

Motor full-load current 9 amperes or less 

Motor full-load current from 9.1 to, and 
including, 20 amperes 

Motor full-load current greater than 20 
amperes 

Motor full-load current 9 amperes or less 

170% 

156% 

]40% 

170% 

If the motor current-intelTUpting device is separate from 
the motor and its control circuit is operated by a 
protective device integral with the motor, it shall be 
arranged so that the opening of the control circuit will 
result in interruption of current to the motor. 

(3) Integral with Motor. A protective device integral 
with a motor that will protect the motor against damage 
due to failure to start shall be permitted if the motor is 
part of an approved assembly that does not normally 
subject the motor to overloads. 

(4) Larger Than 1500 Horsepower. For motors larger 
than 1500 hp, a protective device having embedded 
temperature detectors that cause current to the motor to be 
interrupted when the motor attains a temperature rise 
greater than marked on the nameplate in an ambient 
temperature of 40°C. 
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(B) One Horsepower or Less, Automatically Started. 
Any motor of 1 hp or less that is started automatically 
shall be protected against overload by one of the 
following means. 

(1) Separate Overload Device. By a separate overload 
device following the requirements of 430.32(A)(1). 

For a multispeed motor, each winding connection shall be 
considered separately. Modification of this value shall be 
permitted as provided in 430.32(C). 
(2) Thermal Protector. A thermal protector integral with 
the motor, approved for use with the motor that it protects 
on the basis that it will prevent dangerous overheating of 
the motor due to overload and failure to start. Where the 
motor current-interrupting device is separate from the 
motor and its control circuit is operated by a protective 
device integral with the motor, it shal1 be arranged so that 
the opening of the control circuit results in interruption of 
current to the motor. 

(3) Integral with Motor. A protective device integral 
with a motor that protects the motor against damage due 
to failure to start shall be permitted (1) if the motor is part 
of an approved assembly that does not subject the motor 
to overloads, or (2) if the assembly is also equipped with 
other safety controls (such as the safety combustion 
controls on a domestic oil burner) that protect the motor 
against damage due to failure to start. Where the assembly 
has safety controls that protect the motor, it shall be so 
indicated on the nameplate of the assembly where it will 
be visible after installation. 

(4) Impedance-Protected. If the impedance of the motor 
windings is sufficient to prevent overheating due to 
failure to start, the motor shall be permitted to be 
protected as specified in 430.32(D)(2)(a) for manually 
started motors if the motor is part of an approved 
assembly in which the motor will limit itself so that it will 
not be dangerously overheated. 

Informational Note: Many ac motors of less than hp, 
such as clock motors, series motors, and so forth, and 
also some larger motors such as torque motors, come 
within this classification. It does not include split-phase 
motors having automatic switches that disconnect the 
starting windings. 

(C) Selection of Overload Device. Where the sensing 
element or setting or sizing of the overload device 
selected in accordance with 430.32(A)(l) and 
430.32(B)(1) is not sufficient to start the motor or to carry 
the load, higher size sensing elements or incremental 
settings or sizing shall be permitted to be used, provided 
the trip current of the overload device does not exceed the 
following percentage of motor nameplate full-load current 
rating: 
Motors with marked service factor 1.15 or greater 140% 

Motors with a marked temperature rise 40°C or 140% 
less 

All other motors 130% 

70-320 

AND CONTROLLERS 

If not shunted during the starting period of the motor 
as provided in 430.35, the overload device shall have 
sufficient time delay to permit the motor to start and 
accelerate its load. 

Informational Note: A Class 20 or Class 30 overload 
relay will provide a longer motor acceleration time than 
a Class 10 or Class 20, respectively. Use of a higher 
class overload relay may preclude the need for selection 
of a higher trip current. 

(D) One Horsepower or Less, Nonautomatically 
Started. 

(1) Permanently Installed. Overload protection shall be 
in accordance with 430.32(B). 

(2) Not Permanently Installed. 

(a) Within Sight from Controller. Overload 
protection shall be permitted to be furnished by the 
branch-circuit short-circuit and ground-fault protective 
device; such device, however, shall not be larger than that 
specified in Part IV of Article 430. 

Exception: Any such motor shall be permitted on a 
nominal 120-volt branch circuit protected at not over 20 
amperes. 

(b) Not Within Sight from Controller. Overload 
protection shall be in accordance with 430.32(B). 

(E) Wound-Rotor Secondaries. The secondary circuits 
of wound-rotor ac motors, including conductors, 
controllers, resistors, and so forth, shall be permitted to be 
protected against overload by the motor-overload device. 

430.33 Intermittent and Similar Duty. A motor used for 
a condition of service that is inherently short-time, 
intermittent, periodic, or varying duty, as illustrated by 
Table 430.22(E), shall be permitted to be protected 
against overload by the branch-circuit short-circuit and 
ground-fault protective device, provided the protective 
device rating or setting does not exceed that specified in 
Table 430.52. 

Any motor application shall be considered to be for 
continuous duty unless the nature of the apparatus it 
drives is such that the motor cannot operate continuously 
with load under any condition of use. 

430.35 Shunting During Starting Period. 

(A) Nonautomatically Started. For a nonautomatically 
started motor, the overload protection shall be permitted 
to be shunted or cut out of the circuit during the starting 
period of the motor if the device by which the overload 
protection is shunted or cut out cannot be left in the 
starting position and if fuses or inverse time circuit 
breakers rated or set at not over 400 percent of the full
load current of the motor are located in the circuit so as to 
be operative during the starting period of the motor. 
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(8) Automatically Started. The motor overload 
protection shall not be shunted or cut out during the 
starting period if the motor is automatically started. 

Exception: The motor overload protection shall be 
permitted to be shunted or cut out during the starting 
period on an autmnatically started motor where the 
following apply: 

(a) The motor starting period exceeds the time delay 
of available motor overload protective devices, 
and 

(b) Listed means are provided to perform the 
following: 

(1) Sense motor rotation and automatically prevent the 
shunting or cutout in the event that the motor fails to 
start, and 

(2) Limit the time of overload protection shunting or 
cutout to less than the locked rotor time rating of the 
protected motor, and 

(3) Provide for shutdown and manual restart if motor 
running condition is not reached. 

430.36 Fuses - In Which Conductor. Where fuses are 
used for motor overload protection, a fuse shall be 
inserted in each ungrounded conductor and also in the 
grounded conductor if the supply system is 3-wire, 3-
phase ac with one conductor grounded. 

430.37 Devices Other Than Fuses - In Which 
Conductor. Where devices other than fuses are used for 
motor overload protection, Table 430.37 shall govern the 
minimum allowable number and location of overload 
units such as trip coils or relays. 

430.38 Number of Conductors Opened by Overload 
Device. Motor overload devices, other than fuses or 
thermal protectors, shal1 simultaneously open a sufficient 
number of ungrounded conductors to interrupt current 
flow to the motor. 

430.39 Motor Controller as Overload Protection. A 
motor controller shall also be permitted to serve as an 
overload device if the number of overload units complies 
with Table 430.37 and if these units are operative in both 
the starting and running position in the case of a dc motor, 
and in the running position in the case of an ac motor. 

430.40 Overload Relays. Overload relays and other 
devices for motor overload protection that are not capable 
of opening short circuits or ground faults shall be 
protected by fuses or circuit breakers with ratings or 
settings in accordance with 430.52 or by a motor short
circuit protector in accordance with 430.52. 

Exception: Where approved for group installation and 
marked to indicate the maximum size of fuse or inverse 
time circuit breaker by which they must be protected, the 
overload devices shall be protected in accordance with 
this marking. 
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Table 430.37 Overload Units 

Kind of Motor 

I-phase ac or dc 

I-phase ac or dc 

i-phase ac or dc 

l-phase ac 

2-phase ac 

2-phase ac 

2-phase ac 

2-phase ac 

3-phase ac 

Supply System 

Number and 
Location of 

Overload Units, 
Such as Trip Coils 

or Relays 

2-wire, I-phase ac or dc 1 in either conductor 
ungrounded 

2-wire, I-phase ac or dc, I in ungrounded 
one conductor conductor 
grounded 

3-wire, i-phase ac or 1 in either 
dc, grounded neutral ungrounded 
conductor conductor 

Any 3-phase 1 in ungrounded 
conductor 

3-wire, 2-phase ac, 2, one in each phase 
ungrounded 

3-wire, 2-phase ac, one 2 in ungrounded 
conductor grounded conductors 

4-wire, 2-phase ac, 2,one phase 
grounded or in ungrounded con-
ungrounded ductors 

Grounded neutral or 5- 2, one phase 
wire, 2-phase ac, in any ungrounded 
ungrounded phase wire 

Any 3-phase 3, one in each phase* 

""Exception: An overload unit in each phase shall not be required where 
overload protection is provided by other approved means. 

Informational Note: For instantaneous trip circuit 
breakers or motor short-circuit protectors, see 430.52. 

430.42 Motors on General-Purpose Branch Circuits. 
Overload protection for motors used on general-purpose 
branch circuits as permitted in Article 210 shall be 
provided as specified in 430.42(A), (B), (C), or (D). 

(A) Not over 1 Horsepower. One or more motors 
without individual overload protection shall be permitted 
to be connected to a general-purpose branch circuit only 
where the installation complies with the limiting 
conditions specified in 430.32(B) and 430.32(D) and 
430.53(A)( 1) and (A)(2). 
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(B) Over 1 Horsepower. Motors of ratings larger than 
specified in 430.53(A) shall be permitted to be connected 
to general-purpose branch circuits only where each motor 
is protected by overload protection selected to protect the 
motor as specified in 430.32. Both the controller and the 
motor overload device shall be approved for group 
installation with the short-circuit and ground-fault 
protective device selected in accordance with 430.53. 

(C) Cord-and-Plug-Connected. Where a motor is 
connected to a branch circuit by means of an attachment 
plug and ~ receptacle and individual 
overload protection is omitted as provided in 430.42(A), 
the rating of the attachment plug and receptacle 
COIIlDc:ct()r shall not exceed 15 amperes at 125 volts or 250 
volts. Where individual overload protection is required as 
provided in 430.42(B) for a motor or motor-operated 
appliance that is attached to the branch circuit through an 
attachment plug and a receptacle or a cord connector, the 
overload device shall be an integral part of the motor or of 
the appliance. The rating of the attachment plug and 
receptacle shall determine the rating 
of the circuit to which the motor may be connected, as 
provided in 

(D) Time Delay. The branch-circuit short-circuit and 
ground-fault protective device protecting a circuit to 
which a motor or motor-operated appliance is connected 
shall have sufficient time delay to permit the motor to 
start and accelerate its load. 

430.43 Automatic Restarting. A motor overload device 
that can restart a motor automatically after overload 
tripping shall not be installed unless approved for use 
with the motor it protects. A motor overload device that 
can restart a motor automatically after overload tripping 
shall not be installed if automatic restarting of the motor 
can result in injury to persons. 

430.44 Orderly Shutdown. If immediate automatic 
shutdown of a motor by a motor overload protective 
device(s) would introduce additional or increased 
hazard(s) to a person(s) and continued motor operation is 
necessary for safe shutdown of equipment or process, a 
motor overload sensing device(s) complying with the 
provisions of Part III of this article shal1 be permitted to 
be connected to a supervised alarm instead of causing 
immediate interruption of the motor circuit, so that 
corrective action or an orderly shutdown can be initiated. 

IV. Motor Branch-Circuit Short-Circuit and Ground .. 
Fault Protection 

430.51 General. Part IV specifies devices intended to 
protect the motor branch-circuit conductors, the motor 
control apparatus, and the motors against overcurrent due 
to short circuits or ground faults. These rules add to or 
amend the provisions of Article 240. The devices 
specified in Part IV do not include the types of devices 
required by 210.8, 230.95, and 590.6. 
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The provisions of Part IV shall not apply to motor 
circuits rated over 600 volts, nominaL 

Informational Note No.1: For over 600 volts, nominal, 
see Part Xl. 

Informational Note No.2: See Informative Annex D, 
Example D8. 

430.52 Rating or Setting for Individual Motor Circuit. 

(A) General. The motor branch-circuit short-circuit and 
ground-fault protective device shall comply with 
430.52(B) and either 430.52(C) or (D), as applicable. 

(B) All Motors. The motor branch-circuit short-circuit 
and ground-fault protective device shall be capable of 
carrying the starting current of the motor. 

(C) Rating or Setting. 

(1) In Accordance with Table 430.52. A protective 
device that has a rating or setting not exceeding the value 
calculated according to the values given in Table 430.52 
shall be used. 

Exception No.1: Where the values for branch-circuit 
short-circuit and ground-fault protective devices 
determined by Table 430.52 do not correspond to the 
standard sizes or ratings of fuses, nonadjustable circuit 
breakers, thermal protective devices, or possible settings 
of adjustable circuit breakers, a higher size, rating, or 
possible setting that does not exceed the next higher 
standard ampere rating shall be permitted 

Exception No.2: Where the rating specified in Table 
430.52, or the rating modified by Exception No.1, is not 
sufficientfor the starting current of the motor: 

(a) The rating of a nontime-delay fuse not exceeding 
600 amperes or a time-delay Class CC fuse shall 
be permitted to be increased but shall in no case 
exceed 400 percent of the full-load current. 

(b) The rating of a time-delay (dual-element) fuse 
shall be permitted to be increased but shall in no 
case exceed 225 percent ofthefi,tll-Ioad current. 

(c) The rating of an inverse time circuit breaker 
shall be permitted to be increased but shall in no 
case exceed 400 percent for full-load currents of 
100 amperes or less or 300 percent for full-load 
currents greater than 100 amperes. 

(d) The rating of a fuse of 601-6000 ampere 
classification shall be permitted to be increased 
but shall in no case exceed 300 percent of the 
full-load current. 

Informational Note: See Informative Annex D, 
Example D8, and Figure 430.1. 

(2) Overload Relay Table. Where maximum branch
circuit short-circuit and ground-fault protective device 
ratings are shown in the manufacturer's overload relay 

20t3 California Electrical Code 



ARTICLE 430 - MOTORS, MOTOR CIRCUITS, AND CONTROLLERS 430.52 

Table 430.52 Maximum Rating or Setting of Motor 
Branch-Circuit Short-Circuit and Ground-Fault 
Protective Devices 

of Full-Load Current 

Dual 
Element Instanta Inverse 

Nontim (Time- ncous Time 
eDelay Delay) Trip Breaker 

of Motor Fuse' Fuse' Breaker 2 

motors 300 175 800 250 

AC polyphase 300 175 800 250 
motors other than 
wound-rotor 

Squirrel cage 300 175 800 250 
-other than 

Design B energy-
efficient 

Design B 300 175 1100 250 

300 175 800 250 

Wound rotor 150 150 800 150 

Direct current 150 150 250 150 

Note: For certain exceptions to the values specified, see 430.54. 

lThe values in the Nontime Delay Fuse column apply to Time-Delay 
Class CC fuses. 

2The values given in the last column also cover the ratings of 
nonadjustable inverse time types of circuit breakers that may be 
modified as in 430.52(C)(1), Exception No. 1 and No.2. 
3Synchronous motors of the low-torque, low-speed type (usually 450 
rpm or lower), such as are used to drive reciprocating compressors, 
pumps, and so forth, that start unloaded, do not require a fuse rating or 
circuit-breaker setting in excess of 200 percent of full-load current. 

table for use with a motor controller or are otherwise 
marked on the equipment, they shall not be exceeded even 
if higher values are allowed as shown above. 

(3) Instantaneous Trip Circuit Breaker. An 
instantaneous trip circuit breaker shall be used only if 
adjustable and if part of a listed combination motor 
controller having coordinated motor overload and short
circuit and ground-fault protection in each conductor, and 
the setting is adjusted to no more than the value specified 
in Table 430.52. 

Informational Note: For the purpose of this article, 
instantaneous trip circuit breakers may include a 
damping means to accommodate a transient motor 
inrush current without nuisance tripping of the circuit 
breaker. 

Exception No.1: Where the setting specified in Table 
430.52 is not sufficient for the starting current of the 
motor, the setting of an instantaneous trip circuit breaker 
shall be permitted to be increased but shall in no case 
exceed 1300 percent of the motor full-load current for 
other than Design B energy-efficient motors and no more 
than 1700 percent offull-load motor current for Design B 
energy-efficient motors. Trip settings above 800 percent 
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for other than Design B energy-efficient motors and 
above J J 00 percent for Design B energy-efficient motors 
shall be permitted where the need has been demonstrated 
by engineering evaluation. 1n such cases, it shall not be 
necessmy to first apply an instantaneous-trip circuit 
breaker at 800 percent or J J 00 percent. 

Informational Note: For additional information on the 
requirements for a motor to be classified "energy 
efficient," see NEMA Standards Publication No. MG 1-
1993, Revision, Motors and Generators, Part 12.59. 

Exception No.2: Where the motor full-load current is 8 
amperes or less} the setting of the instantaneous-trip 
circuit breaker with a continuous current rating of 15 
amperes or less in a listed combination motor controller 
that provides coordinated motor branch-circuit overload 
and short-circuit and ground-fault protection shall be 
permitted to be increased to the value marked on the 
controller. 

(4) Multispeed Motor. For a multispeed motor, a single 
short-circuit and ground-fault protective device shall be 
permitted for two or more windings of the motor, 
provided the rating of the protective device does not 
exceed the above applicable percentage of the nameplate 
rating of the smallest winding protected. 

Exception: For a multispeed motor} a single short-circuit 
and ground-fault protective device shall be permitted to 
be used and sized according to the full-load current of the 
highest current winding, where all of the following 
conditions are met: 

(a) Each winding is equipped with individual 
overload protection sized according to its full-load 
current. 

(b) The branch-circuit conductors supplying each 
winding are sized according to the full-load 
current of the highest full-load current winding. 

(c) The controller for each winding has a 
horsepower rating not less than that required for 
the winding having the highest horsepower rating. 

(5) Power Electronic Devices. Suitable fuses shall be 
permitted in lieu of devices listed in Table 430.52 for 
power electronic devices in a solid-state motor controller 
system, provided that the marking for replacement fuses 
is provided adjacent to the fuses. 

(6) Self-Protected Combination Controller. A listed 
self-protected combination controller shall be permitted in 
lieu of the devices specified in Table 430.52. Adjustable 
instantaneous-trip settings shall not exceed 1300 percent 
of full-load motor current for other than Design B energy
efficient motors and not more than 1700 percent of full
load motor current for Design B energy-efficient motors. 
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Informational Note: Proper application of self-protected 
combination controllers on 3-phase systems, other than 
solidly grounded wye, particularly on corner grounded 
delta systems, considers the self-protected combination 
controllers' individual pole-interrupting capability. 

(7) Motor Short-Circuit Protector. A motor short
circuit protector shall be permitted in lieu of devices listed 
in Table 430.52 if the motor short-circuit protector is part 
of a listed combination motor controller having 
coordinated motor overload protection and short-circuit 
and ground-fault protection in each conductor and it will 
open the circuit at currents exceeding 1300 percent of 
motor full-load current for other than Design B energy
efficient motors and 1700 percent of motor full-load 
motor current for Design B energy-efficient motors. 

Informational Note: A motor short--<:ircuit prot~or. as 
o ed in lhi section, is a fused device and is nol an 
In lanlaneous trip circuit breaker. 

(D) Torque Motors. Torque motor branch circuits shall 
be protected at the motor nameplate current rating in 
accordance with 240.4(B). 

430.53 Several Motors or Loads on One Branch 
Circuit. Two or more motors or one or more motors and 
other loads shall be permitted to be connected to the same 
branch circuit under conditions specified in 430.53(D) 
and in 430.53(A), (B), or (C). The branch-circuit 
protective device slli:tU be fu~~~ , Qrjnverse time circuit 
brcakc!"S~ 

(A) Not Over 1 Horsepower. Several motors, each not 
exceeding 1 hp in rating, shall be permitted on a nominal 
120-volt branch circuit protected at not over 20 amperes 
or a branch circuit of 600 volts, nominal, or less, 
protected at not over 15 amperes, if all of the following 
conditions are met: 

(1) The full-load rating of each motor does not exceed 6 
amperes. 

(2) The rating of the branch-circuit short-circuit and 
ground-fault protective device marked on any of the 
controllers is not exceeded. 

(3) Individual overload protection conforms to 430.32. 

(B) If Smallest Rated Motor Protected. If the branch
circuit short-circuit and ground-fault protective device is 
selected not to exceed that allowed by 430.52 for the 
smallest rated motor, two or more motors or one or more 
motors and other load(s), with each motor having 
individual overload protection, shall be permitted to be 
connected to a branch circuit where it can be determined 
that the branch-circuit short-circuit and ground-fault 
protective device will not open under the most severe 
normal conditions of service that might be encountered. 

(C) Other Group Installations. Two or more motors of 
any rating or one or more motors and other load(s), with 
each motor having individual overload protection, shall be 
permitted to be connected to one branch circuit where the 
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motor controller(s) and overload device(s) are (1) 
installed as a listed factory assembly and the motor 
branch-circuit short-circuit and ground-fault protective 
device either is provided as part of the assembly or is 
specified by a marking on the assembly, or (2) the motor 
branch-circuit short-circuit and ground-fault protective 
device, the motor controller(s), and overload device(s) are 
field-installed as separate assemblies listed for such use 
and provided with manufacturers' instructions for use 
with each other, and (3) all of the following conditions are 
complied with: 

(1) Each motor overload device is either (a) listed for 
group installation with a specified maximum rating of 
fuse, inverse time circuit breaker, or both, or (b) 
selected such that the amper rating of the motof
branch short-circuit and ground-fault protective 
device doe not exceed that permitted by 430.52 for 
that individual motor overload device and 
corresponding motor load. 

(2) Each motor controller is ~hher (a~ listed for group 
installation with a specified maximum rating of fuse, 
circuit breaker, or both, or (b) selected such that the 
amp rel'&ting of the mOlor-branch sbort..circuit and 
ground-fault protective device docs not exceed that 
pennitted by 430.52 for that individual controller and 
corresponding motor loa~~ 

(3) Each circuit breaker is listed and is of the inverse 
time type. 

(4) The branch circuit shall be protected by fuses or 
inverse time circuit breakers having a rating not 
exceeding that specified in 430.52 for the highest 
rated motor connected to the branch circuit plus an 
amount equal to the sum of the full-load current 
ratings of all other motors and the ratings of other 
loads connected to the circuit. Where this calculation 
results in a rating less than the ampacity of the supply 
conductors, it shall be permitted to increase the 
maximum rating of the fuses or circuit breaker to a 
value not exceeding that permitted by 240.4(B). 

(5) The branch-circuit fuses or inverse time circuit 
breakers are not larger than allowed by 430.40 for the 
overload relay protecting the smallest rated motor of 
the group. 

(6) Overcurrent protection for loads other than motor 
loads shall be in accordance with Parts I through VII 
of Article 240. 

Informational Note: See 110.10 for circuit 
impedance and other characteristics. 

(D) Single Motor Taps. For group installations described 
above, the conductors of any tap supplying a single motor 
shall not be required to have an individual branch-circuit 
short-circuit and ground-fault protective device, provided 
they comply with one of the following: 
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(1) No conductor to the motor shall have an ampacity 
less than that of the branch-circuit conductors. 

(2) No conductor to the motor shall have an ampacity 
less than one-third that of the branch-circuit 
conductors, with a minimum in accordance with 
430.22, the conductors to the motor overload device 
being not more than 7.5 m (25 ft) long and being 
protected from physical damage by being enclosed in 
an approved raceway or by use of other approved 
m~~.lls. 

(3) Conductors from the branch-circuit short-circuit and 
ground-fault protective device to a listed manual 
motor controller additionally marked "Suitable for 
Tap Conductor Protection in Group Installations," or; 
10 a branch-circuit protective device, shall be 
permitted to have an ampacity not less than one-tenth 
the rating or setting of the branch-circuit short-circuit 
and ground-fault protective device. The conductors 
from the controller to the motor shall have an 
ampacity in accordance with 430.22. The conductors 
from the branch-circuit short-circuit and ground-fault 
protective device to the controller shall (1) be 
suitably protected from physical damage and 
enclosed either by an enclosed controller or by a 
raceway and be not more than 3 m (10 ft) long or (2) 
have an ampacity not less than that of the branch
circuit conductors. 

430.54 Multimotor and Combination-Load 
Equipment. The rating of the branch-circuit short-circuit 
and ground-fault protective device for multimotor and 
combination-load equipment shall not exceed the rating 
marked on the equipment in accordance with 430.7(D). 

430.55 Combined Overcurrent Protection. Motor 
branch-circuit short-circuit and ground-fault protection 
and motor overload protection shall be permitted to be 
combined in a single protective device where the rating or 
setting of the device provides the overload protection 
specified in 430.32. 

430.56 Branch-Circuit Protective Devices - In Which 
Conductor. Branch-circuit protective devices shall 
comply with the provisions of 240.15. 

430.57 Size of Fuseholder. Where fuses are used for 
motor branch-circuit short-circuit and ground-fault 
protection, the fuseholders shall not be of a smaller size 
than required to accommodate the fuses specified by 
Table 430.52. 

Exception: Where fuses having time delay appropriate 
for the starting characteristics of the motor are used, it 
shall be permitted to use fuseholders sized to fit the fuses 
that are used. 

430.58 Rating of Circuit Breaker. A circuit breaker for 
motor branch-circuit short-circuit and ground-fault 
protection shall have a current rating in accordance with 
430.52 and 430.110. 
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v. Motor Feeder Short-Circuit and Ground-Fault 
Protection 

430.61 General. Part V specifies protective devices 
intended to protect feeder conductors supplying motors 
against overcurrents due to short circuits or grounds. 

Infonnational Note: See Infonnative Annex D, Example D8. 

430.62 Rating or Setting - Motor Load. 

(A) Specific Load. A feeder supplying a specific fixed 
motor load(s) and consisting of conductor sizes based on 
430.24 shall be provided with a protective device having a 
rating or setting not greater than the largest rating or 
setting of the branch-circuit short-circuit and ground-fault 
protective device for any motor supplied by the feeder 
[based on the maximum permitted value for the specific 
type of a protective device in accordance with 430.52, or 
440.22(A) for hermetic refrigerant motor-compressors], 
plus the sum of the full-load currents of the other motors 
of the group. 

Where the same rating or setting of the branch-circuit 
short-circuit and ground-fault protective device is used on 
two or more of the branch circuits supplied by the feeder, 
one of the protective devices shall be considered the 
largest for the above calculations. 

Exception No.1: Where one or more instantaneous trip 
circuit breakers or motor short-circuit protectors are 
used for motor branch-circuit short-circuit and ground-
fault protection as permitted in 430.52(C), the procedure 
provided above for determining the maximum rating of 
the feeder protective device shall apply with the following 
provision: For the purpose of the calculation, each 
instantaneous trip circuit breaker or motor short-circuit 
protector shall be assumed to have a rating not exceeding 
the maximum percentage of motor full-load current 
permitted by Table 430.52 for the type offeeder protective 
device employed. 

Exception No. 2: Where thefeeder overcurrent protective 
device also provides overcurrent protection for a motor 
control center, the provisions of 430.94 shall apply. 

Infonnational Note: See Infonnative Annex D, Example D8. 

(B) Other Installations. Where feeder conductors have 
an ampacity greater than required by 430.24, the rating or 
setting of the feeder over current protective device shall be 
permitted to be based on the ampacity of the feeder 
conductors. 

430.63 Rating or Setting - J~t()..l:-~i.\d and Other 
Load(s). Where a feeder supplies a motor load and oth r! 
load(s)~ the feeder protective device shall have a rating 
not less tl.!!~~t~~~r~qlJi~~:Lf2~t~~ .. 11.m ,of_the other load(s) 
plus the following: 

(1) For a single motor, the rating permitted by 430.52 

(2) For a single hermetic refrigerant motor-compressor, 
the rating permitted by 440.22 
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(3) For two or more motors, the rating permitted by 
430.62 

Exception: Where the feeder overcurrent device provides 
the overcurrent protection for a motor control center, the 
provisions of 430.94 shall apply. 

VI. Motor Control Circuits 

430.71 General. 

Part VI contains modifications of the general 
requirements and applies to the particular conditions of 
motor control circuits. 

Informational Note: See 430.9(B) for equipment 
device terminal requirements. 

430.72 Overcurrent Protection. 

(A) General. A motor control circuit tapped from the load 
side of a motor branch-circuit short-circuit and ground
fault protective device( s) and functioning to control the 
motor(s) connected to that branch circuit shall be 
protected against overcurrent in accordance with 430.72. 
Such a tapped control circuit shall not be considered to be 
a branch circuit and shall be permitted to be protected by 
either a supplementary or branch-circuit overcurrent 
protective device(s). A motor control circuit other than 
such a tapped control circuit shall be protected against 
overcurrent in accordance with 725.43 or the notes to 
Table II(A) and Table II(B) in Chapter 9, as applicable. 

(B) Conductor Protection. The overcurrent protection 
for conductors shall be provided as specified in 
430. 72(B)(l) or (B)(2). 

Exception No.1: Where the opening of the control circuit 
would create a hazard as, for example. the control circuit 
of a fire pump motor. and the like, conductors of control 
circuits shall require only short-circuit and ground-fault 
protection and shall be permitted to be protected by the 
motor branch-circuit short-circuit and ground-fault 
protective device(s). 

Exception No.2: Conductors supplied by the secondary 
side of a single-phase transformer having only a two-wire 
(single-voltage) secondary shall be permitted to be 
protected by overcurrent protection provided on the 
primary (supply) side of the transformer, provided this 
protection does not exceed the value determined by 
multiplying the appropriate maximum rating of the 
overcurrent device for the secondary conductor from 
Table 430.72(B) by the secondary-to-primary voltage 
ratio. Transformer secondary conductors (other than two
wire) shall not be considered to be protected by the 
primmy overcurrent protection. 

(1) Separate Overcurrent Protection. Where the motor 
branch-circuit short-circuit and ground-fault protective 
device does not provide protection in accordance with 
430.72(B)(2), separate overcurrent protection shall be 
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provided. The overcurrent protection shall not exceed the 
values specified in Column A of Table 430.72(B). 

(2) Branch-Circuit Overcurrent Protective Device. 
Conductors shall be permitted to be protected by the 
motor branch-circuit short-circuit and ground-fault 
protective device and shall require only short-circuit and 
ground-fault protection. Where the conductors do not 
extend beyond the motor control equipment enclosure, the 
rating of the protective device( s) shall not exceed the 
value specified in Column B of Table 430.72(B). Where 
the conductors extend beyond the motor control 
equipment enclosure, the rating of the protective device( s) 
shall not exceed the value specified in Column C of Table 
430.72(B). 

(C) Control Circuit Transformer. Where a motor 
control circuit transformer is provided, the transformer 
shall be protected in accordance with 430.72(C)(1), 
(C)(2), (C)(3), (C)(4), or (C)(5). 

Exception: Overcurrent protection shall be omitted 
where the opening of the control circuit would create a 
hazard as, for example, the control circuit of a fire pump 
motor and the like. 

(1) Compliance with Article 725. Where the transformer 
supplies a Class I power-limited circuit, Class 2, or Class 
3 remote-control circuit complying with the requirements 
of Article 725, protection shall comply with Article 725. 

(2) Compliance with Article 450. Protection shall be 
permitted to be provided in accordance with 450.3. 

(3) Less Than 50 Volt-Amperes. Control circuit 
transformers rated less than 50 volt-amperes (V A) and 
that are an integral part of the motor control1er and 
located within the motor controller enclosure shall be 
permitted to be protected by primary overcurrent devices, 
impedance limiting means, or other inherent protective 
means. 

(4) Primary Less Than 2 Amperes. Where the control 
circuit transformer rated primary current is less than 2 
amperes, an overcurrent device rated or set at not more 
than 500 percent of the rated primary current shall be 
permitted in the primary circuit. 

(5) Other Means. Protection shall be permitted to be 
provided by other approved means. 

430.73 Protection of Conductors from Physical 
Damage. Where damage to a motor control circuit would 
constitute a hazard, all conductors of such a remote motor 
control circuit that are outside the control device itself 
shall be installed in a raceway or be ntf,prUJ'~~p 
from physical damage. 

430.74 Electrical Arrangement of Control Circuits. 
Where one of the motor control circuit is 
grounded, the motor control circuit shall be arranged so 
that in the control circuit remote from the 
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Table 430.72(B) Maximum Rating of Overcurrent Protective Device in Amperes 

Protection Provided by Motor Branch-Circuit Protective Device(s) 

Control 
Circuit 

Column A 

Separate Protection 
Provided 

Column B 

Conductors Within 

Enclosure 

Column C 

Conductors Extend Beyond 
Enclosure 

Conductor 
Size (AWG) 

Copper 

Aluminum or 
Copper-Clad 

Aluminum Copper 

Aluminum or 
Copper-Clad 

Aluminum Copper 

Aluminum or 
Copper-Clad 
Aluminum 

18 7 

16 10 

14 (Note 1) 

12 (Note 1) 

10 (Note 1) 

Larger than 10 (Note 1) 

Notes: 

1. Value specified in 310.15 as applicable. 

(Note 1) 

(Note 1) 

(Note 1) 

25 

40 

100 

120 

160 

(Note 2) 

2. 400 percent of value specified in Table 31 oJfs(sj(i7j for 60°C conductors. 

3. 300 percent of value specified in Table 31 0.;15{B)(1 b) for 60°C conductors. 

motor controller will (l) not start the motor and (2) not 
bypass manually operated shutdown devices or automatic 
safety shutdown devices. 

430.75 Disconnection. 

(A) General. Motor control circuits shall be arranged so 
that they will be disconnected from all sources of supply 
when the disconnecting means is in the open position. The 
disconnecting means shall be permitted to consist of two 
or more separate devices, one of which disconnects the 
motor and the controller from the source(s) of power 
supply for the motor, and the other(s), the motor control 
circuit(s) from its power supply. Where separate devices 
are used, they shall be located immediately adjacent to 
each other. 

Exception No.1: Where more than 12 motor control 
circuit conductors are required to be disconnected, the 
disconnecting means shall be permitted to be located 
other than immediately adjacent to each other where all 
of the follOWing conditions are complied with: 

(a) Access to energized parts is limited to qualified 
persons in accordance with Part Xl of this article. 

(b) A warning sign is permanently located on the 
outside of each equipment enclosure door or cover 
permitting access to the live parts in the motor 
control circuit(s), warning that motor control circuit 
disconnecting means are remotely located and 
spec(fying the location and identification of each 
disconnect. Where energized parts are not in an 
equipment enclosure as permitted by 430.232 and 
430.233, an additional warning sign(s) shall be 
located where visible to persons who may be working 
in the area of the energized parts. 
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100 

140 

(Note 2) 

7 

10 

45 

60 

90 
(Note 3) 

45 

75 

(Note 3) 

Exception No. 2: The motor control circuit disconnecting 
means shall be permitted to be remote from the motor 
controller power supply disconnecting means where the 
opening of one or more motor control circuit 
disconnecting means is capable of resulting in potentially 
unsafe conditions for personnel or property and the 
conditions of items (a) and (b) of Exception No. 1 are 
complied with. 

(B) Control Transformer in Controller Enclosure. 
Where a transformer or other device is used to obtain a 
reduced voltage for the motor control circuit and is 
located in the controller enclosure, such transformer or 
other device shall be connected to the load side of the 
disconnecting means for the motor control circuit. 

VII. Motor Controllers 
430.81 General. Part VII is intended to require suitable 
controllers for all motors. 
(A) Stationary Motor of Ys Horsepower or Less. For a 
stationary motor rated at Ys hp or less that is normally left 
running and is constructed so that it cannot be damaged 
by overload or failure to start, such as clock motors and 
the like, the branch-circuit disconnecting means shall be 
permitted to serve as the controller. 

(B) Portable Motor of YJ Horsepower or Less. For a 
portable motor rated at 'l3 hp or less, the controller shall 
be permitted to be an attachment plug and receptacle or 
cord connector; 
430.82 Controller Design. 
(A) Starting and Stopping. Each controller shall be 
capable of starting and stopping the motor it controls and 
shall be capable of interrupting the locked-rotor current of 
the motor. 

70-327 



ARTICLE 430-

(B) Autotransformer. An autotransformer starter shall 
provide an "off' position, a running position, and at least 
one starting position. It shall be designed so that it cannot 
rest in the starting position or in any position that will 
render the overload device in the circuit inoperative. 

(C) Rheostats. Rheostats shall be in compliance with the 
following: 

(I) Motor-starting rheostats shall be designed so that the 
contact arm cannot be left on intermediate segments. 
The point or plate on which the arm rests when in the 
starting position shall have no electrical connection 
with the resistor. 

(2) Motor-starting rheostats for dc motors operated from 
a constant voltage supply shall be equipped with 
automatic devices that will interrupt the supply 
before the speed of the motor has fallen to less than 
one-third its normal rate. 

430.83 Ratings. The controller shall have a rating as 
specified in 430.83(A), unless otherwise permitted in 
430.83(B) or (C), or as specified in (D), under the 
conditions specified. 

(A) General. 

(1) Horsepower Ratings. Controllers, other than inverse 
time circuit breakers and molded case switches, shall have 
horsepower ratings at the application voltage not lower 
than the horsepower rating of the motor. 

(2) Circuit Breaker. A branch-circuit inverse time circuit 
breaker rated in amperes shall be permitted as a controller 
for all motors. Where this circuit breaker is also used for 
overload protection, it shall conform to the appropriate 
provisions ofthis article governing overload protection. 

(3) Molded Case Switch. A molded case switch rated in 
amperes shall be permitted as a controller for all motors. 

(B) Small Motors. Devices as specified in 430.81(A) and 
(B) shall be permitted as a controller. 

(C) Stationary Motors of 2 Horsepower or Less. For 
stationary motors rated at 2 hp or less and 300 volts or 
less, the controller shall be permitted to be either of the 
following: 

(1) A general-use switch having an ampere rating not 
less than twice the full-load current rating of the 
motor 

(2) On ac circuits, a general-use snap switch suitable 
only for use on ac (not general-use ac-dc snap 
switches) where the motor full-10ad current rating is 
not more than 80 percent of the ampere rating of the 
switch 

(D) Torque Motors. For torque motors, the controller 
shall have a continuous-duty, full-load current rating not 
less than the nameplate current rating of the motor. For a 
motor controller rated in horsepower but not marked with 
the foregoing current rating, the equivalent current rating 
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shall be determined from the horsepower rating by using 
Table 430.247, Table 430.248, Table 430.249, or Table 
430.250. 

(E) Voltage Rating. A controller with a straight voltage 
rating, for example, 240 volts or 480 volts, shall be 
permitted to be applied in a circuit in which the nominal 
voltage between any two conductors does not exceed the 
controller's voltage rating. A controller with a slash 
rating, for example, 120/240 volts or 480Y 1277 volts, 
shall only be applied in a solidly grounded circuit in 
which the nominal voltage to ground from any conductor 
does not exceed the lower of the two values of the 
controller's voltage rating and the nominal voltage 
between any two conductors does not exceed the higher 
value of the controller's voltage rating. 

430.84 Need Not Open All Conductors. The controller 
shall not be required to open all conductors to the motor. 

Exception: Where the controller serves also as a 
disconnecting means, it shall open all ungrounded 
conductors to the motor as provided in 430.111. 

430.85 In Grounded Conductors. One pole of the 
controller shall be permitted to be placed in a permanently 
grounded conductor, provided the controller is designed 
so that the pole in the grounded conductor cannot be 
opened without simultaneously opening all conductors of 
the circuit. 

430.87 Number of Motors Served by Each Controller. 
Each motor shall be provided with an individual 
controller. 

Exception No.1: For motors rated 600 volts or less, a 
single controller rated at not less than the equivalent 
horsepower, as determined in accordance with 
430. 11 O(C) (1), of all the motors in the group shall be 
permitted to serve the group under any of the following 
conditions: 

(a) Where a number of motors drive several parts of a 
single machine or piece of apparatus, such as metal 
and woodworking machines, cranes, hoists, and 
similar apparatus 

(b) Where a group of motors is under the protection of 
one overcurrent device as permitted in 430.53(A) 

(c) Where a group of motors is located in a single 
room within sight from the controller location 

Exception No.2: A branch-circuit disconnecting means 
serving as the controller as allowed in 430.81 (A) shall be 
permitted to serve more than one motor. 

430.88 Adjustable-Speed Motors. Adjustable-speed 
motors that are controlled by means of field regulation 
shall be equipped and connected so that they cannot be 
started under a weakened field. 

Exception: Starting under a weakened field shall be 
permitted where the motor is designed for such starting. 
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430.89 Speed Limitation. Machines of the fol1owing types 
shall be provided with speed-limiting devices or other speed
limiting means: 

(1) Separately excited dc motors 

(2) Series motors 

(3) Motor-generators and converters that can be driven at 
excessive speed from the dc end, as by a reversal of 
current or decrease in load 

Exception: Separate speed-limiting devices or means shall not 
be required under either of the following conditions: 

(1) Wh~re the inherent characteristics of the machines, the 
system, or the load and the mechanical connection 
thereto are such as to safely limit the speed 

(2) Where the machine is always under the manual control 
of a qualified operator 

430.90 Combination Fuseholder and Switch as Controller. 
The rating of a combination fuseholder and switch used as a 
motor controller shall be such that the fuseholder will 
accommodate the size of the fuse specified in Part III of this 
article for motor overload protection. 

Exception: Where fuses having time delay appropriate for the 
starting characteristics of the motor are used, fuseholders of 
smaller size than specified in Part III of this article shall be 
pelmitted 

VIII. Motor Control Centers 

430.92 General. Part VIII covers motor control centers 
installed for the control of motors, lighting, and power circuits. 

430.94 Overcurrent Protection. Motor control centers shall 
be provided with overcurrent protection in accordance with 
Parts I, II, and VIII of Article 240. The ampere rating or setting 
of the overcurrent protective device shall not exceed the rating 
of the common power bus. This protection shall be provided 
by (1) an overcurrent protective device located ahead of the 
motor control center or (2) a main overcurrent protective 
device located within the motor control center. 

430.95 Service Equipment. Where used as service 
equipment, each motor control center shall be provided with a 
single main disconnecting means to disconnect all ungrounded 
service conductors. 

Exception: A second service disconnect shall be pelmitted to 
supply additional equipment. 

Where a grounded conductor is provided, the motor 
control center shall be provided with a main bonding jumper, 
sized in accordance with 250.28(0), within one ofthe sections 
for connecting the grounded conductor, on its supply side, to 
the motor control center equipment ground bus. 
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Exception: High-impedance grounded neutral systems shall 
be pelmitted to be connected as provided in 250.36. 

430.96 Grounding. Multisection motor control centers shall 
be connected together with an equipment grounding conductor 
or an equivalent equipment grounding bus sized in accordance 
with Table 250.122. Equipment grounding conductors shall be 
comlected to this equipment grounding bus or to a grounding 
termination point provided in a single-section motor control 
center. 

430.97 Busbars and Conductors. 

(A) Support and Arrangement. Busbars shall be protected 
from physical damage and be held finnly in place. Other than 
for required interconnections and control wiring, only those 
conductors that are intended for tennination in a vertical 
section shall be located in that section. 

Exception: Conductors shall be permitted to travel 
horizontally through vertical sections where such conductors 
are isolatedfrom the busbars by a barrier. 

(B) Phase Arrangement. The phase arrangement on 3-phase 
horizontal common power and vertical buses shall be A, B, C 
from front to back, top to bottom, or left to right, as viewed 
from the front of the motor control center. The B phase shall 
be that phase having the higher voltage to ground on 3-phase, 
4-wire, delta-connected systems. Other busbar arrangements 
shall be permitted for additions to existing installations and 
shall be marked. 

Exception: Rear-mounted units connected to a ve11ical bus 
that is common to front-mounted units shall be permitted to 
have a C, B, A phase arrangement where properly identified 

(C) Minimum Wire-Bending Space. The minimum wire
bending space at the motor control center terminals and 
minimum gutter space shall be as required in Article 312. 

(D) Spacings. Spacings between motor control center bus 
terminals and other bare metal parts shall not be less than 
specified in Table 430.97. 

(E) Barriers. Barriers shall be placed in all service-entrance 
motor control centers to isolate service bus bars and tenninals 
from the remainder of the motor control center. 

430.98 Marking. 

(A) Motor Control Centers. Motor control centers shall be 
marked according to 110.21, and such marking shall be plainly 
visible after installation. Marking shall also include common 
power bus current rating and motor control center short-circuit 
rating. 

(B) Motor Control Units. Motor control units in a motor 
control center shall comply with 430.8. 
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Table 430.97 Minimum Snacilm! Between Bare Metal Parts 

Nominal 

Not over 125 volts, nominal 

Not over 250 volts, nominal 

Not over 600 nominal 

IX. Disconnecting Means 

430.101 GeneraL 

Opposite Polarity \\1tere 
Mounted on the Same Suriace 

mm in. 

19.1 % 
31.8 IV! 
50.8 2 

Part IX is intended to require disconnecting means 
capable of disconnecting motors and controllers from the 
circuit. 

Informational Note No.1: See Figure 430.1. 

Informational Note No.2: See 110.22 for identification 
of disconnecting means. 

430.102 Location. 

(A) Controller. An individual disconnecting means shall 
be provided for each controller and shall disconnect the 
controller. The disconnecting means shall be located in 
sight from the controller 10cation. 

Exception No. I: For motor circuits over 600 volts, 
nominal, a controller disconnecting means capable of 
being locked in the open position shall be permitted to be 
out of sight of the controller, provided the controller is 
marked with a warning label giving the location of the 
disconnecting means. 

Exception No.2: A single disconnecting means shall be 
permitted for a group of coordinated controllers that 
drive several parts of a single machine or piece of 
apparatus. The disconnecting means shall be located in 
sight from the controllers, and both the disconnecting 
means and the controllers shall be located in sight from 
the machine or apparatus. 

Exception No.3: The disconnecting means shall not be 
required to be in sight from valve actuator motor (VAM) 
assemblies containing the controller where such a 
location introduces additional or increased hazards to 
persons or property and conditions (a) and (b) are met. 

(a) The valve actuator motor assembly is marked with 
a warning label giving the location of the 
disconnecting means. 

(b) The provision for locking or adding a lock to the 
disconnecting means shall be installed on or at the 
switch or circuit breaker used as the disconnecting 
means and shall remain in place with or without the 
lock installed. 

(B) Motor. A disconnecting means shall be provided for a 
motor in accordance with (8)(1) or (B)(2). 
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Opposite Polarity Where 
HeJd Free in Air 

mm in. 

12.7 Y2 

19.1 % 

25.4 

Live Parts to Ground 

mm in. 

12.7 Yz 
12.7 Y2 
25.4 

(1) Separate Motor Disconnect. A disconnecting means 
for the motor shall be located in sight from the motor 
location and the driven machinery location. 

(2) Controller Disconnect. The controller disconnecting 
means required in accordance with 430.1 02(A) shall be 
permitted to serve as the disconnecting means for the 
motor if it is in sight from the motor location and the 
driven machinery location. 

Exception to (1) and (2): The disconnecting means for the 
motor shall not be required under either condition (a) or 
condition (b), provided the controller disconnecting 
means required in accordance with 430.102(A) is 
individually capable of being locked in the open position. 
The provision for locking or adding a lock to the 
controller disconnecting means shall be installed on or at 
the switch or circuit breaker used as the disconnecting 
means and shall remain in place with or without the lock 
installed. 

(a) Where such a location of the disconnecting means 
for the motor is impracticable or introduces 
additional or increased hazards to persons or 
property 

(b) In industrial installations, with written safety 
procedures, where conditions of maintenance and 
supervision ensure that only qualified persons service 
the equipment 

Informational Note No.1: Some examples of increased 
or additional hazards include, but are not limited to, 
motors rated in excess of 100 hp, multi motor equipment, 
submersible motors, motors associated with adjustable 
speed drives, and motors located in hazardous 
(classified) locations. 

Informational Note No.2: For information on 
lockout/tagout procedures, see NFP A 70E-2009, 
Standard for Electrical Safety in the Workplace. 

430.103 Operation. The disconnecting means shaH open 
all ungrounded supply conductors and shall be designed 
so that no pole can be operated independently. The 
disconnecting means shall be permitted in the same 
enclosure with the controller. The disconnecting means 
shall be designed so that it cannot be' closed 
automaticall y. 

Informational Note: See 430.113 for equipment 
receiving energy from more than one source. 
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430.104 To Be Indicating. The disconnecting means 
shall plainly indicate whether it is in the open (off) or 
closed (on) position. 

430.105 Grounded Conductors. One pole of the 
disconnecting means shall be permitted to disconnect a 
permanently grounded conductor, provided the 
disconnecting means is designed so that the pole in the 
grounded conductor cannot be opened without 
simultaneously disconnecting all conductors of the circuit. 

430.107 Readily Accessible. At least one of the 
disconnecting means shall be readily accessible. 

430.108 Every Disconnecting Means. Every 
disconnecting means in the motor circuit between the 
point of attachment to the feeder or branch circuit and the 
point of connection to the motor shall comply with the 
requirements of 430.1 09 and 430.110. 

430.109 Type. The disconnecting means shall be a type 
specified in 430.109(A), unless otherwise permitted in 
430.109(B) through (G), under the conditions specified. 

(A) General. 

(l) Motor Circuit Switch. A listed motor-circuit switch 
rated in horsepower. 

(2) Molded Case Circuit Breaker. A listed molded case 
circuit breaker. 

(3) Molded Case Switch. A listed molded case switch. 

(4) Instantaneous Trip Circuit Breaker. An 
instantaneous trip circuit breaker that is part of a listed 
combination motor controller. 

(5) Self-Protected Combination Controller. Listed self
protected combination controller. 

(6) Manual Motor Controller. Listed manual motor 
controllers additionally marked "Suitable as Motor 
Disconnect" shall be permitted as a disconnecting means 
where installed between the final motor branch-circuit 
short-circuit protective device and the motor. Listed 
manual motor controllers additionally marked"Suitable as 
Motor Disconnect" shall be permitted as disconnecting 
means on the line side of the fuses permitted in 
430.S2(C)(S). In this case, the fuses permitted in 
430.S2(C)(5) shall be considered supplementary fuses, 
and suitable branch-circuit short-circuit and ground-fault 
protective devices shall be installed on the line side of the 
manual motor controller additionally marked "Suitable as 
Motor Disconnect." 

(7) System Isolation Equipment. System isolation 
equipment shall be listed for disconnection purposes. 
System isolation equipment shall be installed on the load 
side of the overcurrent protection and its disconnecting 
means. The disconnecting means shall be one of the types 
permitted by 430.l09(A)(l) through (A)(3). 

2013 California Electrical Code 

(B) Stationary Motors of Ys Horsepower or Less. For 
stationary motors of Ys hp or less, the branch-circuit 
overcurrent device shall be permitted to serve as the 
disconnecting means. 

(C) Stationary Motors of 2 Horsepower or Less. For 
stationary motors rated at 2 hp or less and 300 volts or 
less, the disconnecting means shall be permitted to be one 
of the devices specified in (1), (2), or (3): 

(1) A general-use switch having an ampere rating not 
less than twice the full-load current rating of the 
motor 

(2) On ac circuits, a general-use snap switch suitable 
only for use on ac (not general-use ac-dc snap 
switches) where the motor full-load current rating is 
not more than 80 percent of the ampere rating of the 
switch 

(3) A listed manual motor controller having a 
horsepower rating not less than the rating of the 
motor and marked "Suitable as Motor Disconnect" 

(D) Autotransformer-Type Controlled Motors. For 
motors of over 2 hp to and including 100 hp, the separate 
disconnecting means required for a motor with an 
autotransformer-type controller shall be permitted to be a 
general-use switch where all of the following provisions 
are met: 

(1) The motor drives a generator that is provided with 
overload protection. 

(2) The controller is capable of interrupting the locked
rotor current of the motors, is provided with a no 
voltage release, and is provided with running 
overload protection not exceeding 12S percent of the 
motor full-load current rating. 

(3) Separate fuses or an inverse time circuit breaker rated 
or set at not more than ISO percent of the motor full
load current is provided in the motor branch circuit. 

(E) Isolating Switches. For stationary motors rated at 
more than 40 hp dc or 100 hp ac, the disconnecting means 
shall be permitted to be a general-use or isolating switch 
where plainly marked "Do not operate under load." 

(F) Cord-and-Plug-Connected Motors. For a cord-and
plug-connected motor, a horsepower-r(lt~~attachment 
plug and receptacle, flanged surface inlet and cord 
connect Oft or attachment pl_ug and cord connector having 
ratings no less than the motor ratings shall be permitted to 
serve as the disconnecting means. Horsepower-rated 
attachment plugs, ~langed surface inJets, receptacles, or 
cord connectorS shall not be required for cord-and-plug
connected appliances in accordance with 422.33, room air 
conditioners in accordance with 440.63, or portable 
motors rated Y3 hp or less. 
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(G) Torque Motors. For torque motors, the 
disconnecting means shall be permitted to be a general
use switch. 

430.110 Ampere Rating and interrupting Capacity. 

(A) General. The disconnecting means for motor circuits 
rated 600 volts, nominal, or less shall have an ampere 
rating not less than 115 percent of the full-load current 
rating of the motor. 

Exception: A listed un/used motor-circuit switch having a 
horsepower rating not less than the motor horsepower 
shall be permitted to have an ampere rating less than 115 
percent of the full-load current rating of the motor. 

(B) For Torque Motors. Disconnecting means for a 
torque motor shall have an ampere rating of at least 115 
percent of the motor nameplate current. 

(C) For Combination Loads. Where two or more motors 
are used together or where one or more motors are used in 
combination with other loads, such as resistance heaters, 
and where the combined load may be simultaneous on a 
single disconnecting means, the ampere and horsepower 
ratings of the combined load shall be determined as 
follows. 

(1) Horsepower Rating. The rating of the disconnecting 
means shall be determined from the sum of all currents, 
including resistance loads, at the full-load condition and 
also at the locked-rotor condition. The combined full-load 
current and the combined locked-rotor current so obtained 
shall be considered as a single motor for the purpose of 
this requirement as follows. 

The full-load current equivalent to the horsepower 
rating of each motor shall be selected from Table 
430.247, Table 430.248, Table 430.249, or Table 
430.250. These full-load currents shall be added to the 
rating in amperes of other loads to obtain an equivalent 
full-load current for the combined load. 

The locked-rotor current equivalent to the 
horsepower rating of each motor shaH be selected from 
Table 430.251(A) or Table 430.251(B). The locked-rotor 
currents shall be added to the rating in amperes of other 
loads to obtain an equivalent locked-rotor current for the 
combined load. Where two or more motors or other loads 
cannot be started simultaneously, the largest sum of 
locked-rotor currents of a motor or group of motors that 
can be started simultaneously and the fuJI-load currents of 
other concurrent loads shall be permitted to be used to 
determine the equivalent locked-rotor current for the 
simultaneous combined loads. In cases where different 
current ratings are obtained when applying these tables, 
the largest value obtained shall be used. 

Exception: Where part of the concurrent load is 
resistance load, and where the disconnecting means is a 
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switch rated in horsepower and amperes, the switch used 
shall be permitted to have a horsepower rating that is not 
less than the combined load of the motor(s), Vthe ampere 
rating of the switch is not less than the locked-rotor 
current Rfthe motor(s) plus the resistance load. 

(2) Ampere Rating. The ampere rating of the 
disconnecting means shall not be less than 115 percent of 
the sum of all currents at the full-load condition 
determined in accordance with 430.11O(C)(l). 

Exception: A listed nonfused motor-circuit switch having 
a horsepower rating equal to or greater than the 
equivalent horsepower of the combined loads, determined 
in accordance with 430.110(C)(1), shall be permitted to 
have an ampere rating less than 115 percent of the sum of 
all currents at the full-load condition. 

(3) Small Motors. For small motors not covered by Table 
430.247, Table 430.248, Table 430.249, or Table 
430.250, the locked-rotor current shall be assumed to be 
six times the full-load current. 

430.111 Switch or Circuit Breaker as Both Controller 
and Disconnecting Means. A switch or circuit breaker 
shall be permitted to be used as both the controller and 
disconnecting means if it complies with 430.111(A) and 
is one of the types specified in 430.111(B). 

(A) General. The switch or circuit breaker complies with 
the requirements for controllers specified in 430.83, opens 
all ungrounded conductors to the motor, and is protected 
by an overcurrent device in each ungrounded conductor 
(which shall be permitted to be the branch-circuit fuses). 
The overcurrent device protecting the controller shall be 
permitted to be part of the controller assembly or shall be 
permitted to be separate. An autotransformer-type 
contro11er shall be provided with a separate disconnecting 
means. 

(B) Type. The device shall be one of the types specified 
in 430.111(B)(1), (B)(2), or (B)(3). 

(1) Air-Break Switch. An air-break switch, operable 
directly by applying the hand to a lever or handle. 

(2) Inverse Time Circuit Breaker. An inverse time 
circuit breaker operable directly by applying the hand to a 
lever or handle. The circuit breaker shall be permitted to 
be both power and manually operable. 

(3) Oil Switch. An oU switch used on a circuit whose 
rating does not exceed 600 volts or 100 amperes, or by 
special permission on a circuit exceeding this capacity 
where under expert supervision. The oil switch shall be 
permitted to be both power and manually operable. 

430.112 Motors Served by Single Disconnecting 
Means. Each motor shall be provided with an individual 
disconnecting means. 
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Exception: A single disconnecting means shall be 
permitted to serve a group of motors under anyone of the 
conditions of (a), (b), and (c). The single disconnecting 
means shall be rated in accordance with 430. 110(C). 

(a) Where a number of motors drive several parts of a 
single machine or piece of apparatus, such as metal
and woodworking machines, cranes, and hoists. 

(b) Where a group of motors is under the protection of 
one set of branch-circuit protective devices as 
permitted by 430.53(A). 

(c) Where a group of motors is in a single room within 
sight from the location of the disconnecting means. 

430.113 Energy from More Than One Source. Motor 
and motor-operated equipment receiving electric energy 
from more than one source shall be provided with 
disconnecting means from each source of electric energy 
immediately adjacent to the equipment served. Each 
source shall be permitted to have a separate disconnecting 
means. Where multiple disconnecting means are 
provided, a permanent warning sign shall be provided on 
or adjacent to each disconnecting means. 

Exception No.1: Where a motor receives electric energy 
from more than one source, the disconnecting means for 
the main power supply to the motor shall not be required 
to be immediately adjacent to the motor, provided the 
controller disconnecting means is capable of being locked 
in the open position. 

Exception No.2: A separate disconnecting means shall 
not be required for a Class 2 remote-control circuit 
conforming with Article 725, rated not more than 30 
volts, and isolated and ungrounded. 

X. Adjustable-Speed Drive Systems 

430.120 General. The installation provisions of Part I 
through Part IX are applicable unless modified or 
supplemented by Part X. 

Informational Note: Electrical resonance can 
result from the interaction of the nonsinusoidal 
currents from this type of load with power factor 
correction capacitors. 

430.122 Conductors - Minimum Size and Ampacity. 

(A) Branch/Feeder Circuit Conductors. Circuit 
conductors supplying power conversion equipment 
included as part of an adjustable-speed drive system shall 
have an ampacity not less than 125 percent of the rated 
input current to the power conversion equipment. 

Informational Note: Po, .. er conver ion equipment can 
have multiple power ratings and corresponding input 
currenlS. 
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(B) Bypass Device. For an adjustable-speed drive system 
that utilizes a bypass device, the conductor ampacity shall 
not be less than required by 430.6. The ampacity of 
circuit conductors supplying power conversion equipment 
included as part of an adjustable-speed drive system that 
utilizes a bypass device shall be the larger of either of the 
following: 

(I) 125 percent of the rated input current to the power 
conversion equipment 

(2) 125 percent of the motor full-load current rating as 
determined by 430.6 

430.124 Overload Protection. Overload protection of the 
motor shall be provided. 

(A) Included in Power Conversion Equipment. Where 
the power conversion equipment is marked to indicate 
that motor overload protection is included, additional 
overload protection shall not be required. 

(B) Bypass Circuits. For adjustable speed drive systems 
that utilize a bypass device to allow motor operation at 
rated full-load speed, motor overload protection as 
described in Article 430, Part III, shall be provided in the 
bypass circuit. 

(C) Multiple Motor Applications. For multiple motor 
application, individual motor overload protection shall be 
provided in accordance with Article 430, Part III. 

430.126 Motor Overtemperature Protection. 

(A) General. Adjustable speed drive systems shall protect 
against motor overtemperature conditions where the 
motor is not rated to operate at the nameplate rated 
current over the speed range required by the application. 
This protection shall be provided in addition to the 
conductor protection required in 430.32. Protection shall 
be provided by one of the following means. 

(1) Motor thermal protector in accordance with 430.32 

(2) Adjustable speed drive system with load and speed-
sensitive overload protection and thermal memory 
retention upon shutdown or power loss 

Exception to (2): Thermal memory retention upon 
shutdown or power loss is not required for continuous 
duty loads. 

(3) Overtemperature protection relay utilizing thermal 
sensors embedded in the motor and meeting the 
requirements of 430.32(A)(2) or (B)(2) 

(4) Thermal sensor embedded in the motor whose 
communications are received and acted upon by an 
adjustable speed drive system 
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Informational Note: The relationship between motor 
current and motor temperature changes when the motor 
is operated by an adjustable speed drive. In certain 
applications, overheating of motors can occur when 
operated at reduced speed, even at current levels less 
than a motor's rated full-load current. The overheating 
can be the result of reduced motor cooling when its 
shaft-mounted fan is operating less than rated nameplate 
RPM. As part of the analysis to determine whether 
overheating will occur, it is necessary to consider the 
continuous torque capability curves for the motor given 
the application requirements. This will assist in 
determining whether the motor overload protection will 
be able, on its own, to provide protection against 
overheating. These overheating protection requirements 
are only intended to apply to applications where an 
adjustable speed drive, as defined in 430.2, is used. 

For motors that utilize external forced air or liquid 
cooling systems, overtemperature can occur if the 
cooling system is not operating. Although this issue is 
not unique to adjustable speed applications, externally 
cooled motors are most often encountered with such 
applications. In these instances, overtemperature 
protection using direct temperature sensing is 
recommended [i.e., 430.l26(A)(1), (A)(3), or (A)(4)], or 
additional means should be provided to ensure that the 
cooling system is operating (flow or pressure sensing, 
interlocking of adjustable speed drive system and 
cooling system, etc.). 

(B) Multiple Motor Applications. For multiple motor 
applications, individual motor overtemperature protection 
shall be provided as required in 430.126(A). 

(C) Automatic Restarting and Orderly Shutdown. The 
provisions of 430.43 and 430.44 shall apply to the motor 
overtemperature protection means. 

430.128 Disconnecting Means. The disconnecting means 
shall be permitted to be in the incoming line to the 
conversion equipment and shall have a rating not less than 
115 percent of the rated input current of the conversion 
unit. 

XI. Over 600 Volts, Nominal 

430.221 General. Part XI recognizes the additional. 
hazard due to the use of higher voltages. It adds to or 
amends the other provisions of this article. 

430.222 Marking on Controllers. In addition to the 
marking required by 430.8, a controller shall be marked 
with the control voltage. 

430.223 RacewayCoooection to Motors. Flexible metal 
conduit or liquidtight flexible metal conduit not exceeding 
1.8 m (6 ft) in length shall be permitted to be employed 
for raceway connection to a motor terminal enclosure. 

430.224 Size of Conductors. Conductors supplying 
motors sha1l have an ampacity not less than the current at 
which the motor overload protective device( s) is selected 
to trip. 
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430.225 Motor-Circuit Overcurrent Protection. 

(A) General. Each motor circuit shall include coordinated 
protection to automatically interrupt overload and fault 
currents in the motor, the motor-circuit conductors, and 
the motor control apparatus. 

Exception: Where a motor is crilicallo (In operation and 
the motor should operate to failure if necessary to prevent 
a greater hazard to persons, the sensing device(s) shall be 
permitted to be connected to a supervised annunciator or 
alarm instead of interrupting the motor circuit. 

(B) Overload Protection. 

(1) Type of Overload Device. Each motor shall be 
protected against dangerous heating due to motor 
overloads and failure to start by a thermal protector 
integral with the motor or external current-sensing 
devices, or both. Protective device settings for each motor 
circuit shall be det~~J!'.inedun(lC!r~Jlgjncering sUPf!:!"ls.i()f!" 

(2) Wound-Rotor Alternating-Current Motors. The 
secondary circuits of wound-rotor ac motors, including 
conductors, controllers, and resistors rated for the 
application, shall be considered as protected against 
overcurrent by the motor overload protection means. 

(3) Operation. Operation of the overload interrupting 
device shall simultaneously disconnect all ungrounded 
conductors. 

(4) Automatic Reset. Overload sensing devices shall not 
automatically reset after trip unless resetting of the 
overload sensing device does not cause automatic 
restarting of the motor or there is no hazard to persons 
created by automatic restarting of the motor and its 
connected machinery. 

(C) Fault-Current Protection. 

(1) Type of Protection. Fault-current protection shall be 
provided in each motor circuit as specified by either (l)(a) 
or (l)(b). 

(a) A circuit breaker of suitable type and rating 
arranged so that it can be serviced without hazard. The 
circuit breaker shall simultaneously disconnect all 
ungrounded conductors. The circuit breaker shall be 
permitted to sense the fault current by means of integral 
or external sensing elements. 

(b) Fuses of a suitable type and rating placed in each 
ungrounded conductor. Fuses shall be used with suitable 
disconnecting means, or they shall be of a type that can also 
serve as the disconnecting means. They shall be arranged so 
that they cannot be serviced while they are energized. 

(2) Reclosing. Fault-current interrupting devices shall not 
automatically reclose the circuit. 
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Exception: Automatic reclosing of a circuit shall be 
permitted where the circuit is exposed to transient faults 
and where such automatic reclosing does not create a 
hazard to persons. 

(3) Combination Protection. Overload protection and 
fault-current protection shall be permitted to be provided 
by the same device. 

430.226 Rating of Motor Control Apparatus. The 
ultimate trip current of overcurrent (overload) relays or 
other motor-protective devices used shall not exceed 115 
percent of the controller's continuous current rating. 
Where the motor branch-circuit disconnecting means is 
separate from the controller, the disconnecting means 
current rating shall not be less than the ultimate trip 
setting of the overcurrent relays in the circuit. 

430.227 Disconnecting Means. The controller 
disconnecting means shall be capable of being locked in 
the open position. The provision for locking or adding a 
lock to the disconnecting means shall be installed on or at 
the switch or circuit breaker used as the disconnecting 
means and shall remain in place with or without the lock 
installed. 

XII. Protection of Live Parts - AU Voltages 

430.231 General. Part XII specifies that live parts shall 
be protected in a manner judged adequate for the hazard 
involved. 

430.232 Where Required. Exposed live paIis of motors 
and controllers operating at 50 volts or more between 
terminals shall be guarded against accidental contact by 
enclosure or by location as follows: 

(1) By installation in a room or enclosure that is 
accessible only to qualified persons 

(2) By installation on a suitable balcony, gallery, or 
platform, elevated and arranged so as to exclude 
unqualified persons 

(3) By elevation 2.5 m (8 ft) or more above the floor 

Exception: Live parts of motors operating at more than 
50 volts between terminals shall not require additional 
guarding for stationary motors that have commutators, 
collectors, and brush rigging located inside of motor-end 
brackets and not conductively connected to supp~y 
circuits operating at more than 150 volts to ground. 

430.233 Guards for Attendants. Where live parts of 
motors or controllers operating at over 150 volts to 
ground are guarded against accidental contact only by 
location as specified in 430.232, and where adjustment or 
other attendance may be necessary during the operation of 
the apparatus, suitable insulating mats or platforms shall 
be provided so that the attendant cannot readily touch live 
parts unless standing on the mats or platforms. 
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Informational Note: For working space, see 110.26 and 
1 ]0.34. 

XIII. Grounding - All Voltages 

430.241 General. Part XIII specifies the grounding of 
exposed non-current-carrying metal parts, likely to 
become energized, of motor and controller frames to 
prevent a voltage aboveground in the event of accidental 
contact between energized parts and frames. Insulation, 
isolation, or guarding are suitable alternatives to 
grounding of motors under certain conditions. 

430.242 Stationary Motors. The frames of stationary 
motors shall be grounded under any of the following 
conditions: 

(1) Where supplied by metal-enclosed wiring 

(2) Where in a wet location and not isolated or guarded 

(3) If in a hazardous (classified) location 

(4) If the motor operates with any terminal at over 150 
volts to ground 

Where the frame of the motor is not grounded, it shall 
be permanently and effectively insulated from the ground. 

430.243 Portable Motors. The frames of portable motors 
that operate over 150 volts to ground shall be guarded or 
grounded. 

Infonnational Note No.1: See 250.114(4) for grounding 
of portable appliances in other than residential 
occupancies. 

Informational Note No.2: See 250.119(C) for color of 
equipment grounding conductor. 

Exception No.1: Listed motor-operated tools, listed 
motor-operated appliances, and listed motor-operated 
equipment shall not be required to be grounded where 
protected by a system of double insulation or its 
equivalent. Double-insulated equipment shall be 
distinctively marked. 

Exception No.2: Listed motor-operated tools, listed 
motor-operated appliances, and listed motor-operated 
equipment connected by a cord and attachment plug other 
than those required to be grounded in accordance with 
250.114. 

430.244 Controllers. Controller enclosures shall be 
connected to the equipment grounding conductor 
regardless of voltage. Controller enclosures shall have 
means for attachment of an equipment grounding 
conductor termination in accordance with 250.8. 

Exception: Enclosures attached to ungrounded portable 
equipment shall not be required to be grounded. 
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430.245 ARTICLE 430 -

430.245 Method of Grounding. 

Connection to the equipment grounding conductor shall 
be done in the manner specified in Part VI of Article 250. 

(A) Grounding Through Terminal Housings. Where 
the wiring is metal-enclosed cable or in metal 
raceways, junction boxes to house motor terminals shall 
be provided, and the armor of the cable or the metal 
raceways shall be connected to them in the manner 
specified in &.""",,,,,,,,.,. 

Informational Note: See 430.12(E) for equipment 
grounding connection means required at motor terminal 
housings. 

(B) Separation of Junction Box from Motor. The 
junction box required by 430.245(A) shall be permitted to 
be separated from the motor by not more than 1.8 m (6 ft), 
provided the leads to the motor are stranded conductors 
within Type AC cable, interlocked metal tape Type MC 
cable where listed and identified in accordance with 
250.]] 8(10)(a), or armored cord or are stranded leads 
enclosed in liquidtight flexible metal conduit, flexible 
metal conduit, intermediate metal conduit, rigid metal 
conduit, or electrical metallic tubing not smaller than 
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metric designator 12 (trade size the armor or raceway 
being connected both to the motor and to the box. 

Liquidtight flexible nonmetallic conduit and rigid 
nonmetallic conduit shall be permitted to enclose the 
leads to the motor, provided the leads are stranded and the 
required equipment grounding conductor is connected to 
both the motor and to the box. 

Where stranded leads are used, protected as specified 
above, each strand within the conductor shall be not larger 
than 10 AWG and shall comply with other requirements 
of this Code for conductors to be used in raceways. 

(C) Grounding of Controller-Mounted Devices. 
Instrument transformer secondaries and exposed non
current-carrying metal or other conductive parts or cases 
of instrument transformers, meters, instruments, and 
relays shall be grounded as specified in 250.170 through 
250.178. 

XIV. Tables 

Table 430.247 Full-Load Current in Amperes, Direct-Current Motors 

The following values of full-load currents* are for motors running at base 

Armature 

90 Volts 120 Volts 180 Volts 240 Volts 500 Volts 550 Volts 

14 4.0 3.1 2.0 1.6 
1/3 5.2 4.1 2.6 2.0 
12 6.8 5.4 3.4 2.7 

9.6 7.6 4.8 3.8 
12.2 9.5 6.1 4.7 

112 13.2 8.3 6.6 
2 17 10.8 8.5 
3 25 16 12.2 

40 27 20 
712 58 29 13.6 12.2 
10 76 38 18 16 
15 55 27 24 
20 72 34 31 
25 89 43 38 

30 106 51 46 
40 140 67 6] 

50 173 83 75 
60 206 99 90 
75 255 123 111 
100 341 164 148 
125 425 205 185 
150 506 246 222 
200 675 330 294 
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Table 430.248 Full-Load Currents in Amperes, Table 430.249 Full-Load Current, Two-Phase 
Single-Phase Alternating-Current Motors The Alternating-Current Motors (4-Wire) The following 
following values of full-load currents are for motors values of full-load current are for motors running at 
running at usual speeds and motors with normal torque speeds usual for belted motors and motors with normal 
characteristics. The voltages listed are rated motor torque characteristics. Current in the common conductor 
voltages. The currents listed shall be permitted for system of a 2-phase, 3-wire system will be 1.41 times the value 
voltage ranges of 110 to 120 and 220 to 240 volts. given. The voltages listed are rated motor voltages. The 

Horsepower 115 200 208 230 
Volts Volts Volts Volts 

4.4 2.5 2.4 2.2 

currents listed shall be permitted for system voltage 
ranges of 110 to 120, 220 to 240, 440 to 480, and 550 to 
600 volts. 

114 5.8 33 3.2 2.9 Induction-Type Squirrel Cage and 
lh 7.2 4.1 4.0 3.6 Wound Rotor 

II:! 9.8 5.6 5.4 4.9 Horsepower 115 230 460 575 2300 
'l4 13.8 7.9 7.6 6.9 Volts Volts Volts Volts Volts 

16 9.2 8.8 8.0 \12 4.0 2.0 1.0 0.8 
1 \12 20 11.5 11.0 10 4.8 2.4 1.2 1.0 
2 24 13.8 13.2 12 6.4 3.2 1.6 1.3 
3 34 19.6 18.7 17 1 \12 9.0 4.5 2.3 1.8 
5 56 32.2 30.8 28 2 11.8 5.9 3.0 2.4 

7 II:! 80 46.0 44.0 40 3 8.3 4.2 3.3 
10 100 57.5 55.0 50 5 13.2 6.6 53 

7Yz 19 9.0 8.0 
10 24 12 10 
15 36 18 14 
20 47 23 19 
25 59 29 24 
30 69 35 28 
40 90 45 36 
50 113 56 45 
60 133 67 53 14 
75 166 83 66 18 
100 218 109 87 23 
125 270 135 108 28 
150 312 156 125 32 
200 416 208 167 43 
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Table 430.250 Full-Load Current, Three-Phase Alternating-Current Motors The following values of full-load 
currents are typical for motors running at speeds usual for belted motors and motors with normal torque 
characteristics. 

The voltages listed are rated motor voltages. The currents listed shall be permitted for system voltage ranges of 110 to 120, 
220 to 240, 440 to 480, and 550 to 600 volts. 

Synchronous-Type Unity Power 
Induction-Type Squirrel Cage and Wound Rotor (Amperes) Factor* 

200 208 230 460 575 2300 230 460 575 2300 
115Voits Volts Volts Volts Volts Volts Volts Volts Volts Volts Volts 

Y2 4.4 2.5 2.4 2.2 1.1 0.9 
% 6.4 3.7 3.5 3.2 1.6 1.3 

8.4 4.8 4.6 4.2 2.1 1.7 
I Y2 12.0 6.9 6.6 6.0 3.0 2.4 
2 13.6 7.8 7.5 6.8 3.4 2.7 
3 11.0 10.6 9.6 4.8 3.9 

17.5 16.7 15.2 7.6 6.1 
7Y2 25.3 24.2 22 11 9 

10 32.2 30.8 28 14 11 
15 48.3 46.2 42 21 17 

20 62.1 59.4 54 27 22 
25 78.2 74.8 68 34 27 53 26 21 
30 92 88 80 40 32 63 32 26 
40 120 114 104 52 41 83 41 33 

50 150 143 130 65 52 104 52 42 
60 177 169 154 77 62 16 123 61 49 12 
75 221 211 192 96 77 20 155 78 62 15 
100 285 273 248 124 99 26 202 101 81 20 
125 359 343 312 156 125 31 253 126 101 25 
150 414 396 360 180 144 37 302 151 121 30 
200 552 528 480 240 192 49 400 201 161 40 
250 302 242 60 
300 361 289 72 
350 414 336 83 
400 477 382 95 
450 515 412 \03 
500 590 472 118 

*For 90 and 80 percent power factor, the figures shall be multiplied by 1.1 and 1.25, respectively 

Table 430.251(A) Conversion Table of Single-Phase 
Locked- Rotor Currents for Selection of Disconnecting 
Means and Controllers as Determined from 
Horsepower and Voltage Rating 

For use only with 430.110, 440.12, 440.41, and 455.8(C). 

Maximum Locked-Rotor Current in 
Am~eres, Single Phase 

Rated 
Horse~ower 115 Volts 208 Volts 230 Volts 

Y2 58.8 32.5 29.4 
% 82.8 45.8 41.4 

96 53 48 
1 Yz ]20 66 60 
2 144 80 72 
3 204 113 102 
5 336 186 168 

7Yz 480 265 240 
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Table 430.251(B) Conversion Table of Polyphase Design B, C, and D Maximum Locked-Rotor Currents for Selection 
of Disconnecting Means and Controllers as Determined from Horsepower and Voltage Rating and Design Letter 

Maximum Motor Locked-Rotor Current in Two- and Three-Phase, B,C, and D* 

115 Volts 200 Volts 208 Volts 230 Volts 460 Volts 575 Volts 

Rated B,C,D B,C,D B,C,D B,C,D B,C,D B,C,D 

Y2 40 23 22.1 20 10 8 

% 50 28.8 27.6 25 12.5 10 

60 34.5 33 30 15 12 

112 80 46 44 40 20 16 

2 100 57.5 55 50 25 20 

3 73.6 71 64 32 25.6 

5 105.8 102 92 46 36.8 

7'h. 146 140 127 63.5 50.8 

10 ]86.3 179 162 81 64.8 

15 267 257 232 116 93 

20 334 321 290 145 116 

25 420 404 365 183 146 

30 500 481 435 218 174 

40 667 641 580 290 232 

50 834 802 725 363 290 

60 1001 962 870 435 348 

75 1248 1200 1085 543 434 

100 1668 1603 1450 725 580 

125 2087 2007 1815 908 726 

150 2496 2400 2170 1085 868 

200 3335 3207 2900 1450 1160 

250 1825 1460 

300 2200 1760 

350 2550 2040 

400 2900 2320 

450 3250 2600 

500 3625 2900 

*Design A motors are not limited to a maximum starting current or locked rotor current. 
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440.1 ARTICLE 440 - AIR-CONDITIONING AND REFRIGERATING EQUIPMENT 

ARTICLE 440 
Air-Conditioning and Refrigerating 

Equipment 
I. General 

440.1 Scope. The provIsIOns of this article apply to 
electric motor-driven air-conditioning and refrigerating 
equipment and to the branch circuits and controllers for 
such equipment. It provides for the special considerations 
necessary for circuits supplying hermetic refrigerant 
motor-compressors and for any air-conditioning or 
refrigerating equipment that is supplied from a branch 
circuit that supplies a hermetic refrigerant motor
compressor. 

440.2 Definitions. 

Branch-Circuit Selection Current. The value in 
amperes to be used instead of the rated-load current in 
determining the ratings of motor branch-circuit 
conductors, disconnecting means, controllers, and branch
circuit short-circuit and ground-fault protective devices 
wherever the running overload protective device permits a 
sustained current greater than the specified percentage of 
the rated-load current. The value of branch-circuit 
selection current will always be equal to or greater than 
the marked rated-load current. 

Hermetic Refrigerant Motor-Compressor. A 
combination consisting of a compressor and motor, both 
of which are enclosed in the same housing, with no 
external shaft or shaft seals, the motor operating in the 
refrigerant. 

Leakage-Current Detector-Interrupter (LCDI). A 
device provided in a power supply cord or cord set that 
senses leakage current flowing between or from the cord 
conductors and interrupts the circuit at a predetermined 
level of leakage current. 

Rated-Load Current. The rated-load current for a 
hermetic refrigerant motor-compressor is the current 
resulting when the motor-compressor is operated at the 
rated load, rated voltage, and rated frequency of the 
equipment it serves. 

440.3 Other Articles. 

(A) Article 430. These provisions are in addition to, or 
amendatory of, the provisions of Article 430 and other 
articles in this Code, which apply except as modified in 
this article. 

(B) Articles 422, 424, or 430. The rules of Articles 422, 
424, or 430, as applicable, shall apply to air-conditioning 
and refrigerating equipment that does not incorporate a 
hermetic refrigerant motor-compressor. This equipment 
includes devices that employ refrigeration compressors 
driven by conventional motors, furnaces with air-
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conditioning evaporator coils installed, fan-coil units, 
remote forced air-cooled condensers, remote commercial 
refrigerators, and so forth. 

(C) Article 422. Equipment such as room aIr 
conditioners, household refrigerators and freezers, 
drinking water coolers, and beverage dispensers shall be 
considered appliances, and the provisions of Article 422 
shall also apply. 

(D) Other Applicable Articles. Hermetic refrigerant 
motor-compressors, circuits, controllers, and equipment 
shall also comply with the applicable provisions of Table 
440.3(D). 

Table 440.3(D) Other Articles 

Equipment/Occupancy 

Capacitors 

Commercial garages, aircraft hangars, 
motor fuel dispensing facilities, bulk 
storage plants, spray application, 
dipping, and coating processes, and 
inhalation anesthetizing locations 

Hazardous (classified) locations 

Motion picture and television studios and 
similar locations 

Resistors and reactors 

Article Section 

511 , 513,514, 
515,516,and 
517 Part IV 

500-503 and 
505 

530 

470 

460.9 

440.4 Marking on Hermetic Refrigerant Motor
Compressors and Equipment. 

(A) Hermetic Refrigerant Motor-Compressor 
Nameplate. A hermetic refrigerant motor-compressor 
shall be provided with a nameplate that shall indicate the 
manufacturer's name, trademark, or symbol; identifying 
designation; phase; voltage; and frequency. The rated
load current in amperes of the motor-compressor shall be 
marked by the equipment manufacturer on either or both 
the motor-compressor nameplate and the nameplate of the 
equipment in which the motor-compressor is used. The 
locked-rotor current of each single-phase motor
compressor having a rated-load current of more than 9 
amperes at 115 volts, or more than 4.5 amperes at 230 
volts, and each polyphase motor-compressor shall be 
marked on the motor-compressor nameplate. Where a 
thermal protector complying with 440.52(A)(2) and 
(B)(2) is used, the motor-compressor nameplate or the 
equipment nameplate shall be marked with the words 
"thermally protected." Where a protective system 
complying with 440.52(A)(4) and (B)(4) is used and is 
furnished with the equipment, the equipment nameplate 
shall be marked with the words, "thermally protected 
system." Where a protective system complying with 
440.52(A)(4) and (B)(4) is specified, the equipment 
nameplate shall be appropriately marked. 

2013 California Electrical Code 



ARTICLE 440 - AIR-CONDITIONING AND REFRIGERATING EQUIPMENT 440.7 

(B) Multimotor and Combination-Load Equipment. 
Multimotor and combination-load equipment shall be 
provided with a visible nameplate marked with the 
maker's name, the rating in volts, frequency and number 
of phases, minimum supply circuit conductor ampacity, 
the maximum rating of the branch-circuit short-circuit and 
ground-fault protective device, and the short-circuit 
current rating of the motor controllers or industrial control 
panel. The ampacity shall be calculated by using Part IV 
and counting all the motors and other loads that will be 
operated at the same time. The branch-circuit short-circuit 
and ground-fault protective device rating shall not exceed 
the value calculated by using Part III. Multimotor or 
combination-load equipment for use on two or more 
circuits shall be marked with the above information for 
each circuit. 

Exception No.1: Multimotor and combination-load 
equipment that is suitable under the provisions of this 
article for connection to a single 15- or 20-ampere, 120-
volt, or a 15-ampere, 208- or 240-volt, single-phase 
branch circuit shall be permitted to be marked as a single 
load. 

Exception No.2: The minimum supply circuit conductor 
ampacity and the maximum rating of the branch-circuit 
short-circuit and ground-fault protective device shall not 
be required to be marked on a room air conditioner 
comp(ving with 440. 62 (A). 

Exception No.3: Multlmotor and combination-load 
equipment used in one- and two-family dwellings, cord
and-attachment-plug-connected equipment, or equipment 
supplied from a branch circuit protected at 60 A or less 
shall not be required to be marked with a short-circuit 
current rating. 

(C) Branch-Circuit Selection Current. A hermetic 
refrigerant motor-compressor, or equipment containing 
such a compressor, having a protection system that is 
approved for use with the motor-compressor that it 
protects and that permits continuous current in excess of 
the specified percentage of nameplate rated-load current 
given in 440.52(B)(2) or (B)(4) sha1l also be marked with 
a branch-circuit selection current that complies with 
440.52(B)(2) or (B)(4). This marking shall be provided by 
the equipment manufacturer and shall be on the 
nameplate(s) where the rated-load current(s) appears. 

440.5 Marking on Controllers. A controller shall be 
marked with the manufacturer's name, trademark, or 
symbol; identifying designation; voltage; phase; full-load 
and locked-rotor current (or horsepower) rating; and such 
other data as may be needed to properly indicate the 
motor-compressor for which it is suitable. 

440.6 Ampacity and Rating. The size of conductors for 
equipment covered by this article sha11 be selected from 
Table 3 through Table 3 or 
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calculated in accordance with 310.1S as applicable. The 
required ampacity of conductors and rating of equipment 
shal1 be determined according to 440.6(A) and 440.6(B). 

(A) Hermetic Refrigerant Motor-Compressor. For a 
hermetic refrigerant motor-compressor, the rated-load 
current marked on the nameplate of the equipment in 
which the motor-compressor is employed shall be used in 
determining the rating or ampacity of the disconnecting 
means, the branch-circuit conductors, the controller, the 
branch-circuit short-circuit and ground-fault protection, 
and the separate motor overload protection. Where no 
rated-load current is shown on the equipment nameplate, 
the rated-load current shown on the compressor 
nameplate shall be used. 

Exception No.1: Where so marked, the branch-circuit 
selection current shall be used instead of the rated-load 
current to determine the rating or ampacity of the 
disconnecting means, the branch-circuit conductors, the 
controller, and the branch-circuit short-circuit and 
ground-fault protection. 

Exception No.2: For cord-and-plug-connected 
equipment, the nameplate marking shall be used in 
accordance with 440.22(B), Exception No.2. 

Infonnational Note: For disconnecting means and 
controllers, see 440.12 and 440.41. 

(B) Multimotor Equipment. For multimotor equipment 
employing a shaded-pole or permanent split-capacitor
type fan or blower motor, the full-load current for such 
motor marked on the nameplate of the equipment in 
which the fan or blower motor is employed shall be used 
instead of the horsepower rating to determine the 
ampacity or rating of the disconnecting means, the 
branch-circuit conductors, the controller, the branch
circuit short-circuit and ground-fault protection, and the 
separate overload protection. This marking on the 
equipment nameplate shall not be less than the current 
marked on the fan or blower motor nameplate. 

440.7 Highest Rated (Largest) Motor. In determining 
compliance with this article and with 430.24, 430.53(B) 
and 430.S3(C), and 430.62(A), the highest rated (largest) 
motor shall be considered to be the motor that has the 
highest rated-load current. Where two or more motors 
have the same highest rated-load current, only one of 
them shall be considered as the highest rated (largest) 
motor. For other than hermetic refrigerant motor
compressors, and fan or blower motors as covered in 
440.6(B), the full-load current used to determine the 
highest rated motor shall be the equivalent value 
corresponding to the motor horsepower rating selected 
from Table 430.248, Table 430.249, or Table 430.250. 

Exception: Where so marked, the branch-circuit selection 
current shall be used instead of the rated-load current in 
determining the highest rated (largest) motor-compressor. 

70-341 



440.8 ARTICLE 440 AIR-CONDITIONING AND REFRIGERATING 

440.8 Single Machine. An air-conditioning or 
refrigerating system shall be considered to be a single 
machine under the provisions of 430.87, Exception, and 
430.112, Exception. The motors shall be permitted to be 
located remotely from each other. 

II. Disconnecting Means 

440.11 Genera]. The provisions of Part II are intended to 
require disconnecting means capable of disconnecting air
conditioning and refrigerating equipment, including 
motor-compressors and controllers from the circuit 
conductors. 

440.12 Rating and Interrupting Capacity. 
(A) Hermetic Refrigerant Motor-Compressor. A 
disconnecting means serving a hermetic refrigerant 
motor-compressor shall be selected on the basis of the 
nameplate rated-load current or branch-circuit selection 
current, whichever is greater, and locked-rotor current, 
respectively, of the motor-compressor as follows. 
(1) Ampere Rating. The ampere rating shall be at least 
115 percent ofthe nameplate rated-load current or branch
circuit selection current, whichever is greater. 

Exception: A listed unfused motor circuit switch, without 
fuseholders, having a horsepower rating not less than the 
equivalent horsepower determined in accordance with 
440. 12(A) (2) shall be permitted to have an ampere rating 
less than 115 percent of the specified current. 
(2) Equivalent Horsepower. To determine the equivalent 
horsepower in complying with the requirements of 
430.109, the horsepower rating shall be selected from 
Table 430.248, Table 430.249, or Table 430.250 
corresponding to the rated-load current or branch-circuit 
selection current, whichever is greater, and also the 
horsepower rating from Table 430.251 (A) or Table 
430.251(B) corresponding to the locked-rotor current. In 
case the nameplate rated-load current or branch-circuit 
selection current and locked-rotor current do not 
correspond to the currents shown in Table 430.248, Table 
430.249, Table 430.250, Table 430.251(A), or Table 
430.251(B), the horsepower rating corresponding to the 
next higher value shall be selected. In case different 
horsepower ratings are obtained when applying these 
tables, a horsepower rating at least equal to the larger of 
the values obtained shall be selected. 
(B) Combination Loads. Where the combined load of 
two or more hermetic refrigerant motor-compressors or 
one or more hermetic refrigerant motor-compressor with 
other motors or loads may be simultaneous on a single 
disconnecting means, the rating for the disconnecting 
means shall be determined m accordance with 
440.12(B)(1) and (B)(2). 

(1) Horsepower Rating. The horsepower rating of the 
disconnecting means shall be determined from the sum of 
all currents, including resistance loads, at the rated-load 
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condition and also at the locked-rotor condition. The 
combined rated-load current and the combined locked
rotor current so obtained shall be considered as a single 
motor for the purpose of this requirement as required by 
(l)(a) and (l)(b). 

(a) The full-load current equivalent to the 
horsepower rating of each motor, other than a hermetic 
refrigerant motor-compressor, and fan or blower motors 
as covered in 440.6(B) shall be selected from Table 
430.248, Table 430.249, or Table 430.250. These full
load currents shall be added to the motor-compressor 
rated-load current(s) or branch-circuit selection current(s), 
whichever is greater, and to the rating in amperes of other 
loads to obtain an equivalent full-load current for the 
combined load. 

(b) The locked-rotor current equivalent to the 
horsepower rating of each motor, other than a hermetic 
refrigerant motor-compressor, shall be selected from 
Table 430.25l(A) or Table 430.251(B), and, for fan and 
blower motors of the shaded-pole or permanent split
capacitor type marked with the locked-rotor current, the 
marked value shall be used. The locked-rotor currents 
shall be added to the motor-compressor locked-rotor 
current( s) and to the rating in amperes of other loads to 
obtain an equivalent locked-rotor current for the 
combined load. Where two or more motors or other loads 
such as resistance heaters, or both, cannot be started 
simultaneously, appropriate combinations of locked-rotor 
and rated-load current or branch-circuit selection current, 
whichever is greater, shall be an acceptable means of 
determining the equivalent locked-rotor current for the 
simultaneous combined load. 

Exception: Where part of the concurrent load is a 
resistance load and the disconnecting means is a switch 
rated in horsepower and amperes, the switch used shall 
be permitted to have a horsepower rating not less than the 
combined load to the motor-compressor(s) and other 
motor(s) at the locked-rotor condition, if the ampere 
rating of the switch is not less than this locked-rotor load 
plus the resistance load. 

(2) Full-Load Current Equivalent. The ampere rating of 
the disconnecting means shall be at least 115 percent of 
the sum of all currents at the rated-load condition 
determined in accordance with 440. 12(B)(1 ). 

Exception: A listed un/used motor circuit switch, without 
fuseholders, having a horsepower rating not less than the 
equivalent horsepower determined by 440.12 (B) (1 ) shall 
be permitted to have an ampere rating less than 115 
percent of the sum of all currents. 

(C) Small Motor-Compressors. For small motor
compressors not having the locked-rotor current marked 
on the nameplate, or for small motors not covered by 
Table 430.247, Table 430.248, Table 430.249, or Table 
430.250, the locked-rotor current shall be assumed to be 
six times the rated-load current. 
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ARTICLE 440 AIR-CONDITIONING AND REFRIGERATING 440.22 

(D) Disconnecting Means. Every disconnecting means 
in the refrigerant motor-compressor circuit between the 
point of attachment to the feeder and the point of 
connection to the refrigerant motor-compressor shall 
comply with the requirements of 440.12. 

(E) Disconnecting Means Rated in Excess of 100 
Horsepower. Where the rated-load or locked-rotor 
current as determined above would indicate a 
disconnecting means rated in excess of 100 hp, the 
provisions of 430.109(E) shall apply. 

440.13 Cord-Connected Equipment. For cord
connected equipment such as room air conditioners, 
household refrigerators and freezers, drinking water 
coolers, and beverage dispensers, a separable connector or 
an attachment plug and receptacle shall be permitted to 
serve as the disconnecting means. 

Informational Note: For room air conditioners, see 
440.63. 

440.14 Location. Disconnecting means shall be located 
within sight from and readily accessible from the air
conditioning or refrigerating equipment. The 
disconnecting means shall be permitted to be installed on 
or within the air-conditioning or refrigerating equipment. 

The disconnecting means shall not be located on 
panels that are designed to allow access to the air
conditioning or refrigeration equipment or to obscure the 
equipment nameplate( s). 

Exception No.1: Where the disconnecting means 
provided in accordance with 430.102(A) is capable of 
being locked in the open position, and the refrigerating or 
air-conditioning equipment is essential to an industrial 
process in a facility with written safety procedures, and 
where the conditions of maintenance and supervision 
ensure that only qualified persons service the equipment, 
a disconnecting means within sight from the equipment 
shall not be required. The provision for locking or adding 
a lock to the disconnecting means shall be installed on or 
at the switch or circuit breaker and shall remain in place 
with or without the lock installed. 

Exception No.2: Where an attachment plug and 
receptacle serve as the disconnecting means in 
accordance with 440.13, their location shall be accessible 
but shall not be required to be readily accessible. 

Informational Note No.1: See Parts VII and IX of 
Article 430 for additional requirements. 

Informational Note No.2: 

III. Branch-Circuit Short-Circuit and Ground-Fault 
Protection 

440.21 GeneraL The provisions of Part III specifY 
devices intended to protect the branch-circuit conductors, 

2013 California Electrical Code 

control apparatus, and motors in circuits supplying 
hermetic refrigerant motor-compressors against 
overcurrent due to short circuits and ground faults. They 
are in addition to or amendatory of the provisions of 
Article 240. 

440.22 Application and Selection. 

(A) Rating or Setting for Individual Motor
Compressor. The motor-compressor branch-circuit short
circuit and ground-fault protective device shall be capable 
of carrying the starting current of the motor. A protective 
device having a rating or setting not exceeding 175 
percent of the motor-compressor rated-load current or 
branch-circuit selection current, whichever is greater, 
shall be permitted, provided that, where the protection 
specified is not sufficient for the starting current of the 
motor, the rating or setting shall be permitted to be 
increased but shall not exceed 225 percent of the motor 
rated-load current or branch-circuit selection current, 
whichever is greater. 

Exception: The rating of the branch-circuit short-circuit 
and ground-fault protective device shall not be required 
to be less than 15 amperes. 

(B) Rating or Setting for Equipment. The equipment 
branch-circuit short-circuit and ground-fault protective 
device shall be capable of carrying the starting current of 
the equipment. Where the hermetic refrigerant motor
compressor is the only load on the circuit, the protection 
shall comply with 440.22(A). Where the equipment 
incorporates more than one hermetic refrigerant motor
compressor or a hermetic refrigerant motor-compressor 
and other motors or other loads, the equipment short
circuit and ground-fault protection shall comply with 
430.53 and 440.22(8)(1) and (B)(2). 

(1) Motor-Compressor Largest Load. Where a hermetic 
refrigerant motor-compressor is the largest load connected 
to the circuit, the rating or setting of the branch-circuit 
short-circuit and ground-fault protective device shall not 
exceed the value specified in 440.22(A) for the largest 
motor-compressor plus the sum of the rated-load current 
or branch-circuit selection current, whichever is greater, 
of the other motor-compressor(s) and the ratings of the 
other loads supplied. . 

(2) Motor-Compressor Not Largest Load. Where a 
hermetic refrigerant motor-compressor is not the largest 
load connected to the circuit, the rating or setting of the 
branch-circuit short-circuit and ground-fault protective 
device shall not exceed a value equal to the sum of the 
rated-load current or branch-circuit selection current, 
whichever is greater, rating(s) for the motor
compressor(s) plus the value specified in 430.53(C)(4) 
where other motor loads are supplied, or the value 
specified in 240.4 where only nonmotor loads are 
supplied in addition to the motor-compressor(s). 
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Exception No.1: Equipment that starts and operates on a 
15- or 20-ampere 120-volt, or 15-ampere 208- or 240-
volt single-phase branch circuit, shall be permitted to be 
protected by the 15- or 20-ampere overcurrent device 
protecting the branch circuit, but if the maximum branch
circuit short-circuit and ground-fault protective device 
rating marked on the equipment is less than these values, 
the circuit protective device shall not exceed the value 
marked on the equipment nameplate. 

Exception No.2: The nameplate marking of cord-and
plug-connected equipment rated not greater than 250 
volts, single-phase, such as household refrigerators and 
freezers, drinking water coolers, and beverage 
dispensers, shall be used in determining the branch
circuit requirements, and each unit shall be considered as 
a single motor unless the nameplate is marked otherwise. 

(C) Protective Device Rating Not to Exceed the 
Manufacturer's Values. Where maximum protective 
device ratings shown on a manufacturer's overload relay 
table for use with a motor controller are less than the 
rating or setting selected in accordance with 440.22(A) 
and (B), the protective device rating shall not exceed the 
manufacturer's values marked on the equipment. 

IV. Branch-Circuit Conductors 

440.31 General. The provisions of Part IV and Article 
310 specify ampacities of conductors required to carry the 
motor current without overheating under the conditions 
specified, except as modified in 440.6(A), Exception No. 
1. 

The provisions of these articles shall not apply to 
integral conductors of motors, to motor controllers and 
the like, or to conductors that form an integral part of 
approved equipment. 

Infonnational Note: See 300.1 (B) and 310.1 for similar 
requirements. 

440.32 Single Motor-Compressor. Branch-circuit 
conductors supplying a single motor-compressor shall 
have an ampacity not less than 125 percent of either the 
motor-compressor rated-load current or the branch-circuit 
selection current, whichever is greater. 

For a wye-start, delta-run connected motor
compressor, the selection of branch-circuit conductors 
between the controller and the motor-compressor shall be 
permitted to be based on 72 percent of either the motor
compressor rated-load current or the branch-circuit 
selection current, whichever is greater. 

Informational Note: The individual motor circuit 
conductors of wye-start, delta-run connected motor
compressors carry 58 percent of the rated load current. 
The multiplier of 72 percent is obtained by multiplying 
58 percent by 1.25. 
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440.33 Motor-Compressor(s) With or Without 
Additional Motor Loads. Conductors supplying one or 
more motor-compressor(s) with or without an additional 
load( s) shall have an ampacity not less than the sum of the 
rated-load or branch-circuit selection current ratings, 
whichever is larger, of all the motor-compressors plus the 
full-load currents of the other motors, plus 25 percent of 
the highest motor or motor-compressor rating in the 
group. 

Exception No.1: Where the circuitry is interlocked so as 
to prevent the starting and running of a second motor
compressor or group of motor-compressors, the 
conductor size shall be determined from the largest 
motor-compressor or group of motor-compressors that is 
to be operated at a given time. 

Exception No.2: The branch-circuit conductors for room 
air conditioners shall be in accordance with Part Vll of 
Article 440. 

440.34 Combination Load. Conductors a 
motor-compressor load in addition to as 
calculated from Article 220 and other applicable articles 
shall have an ampacity sufficient for the plus 
the required ampacity for the motor-compressor load 
determined in accordance with 440.33 or, for a single 
motor-compressor, in accordance with 440.32. 

Exception: Where the circuitlY is interlocked so as to 
prevent simultaneous operation of the motor
compressor('i) and all other loads connected, the 
conductor size shall be determined from the largest size 
required for the motor-compressor(s) and other loads to 
be operated at a given time. 

440.35 MuItimotor and Combination-Load 
Equipment. The ampacity of the conductors supplying 
multi motor and combination-load equipment shall not be 
less than the minimum circuit ampacity marked on the 
equipment in accordance with 440.4(B). 

V. Controllers for Motor-Compressors 

440.41 Rating. 

(A) Motor-Compressor Controller. A motor
compressor controller shall have both a continuous-duty 
full-load current rating and a locked-rotor current rating 
not less than the nameplate rated-load current or branch
circuit selection current, whichever is greater, and locked
rotor current, respectively, of the compressor. In case the 
motor controller is rated in horsepower but is without one 
or both of the foregoing current ratings, equivalent 
currents shall be determined from the ratings as follows. 
Table 430.248, Table 430.249, and Table 430.250 shall be 
used to determine the equivalent full-load current rating. 
Table 430.2S1(A) and Table 430.2S1(B) shall be used to 
determine the equivalent locked-rotor current ratings. 
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(B) Controller Serving More Than One Load. A 
controller serving more than one motor-compressor or a 
motor-compressor and other loads shall have a 
continuous-duty fuJI-load current rating and a locked
rotor current rating not Jess than the combined load as 
determined in accordance with 440. 12(B). 

VI. Motor-Compressor and Branch-Circuit Overload 
Protection 

440.51 General. The provisions of Part VI specify 
devices intended to protect the motor-compressor, the 
motor-control apparatus, and the branch-circuit 
conductors against excessive heating due to motor 
overload and failure to sta11. 

Informational Note: See 240.4(G) for application 
of Parts III and VI of Article 440. 

440.52 Application and Selection. 

(A) Protection of Motor-Compressor. Each motor
compressor shall be protected against overload and failure 
to start by one of the following means: 

(1) A separate overload relay that is responsive to motor
compressor current. This device shall be selected to 
trip at not more than 140 percent of the motor
compressor rated-load current. 

(2) A thermal protector integral with the motor
compressor, approved for use with the motor
compressor that it protects on the basis that it will 
prevent dangerous overheating of the motor
compressor due to overload and failure to start. If the 
current-interrupting device is separate from the 
motor-compressor and its control circuit is operated 
by a protective device integral with the motor
compressor, it shall be arranged so that the opening 
of the control circuit will result in interruption of 
current to the motor-compressor. 

(3) A fuse or inverse time circuit breaker responsive to 
motor current, which shall also be permitted to serve 
as the branch-circuit short-circuit and ground-fault 
protective device. This device shall be rated at not 
more than 125 percent of the motor-compressor 
rated-load current. It shall have sufficient time delay 
to permit the motor-compressor to start and 
accelerate its load. The equipment or the motor
compressor shall be marked with this maximum 
branch-circuit fuse or inverse time circuit breaker 
rating. 

(4) A protective system, furnished or specified and 
approved for use with the motor-compressor that it 
protects on the basis that it will prevent dangerous 
overheating of the motor-compressor due to overload 
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and failure to start. If the current-interrupting device 
is separate from the motor-compressor and its control 
circuit is operated by a protective device that is not 
integral with the current-interrupting device, it shall 
be arranged so that the opening of the control circuit 
wil1 result in interruption of current to the motor
compressor. 

(B) Protection of Motor-Compressor Control 
Apparatus and Branch-Circuit Conductors. The 
motor-compressor controller(s), the disconnecting means, 
and the branch-circuit conductors shall be protected 
against overcurrent due to motor overload and failure to 
start by one of the following means, which shall be 
permitted to be the same device or system protecting the 
motor-compressor in accordance with 440.52(A): 

Exception: Overload protection of motor-compressors 
and equipment on 15- and 20-ampere, single-phase, 
branch circuits shall be permitted to be in accordance 
with 440.54 and 440.55. 

(1) An overload relay selected in accordance with 
440.52(A)(l) 

(2) A thermal protector applied in accordance with 
440.52(A)(2), that will not permit a continuous 
current in excess of 156 percent of the marked rated
load current or branch-circuit selection current 

(3) A fuse or inverse time circuit breaker selected in 
accordance with 440.S2(A)(3) 

(4) A protective system, in accordance with 
440.S2(A)( 4), that will not permit a continuous 
current in excess of 156 percent of the marked rated
load current or branch-circuit selection current 

440.53 Overload Relays. Overload relays and other 
devices for motor overload protection that are not capable 
of opening short circuits shall be protected by fuses or 
inverse time circuit breakers with ratings or settings in 
accordance with Pari III unless identified tor group 
installation or for part-winding motors and marked to 
indicate the maximum size of fuse or inverse time circuit 
breaker by which they shall be protected. 

Exception: The fuse or inverse time circuit breaker size 
marking shall be permitted on the nameplate of the 
equipment in which the overload relay or other overload 
device is used. 

440.54 Motor-Compressors and Equipment on 15- or 
20-Ampere Branch Circuits - Not Cord-and
AttaChment-Plug-Connected. Overload protection for 
motor-compressors and equipment used on 15- or 20-
ampere 120-volt, or IS-ampere 208- or 240-volt single
phase branch circuits as permitted in Article 210 shall be 
permitted as indicated in 440.54(A) and 440.S4(B). 
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(A) Overload Protection. The motor-compressor shall be 
provided with overload protection selected as specified in 
440.S2(A). Both the controller and motor overload 
protective device shall be identified for installation with 
the short-circuit and ground-fau1t protective device for the 
branch circuit to which the equipment is connected. 

(B) Time Delay. The short-circuit and ground-fault 
protective device protecting the branch circuit shall have 
sufficient time delay to permit the motor-compressor and 
other motors to start and accelerate their loads. 

440.55 Cord-and-Attachment-Plug-Connected Motor
Compressors and Equipment on 15- or 20-Ampere 
Branch Circuits. Overload protection for motor
compressors and equipment that are cord-and-attachment
plug-connected and used on IS- or 20-ampere 120-volt, or 
IS-ampere 208- or 240-volt, single-phase branch circuits 
as permitted in Article 210 shall be permitted as indicated 
in 440.SS(A), (B), and (C). 

(A) Overload Protection. The motor-compressor shall be 
provided with overload protection as specified in 
440.S2(A). Both the controller and the motor overload 
protective device shall be identified for installation with 
the short-circuit and ground-fault protective device for the 
branch circuit to which the equipment is connected. 

(B) Attachment Plug and Receptacle 
(;O!DDfecllor ,. ..... UUjj:;,. The rating of the attachment plug and 
receptac1e shall not exceed 20 amperes 
at 12S volts or IS amperes at 2S0 volts. 

(C) Time Delay. The short-circuit and ground-fault 
protective device protecting the branch circuit shall have 
sufficient time delay to permit the motor-compressor and 
other motors to start and accelerate their loads. 

VII. Provisions for Room Air Conditioners 

440.60 General. The provisions of Part VII shall apply to 
electrically energized room air conditioners that control 
temperature and humidity. For the purpose of Part VII, a 
room air conditioner (with or without provisions for 
heating) shall be considered as an ac appliance of the air
cooled window, console, or in-wall type that is installed 
in the conditioned room and that incorporates a hermetic 
refrigerant motor-compressor(s). The provisions of Part 
VII cover equipment rated not over 2S0 volts, single 
phase, and such equipment shall be permitted to be cord
and-attachment-p lug-connected. 

A room air conditioner that is rated 3-phase or rated 
over 2S0 volts shall be directly connected to a wiring 
method recognized in Chapter 3, and provisions of Part 
VII shall not apply. 

440.61 Grounding. The enclosures of room air 
conditioners shall be connected to the equipment 
grounding conductor in accordance with 2S0.110, 
2S0.112, and 2S0.114. 
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440.62 Branch-Circuit Requirements. 

(A) Room Air Conditioner as a Single Motor Unit. A 
room air conditioner shal1 be considered as a single motor 
unit in determining its branch-circuit requirements where 
all the following conditions are met: 

(1) It is cord-and-attachment-plug-connected. 

(2) Its rating is not more than 40 amperes and 2S0 volts, 
single phase. 

(3) Total rated-load current is shown on the room air
conditioner nameplate rather than individual motor 
currents. 

(4) The rating of the branch-circuit short-circuit and 
ground-fault protective device does not exceed the 
ampacity of the branch-circuit conductors or the 
rating of the receptacle, whichever is less. 

(B) Where No Other Loads Are Supplied. The total 
marked rating of a cord-and-attachment-plug-connected 
room air conditioner shall not exceed 80 percent of the 
rating of a branch circuit where no other loads are 
supplied. 

(C) Where Lighting Units or Other Appliances Are 
Also Supplied. The total marked rating of a cord-and
attachment-plug-connected room air conditioner shall not 
exceed SO percent of the rating of a branch circuit where 
lighting outlets, other appliances, or general-use 
receptacles are also supplied. Where the circuitry is 
interlocked to prevent simultaneous operation of the room 
air conditioner and energization of other outlets on the 
same branch circuit, a cord-and-attachment-plug
connected room air conditioner shall not exceed 80 
percent of the branch-circuit rating. 

440.63 Disconnecting Means. An attachment plug and 
receptacle shall be permitted to serve as 
the disconnecting means for a single-phase room air 
conditioner rated 2S0 volts or less if (l) the manual 
controls on the room air conditioner are readily accessible 
and located within 1.8 m (6 ft) of the floor, or (2) an 
approved manually operable disconnecting means is 
installed in a readily accessible location within sight from 
the room air conditioner. 

440.64 Supply Cords. Where a flexible cord is used to 
supply a room air conditioner, the length of such cord 
shall not exceed 3.0 m (10 ft) for a nominal, 120-volt 
rating or 1.8 m (6 ft) for a nominal, 208- or 240-volt 
rating. 

440.65 Leakage-Current Detector-Interrupter (LCDI) 
and Arc-Fault Circuit Interrupter (AFCI). Single
phase cord-and-plug-connected room air conditioners 
shall be provided with factory-installed LCD I or AFCl 
protection. The LCDI or AFCI protection shall be an 
integral part of the attachment plug or be located in the 
power supply cord within 300 mm (12 in.) of the 
attachment plug. 
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ARTICLE 445 
Generators 

445.1 Scope. This article ~Ol1laill.S' installation ~nd oth~.t; 
requirements for generators. 

445.10 Location. Generators shall be of a type suitable 
for the locations in which they are installed. They shall 
also meet the requirements for motors in 430.14. 

445.11 Marking. Each generator shall be provided with a 
nameplate giving the manufacturer's name, the rated 
frequency, power factor, number of phases if of 
alternating current, the subtransient and transient 
impedances, the rating in kilowatts or kilovolt amperes, 
the normal volts and amperes corresponding to the rating, 
rated revolutions per minute, insulation system class and 
rated ambient temperature or rated temperature rise, and 
time rating. 

445.12 Overcurrent Protection. 

(A) Constant-Voltage Generators. Constant-voltage 
generators, except ac generator exciters, shall be protected 
from overload by inherent design, ci~clli!preakers, fuses, 
protective relays.. or other .dentitied overcurrent 
protective means suitable for the conditions of use. 

(B) Two-Wire Generators. Two-wire, dc generators 
shall be permitted to have overcurrent protection in one 
conductor only if the overcurrent device is actuated by the 
entire current generated other than the current in the shunt 
field. The overcurrent device shall not open the shunt 
field. 

(C) 65 Volts or Less. Generators operating at 65 volts or 
less and driven by individual motors shall be considered 
as protected by the overcurrent device protecting the 
motor if these devices will operate when the generators 
are delivering not more than 150 percent of their full-load 
rated current. 

(D) Balancer Sets. Two-wire, de generators used in 
conjunction with balancer sets to obtain neutral points for 
3-wire systems shall be equipped with overcurrent 
devices that disconnect the 3-wire system in case of 
excessive unbalancing of voltages or currents. 

(E) Three-Wire, Direct-Current Generators. Three
wire, dc generators, whether compound or shunt wound, 
shall be equipped with overcurrent devices, one in each 
armature lead, and connected so as to be actuated by the 
entire current from the armature. Such overcurrent 
devices shall consist either of a double-pole, double-coil 
circuit breaker or of a 4-pole circuit breaker connected in 
the main and equalizer leads and tripped by two 
overcurrent devices, one in each armature lead. Such 
protective devices shall be interlocked so that no one pole 
can be opened without simultaneously disconnecting both 
leads of the armature from the system. 
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Exception to (A) through (E): Where deemed by the 
authority haVing jurisdiction that a generator is vital to 
the operation of an electrical system and the generator 
should operate to failure to prevent a greater hazard to 
persons, the overload sensing device(.<;) shall be permitted 
to be connected to an annunciator or alarm supervised by 
authorized personnel instead of interrupting the generator 
circuit. 

445.13 Ampacity of Conductors. The ampacity of the 
conductors from the generator terminals to the first 
distribution device(s) containing overcurrent protection 
shall not be less than 115 percent of the nameplate current 
rating of the generator. It shall be permitted to size the 
neutral conductors in accordance with 220.61. Conductors 
that must carry ground-fault currents shall not be smaller 
than required by 250.30(A). Neutral conductors of dc 
generators that must carry ground-fault currents shall not 
be smaller than the minimum required size of the largest 
conductor. 

Exception: Where the design and operation of the 
generator prevent overloading, the ampacity of the 
conductors shall not be less than 100 percent of the 
nameplate current rating of the generator. 

445.14 Protection of Live Parts. Live parts of generators 
operated at more than 50 volts to ground shall not be 
exposed to accidental contact where accessible to 
unqualified persons. 

445.15 Guards for Attendants. Where necessary for the 
safety of attendants, the requirements of 430.233 shall 
apply. 

445.16 Bushings. Where wires pass through an opening 
in an enclosure, a conduit box, or a barrier, a bushing 
shall be used to protect the conductors from the edges of 
an opening having sharp edges. The bushing shall have 
smooth, well-rounded surfaces where it may be in contact 
with the conductors. If used where oils, grease, or other 
contaminants may be present, the bushing shall be made 
of a material not deleteriously affected. 

445.17 Generator Terminal Housings. Generator 
terminal housings shall comply with 430.12. Where a 
horsepower rating is required to determine the required 
minimum size of the generator terminal housing, the full
load current of the generator shall be compared with 
comparable motors in Table 430.247 through Table 
430.250. The higher horsepower rating of Table 430.247 
and Table 430.250 shall be used whenever the generator 
selection is between two ratings. 

445.18 Disconnecting Means Required for Generators. 
Generators shall be equipped with disconnect(s), lockable 
in the open position, by means of which the generator and 
all protective devices and control apparatus are able to be 
disconnected entirely from the circuits supplied by the 
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generator except where both of the following conditions 
apply: 

(1) The driving means for the generator can be readily 
shut down. 

(2) The generator is not arranged to operate in parallel 
with another generator or other source of voltage. 

445.19 Generators Supplying Multiple Loads. A single 
generator supplying more than one load, or multiple 
generators operating in parallel, shall be permitted to 
supply either of the following: 

(1) A vertical switchboard with separate sections 

(2) Individual enclosures with overcurrent protection 
tapped from a single feeder for load separation and 
distribution if a generator(s) is provided with 
overcurrent prot clion meeting the requirements of 
240.15(AJ. 

ARTICLE 450 
Transformers and Transfonner Vaults 

(I~~llI~~~,g~~~Q~~~rY Ties) 
450.1 Scope. 

This article covers the installation of all transformers. 

Exception No. 1: Current transformers. 

Exception No.2: DIy-type transformers that constitute a 
component part of other apparatus and comply with the 
requirements for such apparatus. 

Exception No.3 : Transformers that are an integral part 
of an X-ray, high-frequency, or electrostatic-coating 
apparatus. 

Exception No.4: Transformers used with Class 2 and 
Class 3 circuits that compZv with Article 725. 

Exception No.5: Transformers for sign and outline 
lighting that comply with Article 600. 

Exception No.6: Transformers for electric-discharge 
lighting that comply with Article 410. 

Exception No. 7: Transformers used for power-limited 
fire alarm circuits that comply with Part III of Article 
760. 

Exception No. 8: Transformers used for research, 
development, or testing, where effective arrangements are 
provided to safeguard persons from contacting energized 
parts. 

This article covers the installation of transformers 
dedicated to supplying power to a fire pump installation 
as modified by Article 695 . 

This article also covers the installation of 
transformers in hazardous (classified) locations as 
modified by Articles 501 through 504. 
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I. General Provisions 

450.2 Definition. For the purpose of this article, the 
following definition shall apply. 

Transformer. An individual transformer, single- or 
polyphase, identified by a single nameplate, unless 
otherwise indicated in this article. 

450.3 Overcurrent Protection. Overcurrent protection of 
transformers shall comply with 450.3(A), (B), or (C). As 
used in this section, the word transformer shall mean a 
transformer or polyphase bank of two or more single
phase transformers operating as a unit. 

Informational Note No.1: See 240.4, 240.21, 240.1 00, 
and 240.101 for overcurrent protection of conductors. 

Informational Note No.2: Nonlinear loads can increase 
heat in a transformer without operating its overcurrent 
protective device. 

(A) Transformers Over 600 Volts, Nominal. 
Overcurrent protection shall be provided in accordance 
with Table 450.3(A). 

(B) Transformers 600 Volts, Nominal, or Less. 
Overcurrent protection shall be provided in accordance 
with Table 450.3(B). 

Exception: Where the transformer is installed as a motor 
control circuit transformer in accordance with 
430. 72 (C) (1) through (C) (6). 

(C) Voltage Transformers. Voltage transformers 
installed indoors or enclosed shall be protected with 
primary fuses. 

Informational Note: For protection of instrument circuits 
including voltage transformers, see 408.52. 

450.4 Autotransformers 600 Volts, Nominal, or Less. 

(A) Overcurrent Protection. Each autotransformer 600 
volts, nominal, or less shall be protected by an individual 
overcurrent device installed in series with each 
ungrounded input conductor. Such overcurrent device 
shall be rated or set at not more than 125 percent of the 
rated full-load input current of the autotransformer. 
Where this calculation does not correspond to a standard 
rating of a fuse or nonadjustable circuit breaker and the 
rated input current is 9 amperes or more, the next higher 
standard rating described in 240.6 shall be permitted. An 
overcurrent device shall not be installed in series with the 
shunt winding (the winding common to both the input and 
the output circuits) of the autotransformer between Points 
A and B as shown in Figure 450.4. 

Exception: Where the rated input current of the 
autotransformer is less than 9 amperes, an overcurrent 
device rated or set at not more than 167 percent of the 
input current shall be permitted. 
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Table 450.3(A) Maximum Rating or Setting of OvercurrelJlt Protection for Transformers Over 600 Volts (as a 
Percentage of Transformer-Rated Current) 

Location 
Limitations 

locations only (See 
Note 3.) 

Notes: 

Transformer Rated 

Not more than 6% 

More than 6% 
not more than 10% 

Any 

Not more than 6% 

More than 6% 

and not more 

than 10% 

Primary Protection Over 600 
Volts 

Circuit Breaker Fuse Rating 

600% 300% 

(See Note L) (See Note 

400% 300% 

(See Note I.) (See Note 
I 

300% 250% 

(See Note L) (See Note 

600% 300% 

400% 300% 

Over 600 Volts 600 Volts or Less 

Fuse Rating Circuit Breaker 

250% 125% 

(See Note 1.) (See Note I.) 

250% 225% 125% 

(See Note 1.) (See Note I.) (See Note I.) 

Not required Not required Not required 

300% 250% 

I. Where the required fuse rating or circuit breaker does not correspond to a standard rating or setting, a higher rating or setting that does not exceed 
the next higher standard rating or setting shall be pelrmiltted. 

2. Where secondary overcurrent protection is required, the secondary overcurrent device shall be permitted to consist of not more than six circuit breakers 
or six sets of fuses grouped in one location. Where multiple overcurrent devices are utilized, the total of all the device ratings shall not exceed the allowed 
value of a single overcurrent device. If both circuit breakers and fuses are used as the overcurrent device, the total of the device ratings shall not exceed that 
allowed for fuses. 

3. A supervised location is a location where conditions of maintenance and supervision ensure that only qualified persons monitor and service the 
transformer installation. 

4. Electronically actuated fuses that may be set to open at a specific current shall be set in accordance with settings for circuit breakers. 

5. A transfonner equipped with a coordinated thennal overload protection by the manufacturer shall be permitted to have separate secondaty protection 
omitted. 

Table 4S0.3(B) Maximum Rating or Setting of O"ercurrent Protection for Transformers 600 Volts and Less (as a Percentage of 
Transformer-Rated 

Protection Method 

Primary on ly 
protection 

Primary and 
secondary 

Notes: 

Currents of 

9 or More 

125% (See Note).) 

250% (See Note 3.) 

Protection 

Currents Less Than 
9 Amperes 

167% 

250% (See Note 3.) 

Secondary Protection (See Note 2.) 

Currents Less Than Currents of Currents Less Than 
2 Amperes 

300% Not required 

Not 

250% (See Note 3.) 125% (See Note I.) 167% 

I Where 125 percent of this current does not correspond to a standard rating of a fuse or nonadjustable circuit breaker, a higher rating that does not 
exceed the next higher standard rating shall be pennitted. 

2. Where secondary overcurrent protection is requ ired, the secondary overcurrent device shall be permitted to consist of not more than six circuit breakers 
or six sets of fuses grouped in one location. Where multiple overCllrrent devices are utilized, the total of all the device ratings shall not exceed the allowed 
value of a single overcurrent device. [f both breakers and fuses are utilized as the overcurrent device, the total of the device ratings shall not exceed that 
allowed for fuses. 

3. A transfonner equipped with coordinated thennal overload protection by the manufacturer and arranged to interrupt the primary current shall be 
permitted to have primary overcurrent protection rated or set at a current value that is not more than six times the rated current of the transformer for 
transformers having not more than 6 percent impedance and not more than four times the rated current of the transformer for transformers having more 
than 6 percent but not more than 10 percent impedance. 
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Ae---------------

Shunt winding(s) 

B 

Figure 450.4 Autotransformer. 

(B) Transformer Field-Connected as an 
Autotransformer. A transformer field-connected as an 
autotransformer shall be identified for use at elevated 
voltage. 

Informational Note: For information on permitted uses 
of autotransfonners, see 210.9 and 215.11. 

450.5 Grounding Autotransformers. Grounding 
autotransformers covered in this section are or T-
connected transformers connected to 3-phase, 3-wire 
ungrounded systems for the purpose of creating a 3-phase, 
4-wire distribution system or providing a neutral point for 
grounding purposes. Such transformers shall have a 
continuous per-phase current rating and a continuous 
neutral current rating. Zig-zag connected transformers 
shall not be installed on the load side of any system 
grounding connection, including those made in 
accordance with 250.24(B), 250.30(A)(1), or 250.32(B) 
Exception. 

Informational Note: The phase current in a grounding 
autotransformer is one-third the neutral current. 

(A) Three-Phase, 4-Wire System. A grounding 
autotransformer used to create a 3-phase, 4-wire 
distribution system from a 3-phase, 3-wire ungrounded 
system shall conform to 450.5(A)(1) through (A)(4). 
(1) Connections. The transformer shall be directly 
connected to the ungrounded phase conductors and shall 
not be switched or provided with overcurrent protection 
that is independent of the main switch and common-trip 
overcurrent protection for the 3-phase, 4-wire system. 

(2) Overcurrent Protection. An overcurrent sensing 
device shall be provided that will cause the main switch 
or common-trip overcurrent protection referred to in 
450.5(A)(1) to open if the load on the autotransformer 
reaches or exceeds 125 percent of its continuous current 
per-phase or neutral rating. Delayed tripping for 
temporary overcurrents sensed at the autotransformer 
overcurrent device shall be permitted for the purpose of 
allowing proper operation of branch or feeder protective 
devices on the 4-wire system. 

(3) Transformer Fault Sensing. A fault-sensing system 
that causes the opening of a main switch or common-trip 
overcurrent device for the 3-phase, 4-wire system shall be 
provided to guard against single-phasing or internal faults. 
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Infonnational Note: This can be accomplished by the 
use of two subtractive-connected donut-type current 
transformers installed to sense and signal when an 
unbalance occurs in the line current to the 
autotransformer of 50 percent or more of rated current. 

(4) Rating. The autotransformer shall have a continuous 
neutral-current rating that is sufficient to handle the 
maximum possible neutral unbalanced load current of the 
4-wire system. 

(B) Ground Reference for Fault Protection Devices. A 
grounding autotransformer used to make available a 
specified magnitude of ground-fault current for operation 
of a ground-responsive protective device on a 3-phase, 3-
wire ungrounded system shall conform to 450.5(B)(1) and 
(8)(2). 
(1) Rating. The autotransformer shall have a continuous 
neutral-current rating sufficient for the specified ground
fault current. 

(2) Overcurrent Protection. Overcurrent protection shall 
comply with (a) and (b). 

(a) Operation and Interrupting Rating. An 
overcurrent protective device having an interrupting 
rating in compliance with 110.9 and that will open 
simultaneously all ungrounded conductors when it 
operates shall be applied in the grounding autotransformer 
branch circuit. 

(b) Ampere Rating. The overcurrent protection 
shall be rated or set at a current not exceeding 125 percent 
of the autotransformer continuous per-phase current rating 
or 42 percent of the continuous-current rating of any 
series-connected devices in the autotransformer neutral 
connection. Delayed tripping for temporary overcurrents 
to permit the proper operation of ground-responsive 
tripping devices on the main system shall be permitted but 
shall not exceed values that would be more than the short
time current rating of the grounding autotransformer or 
any series connected devices in the neutral connection 
thereto. 
Exception: For high-impedance grounded systems 
covered in 250.36, where the maximum ground-fault 
current is designed to be not more than 10 amperes, and 
where the grounding autotransformer and the grounding 
impedance are rated for continuous duty, an overcurrent 
device rated not more than 20 amperes that will 
simultaneous~y open all ungrounded conductors shall be 
permitted to be installed on the line side of the grounding 
autotransformer. 

(C) Ground Reference for Damping Transitory 
Overvoltages. A grounding autotransformer used to limit 
transitory overvo1tages shall be of suitable rating and 
connected in accordance with 450.5(A)(l). 

450.6 Secondary Ties. As used in this article, a 
secondary tie is a circuit operating at 600 volts, nominal, 
or less between phases that connects two power sources 
or power supply points, such as the secondaries of two 
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transformers. The tie shall be permitted to consist of one 
or more conductors per phase or neutral. Conductors 
connecting the secondaries of transformers in accordance 
with 450.7 shall not be considered secondary ties. 

As used in this section, the word transformer means a 
transformer or a bank of transformers operating as a unit. 

(A) Tie Circuits. Tie circuits shall be provided with 
overcurrent protection at each end as required in Parts I, 
II, and VIn of Article 240. 

Under the conditions described in 450.6(A)(I) and 
450.6(A)(2), the overcurrent protection shall be permitted 
to be in accordance with 4S0.6(A)(3). 

(1) Loads at Transformer Supply Points Only. Where 
all loads are connected at the transformer supply points at 
each end of the tie and overcurrent protection is not 
provided in accordance with Parts I, II, and VIn of Article 
240, the rated ampacity of the tie shall not be less than 67 
percent of the rated secondary current of the highest rated 
transformer supplying the secondary tie system. 

(2) Loads Connected Between Transformer Supply 
Points. Where load is connected to the tie at any point 
between transformer supply points and overcurrent 
protection is not provided in accordance with Parts I, II, 
and VIII of Article 240, the rated ampacity of the tie shall 
not be less than 100 percent of the rated secondary current 
of the highest rated transformer supplying the secondary 
tie system. 

Exception: Tie circuits comprised of multiple conductors 
per phase shall be permitted to be sized and protected in 
accordance with 450.6(A)(4). 

(3) Tie Circuit Protection. Under the conditions 
described in 450.6(A)(l) and (A)(2), both supply ends of 
each ungrounded tie conductor shall be equipped with a 
protective device that opens at a predetermined 
temperature of the tie conductor under short-circuit 
conditions. This protection shall consist of one of the 
following: (1) a fusible link cable connector, terminal, or 
lug, commonly known as a limiter, each being of a size 
corresponding with that of the conductor and of 
construction and characteristics according to the operating 
voltage and the type of insulation on the tie conductors or 
(2) automatic circuit breakers actuated by devices having 
comparable time-current characteristics. 

(4) Interconnection of Phase Conductors Between 
Transformer Supply Points. Where the tie consists of 
more than one conductor per phase or neutral, the 
conductors of each phase or neutral shall comply with one 
of the following provisions. 

(a) Interconnected. The conductors shall be 
interconnected in order to establish a load supply point, 
and the protective device specified in 450.6(A)(3) shall be 
provided in each ungrounded tie conductor at this point 
on both sides of the interconnection. The means of 
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interconnection shall have an ampacity not less than the 
load to be served. 

(b) Not Interconnected. The loads shall be 
connected to one or more individual conductors of a 
paralleled conductor tie without interconnecting the 
conductors of each phase or neutral and without the 
protection specified in 4S0.6(A)(3) at load connection 
points. Where this is done, the tie conductors of each 
phase or neutral shaH have a combined capacity ampacity 
of not less than 133 percent of the rated secondary current 
of the highest rated transformer supplying the secondary 
tie system, the total load of such taps shall not exceed the 
rated secondary current of the highest rated transformer, 
and the loads shall be equally divided on each phase and 
on the individual conductors of each phase as far as 
practicable. 

(5) Tie Circuit Control. Where the operating voltage 
exceeds 150 volts to ground, secondary ties provided with 
limiters shall have a switch at each end that, when open, 
de-energizes the associated tie conductors and limiters. 
The current rating of the switch shall not be less than the 
rated current ampacity of the conductors connected to the 
switch. It shall be capable of interrupting its rated current, 
and it shall be constructed so that it will not open under 
the magnetic forces resulting from short-circuit current. 

(B) Overcurrent Protection for Secondary 
Connections. Where secondary ties are used, an 
overcurrent device rated or set at not more than 250 
percent of the rated secondary current of the transformers 
shall be provided in the secondary connections of each 
transformer supplying the tie system. In addition, an 
automatic circuit breaker actuated by a reverse-current 
relay set to open the circuit at not more than the rated 
secondary current of the transformer shall be provided in 
the secondary connection of each transformer. 

(C) Grounding. Where the secondary tie system is 
grounded, each transformer secondary supplying the tie 
system shall be grounded in accordance with the 
requirements of250.30 for separately derived systems. 

450.7 Parallel Operation. Transformers shall be 
permitted to be operated in parallel and switched as a unit, 
provided the overcurrent protection for each transformer 
meets the requirements of 450.3(A) for primary and 
secondary protective devices over 600 volts, or 450.3(B) 
for primary and secondary protective devices 600 volts or 
less. 

450.8 Guarding. Transformers shaH be guarded as 
specified in 450.8(A) through (D). 

(A) Mechanical Protection. Appropriate provisions shall 
be made to minimize the possibility of damage to 
transformers from external causes where the transformers 
are exposed to physical damage. 
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450.9 ARTICLE 450 - TRANSFORMERS AND TRANSFORMER VAULTS (INCLUDING SECONDARY TIES) 

(B) Case or Enclosure. Dry-type transformers shall be 
provided with a noncombustible moisture-resistant case or 
enclosure that provides protection against the accidental 
insertion of foreign objects. 

(C) Exposed Energized Parts. Switches or other 
equipment operating at 600 volts, nominal, or less and 
serving only equipment within a transformer enclosure 
shall be permitted to be installed in the transformer 
enclosure if accessible to qualified persons only. All 
energized parts shall be guarded in accordance with 
11 0.27 and 110.34. 

(D) Voltage Warning. The operating voltage of exposed 
live parts of transformer installations shall be indicated by 
signs or visible markings on the equipment or structures. 

450.9 Ventilation. The ventilation shall be adequate to 
dispose of the transformer full-load losses without 
creating a temperature rise that is in excess of the 
transformer rating. 

Informational Note No.1: See ANSI/IEEE C57.l2.00-
1993, General Requirements for Liquid-Immersed 
Distribution, Power, and Regulating Transformers, and 
ANSI/IEEE C57.12.01-1989, General Requirements for 
DIy-Type Distribution and Power Transformers. 

Infonnational Note No.2: Additional losses may occur 
in some transformers where nonsinusoidal currents are 
present, resulting in increased heat in the transformer 
above its rating. See ANSI/IEEE C57.11 0-1993, 
Recommended Practice for Establishing Transformer 
Capability When Supplying Nonsinusoidal Load 
Currents, where transformers are utilized with nonlinear 
loads. 

Transformers with ventilating openings shall be installed 
so that the ventilating openings are not blocked by walls 
or other obstructions. The required clearances shall be 
clearly marked on the transformer. 

450.10 Grounding. Where grounded, exposed non
current-carrying metal parts of transformer installations, 
including fences, guards, and so forth, shall be grounded 
and bonded under the conditions and in the manner 
specified for electrical equipment and other exposed 
metal parts in Parts V, VI, and VII of Article 250. 

450.11 Marking. Each transformer shall be provided with 
a nameplate giving the name of the manufacturer, rated 
kilovolt-amperes, frequency, primary and secondary 
voltage, impedance of transformers 25 kVA and larger, 
required clearances for transformers with ventilating 
openings, and the amount and kind of insulating liquid 
where used. In addition, the nameplate of each dry-type 
transformer shall include the temperature class for the 
insulation system. 

450.12 Terminal Wiring Space. The mInImUm wire
bending space at fixed, 600-volt and below terminals of 
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transformer line and load connections shall be as required 
in 312.6. Wiring space for pigtail connections shall 
conform to Table 314.16(B). 

450.13 Accessibility. All transformers and transformer 
vaults shall be readily accessible to qualified personnel 
for inspection and maintenance or shall meet the 
requirements of 450. 13 (A) or 450.13(B). 

(A) Open Installations. Dry-type transformers 600 volts, 
nominal, or less, located in the open on walls, columns, or 
structures, shall not be required to be readily accessible. 

(B) Hollow Space Installations. Dry-type transformers 
600 volts, nominal, or less and not exceeding 50 kVA 
shall be permitted in hollow spaces of buildings not 
permanently closed in by structure, provided they meet 
the ventilation requirements of 450.9 and separation from 
combustible materials requirements of 450.21(A). 
Transformers so installed shall not be required to be 
readily accessible. 

450.14 Disconnectin~ Means. Transformers~ other than 
Class 2 or Class 3 transfonners. shall have a di connecting 
means located either in sight of the transfonner or in a remote 
location. Where located in a remote location. the disconnecting 
means shaU be lockable. and the location shall be field marked 
on the transformer. 

II. Specific Provisions Applicable to Different Types of 
Transformers 

450.21 Dry-Type Transformers Installed Indoors. 

(A) Not over 112Y2 kVA. Dry-type transformers installed 
indoors and rated 112Y2 kVA or less shall have a 
separation of at least 300 mm (12 in.) from combustible 
material unless separated from the combustible material 
by a fire-resistant, heat-insulated barrier. 

Exception: This rule shall not apply to transformers 
rated for 600 volts, nominal, or less that are completely 
enclosed, with or without ventilating openings. 

(B) Over 112Y2 kV A. Individual dry-type transformers of 
more than 112~ kVA rating shall be installed in a 
transformer room of fire-resistant construction. Unless 
specified otherwise in this article, the term fire resistant 
means a construction having a minimum fire rating of 1 
hour. 

Exception No. 1: Transformers with Class 155 or higher 
insulation systems and separated from combustible 
material by a fire-resistant, heat-insulating barrier or by 
not less than 1.83 m (6 ft) horizontally and 3.7 m (12 ft) 
vertically. 

Exception No. 2: Transformers with Class 155 or higher 
insulation systems and completely enclosed except for 
ventilating openings. 
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ARTICLE 450 - TRANSFORMERS AND TRANSFORMER VAULTS (INCLUDING SECONDARY TIES) 450.26 

Informational Note: See ANSI! ASTM E 119-1995, Method for 
Fire Tests of Building Con'ltruction and Materials, and NFP A 
251-2006, Standard A1ethods of Tests of Fire Resistance of 
BUilding Constftlction and Materials. 

(q Over 35,000 Volts. Dry-type transformers rated over 35,000 
volts shall be installed in a vault complying with Part III of this 
article. 

450.22 Dry-Type Transformers Installed Outdoors. Dry-type 
transformers installed outdoors shall have a weatherproof 
enclosure. 

TransfOlmers exceeding 112Y2 kVA shall not be located within 
300 mrn (12 in.) of combustible materials of buildings unless the 
transformer has Class 155 insulation systems or higher and is 
completely enclosed except for ventilating openings. 

450.23 Less-Flammable Liquid-Insulated Transformers. 
Transformers insulated with listed less-flammable liquids that 
have a fire point of not less than 300°C shall be permitted to be 
installed in accordance with 450.23(A) or 450.23(B). 

(A) Indoor Installations. Indoor installations shall be permitted 
in accordance with one of the following: 

(l) In Type I or Type n buildings, in areas where all of the 
following requirements are met: 

a. The transformer is rated 35,000 volts or less. 

b. No combustible materials are stored. 

c. A liquid confinement area is provided. 

d. The installation complies with all restrictions provided 
for in the listing of the liquid. 

(2) With an automatic fire extinguishing system and a liquid 
confinement area, provided the transformer is rated 35,000 
volts or less 

(3) In accordance with 450.26 

(B) Outdoor Installations. Less-flammable liquid-filled 
transformers shall be permitted to be installed outdoors, attached 
to, adjacent to, or on the roof of buildings, where installed in 
accordance with (1) or (2): 

(1) For Type I and Type II buildings, the installation shall 
comply with all restrictions provided for in the listing of the 
liquid. 

Informational Note: Installations adjacent to combustible 
mateIial, fire escapes, or door and window openings may require 
additional safeguards such as those listed in 450.27. 

(2) In accordance with 450.27. 

Informational Note No. ]: As used in this section, Type I and 
Type II buildings refers to Type I and Type IT building 
construction as defined in NFPA 22()"2009, Standard on Types 
of Building Construction. Combustible materials refers to those 
materials not classified as noncomblllitible or limited-combustible 
as defined in NFPA 220-2009. 

Informational Note No.2: See definition of Listed in Article 100. 

Note: [BCD 1 and HCD 2] Types I and II construction as 
rfjerenced in Section 450.23 (AXl) and (E)(J) shall be as defined 
in Title 24, Pari 2, Califomia BUilding Code. 
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450.24 Nonflammable Fluid-Insulated Transformers. 
Transformers insulated with a dielectric fluid identified as 
nonflammable shall be pennitted to be installed indoors or 
outdoors. Such transformers installed indoors and rated over 
35,000 volts shall be installed in a vault. Such transformers 
installed indoors shall be furnished with a liquid confinement 
area and a pressure-relief vent. The transformers shall be 
furnished with a means for absorbing any gases generated by 
arcing inside the tank, or the pressure-relief vent shall be 
connected to a chimney or flue that will carry such gases to an 
environmentally safe area. 

Infonnational Note: Safety may be increased if fire hazard 
analyses are perfonned for such transfonner installations. 

For the purposes of this section, a nonflammable dielectric 
fluid is one that does not have a flash point or fire point and is 
not flammable in air. 

450.25 Askarel-InsuJated Transformers Installed Indoors. 
Askarel-insulated transformers installed indoors and rated over 
25 kVA shall be furnished with a pressure-relief vent. Where 
installed in a poorly ventilated place, they shall be furnished 
with a means for absorbing any gases generated by arcing inside 
the case, or the pressure-relief vent shall be connected to a 
chimney or flue that carnes such gases outside the building. 
Askarel-insulated transformers rated over 35,000 volts shall be 
installed in a vault 

450.26 Oil-Insulated Transformers Installed Indoors. Oil
insulated transformers installed indoors shall be installed in a 
vault constructed as specified in Part III of this article. 

Exception No.1: Where the total capacity does not exceed 
112r2 the vault specified in Part III qf this article shall be 
permitted to be constructed qf reiriforced concrete that is not 
less than 100 mm (4 in.) thick. 

Exception No.2: Where the nominal voltage does not exceed 
600, a vault shall not be required !f suitable anungements are 
made to prevent a tran~fi)rmer oil fire from igniting other 
materials and the total capacity in one location does not exceed 
10 kVA in a section of the building classified as combustible or 
75 kVA where the surrounding structure is classified as fire
resistant construction. 

Exception No.3: Electric fitrnace transf01mers that have a total 
rating not exceeding 75 kVA shall be permitted to be installed 
without a vault in a building or room qf fire-resistant 
construction, provided suitable arrangements are made to 
prevent a transformer oil fire from spreading to other 
combustible material. 

Exception No.4: A transformer that has a total rating not 
exceeding 75 kVA and a supply voltage qj'600 volts or less that 
is an integral part qf charged-particle-accelerating equipment 
shall be permitted to be installed without a vault in a building or 
room of noncombustible orfire-resistant construction, provided 
suitable an'angements are made to prevent a transformer oil 
fire fi·om spreading to other combustible material. 
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450 - TRANSFORMERS AND TRANSFORMER VAULTS SECONDARY 

Exception No.5: Transfonners shall be pennitted to be 
installed in a detached building that does not comply with Part 
III of this article if neither the building nor its contents present 
a fire hazard to any other building or property, and if the 
building is used only in supplying electric service and the 
interior is accessible only to qualified persons. 

Exception No.6: Oil-insulated transfonners shall be 
pe17nitted to be used without a vault in portable and mobile 
surface mining equipment {csuch as electric excavators) if each 
of the following conditions is met: 

(a) Provision is made for draining leaking fluid to the 
ground 

(b) Safe egress is providedforpersonnel. 

(c) A minimum 6-mm (Y4-in.J steel barrier is provided for 
personnel protection. 

450.27 Oil-Insulated Transformers Installed Outdoors. 

Combustible material, combustible buildings, and parts of 
buildings, fire escapes, and door and window openings shall 
be safeguarded from fires originating in oil-insulated 
transfonners installed on roofs, attached to or adjacent to a 
building or combustible materiaL 

In cases where the transfonner installation presents a fire 
hazard, one or more of the fol1owing safeguards shall be 
applied according to the degree of hazard involved: 

(1 ) Space separations 

(2) Fire-resistant barriers 

(3) Automatic fire suppression systems 

(4) Enclosures that confine the oil of a ruptured transfonner 
tank 

Oil enclosures shall be pemritted to consist of fire-resistant 
dikes, cmbed areas or basins, or trenches filled with coarse, 
crushed stone. Oil enclosmes shall be provided with trapped 
drains where the exposure and the quantity of oil involved are 
such that removal of oil is important. 

Infonnational Note: For additional infonnation on 
transfonners installed on poles or structures or under ground, 
see ANSI C2-2007, National Electrical Safety Code. 

450.28 Modification of Transformers. When modifications 
are made to a transformer in an existing installation that 
change the type of the transformer with respect to Part II of 
this article, such transformer shall be marked to show the type 
of insulating liquid installed, and the modified transfonner 
installation shall comply with the applicable requirements for 
that type of transformer. 
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III. Transformer Vaults 

450.41 Location. Vaults shall be located where they can be 
ventilated to the outside air without using flues or ducts 
wherever such an arrangement is practicable. 

450.42 Walls, Roofs, and Floors. The walls and roofs of 
vaults shall be constructed of materials that have adequate 
structural strength for the conditions with a minimum fire 
resistance of 3 hours. The floors of vaults in contact with the 
earth shall be of concrete that is not less than 100 mm (4 in.) 
tlrick, but where the vault is constructed with a vacant space or 
other stories below it, the floor shall have adequate structural 
strength for the load imposed thereon and a minimum fITe 
resistance of 3 hours. For the purposes of this section, studs 
and wallboard construction shall not be acceptable. 

Exception: Where transfonners are protected with automatic 
sprinklef~ water spray, carbon dioxide, or halon, construction 
of I-hour rating shall be pennitted. 

Infonnational Note No.1: For additional infonnation, see 
ANSIIAS1M Ell9-l995, Methodfor Fire Tests C!lBuilding 
Construction and Materials, and NFPA 251-2006, Standard 
Methods of Tests of Fire Resistance of Building Construction 
and Materials. 

Infonnational Note No.2: A typical 3-hour construction is 
150 mm (6 in.) thick reinforced concrete. 

450.43 Doorways. Vault doorways shall be protected in 
accordance with 450,43(A), (B), and (C). 

(A) Type of Door. Each doorway leading into a vault from the 
building interior shall be provided with a tight-fitting door that 
has a minimum fire rating of 3 hours. The authority having 
jurisdiction sha11 be permitted to require such a door for an 
exterior wall opening where conditions warrant. 

Exception: Where transfonners are protected with automatic 
sprinkler, water spray, carbon dioxide, or halon, construction 
of I-hour rating shall be permitted 

Infonnational Note: For additional infonnation, see NFP A 
80-2010, Standard Fire Doors and Other Opening 
Protectives. 

(D) Sills. A door sill or curb that is of sufficient height to 
confme the oil from the largest transfonner within the vault 
shall be provided, and in no case shall the height be less than 
100 mm (4 in.). 

(C) Locks. Doors shall be equipped with locks, and doors 
shall be kept locked, access being allowed only to qualified 
persons. Personnel doors shall swing out and be equipped with 
panic bars, pressure plates, or other devices that are nonnally 
latched but open under simple pressure. 
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ARTICLE 455 - PHASE CONVERTERS 455.6 

450.45 Ventilation Openings. Where required by 450.9, 
openings for ventilation shall be provided in accordance 
with 450.45(A) through (F). 

(A) Location. Ventilation openings shall be located as far 
as possible from doors, windows, fire escapes, and 
combustible material. 

(B) Arrangement. A vault ventilated by natural 
circulation of air shall be permitted to have roughly half 
of the total area of openings required for ventilation in 
one or more openings near the floor and the remainder in 
one or more openings in the roof or in the sidewalls near 
the roof, or all of the area required for ventilation shall be 
permitted in one or more openings in or near the roof. 

(C) Size. For a vault ventilated by natural circulation of 
air to an outdoor area, the combined net area of all 
ventilating openings, after deducting the area occupied by 
screens, gratings, or louvers, shall not be less than 1900 

mm2 (3 in.2) per kV A of transformer capacity in service, 

and in no case shall the net area be less than 0.1 m2 (1 

ft2) for any capacity under 50 kV A. 

(D) Covering. Ventilation openings shall be covered with 
durable gratings, screens, or louvers, according to the 
treatment required in order to avoid unsafe conditions. 

(E) Dampers. All ventilation openings to the indoors 
shall be provided with automatic closing fire dampers that 
operate in response to a vault fire. Such dampers shall 
possess a standard fire rating of not less than I1h hours. 

lnfonnational Note: See ANSIIUL 555-1995, Standard 
for Fire Dampers. 

(F) Ducts. Ventilating ducts shall be constructed of fire
resistant materiaL 

450.46 Drainage. Where practicable, vaults containing 
more than 100 kV A transformer capacity shall be 
provided with a drain or other means that will carry off 
any accumulation of oil or water in the vault unless local 
conditions make this impracticable. The floor shall be 
pitched to the drain where provided. 

450.47 Water Pipes and Accessories. Any pipe or duct 
system foreign to the electrical installation shall not enter 
or pass through a transformer vault. Piping or other 
facilities provided for vault fire protection, or for 
transformer cooling, shall not be considered foreign to the 
electrical installation. 

450.48 Storage in Vaults. Materials shall not be stored in 
transformer vaults. 
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I. General 

ARTICLE 455 
Phase ConYerters 

455.1 Scope. This article covers the installation and use 
of phase converters. 

455.2 Definitions. 

Manufactured Phase. The manufactured or derived 
phase originates at the phase converter and is not solidly 
connected to either of the single-phase input conductors. 

Phase Converter. An electrical device that converts 
single-phase power to 3-phase electric power. 

Informational Note: Phase converters have 
characteristics that modify the starting torque and 
locked-rotor current of motors served, and consideration 
is required in selecting a phase converter for a specific 
load. 

Rotary-Phase Converter. A device that consists of a 
rotary transformer and capacitor panel(s) that permits the 
operation of 3-phase loads from a single-phase supply. 

Static-Phase Converter. A device without rotating parts, 
sized for a given 3-phase load to permit operation from a 
single-phase supply. 

455.3 Other Articles. Phase converters shall comply with 
this article and with the applicable provisions of other 
articles of this Code. 

455.4 Marking. Each phase converter shall be provided 
with a permanent nameplate indicating the following: 

(1) Manufacturer's name 

(2) Rated input and output voltages 

(3) Frequency 

(4) Rated single-phase input full-load amperes 

(5) Rated minimum and maximum single load III 

kilovolt-amperes (kVA) or horsepower 

(6) Maximum total load in kilovolt-amperes (kV A) or 
horsepower 

(7) For a rotary-phase converter, 3-phase amperes at full 
load 

455.5 Equipment Grounding Connection. A means for 
attachment of an equipment grounding conductor 
termination in accordance with 250.8 shall be provided. 

455.6 Conductors. 

(A) Ampacity. The ampacity of the single-phase supply 
conductors shall be determined by 455.6(A)(l) or (A)(2). 
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ARTICLE 455 PHASE CONVERTERS 

Informational Note: Single-phase conductors sized to 
prevent a voltage drop not 3 percent from the 
source of supply to the phase converter may help ensure 
proper starting and operation of motor loads. 

(1) Variable Loads. Where the loads to be supplied are 
variable, the conductor ampacity shall not be less than 
125 percent of the phase converter nameplate single
phase input full-load amperes. 

(2) Fixed Loads. VI/here the phase converter supplies 
specific fixed loads, and the conductor ampacity is less 
than 125 percent of the phase converter nameplate single
phase input full-load amperes, the conductors shall have: 
an ampacity not less than 250 percent of the sum of the 
full-load, 3-phase current rating of the motors and other 
loads served where the input and output voltages of the 
phase converter are identical. Where the input and output 
vo1tages of the phase converter are different, the curren1 
as determined by this section shall be multiplied by the 
ratio of output to input vo1tage. 

(B) Manufactured Phase Marking. The manufactured 
phase conductors shall be identified in all accessible 
locations with a distinctive marking. The marking shall be 
consistent throughout the system and premises. 

455.7 Overcurrent Protection. The single-phase supply 
conductors and phase converter shall be protected from 
overcurrent by 455.7(A) or (B). Where the required fuse 
or nonadjustable circuit breaker rating or settings of 
adjustable circuit breakers do not correspond to a standard 
rating or setting, a higher rating or setting that does not 
exceed the next higher standard rating shall be permitted. 

(A) Variable Loads. Where the loads to be supplied are 
variable, overcurrent protection shall be set at not more 
than 125 percent of the phase converter nameplate single
phase input full-load amperes. 

(B) Fixed Loads. Where the phase converter supplies 
specific fixed loads and the conductors are sized in 
accordance with 455.6(A)(2), the conductors shall be 
protected in accordance with their ampacity. The 
overcurrent protection determined from this section shall 
not exceed 125 percent of the phase converter nameplate 
single-phase input amperes. 

455.8 Disconnecting Means. Means shall be provided to 
disconnect simultaneously all ungrounded single-phase 
supply conductors to the phase converter. 

(A) Location. The disconnecting means shall be readily 
accessible and located in sight from the phase converter. 

(B) Type. The disconnecting means shall be a switch 
rated in horsepower, a circuit breaker, or a molded-case 
switch. Where only nonmotor loads are served, an 
ampere-rated switch shall be permitted. 

70-356 

(C) Rating. The ampere rating of the disconnecting 
means shall not be less than 115 percent of the rated 
maximum single-phase input full-load amperes or, for 
specific fixed loads, shall be permitted to be selected from 
455.8(C)(I) or (C)(2). 

(1) Current Rated Disconnect. The disconnecting means 
shall be a circuit breaker or molded-case switch with an 
ampere rating not less than 250 percent of the sum of the 
following: 

(1) Full-load, 3-phase current ratings of the motors 

(2) Other loads served 

(2) Horsepower Rated Disconnect. The disconnecting 
means shall be a switch with a horsepower rating. The 
equivalent locked rotor current of the horsepower rating 
of the switch shall not be less than 200 percent of the sum 
of the following: 

(1) Nonmotor loads 

(2) The 3-phase, locked-rotor current of the largest motor 
as determined from Table 430.251(B) 

(3) The full-load current of all other 3-phase motors 
operating at the same time 

(D) Voltage Ratios. The calculations in 455.8(C) shall 
apply directly where the input and output voltages of the 
phase converter are identical. Where the input and output 
voltages of the phase converter are different, the current 
shall be multiplied by the ratio of the output to input 
voltage. 

455.9 Connection of Single-Phase Loads. Where 
phase loads are connected on the load side of a phase 
converter, they shall not be connected to the 
manufactured phase. 

455.10 Terminal Housings. A terminal housing in 
accordance with the provisions of 430.12 shall be 
provided on a phase converter. 

n. Specific Provisions Applicable to Different Types of 
Phase Converters 

455.20 Disconnecting Means. The single-phase 
disconnecting means for the input of a static phase 
converter shall be permitted to serve as the disconnecting 
means for the phase converter and a single load if the load 
is within sight of the disconnecting means. 

455.21 Start-Up. Power to the utilization equipment shall 
not be supplied until the rotary-phase converter has been 
started. 
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ARTICLE 460 - CAPACITORS 460.10 

455.22 Power Interruption. Utilization equipment 
supplied by a rotary-phase converter shall be controlled in 
such a manner that power to the equipment will be 
disconnected in the event of a power intenuption. 

Informational Note: Magnetic motor starters, magnetic 
contactors, and similar devices, with manual or time 
delay restarting for the load, provide restarting after 
power interruption. 

455.23 Capacitors. Capacitors that are not an integral 
part of the rotary-phase conversion system but are 
installed for a motor load shall be connected to the line 
side of that motor overload protective device. 

ARTICLE 460 
Capacitors 

460.1 Scope. This article covers the installation of 
capacitors on electrical circuits. 

Surge capacitors or capacitors included as a 
component part of other apparatus and conforming with 
the requirements of such apparatus are excluded from 
these requirements. 

This article also covers the installation of capacitors 
in hazardous (classified) locations as modified by Articles 
501 through 503. 

460.2 Enclosing and Guarding. 

(A) Containing More Than 11 L (3 gal) of Flammable 
Liquid. Capacitors containing more than 11 L (3 gal) of 
flammable liquid shall be enclosed in vaults or outdoor 
fenced enclosures complying with Article 110, Part III. 
This limit shall apply to any single unit in an installation 
of capacitors. 

(B) Accidental Contact. Where capacitors are accessible 
to unauthorized and unqualified persons, they shall be 
enclosed, located, or guarded so that persons cannot come 
into accidental contact or bring conducting materials into 
accidental contact with exposed energized parts, 
terminals, or buses associated with them. However, no 
additional guarding is required for enclosures accessible 
only to authorized and qualified persons. 

1.600 Volts, Nominal, and Under 

460.6 Discharge of Stored Energy. Capacitors shall be 
provided with a means of discharging stored energy. 

(A) Time of Discharge. The residual voltage of a 
capacitor shall be reduced to 50 volts, nominal, or less 
within 1 minute after the capacitor is disconnected from 
the source of supply. 

(B) Means of Discharge. The discharge circuit shall be 
either permanently connected to the terminals of the 
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capacitor or capacitor bank or provided with automatic 
means of connecting it to the terminals of the capacitor 
bank on removal of voltage from the line. Manual means 
of switching or connecting the discharge circuit shall not 
be used. 

460.8 Conductors. 

(A) Ampacity. The ampacity of capacitor circuit 
conductors shall not be less than 135 percent of the rated 
current of the capacitor. The ampacity of conductors that 
connect a capacitor to the terminals of a motor or to motor 
circuit conductors shall not be less than one-third the 
ampacity of the motor circuit conductors and in no case 
less than l35 percent of the rated current of the capacitor. 

(B) OvercurrentProtection. An overcurrent device shall 
be provided in each ungrounded conductor for each 
capacitor bank. The rating or setting of the overcurrent 
device shall be as low as practicable. 

Exception: A separate overcurrent device shall not be 
required for a capacitor connected on the load side of a 
motor overload protective device. 

(C) Disconnecting Means. A disconnecting means shall 
be provided in each ungrounded conductor for each 
capacitor bank and shall meet the following requirements: 

(1) The disconnecting means shall open all ungrounded 
conductors simultaneously. 

(2) The disconnecting means shall be permitted to 
disconnect the capacitor from the line as a regular 
operating procedure. 

(3) The rating of the disconnecting means shall not be less 
than 135 percent of the rated current of the capacitor. 

Exception: A separate disconnecting means shall not be 
required where a capacitor is connected on the load side 
of a motor controller. 

460.9 Rating or Setting of Motor Overload Device. 
Where a motor installation includes a capacitor connected 
on the load side of the motor overload device, the rating 
or setting of the motor overload device shall be based on 
the improved power factor of the motor circuit. 

The effect of the capacitor shall be disregarded 10 

determining the motor circuit conductor rating 10 

accordance with 430.22. 

460.10 Grounding. Capacitor cases shall be connected to 
the equipment grounding conductor. 

Exception: Capacitor cases shall not be connected to the 
equipment grounding conductor where the capacitor units 
are supported on a structure designed to operate at other 
than ground potential. 
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460.12 ARTICLE 470 - RESISTORS AND REACTORS 

460.12 Marking. Each capacitor shall be provided with a 
nameplate giving the name of the manufacturer, rated 
voltage, frequency, kilovar or amperes, number of phases, 
and, if filled with a combustible liquid, the volume of 
liquid. Where filled with a nonflammable liquid, the 
nameplate shall so state. The nameplate shall also indicate 
whether a capacitor has a discharge device inside the case. 

II. Over 600 Volts, Nominal 

460.24 Switching. 

(A) Load Current. Group-operated switches shall be 
used for capacitor switching and shall be capable of the 
following: 

(1) Carrying continuously not less than 135 percent of 
the rated current of the capacitor installation 

(2) Interrupting the maximum continuous load current of 
each capacitor, capacitor bank, or capacitor 
installation that will be switched as a unit 

(3) Withstanding the maximum inrush current, including 
contributions from adjacent capacitor installations 

(4) Carrying currents due to faults on capacitor side of 
switch 

(B) Isolation. 

(1) Genera1. A means shall be installed to isolate from all 
sources of voltage each capacitor, capacitor bank, or 
capacitor installation that will be removed from service as 
a unit. The isolating means shall provide a visible gap in 
the electrical circuit adequate for the operating voltage. 

(2) Isolating or Disconnecting Switches with No 
Interrupting Rating. Isolating or disconnecting switches 
(with no interrupting rating) shall be interlocked with the 
load-interrupting device or shall be provided with 
prominently displayed caution signs in accordance with 
490.22 to prevent switching load current. 

(C) Additional Requirements for Series Capacitors. 
The proper switching sequence shall be ensured by use of 
one of the following: 

(1) Mechanically sequenced isolating and bypass 
switches 

(2) Interlocks 

(3) Switching procedure prominently displayed at the 
switching location 

460.25 OvercurrentProtection. 

(A) Provided to Detect and Interrupt Fault Current. A 
means shall be provided to detect and interrupt fault 
current likely to cause dangerous pressure within an 
individual capacitor. 

(B) Single Pole or Multipole Devices. Single-pole or 
multipole devices shall be permitted for this purpose. 
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(C) Protected Individually or in Groups. Capacitors 
shall be permitted to be protected individually or in 
groups. 

(D) Protective Devices Rated or Adjusted. Protective 
devices for capacitors or capacitor equipment shall be 
rated or adjusted to operate within the limits of the safe 
zone for individual capacitors. If the protective devices 
are rated or adjusted to operate within the limits for Zone 
1 or Zone 2, the capacitors shall be enclosed or isolated. 

In no event shall the rating or adjustment of the protective 
devices exceed the maximum limit of Zone 2. 

Informational Note: For definitions of Safe Zone, 
Zone 1, and Zone 2, see ANSI/IEEE 18-1992, 
Shunt Power Capacitors. 

460.26 Identification. Each capacitor shall be provided 
with a permanent nameplate giving the manufacturer's 
name, rated voltage, frequency, kilovar or amperes, 
number of phases, and the volume of liquid identified as 
flammable, if such is the case. 

460.27 Grounding. Capacitor cases shall be connected to 
the equipment grounding conductor. If the capacitor 
neutral point is connected to a grounding electrode 
conductor, the connection shall be made in accordance 
with Part III of Article 250. 

Exception: Capacitor cases shall not be connected to the 
equipment grounding conductor where the capacitor units 
are supported on a structure designed to operate at other 
than ground potential. 

460.28 Means for Discharge. 

(A) Means to Reduce the Residual Voltage. A means 
shall be provided to reduce the residual voltage of a 
capacitor to 50 volts or less within 5 minutes after the 
capacitor is disconnected from the source of supply. 

(B) Connection to Terminals. A discharge circuit shall 
be either permanently connected to the terminals of the 
capacitor or provided with automatic means of connecting 
it to the terminals of the capacitor bank after 
disconnection of the capacitor from the source of supply. 
The windings of motors, transformers, or other equipment 
directly connected to capacitors without a switch or 
overcurrent device interposed shall meet the requirements 
of 460.28(A). 

ARTICLE 470 

Resistors and Reactors 

1.600 Volts, Nominal, and Under 

470.1 Scope. This article covers the installation of 
separate resistors and reactors on electrical circuits. 
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ARTICLE 480 - STORAGE BATTERIES 480.5 

Exception: Resistors and reactors that are component 
parts of other apparatus. 

This article also covers the installation of resistors and 
reactors in hazardous (classified) locations as modified by 
Articles 501 through 504. 

470.2 Location. Resistors and reactors shall not be placed 
where exposed to physical damage. 

470.3 Space Separation. A thermal barrier shall be 
required if the space between the resistors and reactors 
and any combustible material is less than 305 mm (12 
in.). 

470.4 Conductor Insulation. Insulated conductors used 
for connections between resistance elements and 
controllers shall be suitable for an operating temperature 
of not less than 90°C (194°F). 

Exception: Other conductor insulations shall be 
permitted for motor starting service. 

II. Over 600 V oits, No minal 

470.18 General. 

(A) Protected Against Physical Damage. Resistors and 
reactors shall be protected against physical damage. 

(B) Isolated by Enclosure or Elevation. Resistors and 
reactors shall be isolated by enclosure or elevation to 
protect personnel from accidental contact with energized 
parts. 

(C) Combustible Materials. Resistors and reactors shall 
not be installed in close enough proximity to combustible 
materials to constitute a fire hazard and shall have a 
clearance of not less than 305 mm (12 in.) from 
combustible materials. 

(D) Clearances. Clearances from resistors and reactors to 
grounded surfaces shall be adequate for the voltage 
involved. 

Informational Note: See Article 490. 

(E) Temperature Rise from Induced Circulating 
Currents. Metallic enclosures of reactors and adjacent 
metal parts shall be installed so that the temperature rise 
from induced circulating currents is not hazardous to 
personnel or does not constitute a fire hazard. 

470.19 Grounding. Resistor and reactor cases or 
enclosures shall be connected to the equipment 
grounding conductor. 

Exception: Resistor or reactor cases or enclosures 
supported on a structure designed to operate at other 
than ground potential shall not be connected to the 
equipment grounding conductor. 
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470.20 Oil-Filled Reactors. Installation of oil-filled 
reactors, in addition to the above requirements, shall 
comply with applicable requirements of Article 450. 

ARTICLE 480 
Storage Batteries 

480.1 Scope. The provisions of this article shall apply to 
all stationary installations of storage batteries. 

480.2 Definitions. 

Battery System. Interconnected battery subsystcm~ 
consisting of one or more storage batteries and batterY 
chargers. and can include inverters. con erters. and 
associated electrical equipment. 

Nominal Battery Voltage. th~~oll<'lge ofa battery based 
on the number and type of cells in the battery. 

Informational Note: fhcmost cOlluuon nominal cdl 
vohages are 2 \'011. p~r cell for the kad-acid systems. 
J.2 olt per cell for alkali systems. and 4 \ 011 ' per cdl 
for Li-ion systems. Nominal \'oltag~ might vary with 
dit1erent ch\;mi trie . 

Sealed Cell or Battery. A c II or~~tt~ry that has no 
provision for the routill~ addition of water or electrolyte 
or for external measurement of electrolyte specific gravity 

~ nd IT'Iig~!!£~"~_t~il1 , p~~s~,~I~,,f~!j~ .L~.~,r.!~i>ng. 

Storage Battery. A battery comprised of one or more 
rechargeable cells of the lead-acid, nickel-cadmium, or 
other rechargeable electrochemical types . 

480.3 Wiring and Equipment Supplied from Batteries. 
Wiring and equipment supplied from storage batteries 
shall be subject to the applicable provisions of this Code 
applying to wiring and equipment operating at the same 
voltage, unless otherwise permitted by 480.4. 

480.4 Overcurrent Protection for Prime Movers. 
Overcurrent protection shall not be required for 
conductors from a battery rated less than 50 volts if the 
battery provides power for starting, ignition, or control of 
prime movers. Section 300.3 shall not apply to these 
conductors. 

480.5 Disconnecting Means. A disconnecting means 
shall be provided for all ungrounded conductors derived 
from a stationary battery system over 50 volts. A 
disconnecting means shall be readily accessible and 
located within sight of the battery system. 

Informational Note: See 240.21(H) for inrormation on 
the location of the overcurrent d vice for battery 
~o.f1d.n~~<?~ :, 
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480.6 ARTICLE 490 - EQUIPMENT OVER 600 VOLTS, NONJINAL 

480.6 Insulation of Batteries Not Over 250 Volts. This 
section shall apply to storage batteries having cells 
connected so as to operate at a nominal battery voltage of 
not over 250 volts. 

(A) Vented Lead-Acid Batteries. Cells and muhi~cef~ 
batteries with covers sealed to containers of 
nonconductive, heat-resistant material shall not require 
additional insulating support. 

(B) Vented Alkaline-Type Batteries. Cells with covers 
sealed to jars of nonconductive, heat-resistant material 
shall require no additional insulation support. Cells in jars 
of conductive material shall be installed in trays of 
nonconductive material with not more than 20 cells (24 
volts, nominal) in the series circuit in anyone tray. 

(C) Rubber Jars. Cells in rubber or composition 
containers shall require no additional insulating support 
where the total nominal voltage of all cells in series does 
not exceed 150 volts. Where the total voltage exceeds 150 
volts, batteries shall be sectionalized into groups of 150 
volts or less, and each group shall have the individual 
cells installed in trays or on racks. 

(D) Sealed Cells or Batteries. Sealed cells and 
multicompartment sealed batteries constructed of 
nonconductive, heat-resistant material shall not require 
additional insulating support. Batteries constructed of a 
conducting container shall have insulating support if a 
voltage is present between the container and ground. 

480.7 Insulation of Batteries of over 250 Volts. The 
provisions of 480.6 shall apply to storage batteries having 
the cells connected so as to operate at a nominal voltage 
exceeding 250 volts, and, in addition, the provisions of 
this section shall also apply to such batteries. Cells shall 
be installed in groups having a total nominal voltage of 
not over 250 volts. Insulation, which can be air, shall be 
provided between groups and shall have a minimum 
separation between live battery parts of opposite polarity 
of 50 mm (2 in.) for battery voltages not exceeding 600 
volts. 

480.8 Racks and Trays. Racks and trays shall comply 
with 480.8(A) and (B). 

(A) Racks. Racks, as required in this article, are rigid 
frames designed to support cells or trays. They shall be 
substantial and be made of one of the following: 

(1) Metal, treated so as to be resistant to deteriorating 
action by the electrolyte and provided with 
nonconducting members directly supporting the cells 
or with continuous insulating material other than 
paint on conducting members 

(2) Other construction such as fiberglass or other suitable 
nonconductive materials 
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(B) Trays. Trays are frames, such as crates or shallow 
boxes usually of wood or other nonconductive material, 
constructed or treated so as to be resistant to deteriorating 
action by the electrolyte. 

480.9 Battery Locations. Battery locations shall 
conform to 480.9(A), (B), and (C). 

(A) Ventilation. Provisions shall be made for sufficient 
diffusion and ventilation of the gases from the battery to 
prevent the accumulation of an explosive mixture. 

(B) Live Parts. Guarding of live parts shall comply with 
110.27. 

(C) Working Space. Working space about the battery 
systems shall comply with 11 0.26. Working clearance 
shall be measured from the edge of the battery rack. 

480.10 Vents. 

(A) Vented Cells. Each vented cell shall be equipped 
with a flame arrester that is designed to prevent 
destruction of the cell due to ignition of gases within the 
cell by an external spark or flame under normal operating 
conditions. 

(B) Sealed Cells. Sealed battery or cells shall be equipped 
with a pressure-release vent to prevent excessive 
accumulation of gas pressure, or the battery or cell shall 
be designed to prevent scatter of cell parts in event of a 
cell explosion. 

ARTICLE 490 

Equipment, Over 600 Volts, Nominal 

I. General 

490.1 Scope. This article covers the general requirements 
for equipment operating at more than 600 volts, nominal. 

Informational Note No.1: See NFPA 70E-2009, 
Standard for Electrical Safety in the Workplace, for 
electrical safety requirements for employee workplaces. 

Informational Note No.2: For further information on 
hazard signs and labels, see ANSI Z535.4-1998, Product 
Signs and Safety Labels. 

490.2 Definition. 

High Voltage. For the purposes of this article, more than 
600 volts, nominal. 

490.3 Oil-Filled Equipment. Installation of electrical 
equipment, other than transformers covered in Article 
450, containing more than 38 L (10 gal) of flammable oil 
per unit shall meet the requirements of Parts II and III of 
Article 450. 
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ARTICLE 490 - EQUIPMENT, OVER 600 VOLTS, NOMINAL 490.21 

II. Eq uipment - Specific Provisions 
490.21 Circuit-Interrupting Devices. 
(A) Circuit Breakers. 
(1) Location. 

(a) Circuit breakers instalJed indoors shall be 
mounted either in metal-enclosed units or fire-resistant 
cell-mounted units, or they shall be permitted to be open
mounted in locations accessible to qualified persons only. 

(b) Circuit breakers used to control oil-filled 
transformers shal1 either be located outside the 
transformer vault or be capable of operation from outside 
the vault. 

(c) Oil circuit breakers shall be arranged or located 
so that adjacent readily combustible structures or 
materials are safeguarded in an approved manner. 
(2) Operating Characteristics. Circuit breakers shall 
have the following equipment or operating characteristics: 
(1) An accessible mechanical or other means 

for manual tripping, independent of control power 
(2) Be release free (trip free) 
(3) If capable of being opened or closed manually while 

energized, main contacts that operate independently 
of the speed of the manual operation 

(4) A mechanical position indicator at the circuit breaker 
to show the open or closed position of the main 
contacts 

(5) A means of indicating the open and closed position of 
the breaker at the pointe s) from which they may be 
operated 

(3) Nameplate. A circuit breaker shall have a permanent 
and legible nameplate showing manufacturer's name or 
trademark, manufacturer's type or identification number, 
continuous current rating, interrupting rating in megavolt
amperes (MV A) or amperes, and maximum voltage 
rating. Modification of a circuit breaker affecting its 
rating( s) shall be accompanied by an appropriate change 
of nameplate information. 
(4) Rating. Circuit breakers shall have the following 
ratings: 
(1) The continuous current rating of a circuit breaker 

shall not be less than the maximum continuous 
current through the circuit breaker. 

(2) The interrupting rating of a circuit breaker shall not 
be less than the maximum fault current the circuit 
breaker will be required to interrupt, including 
contributions from all connected sources of energy. 

(3) The closing rating of a circuit breaker shall not be 
less than the maximum asymmetrical fault current 
into which the circuit breaker can be closed. 

(4) The momentary rating of a circuit breaker shall not 
be less than the maximum asymmetrical fault current 
at the point of installation. 

(5) The rated maximum voltage of a circuit breaker shall 
not be less than the maximum circuit voltage. 
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(B) Power Fuses and Fuseholders. 

(1) Use. Where fuses are used to protect conductors and 
equipment, a fuse shall be placed in each ungrounded 
conductor. Two power fuses shall be permitted to be used 
in parallel to protect the same load if both fuses have 
identical ratings and both fuses are instal1ed in an 
identified common mounting with electrical connections 
that divide the current equally. Power fuses of the vented 
type shall not be used indoors, underground, or in metal 
enclosures unless identified for the use. 

(2) Interrupting Rating. The interrupting rating of power 
fuses shall not be less than the maximum fault current the 
fuse is required to interrupt, including contributions from 
all connected sources of energy. 

(3) Voltage Rating. The maximum voltage rating of 
power fuses shall not be less than the maximum circuit 
voltage. Fuses having a mmlmum recommended 
operating voltage shall not be applied below this voltage. 

(4) Identification of Fuse Mountings and Fuse Units. 
Fuse mountings and fuse units shall have permanent and 
legible nameplates showing the manufacturer's type or 
designation, continuous current rating, interrupting 
current rating, and maximum voltage rating. 

(5) Fuses. Fuses that expel flame in opening the circuit 
shall be designed or arranged so that they function 
properly without hazard to persons or property. 

(6) Fuseholders. Fuseholders shall be designed or 
installed so that they are de-energized while a fuse is 
being replaced. 

Exception: Fuses and fuseholders designed to permit fuse 
replacement by qualified persons using equipment 
designed for the purpose without de-energizing the 
fuseholder shall be permitted. 

(7) High-Voltage Fuses. Metal-enclosed switchgear and 
substations that utilize high-voltage fuses shall be 
provided with a gang-operated disconnecting switch. 
Isolation of the fuses from the circuit shall be provided by 
either connecting a switch between the source and the 
fuses or providing roll-out switch and fuse-type 
construction. The switch shall be of the load-interrupter 
type, unless mechanically or electrically interlocked with 
a load-interrupting device arranged to reduce the load to 
the interrupting capability of the switch. 

Exception: More than one switch shall be permitted as 
the disconnecting means for one set of fuses where the 
switches are installed to provide connection to more than 
one set of supply conductors. The switches shall be 
mechanically or electrically interlocked to permit access 
to the fuses only when all switches are open. A 
conspicuous sign shall be placed at the fuses identifYing 
the presence of more than one source. 
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ARTICLE 490-

(C) Distribution Cutouts and Fuse Links - Expulsion 
Type. 
(1) Installation. Cutouts shall be located so that they may 
be readily and safely operated and re-fused, and so that the 
exhaust of the fuses does not endanger persons. 
Distribution cutouts shall not be used indoors, 
underground, or in metal enclosures. 

(2) Operation. Where fused cutouts are not suitable to 
interrupt the circuit manually while carrying full load, an 
approved means shall be installed to interrupt the entire 
load. Unless the fused cutouts are interlocked with the 
switch to prevent opening of the cutouts under load, a 
conspicuous sign shall be placed at such cutouts identifYing 
that they shall not be operated under load. 

(3) Interrupting Rating. The interrupting rating of 
distribution cutouts shall not be less than the maximum 
fault current the cutout is required to interrupt, including 
contributions from all connected sources of energy. 

(4) Voltage Rating. The maximum voltage rating of 
cutouts shall not be less than the maximum circuit voltage. 

(5) Identification. Distribution cutouts shall have on their 
body, door, or fuse tube a permanent and legible nameplate 
or identification showing the manufacturer's type or 
designation, continuous current rating, maximum voltag<~ 
rating, and interrupting rating. 

(6) Fuse Links. Fuse links shall have a permanent and 
legible identification showing continuous current rating and 
type. 

(7) Structure Mounted Outdoors. The height of cutouts 
mounted outdoors on structures shall provide safe clearance 
between lowest energized parts (open or closed position) 
and standing surfaces, in accordance with 11 0.34(E). 

(D) Oil-Filled Cutouts. 

(1) Continuous Current Rating. The continuous current 
rating of oil-filled cutouts shall not be less than the 
maximum continuous current through the cutout. 

(2) Interrupting Rating. The interrupting rating of oil
filled cutouts shall not be less than the maximum fault 
current the oil-filled cutout is required to interrupt, 
including contributions from all connected sources of 
energy. 

(3) Voltage Rating. The maximum voltage rating of oil
filled cutouts shall not be less than the maximum circuit 
voltage. 

(4) Fault Closing Rating. Oil-filled cutouts shall have a 
fault closing rating not less than the maximum 
asymmetrical fault current that can occur at the cutout 
location, unless suitable interlocks or operating procedures 
preclude the possibility of closing into a fault. 

(5) Identification. Oil-filled cutouts shall have a permanent 
and legible nameplate showing the rated continuous 
current, rated maximum voltage, and rated interrupting 
current. 
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NOMINAL 

(6) Fuse Links. Fuse links shal1 have a permanent and 
legible identification showing the rated continuous current. 

(7) Location. Cutouts shaH be located so that they are 
readily and safely accessible for re-fusing, with the top of 
the cutout not over 1.5 m (5 ft) above the floor or platform. 

(8) Enclosure. Suitable barriers or enclosures shall be 
provided to prevent contact with nonshielded cables or 
energized parts of oil-filled cutouts. 

(E) Load Interrupters. Load-interrupter switches shall be 
permitted if suitable fuses or circuit breakers are used in 
conjunction with these devices to interrupt fault currents. 
Where these devices are used in combination, they shall be 
coordinated electrically so that they will safely withstand 
the effects of closing, carrying, or interrupting all possible 
currents up to the assigned maximum short-circuit rating. 

Where more than one switch is installed with 
interconnected load terminals to provide for alternate 
connection to different supply conductors, each switch shall 
be provided with a conspicuous sign identifYing this 
hazard. 

(1) Continuous Current Rating. The continuous current 
rating of interrupter switches shall equal or exceed the 
maximum continuous current at the point of installation. 

(2) Voltage Rating. The maximum voltage rating of 
interrupter switches shall equal or exceed the maximum 
circuit voltage. 

(3) Identification. Interrupter switches shall have a 
permanent and legible nameplate including the following 
information: manufacturer's type or designation, 
continuous current rating, interrupting current rating, fault 
closing rating, maximum voltage rating. 

(4) Switching of Conductors. The switching mechanism 
shall be arranged to be operated from a location where the 
operator is not exposed to energized parts and shall be 
arranged to open all ungrounded conductors of the circuit 
simultaneously with one operation. Switches shall be 
arranged to be locked in the open position. Metal-enclosed 
switches shall be operable from outside the enclosure. 

(5) Stored Energy for Opening. The stored-energy 
operator shall be permitted to be left in the uncharged 
position after the switch has been closed if a single 
movement of the operating handle charges the operator and 
opens the switch. 

(6) Supply Terminals. The supply terminals of fused 
interrupter switches shall be installed at the top of the 
switch enclosure, or, if the terminals are located elsewhere, 
the equipment shall have barriers installed so as to prevent 
persons from accidentally contacting energized parts or 
dropping tools or fuses into energized parts. 
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ARTICLE 490 - EQUIPMENT, OVER 600 VOLTS, NOMINAL 490.38 

490.22 Isolating Means. Means shall be provided to 
completely isolate an item of equipment from'ai ~ 
ungrounded conductors. The use of isolating switches 
shall not be required where there are other ways of de
energizing the equipment for inspection and repairs, such 
as draw-out-type metal-enclosed switchgear units and 
removable truck panels. 

Isolating switches not interlocked with an approved 
circuit-interrupting device shall be provided with a sign 
warning against opening them under load. 

A fuseholder and fuse, designed for the purpose, shall 
be permitted as an isolating switch. 

490.23 Voltage Regulators. Proper switching sequence 
for regulators shall be ensured by use of one of the 
following: 

(1) Mechanically sequenced regulator bypass switch( es) 

(2) Mechanical interlocks 

(3) Switching procedure prominently displayed at the 
switching location 

490.24 Minimum Space Separation. In field-fabricated 
installations, the minimum air separation between bare 
live conductors and between such conductors and 
adjacent grounded surfaces shall not be less than the 
values given in Table 490.24. These values shall not 
apply to interior portions or exterior terminals of 
equipment designed, manufactured, and tested ill 

accordance with accepted national standards. 

III. Equipment - Metal-Enclosed Power Switchgear 
and Industrial Control Assemblies 

490.30 General. This part covers assemblies of metal
enclosed power switchgear and industrial control, 
including but not limited to switches, interrupting devices 
and their control, metering, protection and regulating 
equipment, where an integral part of the assembly, with 
associated interconnections and supporting structures. 
This part also includes metal-enclosed power switchgear 
assemblies that form a part of unit substations, power 
centers, or similar equipment. 

490.31 Arrangement of Devices in Assemblies. 

Arrangement of devices in assemblies shall be such that 
individual components can safely perform their intended 
function without adversely affecting the safe operation of other 
components in the assembly. 

490.32 Guarding of High-Voltage Energized Parts Within 
a Compartment Where access for other than visual 
inspection is required to a compartment that contains 
energized high-voltage parts, barriers shall be provided to 
prevent accidental contact by persons, tools, or other 
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equipment with energized parts. Exposed live parts shall only 
be permitted in compartments accessible to qualified persons. 
Fuses and fuseholders designed to enable future replacement 
without de-energizing the fuseholder shall only be permitted 
for use by qualified persons. 

490.33 Guarding of Energized Parts Operating at 600 
Volts_ Nominal, or Less Within Compartments. 
Energized bare parts mounted on doors shall be guarded 
where the door must be opened for maintenance of 
equipment or removal of draw-out equipment. 

490.34 Clearance for Cable Conductors Entering 
Enclosure. The unobstructed space opposite terminals or 
opposite raceways or cables entering a switchgear or 
control assembly shall be adequate for the type of 
conductor and method of termination. 

490.35 Accessibility of Energized Parts. 

(A) High-Voltage Equipment. Doors that would provide 
unqualified persons access to high-voltage energized parts 
shall be locked. 

(B) Control Eq~!pl1:14!~~ . ~~~r~QP~~()ting ,~t§QQ .. y~hs.i 
nominal. or Ie s, control equipment, relays, motors, and 
the like shall not be installed in compartments with 
exposed high-voltage energized parts or high-voltage 
wiring, unless either of the following conditions is met: 

(1) The access means is interlocked with the high-
voltage switch or disconnecting means to prevent the 
access means from being opened or removed. 

(2) The high-voltage switch or disconnecting means is in 
the isolating position. 

(C) H igh-Voltage Instruments or Control 
Transformers and Space Heaters. High-voltage 
instrument or control transformers and space heaters shall 
be permitted to be installed in the high-voltage 
compartment without access restrictions beyond those that 
apply to the high-voltage compartment generally. 

490.36 Grounding. Frames of switchgear and control 
assemblies shall be connected to an equipment grounding 
conductor or, where permitted, the grounded conductor. 

490.37 Grounding of Devices. The metal cases or 
frames , or both, such as instruments, relays, meters, and 
instrument and control transformers, located in or on 
switchgear or control, shall be connected to an equipment 
grounding conductor or, where permitted, the grounded 
conductor. 

490.38 Door Stops and Cover Plates. External hinged 
doors or covers shall be provided with stops to hold them 
in the open position. Cover plates intended to be removed 
for inspection of energized parts or wiring shall be 
equipped with lifting handles and shall not exceed 1.1 m2 

(12 ft2) in area or 27 kg (60 lb) in weight, unless they are 
hinged and bolted or locked. 
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490.39 ARTICLE 490 - EQUIPMENT, OVER 600 VOLTS, NOMINAL 

Table 490.24 Minimum Clearance of Live Parts 

Minimum Clearance of Live Parts 

Phase-to-Phase Phase-to-Ground 

Nominal Impulse Withstand, 
Voltage B.LL (kV) Indoors Outdoors Indoors Outdoors 
Rating Indoors Outdoors mm in. mm in. mm in. mm in. 
(kV) 

2.4-4.16 60 95 115 4.5 180 7 80 3.0 155 6 
7.2 75 95 ]40 5.5 180 7 lOS 4.0 155 6 
13.8 95 110 195 7.5 305 12 130 5.0 180 7 

14.4 110 110 230 9.0 305 12 170 6.5 180 7 
23 125 150 270 10.5 385 15 190 7.5 255 10 

34.5 150 150 320 12.5 385 15 245 9.5 255 10 
200 200 460 18.0 460 18 335 13.0 335 13 

46 200 460 18 335 13 
250 535 21 435 17 

69 250 535 21 435 l7 
350 790 31 635 25 

115 550 1350 53 1070 42 
138 550 1350 53 1070 42 

650 1605 63 1270 50 
161 650 1605 63 1270 50 

750 1830 72 1475 58 
230 750 1830 72 1475 58 

900 2265 89 1805 71 
1050 2670 105 2110 83 

Note: The values given are the minimum clearance for rigid parts and bare conductors under favorable service conditions. They shall be 
increased for conductor movement or under unfavorable service conditions or wherever space limitations permit. The selection of the 
associated impulse withstand voltage for a particular system voltage is determined by the characteristics of the surge protective equipment. 

490.39 Gas Discharge from I nterrupting Devices. 
Gas discharged during operating of interrupting 
devices shall be directed so as not to endanger 
personnel. 

490.40 iv~~~~, In~pection Windows. Windows 
intended for yi~~I~~ inspection of disconnecting 
switches or other devices shall be of suitable 
transparent material. 
490.41 Location of Indu trial Control Equipment. 
Routinely operated industrial control equipment shall meet 
lbc r quiremenls of (A) l1nl~ss infrequently operated. a 
leo \ r~d in 490.4) tB). 

(A) Control and Instrument Transfer Switch 
Handles or Push Buttons. Control and instrument 
transfer switch handles or pttSl1 blJt.tg~~.,.~h~U be in a 
readily accessible location at an elevation of not over 
2.0 m (6 ft 7 in.). 
Exception: Operating handles requiring more than 23 
kg (50 lb) of force shall be located no higher than 1.7 
m (66 in.) in either the open or closed position. 

(B) I nfrequentJy Operated Devices. Where operating 
handles for uch devices as draw-out fuses, fused 
potential or control transformers and their primary 
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disconnects, and bus transfer and isolating switches are 
only operated infrequently, the handles shall be 
permitted to be located where they are safely operable 
and serviceable from a portable platform. 

490.42 Interlocks Interrupter Switches. 
Interrupter switches equipped with stored energy 
mechanisms shall have mechanical interlocks to 
prevent access to the switch compartment unless the 
stored energy mechanism is in the discharged or 
blocked position. 

490.43 Stored Energy for Opening. The stored energy 
operator shall be permitted to be left in the uncharged 
position after the switch has been closed if a single 
movement of the operating handle charges the operator 
and opens the switch. 

490.44 Fused Interrupter Switches. 

(A) Supply Terminals. The supply terminals of fused 
interrupter switches shall be installed at the top of the 
switch enclosure or, if the terminals are located elsewhere, 
the equipment shall have barriers installed so as to prevent 
persons from accidentally contacting energized parts or 
dropping tools or fuses into energized parts. 
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ARTICLE 490 EQUIPNIENT, OVER 600 VOLTS, NOMINAL 490.56 

(B) Backfeed. Where fuses can be energized by backfeed, a 
sign shall be placed on the enclosure door identifYing this 
hazard. 

(C) Switching M.echanism. The switching mechanism shall 
be arranged to be operated from a location outside the 
enclosure where the operator is not exposed to energized 
parts and shall be arranged to open al1 ungrounded 
conductors of the circuit simultaneously with one operation. 
Switches shall be capable of being locked in the open 
position. The provisions for locking shall remain in place 
with or without the lock installed. 

490.45 Circuit Breakers Interlocks. 

(A) Circuit Breakers. Circuit breakers equipped with stored 
energy mechanisms shall be designed to prevent the release of 
the stored energy unless the mechanism has been fully charged. 

(B) Mechanical Interlocks. Mechanical interlocks shall be 
provided in the housing to prevent the complete withdrawal 
of the circuit breaker from the housing when the stored 
energy mechanism is in the fully charged position, unless a 
suitable device is provided to block the closing function of 
the circuit breaker before complete withdrawal. 

490.46 Circuit Breaker Locking. Circuit breakers shall be 
capable of being locked in the open position or, if they are 
installed in a drawout mechanism, that mechanism shall be 
capable of being locked in such a position that the 
mechanism cannot be moved into the connected position. In 
either case, the provision for locking shall remain in place 
with or without the lock. 

490.47 Metal-Enclosed and Metal-Clad Service 
Equipment. Metal-enclosed and metal-clad switchgear 
installed as high-voltage service equipment shall include a 
ground bus for the connection of service cable shields and to 
facilitate the attachment of safety grounds for personnel 
protection. This bus shall be extended into the compartment 
where the service conductors are terminated. 

IV. Mobile and Portable Equipment 

490.51 General. 

(A) Covered. The provisions of this part shall apply to 
installations and use of high-voltage power distribution and 
utilization equipment that is portable, mobile, or both, such 
as substations and switch houses mounted on skids, trailers, 
or cars; mobile shovels; draglines; cranes; hoists; drills; 
dredges; compressors; pumps; conveyors; underground 
excavators; and the like. 

(B) Other Requirements. The requirements of this part 
shall be additional to, or amendatory of, those prescribed in 
Articles 100 through 725 of this Code. Special attention shall 
be paid to Article 250. 
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(C) Protection. Adequate enclosures, guarding, or both, 
shall be provided to protect portable and mobile equipment 
from physical damage. 

(D) Disconnecting Means. Disconnecting means shall be 
installed for mobile and portable high-voltage equipment 
according to the requirements of Part VIII of Article 230 and 
shall disconnect all ungrounded conductors. 

490.52 Overcurrent Protection. Motors driving single or 
multiple dc generators supplying a system operating on a 
cyclic load basis do not require overload protection, provided 
that the thelma I rating of the ac drive motor cmmot be 
exceeded under any operating condition. The branch-circuit 
protective device(s) shall provide short-circuit and locked
rotor protection and shall be permitted to be external to the 
equipment. 

490.53 Enclosures. All energized switching and control 
parts shall be enclosed in grounded metal cabinets or 
enclosures. These cabinets or enclosures shall be marked 
';'DANGER HIGH VOLTAGE KEEP OUT" and shall 
be locked so that only authorized and qualified persons can 
enter. Circuit breakers and protective equipment shall have 
the operating means projecting through the metal cabinet or 
enclosure so these units can be reset without opening locked 
doors. With doors closed, reasonable safe access for nonnal 
operation ofthese units shall be provided. 

490.54 Collector Rings. The collector ring assemb1ies on 
revolving-type machines (shovels, draglines, etc.) shall be 
guarded to prevent accidental contact with energized parts by 
personnel on or off the machine. 

490.55 Power Cable Connections to Mobile Machines. A 
metallic enclosure shall be provided on the mobile machine 
for enclosing the tenninals of the power cable. The enclosure 
shall include terminal connections to the machine frame for 
the equipment grounding conductor. Ungrounded conductors 
shall be attached to insulators or be tenninated in approved 
high-voltage cable couplers (which include equipment 
bJfounding conductor connectors) of proper voltage and 
ampere rating. The method of cable termination used shall 
prevent any strain or pull on the cable from stressing the 
electrical connections. The enclosure shall have provision for 
locking so that only authorized and qualified persons may 
open it and shall be marked as follows: 

DANGER HIGH VOLTAGE - KEEP OUT. 

490.56 High-Voltage Portable Cable for Main Power 
Supply. Flexible high-voltage cable supplying power to 
portable or mobile equipment shall comply with Article 250 
and Article 400, Part III. 
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ARTICLE 490-

v. Electrode-Type Boilers 

490.70 General. The provisions of this part shall apply to 
boilers operating over 600 volts, nominal, in which heat is 
generated by the passage of current between electrodes 
through the liquid being heated. 

490.71 Electrical Supply System. Electrode-type boilers shall 
be supplied only from a 3-phase, 4-wire solidly grounded wye 
system, or from isolating transfonners arranged to provide 
such a system. Control circuit voltages shall not exceed 150 
volts, shall be supplied from a grounded system, and shall 
have the controls in the ungrounded conductor. 

490.72 Branch-Circuit Requirements. 

(A) Rating. Each boiler shall be supplied from an individual 
branch circuit rated not less than 100 percent of the total load. 

(B) Common-Trip Fault-Interrupting Device. The circuit 
shall be protected by a 3-phase, common-trip fault-interrupting 
device, which shall be permitted to automatically reclose the 
circuit upon removal of an overload condition but shall not 
rec10se after a fault condition. 

(C) Phase-Fault Protection. Phase-fault protection shall be 
provided in each phase, consisting of a separate phase-overcurrent 
relay connected to a separate current transformer in the phase. 

(D) Ground Current Detection. M.eans shall be provided for 
detection of the sum of the neutral conductor and equipment 
grounding conductor currents and shall trip the circuit
interrupting device if the sum of those currents exceeds the 
greater of 5 amperes or 712 percent of the boiler full-load 
current for 10 seconds or exceeds an instantaneous value of25 
percent of the boiler full-load current. 
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NOMINAL 

(E) Grounded Neutral Conductor. The grounded 
neutral conductor shall be as follows: 

(1) Connected to the pressure vessel containing the 
electrodes 

(2) Insulated for not less than 600 volts 

(3) Have not less than the ampacity of the largest 
ungrounded branch-circuit conductor 

(4) Installed with the ungrounded conductors in the same 
raceway, cable, or cable tray, or, where installed as 
open conductors, in close proximity to the 
ungrounded conductors 

(5) Not used for any other circuit 

490.73 Pressure and Temperature Limit Control. Each 
boiler shall be equipped with a means to limit the 
maximum temperature, pressure, or both, by directly or 
indirectly interrupting all current ilow through the 
electrodes. Such means shall be in addition to the 
temperature, pressure, or both, regulating systems and 
pressure relief or safety valves. 

490.74 All exposed non-current-carrying metal 
parts of the boiler and associated exposed metal structures 
or equipment shall be bonded to the pressure vessel or to 
the neutral conductor to which the vessel is connected in 
accordance with 250.102, except the ampacity of the 
bonding jumper shall not be less than the ampacity of the 
neutral conductor. 
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CHAPTER 5 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 500 - HAZARDOUS (CLASSIFIED) LOCATIONS, CLASSES I, II, AND III, DIVISIONS 1 AND 2 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article / Section 

ARTICLE 501 - CLASS I LOCATIONS 
Adopting Agency BSC I SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article / Section 
f----"-~ 

ARTICLE 502 - CLASS II LOCATIONS 
Adopting Agency esc SFM HCD DSA OSHPD DPH 

1 2 ~SS SS/CC 1 2 3 4 

Adopt Entire Article ' X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article / Section 

ARTICLE 503 - CLASS III LOCATIONS 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS .;;1.;;11"'''' 1 2 3 4 

Adopt Entire Article I X X X X X ! X X X 
--

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section I 

I -
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CHAPTER 5 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 504 - INTRINSICALLY SAFE SYSTEMS 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC 55 SS/CC 1 2 3 4 

Adopt Entire Article X X 
I 

X X I X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 505 - CLASS I, ZONE 0,1, AND 2 LOCATIONS 
Adopting Agency esc SFM HCD DSA OSHPD DPH 

1 2 AC 55 SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

I 

ARTICLE 506 - ZONE 20, 21, AND 22 LOCATIONS FOR COMBUSTIBLE DUSTS, FIBERS, AND FLYINGS 
Adopting Agency esc SFM HCD DSA OSHPD DPH I 

1 2 AC 55 SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 510- HAZARDOUS (CLASSIFIED) LOCATIONS - SPECIFIC 
Adopting Agency esc SFM HCD DSA OSHPD DPH 

1 2 AC 55 SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 
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CHAPTER 5 CALIFORNIA MATRlX ADOPTION TABLES 

ARTICLE 511 - COMMERCIAL GARAGES, REPAIR AND STORAGE 
Adopting Agency i esc SFM HCD DSA OSHPD DPH 

I 1 2 I AC SS SS/CC 1 tl~ 4 
Adopt Entire Article X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article / Section 
! 

ARTICLE 513 - AIRCRAFT HANGARS 
I 

Adopting Agency esc SFM HCD DSA OSHPD DPH 
1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article / Section 

i 

ARTICLE 514 - MOTOR FUEL DISPENSING FACILITIES 

I 

Adopting Agency esc SFM HCD DSA OSHPD DPH 
1 2 AC SS SS/CC 1 2 3 4 

• Adopt Entire Article X X X X X X X X 
Adopt Entire Article as amended 

I I (amended sections listed below) 
Adopt only those sections that are 
listed below 

Article / Section 
• 

. 

ARTICLE 515 - BULK STORAGE PLAI~TS 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 
Adopt Entire Article I X X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article / Section 

ARTICLE 516 - SPRAY APPLICATIONS, DIPPING, AND COATING PROCESSES 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC m CC 1 2 3 4 
Adopt Entire Article X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article / Section 
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CHAPTER 5 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 517 - HEALTH CARE FACILITIES 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC 55 SS~=i 1 2 3 4 
Adopt Entire Article +- X 

Adopt Entire Article as amended X X X X X • 

(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article I Section 
517.2 X I X X X 
517.4 X X I X 

:i$t= 517.10.1 X X 
517.12(A) X X 

517.16 q X X 
517. 18(A) w/Exc. 2 & 2.1 X X X X 

517.18(8) Exc. 1 I X X X X 
517.18(8) Exc. 3 X X X 

517.18(0) X X X 
517.19(8) Exc. 1 X X X 

517.22 X X X X 
517.22(A), (C), & (0) X X X 

517.22(8) X X X X 
517.22(8)(1 ) X X X 
517.22(8)(2) X I 

517.24 I I X X X X 
517.30(A) I I X X X 

517.30(8)(5) X 

~ 517.30(8)(7) I X X 
517.30(0.1 ) ! X X 
517.30(E) X 

517.33(A)(5) X X X X · 

517.33(A)(7) X X X X 
517.33(A)(8)a.1 X X X X 

517.33(A)(8)j. n. X 
• 

517.33(A)(10) t=+= X X X X 
517.33(A)(11) 

~ 
X X 

• 

517.34(8)( 1.1 ) X X i 
517.35(8)(4) X X X ex 
517.40(A.1 ) X X X =J 517.41(E) X X 

I 

517.42(C.3) X X X X 
517.42(C.3) With Exc. X X 

517.43(A)(6), (7) ~ X X X 
517.43(A)(8) X X X X I 

517.43(B)(1.1} X X X 
517 .44(B.1) w/Exc. 1 X X X 
517.44(B.1) Exc. 2 X I X X X 

517.45(0.1 ) X X X X 
517.45(E) X X 
517.45(F) x x X 
517.45(G) X X X X 
517.123 X X X X X 

1. This state agency adopts the entire article as amended except for those sections indicated by the follOWing 
symbol: t 

70-366.4 
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CHAPTER 5 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 518 - ASSEMBLY OCCUPANCIES 
Adopting Agency BSC SFM HCD DSA 

SS~CCH 
OSHPD 

1 2 AC SS 2 3 
Adopt Entire Article X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 520 - THEATERS, AUDIENCE AREAS OF MOTION PICTURE AND 
TELEVISION STUDIOS, AND SIMILAR LOCATIONS 

Adopting Agency BSC SFM HCD DSA OSHPD 
1 2 AC SS SS/CC 1 3 

Adopt Entire Article X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 525 - CARNIVALS, CIRCUSES, FAIRS, AND SIMILAR EVENTS 
Adopting Agency BSC SFM HCD DSA OSHPD 

1 2 AC SS SS/CC 1 2 3 
Adopt Entire Article X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 530 - MOTION PICTURE AND TELEVISION STUDiOS AND SIMILAR LOCATIONS 
Adopting Agency BSC SFM bTIk DSA OSHPD 

1 I SS SS/CC 1 2 3 
Adopt Entire Article X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 540 - MOTION PICTURE PROJECTION ROOMS 
Adopting Agency BSC SFM HCD DSA OSHPD 

1 2 AC SS SS/CC 1 2 3 
Adopt Entire Article X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article I Section 
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DPH 
4 
X 

DPH 
4 
X 

DPH 
4 

DPH 
4 

DPH 
4 
X 
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CHAPTER 5 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 545 - MANUFACTURED BUILDINGS 
Adopting Agency --- I 

HCD DSA OSHPD 
1 2 AC 55 SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 
. I 

I 
I 

ARTICLE 547 - AGRICULTURAL BUILDINGS 
Adopting Agency BSC SFM HCD DSA OSHPD 

1 2 AC 55 SS/CC 1 2 

Adopt Entire Article X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

I 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 550 - MOBILE HOMES, MANUFACTURED HOMES, AND MOBILE HOME PARKS 
Adopting Agency BSC SFM HCD DSA OSHPD 

1 2 AC 55 SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 
• 

ARTICLE 551- RECREATIONAL VEHICLES AND RECREATIONAL VEHICLE PARKS 
Adopting Agency BSC SFM DSA OSHPD 

AC 55 SS/CC 234 

Adopt Entire Article 

Adopt Entire Article as amended 
(amended sections listed below) 

Iy those sections that are 
ow 

Article I Section 

X X X 

DPH 

DPH 

DPH 

DPH 
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CHAPTER 5 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 552 - PARK TRAILERS 
Adopting Agency I BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

-" 

Adopt only those sections that are 
listed below 

Article / Section 

ARTICLE 553 - FLOATING BUILDINGS 
Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 
-

Adopt Entire Article X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

'-------"" 

Adopt only those sections that are 
listed below 

-
Article / Section 

ARTICLE 555 - MARINAS AND BOATYARDS 
Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC SS I SS/CC 1=--D 3 4 

Adopt Entire Article X X 
i 

X I X 

Adopt Entire Article as amended 
! 

(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article / Section 

ARTICLE 590 - TEMPORARY INSTALLATIONS 
I Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X 

Adopt Entire Article as amended X 
(amended sections listed below) 

f----"" 

Adopt only those sections that are 
listed below 

Article / Section I 
X 

I 
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ARTICLE 500 - HAZARDOUS (CLASSIFIED) LOCATIONS, CLASSES I, II, AND III, DIVISIONS 1 AND 2 500.2 

Chapter 5 Special ~Occupancies 

ARTICLE 500 
Hazardous (Classified) Locations, Classes I, 

II, and III, Divisions I and 2 
Informational Note: Text that is followed by a reference 
in brackets has been extracted from NFPA 497-2008, 
Recommended Practice for the Classification of 
FlammabLe Liquids, Gases, or Vapors and of Hazardous 
(Classified) Locations for Electrical Installations in 
Chemical Process Areas, and NFPA 499-2008, 
Recommended Practice for the Classification of 
Combustible Dusts and of Hazardous (CLassified) 
Locations for ELectrical Installation in Chemical 
Process Areas. Only editorial changes were made to the 
extracted text to make it consistent with this Code. 

500.1 Scope - Articles 500 Through 504. Articles 500 
through 504 cover the requirements for electrical and 
electronic equipment and wiring for aU voltages in Class 
I, Divisions 1 and 2; Class II, Divisions 1 and 2; and Class 
III, Divisions I and 2 locations where fire or explosion 
hazards may exist due to flammable gases, flammable 
liquid-produced vapors, combustible liquid-produced 
vapors, combustible dusts, or ignitible fibers/flyings. 

Informational Note No.1: The unique hazards 
associated with explosives, pyrotechnics, and blasting 
agents are not addressed in this article. 

lnformational Note No.2: For the requirements for 
electrical and electronic equipment and wiring for all 
voltages in Zone 0, Zone 1, and Zone 2 hazardous 
(classified) locations where fire or explosion hazards 
may exist due to flammable gases or vapors or 
flammable liquids, refer to Article 505. 

Informational Note No.3: For the requirements for 
electrical and electronic equipment and wiring for all 
voltages in Zone 20, Zone 21, and Zone 22 hazardous 
(classified) locations where fire or explosion hazards 
may exist due to combustible dusts or ignitible 
fibers/t1yings, refer to Article 506. 

500.2 Definitions. For purposes of Articles 500 through 
504 and Articles 510 through 516, the following 
definitions apply. 

Associated Nonincendive Field Wiring Apparatus. 
Apparatus in which the circuits are not necessarily 
nonincendive themselves but that affect the energy in 
nonincendive field wiring circuits and are relied upon to 
maintain nonincendive energy levels. Associated 
nonincendive field wiring apparatus may be either of the 
following: 

(1) Electrical apparatus that has an alternative type of 
protection for use in the appropriate hazardous 
(classified) location 

(2) Electrical apparatus not so protected that shall not be 
used in a hazardous (classified) location 

2013 California Electrical Code 

Informational Note: Associated nonincendive field 
wiring apparatus has designated associated nonincendive 
field wiring apparatus connections for nonincendive 
field wiring apparatus and may also have connections 
for other electrical apparatus. 

Combustible Du t. Any finely divided solid materlai"1h3i"iS 420 
microIb (0.017 in.) or smaller in diameter (material passing a U.S. 
No. 40 Slandard Sieve) and presents a fire or explosion haau'd 
~vhen dispersro and i~~~~.(lJr.[~??~~{X)8] 

Combustible Gas Detection System. A protection 
technique utilizing stationary gas detectors in industrial 
establishments. 

Control Drawing. A drawing or other document 
provided by the manufacturer of the intrinsically safe or 
associated apparatus, or of the nonincendive field wiring 
apparatus or associated nonincendive field wiring 
apparatus, that details the allowed interconnections 
between the intrinsically safe and associated apparatus or 
between the nonincendive field wiring apparatus or 
associated nonincendive field wiring apparatus. 

Dust-Ignitionproof. Equipment enclosed in a manner 
that excludes dusts and does not permit arcs, sparks, or 
heat otherwise generated or liberated inside of the 
enclosure to cause ignition of exterior accumulations or 
atmospheric suspensions of a specified dust on or in the 
vicinity of the enclosure. 

Informational Note: For further information on dust
ignitionproof enclosures, see Type 9 enclosure in 
ANSIINEMA 250-199\, Enclosures for Electrical 
Equipment, and ANSIIUL 1203-1994, ExpLosionproof 
and Dust-lgnitionproof Electrical Equipment jar 
Hazardous (Classified) Locations. 

Dusttight. Enclosures constructed so that dust will not 
enter under specified test conditions. 

Infonnational Note: See ANSIIlSA-12.12.01-2007, 
Nonincendive Electrical Equipment for Use in Class I 
and II, Division 2, and Class 111, Divisions 1 and 2 
Hazardous (CLassified) Locations. 

Electrical and Electronic Equipment. Materials, 
fittings, devices, appliances, and the like that are pali of, 
or in connection with, an electrical installation. 

Informational Note: Portable or transportable equipment 
having self-contained power supplies, such as battery
operated equipment, could potentially become an 
ignition source in hazardous (classified) locations. See 
ISA-RPI2.12.03-2002, Recommended Prauice fo~ 
Portable Electronic Products Suitable for Use in Class I 
and 11, Divi ion 1. lIme 2, and Class 111, Division I and 
2 Hazardous (Classified) Locations. 

Explosionproof Equipment. Equipmen~ enclosed in a 
case that is capable of withstanding an explosion of a 
specified gas or vapor that may occur within it and of 
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500.3 ARTICLE 500 - HAZARDOUS (CLASSIFIED) LOCATIONS, CLASSES I, II, AND III, DIVISIONS 1 AND 2 

preventing the ignition of a specified gas or vapor 
surrounding the enclosure by sparks, flashes, or explosion 
of the gas or vapor within, and that operates at such an 
external temperature that a surrounding flammable 
atmosphere wi1l not be ignited thereby. 

Informational Note: For further information, see 
ANSI/UL 1203-1994, Explosion-Proof and Dust
Ignition-Proof Electrical Equipment for Use in 
Hazardous (Classified) Locations. 

Hermetically Sealed. Equipment sealed against the 
entrance of an external atmosphere where the seal is made 
by fusion, for example, soldering, brazing, welding, or the 
fusion of glass to metal. 

Informational Note: For further information, see 
ANSIIISA-12.12.01-2007, Nonincendive Electrical 
Equipment for Use in Class 1 and IL Division 2, and 
Class III, Division 1 and 2 Hazardous (Classified) 
Locations. 

Nonincendive Circuit. A circuit, other than field wiring, 
in which any arc or thermal effect produced under 
intended operating conditions of the equipment is not 
capable, under specified test conditions, of igniting the 
flammable gas-air, vapor-air, or dust-air mixture. 

Informational Note: Conditions are described in 
ANSI/ISA-12.12.0 1-2007, Nonincendive Electrical 
Equipment for Use in Class I and II, Division 2, and 
Class III, Divisions I and 2 Hazardous (Classified) 
Locations. 

Nonincendive Component. A component having 
contacts for making or breaking an incendive circuit and 
the contacting mechanism is constructed so that the 
component is incapable of igniting the specified 
flammable gas-air or vapor-air mixture. The housing of a 
nonincendive component is not intended to exclude the 
flammable atmosphere or contain an explosion. 

Informational Note: F or further information, see 
ANSIIISA-12.12.01-2007, Nonincendive Electrical 
Equipment for Use in Class I and IL Division 2, and 
Class Ill, Divisions 1 and 2 Hazardous (Classified) 
Locations. 

Nonincendive Equipment. Equipment having 
electrical/electronic circuitry that is incapable, under 
normal operating conditions, of causing ignition of a 
specified flammable gas-air, vapor-air, or dust-air 
mixture due to arcing or thermal means. 

Infonnational Note: For further infomlation, see 
ANSIIISA-12.12.01-2007, Nonincendive Electrical 
Equipment for Use in Class I and II, Division 2, and 
Class Ill, Divisions 1 and 2 Hazardous (Classified) 
Locations. 

Nonincendive Field Wiring. Wiring that enters or leaves 
an equipment enclosure and, under normal operating 
conditions of the equipment, is not capable, due to arcing 
or thermal effects, of igniting the flammable gas-air, 
vapor-air, or dust-air mixture. Normal operation includes 
opening, shorting, or grounding the field wiring. 
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Informational Note No.2: For further infoIDmtion on the 
classification of locations, see NFP A 30-2008, Flammable and 
Combustible Liquide; Code; NFPA 32-2007, Standard jar 
Drycleaning Plants; NFPA 33-2011, Standard jar Spray 
Application UlJing Flammable or Combustible Materials; 
NFP A 34-20.11, Standard for Dipping and Coating Processes 
Using Flammable or Combustible Liquids; NFPA 35-2005, 
Standard jar the l\;fanujacture of Organic Coatings; NFP A 36-
2009, Standard.tor Solvent Extraction Plants; NFPA 45-2011, 
Standard on Fire Protection jar Laboratories Using Chemicals; 
NFPA 55-2010, Compressed Gas'es and Oyogenic Fluid" Code; 
NFPA 58-2011, Liqufjied Petroleum Gas Code; NFPA 59-
2008, Utility LP-Gas Plant Code; NFPA 497-2008, 
Recommended Practice the Class!fication qf Flammable 
Liquid,>, Gases, or Vapors and of Hazardous (Classified) 
Locations for Electrical Installations in Chemical Proce'ls 
Areas; NFPA 499-2008, Recommended Practice for the 
Class{fication of Combustible Dusts and qf Hazardous 
(Classified) Locations jhr Electrical Installations in Chemical 
Process Areas; NFPA 820-2008, Standard for Fire Protection 
in Wastewater Treatment and Collection Facilities; ANSUAPT 
RP500-1997, Recommended Practice for Classification of 
Locations of Electrical Installations at Petroleum Facilities 
Classified as Clas'S i, Division 1 and Division 2; ISA-12.1O-
1988, Area Classijication in Hazardous (Classijied) Dust 
Locations. 

Informational Note No.3: For fiuther infonnation on protection 
against static electricity and lightning hazards in hazardous 
(classified) locations, see NFPA 77-2007, Recommended 
Practice on Static Electricity; NFPA 780-2011, Stcmdard for the 
Installation of Lightning Protection Systems; and API RP 2003-
1998, Protection Against ignitions A rising Out qf Static 
Lightning and Stray Currents. 

lnfonnational Note No.4: For further infonnation on ventilation, 
see NFP A 30-2008, Flammable and Combustible Liquids Code; 
and API RP 500-1997, Recommended Practice for 
Classification of Locations jar Electrical Installations at 
Petroleum Facilities Classtfied a'i Class 1, Division 1 and 
Division 2. 

lnfonnational Note No.5: For further infoIDmtion on electrical 
systems for hazardous (classified) locations on offshore oil- and 
gas-producing platfonns, see ANSI/API RP 14F-1999, 
Recommended Practice for Design and Installation of Electrical 
Systems Fixed and Floating OffShore Petroleum Facilities 
for Unclassified and Class 1, Division J and Division 2 
Locations. 

500.5 Classifications of Locations. 
(A) Classifications of Locations. Locations shall be classified 
depending on the properties of the flammable gas, flammable 
liquid-produced vapor, combustible-liquid produced vapors, 
combustible dusts, or tlberslflyings that may be present, and 
the likelihood that a flammable or combustible concentration 
or quantity is present. Where pyrophoric materials are the only 
materials used or handled, these locations shall not be 
classified. Each room, section, or area shall be considered 
individually in determining its classification. 

Infommtional Note: Through the exercise of ingenuity in the 
layout of electrical installations for hazardous (classified) 
locations, it is frequently possible to locate much of the 
equipment in a reduced level of classification or in an 
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DIVISIONS 1 AND 2 

unclassified location and, thus, to reduce the amount of special 
equipment required. 

Rooms and areas containing ammonia refrigeration systems 
that are equipped with adequate mechanical ventilation may be 
classified as "unclassified" locations. 

Infonnational Note: For further information regarding 
classification and ventilation of areas involving ammonia, see 
ANSI! ASHRAE 15-1994, Sajety Code for lvfechanical 
Rfji'igeration, and ANSI/eGA G2J-I989, Sajety Requirements 
for the Storage and Handling of Anhydrous Ammonia. 

(B) Class I Locations. Class I locations are those in which 
flammable gases, flammable liquid-produced vapors, or 
combustible liquid-produced vapors are or may be present in 
the air in quantities sufficient to produce explosive or ignitible 
mixtures. Class I locations shall include those specified in 
SOO.S(B)(1) and (B)(2). 

(1) Class I, Division 1. A Class 1, Division 1 location is a 
location 

(1) In which ignitible concentrations of flammable gases, 
flammabJe liquid-produced vapors, or combustible 
liquid--produced vapors can exist under normal operating 
conditions, or 

(2) In which ignitible concentrations of such flammable 
gases, flammable liquid-produced vapors, or combustible 
liquids above their flash points may exist fi'equently 
because of repair or maintenance operations or because of 
leakage, or 

(3) In which breakdown or faulty operation of equipment or 
processes might release ignitible concentrations of 
flammable gases, flammable liquid-produced vapors, or 
combustible liquid-produced vapors and might also cause 
simultaneous failure of electrical equipment in such a way 
as to directly cause the electrical equipment to become a 
source of ignition. 
Informational Note No.1: This classification usually includes 
the follmving locations: 

(1) Where volatile flammable liquids or liquefied 
flammable gases are transferred ii-om one container 
to another 

(2) Interiors of spray booths and areas in the vicinity of 
spraying and painting operations where volatile 
flammable solvents are used 

(3) Locations containing open tanks or vats of volatile 
flammable liquids 

(4) Drying rooms or compartments for the evaporation 
offlammable solvents 

(S) Locations contammg fat- and oil-extraction 
equipment using volatile flammable solvents 

(6) Portions of cleaning and dyeing plants where 
flammable liquids are used 

(7) Gas generator rooms and other portions of gas 
manufacturing plants where flammable gas may escape 

(8) Inadequately ventilated pump rooms for flammable gas or 
for volatile flammable liquids 
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(9) The interiors of refrigerators and freezers in which 
volatile flammable materials are stored in open, lightly 
stoppered, or easily ruptured containers 

(10) All other locations where ignitible concentrations of 
flammable vapors or gases are likely to occur in the 
course of normal operations 
Infonnational Note No.2: In some Division 1 locations, 
ignitible concentrations of flammable gases or vapors may be 
present continuously or for long periods of time. Examples 
include the following: 

(1) The inside of inadequately vented enclosures containing 
instruments normally venting flammable gases or vapors 
to the interior of the enclosure 

(2) The inside of vented tanks containing volatile flammable 
liquids 

(3) The area between the inner and outer roof sections of a 
floating roof tank containing volatile flammable fluids 

(4) Inadequately ventilated areas within spraying or coating 
operations using volatile flammable fluids 

(5) The interior of an exhaust duct that is used to vent 
ignitible concentrations of gases or vapors 
Experience has demonstrated the prudence of avoiding the 

installation of instrumentation or other electrical equipment in 
these particular areas altogether or where it cannot be avoided 
because it is essential to the process and other locations are not 
feasible [see SOO.S(A), Informational Note] using electrical 
equipment or instrumentation approved for the specific application 
or consisting of intrinsically safe systems as described in Article 
504. 
(2) Class I, Diyision 2. A Class I, Division 2 location is a 
location 
(1) In which volatile flammable gases, flammable liquid

produced vapors, or combustible liquid-produced vapors 
are handled, processed, or used, but in which the liquids, 
vapors, or gases will normally be confined within closed 
containers or closed systems from which they can escape 
only in case of accidental rupture or breakdown of such 
containers or systems or in case of abnormal operation of 
equipment, or 

(2) In which ignitible concentrations of flammable gases, 
flammable liquid-produced vapors, or combustible 
liquid-produced vapors are normally prevented by 
positive mechanical ventilation and which might become 
hazardous through failure or abnormal operation of the 
ventilating equipment, or 

(3) That is adjacent to a Class I, Division 1 location, and to 
which ignitible concentrations of flammable gases, 
flammable liquid-produced vapors, or combustible 
liquid-produced vapors above their flash points might 
occasionally be communicated unless such 
communication is prevented by adequate positive
pressure ventilation from a source of clean air and 
effective safeguards against ventilation failure are 
provided. 
Informational Note No. I: This classification usually includes 
locations where volatile flammable liquids or flammable 
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gases or vapors are used but that, in the judgment of the 
authority having jurisdiction, would become hazardous only 
in case of an accident or of some unusual operating condition. 
The quantity of flammable material that might escape in case 
of accident, the adequacy of ventilating equipment, the total 
area involved, and the record of the industry or business with 
respect to explosions or fIres are all factors that merit 
consideration in determining the classification and extent of 
each location. 

Informational Note No.2: Piping without valves, checks, 
meters, and similar devices would not ordinarily introduce a 
hazardous condition even though used for flammable liquids 
or gases. Depending on factors such as the quantity and size 
of the containers and ventilation, locations used for the 
storage of flammable liquids or liquefIed or compressed gases 
in sealed containers may be considered either hazardous 
(classifIed) or unclassified locations. See NFPA 30-2008, 
Flammable and Combustible Liquids Code, and NFP A 58-
2011, Liquefied Petroleum Gas Code. 

(C) Class II Locations. Class II locations are those that are 
hazardous because of the presence of combustible dust. Class 
II locations shall include those specified in 500.5(C)(I) and 
(C)(2). 

(1) Class ll, Division 1. A Class II, Division 1 location is a 
location 

( 1 ) In which combustible dust is in the air under normal 
operating conditions in quantities sufficient to produce 
explosive or ignitible mixtures, or 

(2) Where mechanical failure or abnormal operation of 
machinery or equipment might cause such explosive or 
ignitible mixtures to be produced, and might also provide 
a source of ignition through simultaneous failure of 
electrical equipment, through operation of protection 
devices, or from other causes, or 

(3) In which Group E combustible dusts may be present in 
quantities sufficient to be hazardous. 

Informational Note: Dusts containing magnesium or 
aluminum are particularly hazardous, and the use of extreme 
precaution is necessary to avoid ignition and explosion. 

(2) Class II, Diyision 2. A Class II, Division 2 location is a 
location 

(1) In which combustible dust due to abnormal operations 
may be present in the air in quantities sufficient to 
produce explosive or ignitible mixtures; or 

(2) Where combustible dust accumulations are present but 
are normally insufficient to interfere with the normal 
operation of electrical equipment or other apparatus, but 
could as a result of infrequent malfunctioning of handling 
or processing equipment become suspended in the air; or 

(3) In which combustible dust accumulations on, in, or in the 
vicinity of the electrical equipment could be sufficient to 
interfere with the safe dissipation of heat from electrical 
equipment, or could be ignitible by abnormal operation or 
failure of electrical equipment. 
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Informational Note No.1: The quantity of combustible 
dust that may be present and the adequacy of dust 
removal systems are factors that merit consideration in 
determining the classification and may result in an 
unclassified area. 

Informational Note No.2: Where products such as seed 
are handled in a manner that produces low quantities of 
dust, the amount of dust deposited may not warrant 
classi fication. 

(D) Class HI Locations. Class III locations are those that 
are hazardous because of the presence of easily ignitible 
fibers or materials producing combustible flyings 
are handled, manufactured, or used, but in which such 
fibers/flyings are not likely to be in suspension in the air 
in quantities sufficient to produce ignitible mixtures. 
Class III locations shall include those specified in 
500.5(D)( 1) and (D)(2). 

(1) Class HI, Division 1. A Class Ill, Division 1 location 
is a location in which easily ignitible fibers/flyings are 
handled, manufactured, or used. 

Informational Note No.1: Such locations usually 
include some parts of rayon, cotton, and other textile 
mills; combustible fiberslflyings manufacturing and 
processing plants; cotton gins and cotton-seed mills; 
flax-processing plants; clothing manufacturing plants; 
woodworking plants; and establishments and industries 
involving similar hazardous processes or conditions. 

Informational Note No.2: Easily ignitible fiberslflyings 
include rayon, cotton (including cotton linters and cotton 
waste), sisal or henequen, istle, jute, hemp, tow, cocoa 
fiber, oakum, baled waste kapok, Spanish moss, 
excelsior, and other materials of similar nature. 

(2) Class HI, Division 2. A Class III, Division 2 location 
is a location in which easily ignitible fibers/flyings are 
stored or handled other than in the process of 
manufacture. 

500.6 Material Groups. For purposes of testing, 
approval, and area classification, various air mixtures (not 
oxygen-enriched) shall be grouped in accordance with 
500.6(A) and (B). 

Exception: Equipment identified for a specific gas, vapor, 
or dust. 

Informational Note: This grouping is based on the 
characteristics of the materials. Facilities are available 
for testing and identifying equipment for use in the 
various atmospheric groups. 

(A) Class I Group Classifications. Class I groups shall 
be according to 500.6(A)(1) through (A)( 4). 

Informational Note No.1: Informational Note Nos. 2 
and 3 apply to 500.6(A). 

Informational Note No.2: The explosion characteristics 
of air mixtures of gases or vapors vary with the specific 
material involved. For Class I locations, Groups A, B, C, 
and D, the classification involves determinations of 
maximum explosion pressure and maximum safe 
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clearance between parts of a clamped joint in an 
enclosure. It is necessary, therefore, that equipment be 
identified not only for class but also for the specific 
group of the gas or vapor that will be present. 

Informational Note No.3: Certain chemical atmospheres 
may have characteristics that require safeguards beyond 
those required for any of the Class J groups. Carbon 
disulfide is one of these chemicals because of its low 
ignition temperature (90D C) and the small joint 
clearance permitted to arrest its flame. 

(1) Group A. Acetylene. [497:3.3.5.1.1] 

(2) Group B. Flammable gas, flammable liquid-produced 
vapor, or combustible liquid-produced vapor mixed with 
air that may burn or explode, having either a maximum 
experimental safe gap (NIESG) value less than or equal to 
0.45 mm or a minimum igniting current ratio (MIC ratio) 
less than or equal to 0.40. [497:3.3.5.1.2] 

Informational Note: A typical Class I, Group B 
material is hydrogen. 

Exception No.1: Group D equipment shall be permitted 
to be used Jor atmospheres containing butadiene, 
provided all conduit runs into explosionprooJ equipment 
are provided with explosionprooJ seals installed within 
450 mm (18 in.) oJthe enclosure. 

Exception No.2: Group C equipment shall be permitted 
to be used Jor atmospheres containing allyl gZycidyl ether, 
n-butyl glycidyl ether, ethylene oxide, propylene oxide, 
and acrolein, provided all conduit runs into 
explosionprooJ equipment are provided with 
explosionprooJ seals installed within 450 mm (18 in.) oj 
the enclosure. 

(3) Group C. Flammable gas, flammable liquid-produced 
vapor, or combustible liquid-produced vapor mixed with 
air that may burn or explode, having either a maximum 
experimental safe gap (NIESG) value greater than 0.45 
mm and less than or equal to 0.75 mm, or a minimum 
igniting current ratio (MIC ratio) greater than 0.40 and 
less than or equal to 0.80. [497:3.3.5.1.3] 

Informational Note: A typical Class I, Group C 
material is ethylene. 

(4) Group D. Flammable gas, flammable liquid-produced 
vapor, or combustible liquid-produced vapor mixed with 
air that may burn or explode, having either a maximum 
experimental safe gap (MESG) value greater than 0.75 
mm or a minimum igniting current ratio (MIC ratio) 
greater than 0.80. [497:3.3.5.1.4] 

Informational Note No.1: A typical Class I, Group D 
material is propane. 

Informational Note No.2: For classification of areas 
involving ammonia atmospheres, see ANSI/ASHRAE 
15-1994, Safety Code for Mechanical Refrigeration, and 
ANSI/CGA G2.1-1989, Safety Requirements for the 
Storage and Handling of Anhydrous Ammonia. 

70-371 



500.7 ARTICLE 500 - HAZARDOUS (CLASSIFIED) LOCATIONS, CLASSES I, II, AND III, DIVISIONS 1 AND 2 

(B) Class II Group Classifications. Class II groups shall 
be in accordance with 500.6(B)(1) through (B)(3). 
(1) Group E. Atmospheres containing combustible metal 
dusts, including aluminum, magnesium, and their 
commercial alloys, or other combustible dusts whose 
particle size, abrasiveness, and conductivity present 
similar hazards in the use of electrical equipment. 
[499:3.3.4.1] 

Informational Note: Certain metal dusts may have 
characteristics that require safeguards beyond those 
required for atmospheres containing the dusts of 
aluminum, magnesium, and their commercial alloys. For 
example, zirconium, thorium, and uranium dusts have 
extremely low ignition temperatures [as low as 20°C 
(68°F)] and minimum ignition energies lower than any 
material classified in any of the Class I or Class II 
groups. 

(2) Group F. Atmospheres containing combustible 
carbonaceous dusts that have more than 8 percent total 
entrapped volatiles (see ASTM D 3175-02, Standard Test 
Method for Volatile Matter in the Analysis Sample for 
Coal and Coke, for coal and coke dusts) or that have been 
sensitized by other materials so that they present an 
explosion hazard. Coal, carbon black, charcoal, and coke 
dusts are examples of carbonaceous dusts. [499:3.3.4.2] 

Informational Note: Testing of specific dust ample ~ 
following established ASTM testing procedur ~. is a 
method u ed to identify the combustibility of a specific 
dust and the need to clasifYl~os(!l()cali':>I1 . ~I1~i~il1g 
that material as Group F. 

(3) Group G. Atmospheres containing combustible dusts 
not included in Group E or F, including flour, grain, 
wood, plastic, and chemicals. 

Informational Note No.1: For additional information on 
group classification of Class II materials, see NFP A 
499-2008, Recommended Practice for the Classification 
of Combustible Dusts and of Hazardous (Classified) 
Locations for Electrical Installations in Chemical 
Process Areas. 
Informational Note No.2: The explosion characteristics 
of air mixtures of dust vary with the materials involved. 
For Class II locations, Groups E, F, and G, the 
classification involves the tightness of the joints of 
assembly and shaft openings to prevent the entrance of 
dust in the dust-ignitionproof enclosure, the blanketing 
effect of layers of dust on the equipment that may cause 
overheating, and the ignition temperature of the dust. It 
is necessary, therefore, that equipment be identified not 
only for the class but also for the specific group of dust 
that will be present. 
Informational Note No.3: Certain dusts may require 
additional precautions due to· chemical phenomena that 
can result in the generation of ignitible gases. See ANS[ 
C2-2007, National Electrical Safety Code, Section 
127 A, Coal Handling Areas. 

500.7 Protection Techniques. Section 500.7(A) through 
(L) shall be acceptable protection techniques for electrical 
and electronic equipment in hazardous (classified) 
locations. 
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(A) Explosionproof Equipment~ This protection 
technique shall be permitted for equipment in Class I, 
Division 1 or 2 locations. 

(B) Dust Ignitionproof. This protection technique shall 
be permitted for equipment in Class II, Division 1 or 2 
locations. 

(C) Dusttight. This protection technique shall be 
permitted for equipment in Class II, Division 2 or Class 
III, Division 1 or 2 locations. 

(D) Purged and Pressurized. This protection technique 
shall be permitted for equipment in any hazardous 
(classified) location for which it is identified. 

(E) Intrinsic Safety. This protection technique shall be 
permitted for equipment in Class I, Division 1 or 2; or 
Class II, Division 1 or 2; or Class III, Division 1 or 2 
locations. The provisions of Articles 501 through 503 and 
Articles 510 through 516 shall not be considered 
applicable to such installations, except as required by 
Article 504, and installation of intrinsically safe apparatus 
and wiring shall be in accordance with the requirements 
of Article 504. 

(F) Nonincendive Circuit. This protection technique 
shall be permitted for equipment in Class I, Division 2; 
Class II, Division 2; or Class III, Division I or 2 
locations. 

(G) Nonincendive Equipment. This protection technique 
shall be permitted for equipment in Class I, Division 2; 
Class II, Division 2; or Class III, Division 1 or 2 
locations. 

(H) Nonincendive Component. This protection 
technique shall be permitted for equipment in Class I, 
Division 2; Class II, Division 2; or Class III, Division 1 or 
2 locations. 

(I) Oil Immersion. This protection technique shall be 
permitted for current-interrupting contacts in Class I, 
Division 2 locations as described in 50 1.115(B)( 1 )(2). 

(J) Hermetically Sealed. This protection technique shall 
be permitted for equipment in Class I, Division 2; Class 
II, Division 2; or Class III, Division 1 or 2 locations. 

(K) Combustible Gas Detection System. A combustible 
gas detection system shall be permitted as a means of 
protection in industrial establishments with restricted 
public access and where the conditions of maintenance 
and supervision ensure that only qualified persons service 
the installation. Where such a system is installed, 
equipment specified in 500. 7(K)(l), (K)(2), or (K)(3) 
shall be permitted. 

The type of detection equipment, its listing, installation 
location(s), alarm and shutdown criteria, and calibration 
frequency shall be documented when combustible gas 
detectors are used as a protection technique. 

Infonnational Note No.1: For further information, see 
ANSIIISA-~0079·29-1. Explo!iive Atmo.fphe,. - Pari 
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29-1: Cu., dt'tecion - Pf!ljormance l'l'qum:meIllS (If 
detectors f(w jlmwnub/e ga flS. and ANSIIUL 2075, Gas 
and Vapor Detectors and Sensors. 

Informational Note No.2: For further information, see 
ANSI/API RP 500, Recommended Practice for 
Classification of Locations for Electrical Installations at 
Petroleum Facilities Classified as Class I, Division 1 or 
Division 2. 

Informational Note No.3: For further information, see 
ANSIIISA-60079-29-2. £\p/osiw A/mo ph£,/'(! - Pari 
'19-2: Gm defectors - Selection, ill lalla/iofl, II (' and 
mUil1l£'JlQIK't' of detf!ctors lor jlammahle mrs and 
r:ryg£'n. 

Informational Note No. 4: Forfili1jler~~lri(omiall(')n. see 
~SA-TR 12.13.03, Guitlc jor ('ombu\lib/(~ qG:\ . o.~'(~ {i(}~ 
P" a Mt'lho{/ of Pru/ection. '" ., ,~~ ." .,", 

(1) Inadequate Ventilation. In a Class I, Division 
location that is so classified due to inadequate ventilation, 
electrical equipment suitable for Class I, Division 2 
locations shall be permitted. Combustible gas detection 
equipment shall be listed for Class I, Division 1, for the 
appropriate material group, and for the detection of the 
specific gas or vapor to be encountered. 

(2) Interior of a Building. In a building located in, or 
with an opening into, a Class I, Division 2 location where 
the interior does not contain a source of flammable gas or 
vapor, electrical equipment for unclassified locations shall 
be permitted. Combustible gas detection equipment shall 
be listed for Class I, Division 1 or Class I, Division 2, for 
the appropriate material group, and for the detection of 
the specific gas or vapor to be encountered. 

(3) Interior of a Control Panel. In tbe interior of a 
control panel containing instrumentation utilizing or 
measuring flammable liquids, gases, or vapors, electrical 
equipment suitable for Class I, Division 2 locations shall 
be permitted. Combustible gas detection equipment shall 
be listed for Class I, Division 1, for the appropriate 
material group, and for the detection of the specific gas or 
vapor to be encountered. 

(L) Other Protection Techniques. Other protection 
techniques used in equipment identified for use In 

hazardous (classified) locations. 

500.8 Equipment. Articles 500 through 504 require 
equipment construction and installation that ensure safe 
performance under conditions of proper use and 
maintenance. 

Informational Note No.1: It is impOliant that inspection 
authorities and users exercise more than ordinary care 
with regard to installation and maintenance. 

Informational Note No.2: Since there is no consistent 
relationship between explosion propeliies and ignition 
temperature, the two are independent requirements. 

Informational Note No.3: Low ambient conditions 
require special consideration. Explosionproof or dust
ignitionproof equipment may not be suitable for use at 
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temperatures lower than -25°C (-13°F) unless they are 
identified for low-temperature service. However, at low 
ambient temperatures, flammable concentrations of 
vapors may not exist in a location classified as Class I, 
Division 1 at normal ambient temperature. 

(A) Suitability. Suitability of identified equipment shall 
be determined by one of the following: 

(1) Equipment listing or labeling 

(2) Evidence of equipment evaluation from a qualified 
testing laboratory or inspection agency concerned with 
product evaluation 

(3) Evidence acceptable to the authority having jurisdiction 
such as a manufacturer's self-evaluation or an owner's 
engineering judgment. 

Informational Note: Additional documentation for 
equipment may include certificates demonstrating 
compliance with applicable equipment standards, 
indicating special conditions of use, and other pertinent 
information. Guideliu s for c rtificatcs may 00 found in 
ANSlf lSA 12.00.02. ('erlificale Standard for AE\' 
Eqllipmelll for Jlu:;ardoliS (Cia. ~fkd) LU(:,lIiult:J'. 

(B) Approval for Class and Properties. 

(1) Equipment shall be identified not only for the class of 
location but also for the explosive, combustible, or 
ignitible properties of the specific gas, vapor, dust, or 
fiberslflyings that will be present. In addition, Class I 
equipment shall not have any exposed surface that 
operates at a temperature in excess of the ignition 
temperature of the specific gas or vapor. Class II 
equipment shall not have an external temperature higher 
than that specified in 500.8(D)(2). Class III equipment 
shall not exceed the maximum surface temperatures 
specified in 503.5. 

Informational Note: Luminaires and other heat
producing apparatus, switches, circuit breakers, and 
plugs and receptacles are potential sources of ignition 
and are investigated for suitability in classified 
locations. Such types of equipment, as well as cable 
terminations for entry into explosionproof enclosures, 
are available as listed for Class I, Division 2 locations. 
Fixed wiring, however, may utilize wiring methods that 
are not evaluated with respect to classified locations. 
Wiring products such as cable, raceways, boxes, and 
fittings, therefore, are not marked as being suitable for 
Class 1, Division 2 locations. Also see 500.8(C)(6)(a). 

(2) Equipment that has been identified for a Division 1 
location shall be permitted in a Division 2 location of the 
same class, group, and temperature class and shall comply 
with (a) or (b) as applicable. 

(a) Intrinsically safe apparatus having a control 
drawing requiring the installation of associated apparatus 
for a Division 1 installation shall be permitted to be 
installed in a Division 2 location if the same cassociated 
apparatus is used for the Division 2 installation. 
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(b) Equipment that is required to~e ~xplosionproof 
shall incorporate seals in accordance with 501.15(A) or 
(D) when the wiring methods of 501.1O(B) are employed. 

(3) Where specifically permitted in Articles 501 through 
503, general-purpose equipment or equipment in general
purpose enclosures shall be permitted to be installed in 
Division 2 locations if the equipment does not constitute a 
source of ignition under normal operating conditions. 

(4) Equipment that depends on a single compression seal, 
diaphragm, or tube to prevent flammable or combustible 
fluids from entering the equipment shall be identified for 
a Class I, Division 2 location even if installed in an 
unclassified location. Equipment installed in a Class I, 
Division 1 location shall be identified for the Class I, 
Division 1 location. 

Informational Note: Equipment used for flow 
measurement is an example of equipment having a 
single compression seal, diaphragm, or tube. 

(5) Unless otherwise specified, normal operating 
conditions for motors shall be assumed to be rated full
load steady conditions. 

(6) Where flammable gases, flammable liquid-produced 
vapors, combustible liquid-produced vapors, or 
combustible dusts are or may be present at the same time, 
the simultaneous presence of both shall be considered 
when determining the safe operating temperature of the 
electrical equipment. 

Informational Note: The characteristics of various 
atmospheric mixtures of gases, vapors, and dusts depend 
on the specific material involved. 

(C) Marking. Equipment shall be marked to show the 
environment for which it has been evaluated. Unless 
otherwise specified or allowed in (C)(6), the marking 
shall include the information specified in (C)(1) through 
(C)(5). 

(1) Class. The marking shall specify the class(es) for 
which the equipment is suitable. 

(2) Division. The marking shall specify the division if the 
equipment is suitable for Division 2 only. Equipment 
suitable for Division 1 shall be permitted to omit the 
division marking. 

Informational Note: Equipment not marked to indicate a 
division, or marked "Division 1" or "Div. 1 ," is suitable 
for both Division 1 and 2 locations; see 500.8(B)(2). 
Equipment marked "Division 2" or "Div. 2" is suitable 
for Division 2 locations only. 

(3) Material Classification Group. The marking shall 
specify the applicable material classification group(s) in 
accordance with 500.6. 

Exception: Fixed luminaires marked for use only in Class 
I, Division 2 or Class II, Division 2 locations shall not be 
required to indicate the group. 
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(4) Equipment Temperature. The marking shall specify 
the temperature class or operating temperature at a 40°C 
ambient temperature, or at the higher ambient temperature 
if the equipment is rated and marked for an ambient 
temperature of greater than 40°C. The temperature class, 
if provided, shall be indicated using the temperature class 
(T Codes) shown in Table 500.8(C). Equipment for Class 
I and Class II shall be marked with the maximum safe 
operating temperature, as determined by simultaneous 
exposure to the combinations of Class I and Class II 
conditions. 

Table SOO.8(C) 
Temperature 

Classification of Maximum Surface 

Maximum Temperature 

Temperature Class 
Co FO (T Code) 

450 842 II 
300 572 T2 
280 536 T2A 
260 500 T2B 
230 446 TIC 
215 419 T2D 
200 392 T3 
180 356 T3A 
165 329 T3B 
160 320 T3C 
135 275 T4 
120 248 T4A 
100 212 T5 
85 185 T6 

Exception: Equipment of the non-heat-producing type, 
such as junction boxes, conduit, and fittings, and 
equipment of the heat-producing type having a maximum 
temperature not more than 1 aaoc shall not be required to 
have a marked operating temperature or temperature 
class. 

Informational Note: More than one marked temperature 
class or operating temperature, for gases and vapors, 
dusts, and different ambient temperatures may appear. 

(5)AII1_~iel1( l'ell1per~tllr~ Range. Electrical equipment 
designed for - use Tn th ---' a'mbient temperature range 
between 25°C to +40°C shall require no ambient 
~ITl(lerature marking. For equipment rated for a 
temperature range other than -25°C to +40°C, the 
marking shall specify the special range of ambient 
temperatures in degrees Celsius. The marking shall 
include either the symbol "Ta" or "Tamb." 

Informational Note: As an example, such a 
marking might be "-30°C ~ Ta ~ +40°C." 

(6) Special Allowances. 
(a) General-Purpose Equipment. Fixed general

purpose equipment in Class I locations, other than fixed 
luminaires, that is acceptable for use in Class I, Division 2 
locations shall not be required to be marked with the 
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class, division, group, temperature class, or ambient 
temperature range. 

(b) Dusttight Equipment. Fixed dusttight equipment, 
other than fixed luminaires, that is acceptable for use in 
Class II, Division 2 and Class III locations shall not be 
required to be marked with the class, division, group, 
temperature class, or ambient temperature range. 

(c) Associated Apparatus. Associated intrinsically 
safe apparatus and associated nonincendi ve field wiring 
apparatus that are not protected by an alternative type of 
protection shall not be marked with the class, division, 
group, or temperature class. Associated intrinsically safe 
apparatus and associated nonincendive field wiring 
apparatus shall be marked with the class, division, and 
group of the apparatus to which it is to be connected. 

(d) Simple Apparatus. "Simple apparatus" as defined 
in Article 504, shall not be required to be marked with 
class, division, group, temperature class, or ambient 
temperature range. 

(D) Temperature. 

(1) Class I Temperature. The temperature marking 
specified in 500.8(C) shall not exceed the ignition 
temperature of the specific gas or vapor to be 
encountered. 

Infonnational Note: For infonnation regarding ignition 
temperatures of gases and vapors, see NFP A 497-2008, 
Recommended Practice for the Classification of 
Flammable Liquids, Gases, or Vapors, and of 
Hazardous (Classified) Locations for Electrical 
Installations in Chemical Process Areas. 

(2) Class II Temperature. The temperature marking 
specified in SOO.8(C) shall be less than the ignition 
temperature of the specific dust to be encountered. For 
organic dusts that may dehydrate or carbonize, the 
temperature marking shall not exceed the lower of either 
the ignition temperature or 165°C (329°F). 

Infonnational Note: See NFPA 499-2008, 
Recommended Practice for the Classification of 
Combustible Dusts and of Hazardous (Class [fied} 
Locations for Electrical Installations in Chemical 
Process Areas, for minimum ignition temperatures of 
specific dusts. 

The ignition temperature for which equipment was 
approved prior to this requirement shall be assumed to be 
as shown in Table 500.8(D)(2). 

(E) Threading. The sUPJ?b'M~t:)I~nect ion ~~ltry thread "form 
shall he NPT or 1.I1E!tr.i_c.~ Conduit and fittings shall be made 
wrenchtight to prevent sparking when fault current flows 
through the conduit system, and to ensure the 
explosionproof integrity of the conduit system where 
applicable. Equipment provided with threaded entries for 
field wiring connections shall be installed in accordance 
with 500.8(E)(1) or (E)(2) and with (E)(3). 
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Table 500.8(D)(2) Class II Temperatures 

Equipment (Such as Motors or 
Power Transformers) That May 

Equipment Not Be Overloaded 

Subject to Normal Abnormal 
Overloading Operation Operation 

Class II 
Group °C OF °C OF °C OF 

E 200 392 200 392 200 392 
F 200 392 150 302 200 392 
G 165 329 120 248 165 329 

(1) Equipment Provided with Threaded Entries for 
NPT Threaded Conduit or Fittings. For equipment 
provided with threaded entries for NPT threaded conduit 
or fittings, listed conduit, conduit fittings, or cable fittings 
shall be used. All NPT threaded conduit and fittingsshalJ 
be threaded with a National (American) Standard Pipe 
rraper (NPT) thr~aJ. 

'PT threaded entries into expiosionproof equipment 
:shall be made up with at least five lhr~ads fully engaged. 
Exception: For lis/~d exp/osionproo[ equipmeut, joints 
wilh factory threaded .VPT emries shall be made up with 
~I/ea·/ 4~~!rrt!Cl4~ltllb·l!!lg(lged. 

Informational Note No.1: Thread sp cific31ions for 
mall: NPT threads are located in ANSI/ASME B1.20.1-
1983, Pipe Threads, General Purpose (Inch). 
Infonnational Note No.2: Ft'rnale NPT thr~aded entric usc 
a modifi d National Smndard Pipe Taper I PT) thread with 
lhread fonn per ANSI! AS E B 1.20.1-1983, Pipe Tit,. 'acl~', 

~nl'ral Purpose (Inch/. See A S L 1203, 
E..,p/O'liiOl'I'I"()(J{ a"d DtI\l~lgnitio.lI-ProoJ Electrical 
E~lIil!m ntfor U. e in lIuz.arckms (Cla '~ifi('d) LO(:alwn\, 

(2) Equipment Provided with Threaded Entries for 
Metric Threaded Conduit orFittin~s. ~oreqllipll1~9t 
with metric threaded entries, listed conduit' hi.ings ' o~ 
li~~~~~,~f!.~I~mtingsshall be us~d. Such entries shall be 
identified as being metric, or listed adapters to permit 
connection to conduit or NPT threaded fittings shall be 
provided with the (!qlliprll~llt~l1d shall be; used for 
connection to conduit or NPT threaded fittings. 

elric threaded entries into cxplosionproof 
equipment shall ha e a class of fit of at Icast ()gl6H and 
shall be made up with at least flv threads fully engaged 
for Group C and Group D. and at least eight thread fully 
~11ga.ged for Group A and Group B. 

lnfonnational Note: Threading s~ecifications for metric 
threaded entries are located in ~SO Q65-1-1 <)98. ISO 
ge,.,e,'al pwpo.\C 11!<'tric , crew threads - ToleraT/ce. -
Pari I : Prillcipll'\ (I"d bllsic dalu. and ISO 965-3-1998. 
~SO gelleral pUlpU I! metric screw thread 
Tu/aatlc(',\ . Pari 3: D('Vialiuru lor COli. /m tional 
;\CIYH Ihr£'uds. 

(3) Unused Openings. All unused openings shall be 
closed with listed metal close-up plugs. The plug 
engagement shall comply with 500.8(E)(1) or (E)(2). 
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500.9 ARTICLE 501 - CLASS I LOCATIONS 

(F) Optical Fiber Cables. Where an optical fiber cabl~ 
contains conductors that are capable of carrying current 
(conl..Q()sitc optical fiber cable), the optical fiber cable 
shall be installed in accordance with the requirements of 
Article 500, 501, 502, or 503, as applicable. 

500.9 Specific Occupancies. Articles 510 through 517 
cover garages, aircraft hangars, motor fuel dispensing 
facilities, bulk storage plants, spray application, dipping 
and coating processes, and health care facilities . 

I. General 

501.1 Scope. 

ARTICLE 501 

Class I Locations 

Article 50 I covers the requirements for electrical and 
electronic equipment and wiring for all voltages in Class 
I, Division 1 and 2 locations where fire or explosion 
hazards may exist due to flammable gases or vapors or 
flammable liquids. 

Infonnational Note: For the requirements for electrical 
and electronic equipment and wiring for all voltages III 

Zone 0, Zone 1, or Zone 2 hazardous (classified) 
locations where fire or explosion hazards may exist due 
to flammable gases or vapors or flammable liquids, refer 
to Article 505. 

501.5 Zone Equipment. Equipment listed and marked in 
accordance with 505.9(C)(2) for use jn lA:>.ne, Q, 1, or 2 
locations shall be permitted in Class I, Division 2 
locations for the same gas and with a suitable temperature 
class. Equipment listed and marked in accordance with 
505.9(C)(2) for use in Zone 0 locations shall be permitted 
in Class I, Division 1 or Division 2 locations for the same 
gas and with a suitable temperature class. 

II. Wiring 

501.10 Wiring Methods. Wiring methods shall comply 
with 501.1 O(A) or (B). 

(A) Class I, Division 1. 

(1) General. In Class I, Division 1 locations, the wiring 
methods in (a) through (d) shall be permitted. 

(a) Threaded rigid metal conduit or threaded steel 
intermediate metal conduit. 

Exception: Type PVC conduit and Type RTRC conduit 
shall be permitted where encased in a concrete envelope 
a minimum of 50 mm (2 in.) thick and provided with not 
less than 600 mm (24 in.) of cover measured from the top 
of the conduit to grade. The concrete encasement shall be 
permitted to be omitted where su~ject to the provisions of 
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514.8, Exception No.2, and 515.8(A). Threaded rigid 
metal conduit or threaded steel intermediate metal 
conduit shall be used for the last 600 mm (24 in.) of the 
underground run to emergence or to the point of 
connection to the aboveground raceway. An equipment 
grounding conductor shall be included to provide for 
electrical continuity of the raceway system and for 
grounding of non-current-canying metal parts. 

(b) Type M1 cable terminated with Jittings listed for 
the location. Type MI cable shall be installed and 
supported in a manner to avoid tensile stress at the 
termination fittings. 

(c) In industrial establishments with restricted public 
access, where the conditions of maintenance and 
supervision ensure that only qualified persons service the 
installation, Type MC-HL cable listed for use ~n Class I. 
Zone I or Division 1 locations, with a gas/vaportight 
continuous corrugated metallic sheath, an overall jacket of 
suitable polymeric material, and a separate equipment 
grounding conductor(s) in accordance with 250.122, and 
terminated with fittings listed for the application. 

Type MC-HL cable shall be installed in 3ccordance 
with the provision of Article 330. Part n. 

(d) In industrial establishments with restricted public 
access, where the conditions of maintenance and 
supervision ensure that only qualified persons service the 
installation, Type ITC-HL cable listed for use in Class q 
Zone I or Division 1 locations, with a gas/vaportight 
continuous corrugated metallic sheath and an overall 
jacket of suitable polymeric material, and terminated witl~ 
fittings listed for the application, and installed in! 
accordance with thep'royisi<?l1:s<?LA~i£le 727. 

(2) Flexible Connections. Where necessary to employ 
flexible connections, as at motor terminals, flexible 
fittings listed for the location, or flexible cord in 
accordance with the provisions of 501.140 terminated 
with cord connectors listed for the location, shall be 
permitted. 

(3) Boxes and Fittings. AU boxes and fittings shall be 
approved for Class I, Division 1. 

(B) Class I, Division 2. 

(1) General. In Class I, Division 2 locations, the 
following wiring methods shall be permitted: 

(1) All wiring methods permitted in 501.10(A). 

(2) Enclosed gasketed busways and enclosed gasketed 
wireways. 

(3) Type PLTC and Typel?f:.T~:~R cable in accordance 
with the provisions of Article 725, including 
installation in cable tray systems. The cable shall be 
terminated with listed fittings. 

(4) Type ITC and Type ITC-ER cable as permitted In 

727.4 andterJ!'illat~~,_~.ithJ!~~t!d fittings. 
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(5) hype MC ~ MV,()tTC ca~l~, illCilidinglnstafiailonln 
~ab)e tray systems. The cabl 'hall be tenninated 
~ithJis.~~. n~H~g~~ 

(6) In industrial establishments with restricted public 
access, where the conditions of maintenance and 
supervision ensure that only qualified persons service 
the installation and where metallic conduit does not 
provide sufficient corrosion resistance, listed 
reinforced thermosetting resin conduit (RTRC)-, 
factory elbows, and associated fittings, all marked 
with the suffix -XW, and Schedule 80 PVC conduit, 
factory elbows, and associated fittings shall be 
permitted. 

Where seals are required for boundary conditions as 
defined in 501.15(A)(4), the Division I wiring 
method shall extend into the Division 2 area to the 
seal, which shall be located on the Division 2 side of 
the Division I-Division 2 boundary. 

(2) Flexible Connections. Where provision must be made 
for limited flexibility, one or more of the fol1owing ~haH 
be permitted: 
(I) Listed flexible metal fittings. 
(2) Flexible metal conduit with listed fittings. 
(3) Liquidtight flexible metal conduit with listed fittings. 
(4) Liquidtight flexible nonmetallic conduit with listed 

fittings. 
(5) Flexible cord listed for extra-hard usage and 

! nninatcd with JisK-d fitlings. A conductor for use as 
an equipment grounding conductor shall be included 
in the flexible cord. 
Infonnational Note: See 501.30(B) for grounding 
requirements where flexible conduit is used. 

(3) Nonincendive Field Wiring. Nonincendive field 
wiring shall be permitted using any of the wiring methods 
permitted for unclassified locations. Nonincendive field 
wiring systems shall be installed in accordance with the 
control drawing( s). Simple apparatus, not shown on the 
control drawing, shall be permitted in a nonincendive 
field wiring circuit, provided the simple apparatus does 
not interconnect the nonincendive field wiring circuit to 
any other circuit. 

Infonnational Note: Simple apparatus is defined in 
504.2. 
Separate nonincendivefield wiring circuits shall be 

installed in accordance with one of the following: 
(1) In separate cables 
(2) In multi conductor cables where the conductors of 

each circuit are within a grounded metal shield 
(3) In multiconductor cables or in race"ays where the 

conductors of each circuit have insulation with a 
minimum thickness of 0.25 mm (0.01 in.) 

(4) Boxes and Fittings. Boxes and fittings shall not be 
required to be explosionproof except as required by 
501.105(B)(1), 501.115(B)(I), and 501. 150(B)(1). 
501.15 Sealing and Drainage. 
Seals in conduit and cable systems shall comply with 
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SOl.lS(A) through (F), Sealing compound shall be used in 
Type MT cable termination fittings to exclude moisture 
and other fluids from the cable insulation. 

Informational Note No.1: Seals are provided in conduit and 
cable systems to minimize the passage of gases and vapors 
and prevent the passage of flames from one portion of the 
electrical installation to another through the conduit. Such 
communication through Type MI cable is inherently 
prevented by construction of the cable. Unless specifically 
designed and tested for the purpose, conduit and cable seals 
are not intended to prevent the passage of liquids, gases, or 
vapors at a continuous pressure differential across the seal. 
Even at differences in pressure across the seal equivalent to a 
few inches of water, there may be a slow passage of gas or 
vapor through a seal and through conductors passing through 
the seal. See 501. 15(E)(2). Temperature extremes and highly 
corrosive liquids and vapors can affect the ability of seals to 
perform their intended function. See 501.15(C)(2). 
Informational Note No.2: Gas or vapor leakage and 
propagation of flames may occur through the interstices 
between the strands of standard stranded conductors larger 
than 2 AWG. Special conductor constructions, for example, 
compacted strands or sealing of the individual strands, are 
means of reducing leakage and preventing the propagation of 
flames. 

(A) Conduit Seals, Class I, Division 1. In Class I, 
Division 1 locations, conduit seals shall be located in 
accordance with 501.I5(A)(1) through (A)(4). 
(1) Entering Enclosures. In each conduit entry into an 
explosionproof enclosure where either of the following 
apply: 
(1) The enclosure contains apparatus, such as switches, 

circuit breakers, fuses, relays, or resistors, that may 
produce arcs, sparks, or high temperatures that are 
considered to be an ignition source in normal 
operation. 

(2) The entry is metric designator 53 (trade size 2) or 
larger and the enclosure contains terminals, splices, 
or taps. 

For the purposes of this section, high temperatures shall 
be considered to be any temperatures exceeding 80 
percent of the autoignition temperature in degrees Celsius 
of the gas or vapor involved. 
Exception to 501.15(A)(1)(1): Seals shall not be required 
for conduit entering an enclosure where such switches, 
circuit breakers, fuses, relays, or resistors comply with 
one of the following: 
(l) Are enclosed within a chamber hermetically sealed 

against the entrance of gases or vapors 
(2) Are immersed in oil in accordance with 

501. 115(B)(l)(2) 
(3) Are enclosed within a factOly-sealed explosionproof 

chamber located within the enclosure, ident!fied for 
the location, and marked 'factory sealed" or 
equivalent, unless the enclosure entry is metric 
designator 53 (trade size 2) or larger 

(4) Are in nonincendive circuits 
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Factory-sealed enclosures shall not be considered to serve 
as a seal for another adjacent explosion proof enclosure that is 
required to have a conduit seal. 

Conduit seals shall be installed within 450 mm (18 in.) 
from the enclosure. Only explosionproof unions, couplings, 
reducers, elbows, capped elbows, and conduit bodies similar to 
L, T, and Cross types that are not larger than the trade size of 
the conduit shall be permitted between the sealing fitting and 
the explosionproof enc1osure. 

(2) Pressurized Enclosures. In each conduit entry into a 
pressurized enclosure where the conduit is not pressurized as 
part of the protection system. Conduit seals shall be installed 
within 450 mm (18 in.) from the pressurized enclosure. 

Informational Note No.1: Installing the seal as close as 
possible to the enclosure will reduce problems with purging 
the dead airspace in the pressurized conduit. 

Informational Note No.2: For further information, see 
NFPA 496-2008, Standard for Purged and Pressurized 
Enclosuresfor Electrical Equipment. 

(3) Two or More Explosionproof Enclosures. Where two or 
more explosionproof enclosures for which conduit seals are 
required under 501.15(A)(1) are connected by nipples or by 
runs of conduit not more than 900 mm (36 in.) long, a single 
conduit seal in each such nipple connection or run of conduit 
shall be considered sufficient if located not more than 450 mm 
(18 in.) from either enclosure. 

(4) Class I, Division 1 Boundary. In each conduit run leaving 
a Class I, Division 1 location. The sealing fitting shall be 
permitted on either side of the boundary of such location 
within 3.05 m (10 ft) of the boundary and shall be designed 
and installed so as to minimize the amount of gas or vapor 
within the Division 1 portion of the conduit from being 
communicated to the conduit beyond the seaL Except for listed 
explosionproof reducers at the conduit seal, there shall be no 
union, coupling, box, or fitting between the conduit seal and 
the point at which the conduit leaves the Division I location. 

Exception No.1: Metal conduit that contains no unions, 
couplings, boxes, orfittings, and passes completely through a 
Class 1, Division 1 location with no jittings less than 300 mm 
(12 in.) beyond each boundary, shall not require a conduit 
seal if the tennination points of the unbroken conduit are in 
unclassified locations. 

Exception No.2: For underground conduit installed in 
accordance with 300.5 where the boundary is below grade, 
the sealing jitting shall be permitted to be installed after the 
conduit emerges from below grade, but there shall be no 
union, coupling, box, or fitting, other than listed 
explosionproof reducers at the sealing fitting, in the conduit 
between the sealing fitting and the point at which the conduit 
emerges from below grade. 

(B) Conduit Seals, Class I, Division 2. In Class I, Division 2 
locations, conduit seals shall be located in accordance with 
501.15(B)(1) and (B)(2). 
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(1) Entering Enclosures. For connections to enclosures that 
are required to be explosionproof, a conduit seal shall be 
provided in accordance with 50 1. 1 5(A)(1 )(1) and (A)(3). All 
portions of the conduit run or nipple between the seal and such 
enclosure shall comply with 501.1O(A). 

(2) Class I, Division 2 Boundary. In each conduit run passing 
from a Class I, Division 2 location into an unclassified 
location. The sealing fitting shall be permitted on either side of 
the boundary of such location within 3.05 m (10 ft) of the 
boundary. Rigid metal conduit or threaded steel intermediate 
metal conduit shall be used between the sealing fitting and the 
point at which the conduit leaves the Division 2 location, and a 
threaded connection shall be used at the sealing fitting. Except 
for listed reducers at the conduit seal, there shall be no union, 
coupling, box, or fitting between the conduit seal and the point 
at which the conduit leaves the Division 2 location. Conduits 
shall be sealed to minimize the amount of gas or vapor within 
the Division 2 portion of the conduit from being 
communicated to the conduit beyond the seal. Such seals shall 
not be required to be explosionproofbut shall be identified for 
the prnpose of minimizing passage of gases under normal 
operating conditions and shall be accessible. 

Exception No.1: Metal conduit that contains no unions, 
couplings, boxes, or fittings, and passes completely through a 
Class 1, Division 2 location with no fittings less than 300 mm 
(12 in.) beyond each boundary, shall not be required to be 
sealed if the termination points of the unbroken conduit are in 
unclasstfied locations. 

Exception No.2: Conduit systems terminating at an 
unclassified location where a wiring method transition is 
made to cable tray, cablebus, ventilated busway, Type Ml 
cable, or cable not installed in any cable tray or raceway 
system shall not be required to be sealed where passing from 
the Class 1, Division 2 location into the unclass!fied location. 
The unclassified location shall be outdoors or, if the conduit 
system is all in one room, it shall be permitted to be indoors. 
The conduits shall not terminate at an enclosure containing an 
ignition source in normal operation. 

Exception No.3: Conduit systems passing from an 
enclosure or room that is unclassified as a result of 
pressurization into a Class 1, Division 2 location shall not 
require a seal at the boundary. 

Informational Note: For further information, 
refer to NFPA 496-2008, Standard for Purged 
and Pressurized Enclosures for Electrical 
Equipment. 

Exception No.4: Segments of aboveground conduit 
systems shall not be required to be sealed where passing 
from a Class L Division 2 location into an unclassified 
location if all of the following conditions are met: 
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(l) No part of the conduit system segment passes through 
a Class 1, Division 1 location where the conduit 
contains unions, couplings, boxes, or fittings within 
300 mm (12 in.) of the Class 1, Division 1 location. 

(2) The conduit system segment is located entirely in 
outdoor locations. 

(3) The conduit system segment is not directly connected 
to canned pumps, process or service connections for 
flow, pressure, or analysis measurement, and so 
forth, that depend on a single compression seal, 
diaphragm, or tube to prevent flammable or 
combustible fluids from entering the conduit system. 

(4) The conduit system segment contains only threaded 
metal conduit, unions. couplings, conduit bodies, and 
fittings in the unclassified location. 

(5) The conduit system segment is sealed at its entry to 
each enclosure or fitting housing terminals, splices, 
or taps in Class 1, Division 2 locations. 

(C) Class I, Divisions 1 and 2. Seals installed in Class I, 
Division 1 and Division 2 locations shall comply with 
501.15(C)(1) through (C)(6). 

Exception: Seals not required to be explosionproof by 
501.15(B)(2) or 504.70. 

(1) Enclosures for connections or equipment 
sha1l be provided with an integral means for sealing, or 
sealing listed for the location shall be used. 
Sealing fittings shall be listed for use with one or more 
specific compounds and shall be accessible. 

(2) Compound. The compound shall provide a seal 
against passage of gas or vapors through the seal fitting, 
shall not be affected by the surrounding atmosphere or 
liquids, and shall not have a melting point of less than 
93°C (200°F). 

(3) Thickness of Compounds. Except for listed cable 
sealing fittings, the thickness of the sealing compound in 
a completed seal shaH not be less than the metric 
designator (trade size) of the sealing fitting expressed in 
the units of measurement employed, and in no case less 
than 16 mm in.). 

(4) Splices and Taps. Splices and taps shall not be made 
in fittings intended only for sealing with compound, nor 
shall other fittings in which splices or taps are made be 
filled with compound. 

(5) Assemblies. In an assembly where equipment that 
may produce arcs, sparks, or high temperatures is located 
in a compatiment separate from the compartment 
containing splices or taps, and an integral seal is provided 
where conductors pass from one compartment to the 
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other, the entire assembly shall be identified for the 
location. Seals in conduit connections to the compartment 
containing splices or taps shall be provided in Class I, 
Division] locations where required by 50 1. 1 5 (A)(1 )(2), 

(6) Conductor Fill. The cross-sectional area of the 
conductors permitted in a seal shall not exceed 25 percent 
of the cross-sectional area of a rigid metal conduit of the 
same trade size unless it is specifically identified for a 
higher percentage of fill. 

(D) Cable Seals, Class I, Division 1. In Class J, Division 
1 locations, cable seals shall be located according to 
50 1.15(D)(1) through (D)(3). 

(1) At Terminations. Cable shall be sealed at all 
terminations. The sealing fitting shall comply with 
501.15(C). Multiconductor Type MC-HL cables with a 
gas/vaportight continuous corrugated metallic sheath and 
an overall jacket of suitable polymeric material shall be 
sealed with a listed fitting after removing the jacket and 
any other covering so that the sealing compound 
surrounds each individual insulated conductor in such a 
manner as to minimize the passage of gases and vapors. 

Exception: Shielded cables and twisted pair cables shall 
not require the removal of the shielding material or 
separation of the twisted pairs. provided the termination 
is by an approved means to minimize the entrance of 
gases or vapors and prevent propagation offlame into the 
cable core. 

(2) Cables Capable of Transmitting Gases or Vapors. 
Cables in conduit with a gas/vaportight continuous sheath 
capable of transmitting gases or vapors through the cable 
core shall be sealed in the Division 1 location after 
removing the jacket and any other coverings so that the 
sealing compound will surround each individual insulated 
conductor and the outer jacket. 

Exception: Multiconductor cables with a gas/vaportight 
continuous sheath capable of transmitting gases or 
vapors through the cable core shall be permitted to be 
considered as a single conductor by sealing the cable in 
the conduit within 450 mm (18 in.) of the enclosure and 
the cable end within the enclosure by an approved means 
to minimize the entrance of gases or vapors and prevent 
the propagation of flame into the cable core, or by other 
approved methods. For shielded cables and twisted pair 
cables, it shall not be required to remove the shielding 
material or separate the twisted pair. 

(3) Cables Incapable of Transmitting Gases or Vapors. 
Each multiconductor cable in conduit shall be considered 
as a single conductor if the cable is incapable of 
transmitting gases or vapors through the cable core. These 
cables shall be sealed in accordance with 501. 15(A). 
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(E) Cable Seals, Class I, Division 2. In Class I, Division 
2 locations, cable seals shall be located in accordance 
with 501.l5(E)(1) through (E)(4). 
(1) Terminations. Cables entering enclosures that are 
required to be explosionproof shall be sealed at the point 
of entrance. The sealing fitting shall comply with 
501.15(B)(1). Multiconductor cables with a 
gas/vaportight continuous sheath capable of transmitting 
gases or vapors through the cable core shall be sealed in a 
listed fitting in the Division 2 location after removing the 
jacket and any other coverings so that the sealing 
compound surrounds each individual insulated conductor 
in such a manner as to minimize the passage of gases and 
vapors. Multiconductor cables in conduit shal1 be sealed 
as described in 501.15(D). 
Exception No.1: Cables passing from an enclosure or 
room that is unclassified as a result of Type Z 
pressurization into a Class I, Division 2 location shall not 
require a seal at the boundary. 
Exception No.2: Shielded cables and twisted pair cables 
shall not require the removal of the shielding material or 
separation of the twisted pairs, provided the termination 
is by an approved means to minimize the entrance of 
gases or vapors and prevent propagation offlame into the 
cable core. 
(2) Cables That Do Not Transmit Gases or Vapors. 
Cables that have a gas/vaportight continuous sheath and 
do not transmit gases or vapors through the cable core in 
excess of the quantity permitted for seal fittings shall not 
be required to be sealed except as required in 
50 1.15(E)( 1). The minimum length of such cable run shall 
not be less than that length that limits gas or vapor flow 
through the cable core to the rate permitted for seal 

fittings [200 cm3/hr (0.007 ft3/hr) of air at a pressure of 
1500 pascals (6 in. of water)]. 

Informational Note: The cable core does not include the 
interstices of the conductor strands. 

(3) Cables Capable of Transmitting Gases or Vapors. 
Cables with a gas/vaportight continuous sheath capable of 
transmitting gases or vapors through the cable core shall 
not be required to be sealed except as required in 
501.15(E)(1), unless the cable is attached to process 
equipment or devices that may cause a pressure in excess 
of 1500 pascals (6 in. of water) to be exerted at a cable 
end, in which case a seal, barrier, or other means shall be 
provided to prevent migration of flammables into an 
unclassified location. 
Exception: Cables with an unbroken gas/vaportight 
continuous sheath shall be permitted to pass through a 
Class I, Division 2 location without seals. 
(4) Cables Without GasNaportight Sheath. Cables that 
do not have gas/vaportight continuous sheath shall be 
sealed at the boundary of the Division 2 and unclassified 
location in such a manner as to minimize the passage of 
gases or vapors into an unclassified location. 
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(F) Drainage. 

(1) Control Equipment. Where there is a probability that 
liquid or other condensed vapor may be trapped within 
enclosures for control equipment or at any point in the 
raceway system, approved means shal1 be provided to 
prevent accumulation or to permit periodic draining of 
such liquid or condensed vapor. 

(2) Motors and Generators. Where the authority having 
jurisdiction judges that there is a probability that liquid or 
condensed vapor may accumulate within motors or 
generators, joints and conduit systems shall be arranged to 
minimize the entrance of liquid. If means to prevent 
accumulation or to permit periodic draining are judged 
necessary, such means shall be provided at the time of 
manufacture and shall be considered an integral part of 
the machine. 

501.17 Process Sealing. This section sl1811 apply to 
proces -connected equipment. which includes. but is not 
limited to. canned pumps, submersible pumps. flow~ 
pressure, temperature. or analysis measurement 
instruments. A process seal is a device to prevent the 
migration of proce.s fluids from the designed 
containment into the external electrical s)' tern. Proce s 
connected electrical equipment that incorporates a single, 
process seal. lIch as a single compression seal, 
diaphragm. or tube to prevent flammable or combustibl~ 
fluids from entering a conduit or cable system capable o~ 
transmitting fluids, shall be provided with an additiona~ 
means to mitigate a single process seal failw"e, The 
additional means may include. but i not limited to the 
following: 
(I) A uitablc barrier meeting the peoce temperature 

and pressun.: conditions that the barrier will be 
subjected to upon failure of tit single process seaL 
There shall be a vent or drain between the single 
process seal and the suitable barrier. Indication of th~ 
single proces seal failure shall be provided b~ 
visible leakage. an audible whistle. or other means of 
monitoring. 

(2) A Ii ted TYlle MI cable assembly. rated at not lesS 
than 125 percent of the process pressure and not les~ 
than 125 percent of the maximum proceSS: 
temperature (in degree Celsius) installed between 
the cable or conduit and the single process seal. 

(3) A drain or vent located between the single process 
eal and a conduit or cable seal. The drain or ven~ 

shall b~ sufficiently sized to prevent overpressuring 
the conduit or cable seal above 6 in. water column' 
(1493 Pa). Indication of the single process seal failure 
hall be provided by visible leakage. an audible 

whi tic. or other means of monitoring. 
Proces -connected electrical equipment that does no~ 

rely on a single process seal or is listed and marke~ 
"single seal" or "dual seal" shall not be required to ~ 
p~9\,ideg\\fith~ ... , ~~~jt ions LI,!!~'l~,QL >~~lil1g: 
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Informational Note: For consrruction and testing 
requirements for process. ealing for listed and marked 
"single eal" or "dual seal" fe\luirements. refer to 
ANSIIISA-12.27.01-200J. R(;!t"ur~mCnl for Proces,f, 

Sealing Between Eh'l.:trical SJ'~/e",s and Pote"tially 
Flammable or Combustible Prac(!,\ ' flutcb. 

501.20 Conductor Insulation, Class I, Divisions 1 and 
2. Where condensed vapors or liquids may collect on, or 
come in contact with, the insulation on conductors, such 
insulation shall be of a type identified for use under such 
conditions; or the insulation shall be protected by a sheath 
of lead or by other approved means. 

501.25 U ninsulated Exposed Parts, Class I, Divisions 1 
and 2. There shall be no uninsulated exposed parts, such 
as electrical conductors, buses, terminals, or components, 
that operate at more than 30 volts (15 volts in wet 
locations). These parts shall additionally be protected by a 
protection technique according to 500.7(E), (F), or (G) 
that is suitable for the location. 

501.30 Grounding and Bonding, Class I, Divisions 1 
and 2. Wiring and equipment in Class I, Division 1 and 2 
locations shall be grounded as specified in Article 250 
and in accordance with the requirements of 501.30(A) and 
(B). 

(A) Bonding. The locknut-bushing and double-locknut 
types of contacts shall not be depended on for bonding 
purposes, but bonding jumpers with proper fittings or 
other approved means of bonding shall be used. Such 
means of bonding shall apply to all intervening raceways, 
fittings, boxes, enclosures, and so forth between Class I 
locations and the point of grounding for service 
equipment or point of grounding of a separately derived 
system. 

Exception: The specific bonding means shall be required 
only to the nearest point where the grounded circuit 
conductor and the grounding electrode are connected 
together on the line side of the building or structure 
disconnecting means as specified in 250.32(B), provided 
the branch-circuit overcurrent protection is located on 
the load side of the disconnecting means. 

Infonnational Note: See 250.100 for additional bonding 
requirements in hazardous (classified) locations. 

(B) Types of Equipment Grounding Conductors. 
Flexible metill . ~011duit .. and liquidtight. flexible metal 
conduit shall illcklde an equipment bonding jumper of the 
wire type in compliance with 250.1 02. 

Exception: In Class I, Division 2 locations, the bonding 
jumper shall be permitted to be deleted where all of the 
following conditions are met: 

(1) Listed liquidtight flexible metal conduit 1.8 m (6 ft) 
or less in length, with fittings listed for grounding, is 
used. 
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(2) Overcurrent protection in the circuit is limited to 10 
amperes or less. 

(3) The load is not a power utilization load. 

501.35 Surge Protection. 

(A) Class I, Division 1. Surge arresters, surge-protective 
devices, and capacitors shall be installed in enclosures 
identified for Class I, Division 1 locations. Surge
protective capacitors shall be of a type designed for 
specific duty. 

(B) Class I, Division 2. Surge arresters and surge
protective devices shall be nonarcing, such as metal-oxide 
varistor (MOV) sealed type, and surge-protective 
capacitors shall be of a type designed for specific duty. 
Enclosures shall be permitted to be of the general-purpose 
type. Surge protection of types other than described in this 
paragraph shall be installed in enclosures identified for 
Class I, Division 1 locations. 

501.40 Multiwire Branch Circuits. In a Class I, Division 
1 location, a multiwire branch circuit shall not be 
permitted. 

Exception: Where the disconnect device(s) for the circuit 
opens all ungrounded conductors of the multiwire circuit 
simultaneously. 

III. Equipment 

501.100 Transformers and Capacitors. 

(A) Class I, Division 1. In Class I, Division I locations, 
transformers and capacitors shall comply with 
501.100(A)(1) and (A)(2). 

(1) Containing Liquid That Will Burn. Transformers 
and capacitors containing a liquid that will burn shall be 
installed only in vaults that comply with 450.41 through 
450.48 and with (1) through (4) as follows: 

(1) There shall be no door or other communicating 
opening between the vault and the Division 1 
location. 

(2) Ample ventilation shall be provided for the 
continuous removal of flammable gases or vapors. 

(3) Vent openings or ducts shall lead to a safe location 
outside of buildings. 

(4) Vent ducts and openings shall be of sufficient area to 
relieve explosion pressures within the vault, and all 
portions of vent ducts within the buildings shall be of 
reinforced concrete construction. 

(2) Not Containing Liquid That Will Burn. 
Transformers and capacitors that do not contain a liquid 
that will bum shall be installed in vaults complying with 
501.100(A)(1) or be identified for Class I locations 
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(B) Class I, Division 2. In Class I, Division 2 locations, 
~ransform rs hall comply with 4S0.21 through 4S0.27, 
~nd capacitor shall comply with 460.2 through 460.28.: 

501.105 Meters, Instruments, and Relays. 

(A) Class I, Division 1. In Class I, Division 1 locations, 
meters, instruments, and relays, including kilowatt-hour 
meters, instrument transformers, resistors, rectifiers, and 
thermionic tubes, shall be provided with enclosures 
identified for Class I, Division 1 locations. Enclosures for 
Class I, Division 1 locations include explosionproof 
enclosures and purged and pressurized enclosures. 

Informational Note: See NFP A 496-200~, Standard for 
Purged and Pressurized Enclosures for Electrical 
Equipment. 

(B) Class I, Division 2. In Class I, Division 2 locations, 
meters, instruments, and relays shall comply with 
SOl.105(B)(1) through (B)(6). 

(1) Contacts. Switches, circuit breakers, and make-and
break contacts of pushbuttons, relays, alarm bells, and 
horns shall have enclosures identified for Class I, 
Division 1 locations in accordance with SOl.10S(A). 

Exception: General-purpose enclosures shall be 
permitted ?! current-interrupting contacts comply with one 
of the following: 

(1) Are immersed in oil 

(2) Are enclosed within a chamber that is hermetically 
sealed against the entrance of gases or vapors 

(3) Are in nonincendive circuits 

(4) Are listedfor Division 2 

(2) Resistors and Similar Equipment. Resistors, 
resistance devices, thermionic tubes, rectifiers, and 
similar equipment that are used in or in connection with 
meters, instruments, and relays shall comply with 
50l.10S(A). 

Exception: General-purpose-type enclosures shall be 
permitted if such equipment is without make-and-break or 
sliding contacts [other than as provided in 501. 1 05 (B) (1)] 
and if the maximum operating temperature of any exposed 
surface will not exceed 80 percent of the ignition 
temperature in degrees Celsius of the gas or vapor 
involved or has been tested and found incapable of 
igniting the gas or vapor. This exception shall not apply 
to thermionic tubes. 

(3) Without Make-or-Break Contacts. Transformer 
windings, impedance coils, solenoids, and other windings 
that do not incorporate sliding or make-or-break contacts 
shall be provided with enclosures. General-purpose-type 
enclosures shall be permitted. 
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(4) General-Purpose Assemblies. Where an assembly is 
made up of components for which general-purpose 
enclosures are acceptable as provided in 501.10S(B)(1), 
(B)(2), and (B)(3), a single general-purpose enclosure 
shall be acceptable for the assembly. Where such an 
assembly includes any of the equipment described in 
SOl.10S(B)(2), the maximum obtainable surface 
temperature of any component of the assembly shall be 
clearly and permanently indicated on the outside of the 
enclosure. Alternatively, equipment shall be permitted to 
be marked to indicate the temperature class for which it is 
suitable, using the temperature class (T Code) of Table 
SOO.S(C). 

(5) Fuses. Where general-purpose enclosures are 
permitted in SOl.1 OS(B)(l) through (B)( 4), fuses for 
overcurrent protection of instrument circuits not subject to 
overloading in normal use shall be permitted to be 
mounted in general-purpose enclosures if each such fuse 
is preceded by a switch complying with SOl.105(B)(I). 

(6) Connections. To facilitate replacements, process 
control instruments shall be permitted to be connected 
through flexible cord, attachment plug, and receptacle, 
provided all of the following conditions apply: 

(1) A switch complying with SOl.10S(B)(1) is provided 
so that the attachment plug is not depended on to 
interrupt current. 

(2) The current does not exceed 3 amperes at 120 volts, 
nominal. 

(3) The power-supply cord does not exceed 900 mm (3 
ft), is of a type listed for extra-hard usage or for hard 
usage if protected by location, and is supplied 
through an attachment plug and receptacle of the 
locking and grounding type. 

(4) Only necessary receptacles are provided. 

(S) The receptacle carries a label warning against 
unplugging under load. 

501.115 Switches, Circuit Breakers, Motor 
Controllers, and Fuses. 
(A) Class I, Division 1. In Class I, Division 1 locations, 
switches, circuit breakers, motor controllers, and fuses, 
including pushbuttons, relays, and similar devices, shall 
be provided with enclosures, and the enclosure in each 
case, together with the enclosed apparatus, shall be 
identified as a complete assembly for use in Class I 
locations. 

(B) Class I, Division 2. Switches, circuit breakers, motor 
controllers, and fuses in Class I, Division 2 locations shall 
comply with SOI.11S(B)(I) through (B)(4). 

(1) Type Required. Circuit breakers, motor controllers, 
and switches intended to interrupt current in the normal 
performance of the function for which they are installed 
shall be provided with enclosures identified for Class I, 
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Division 1 locations in accordance with 501.1 05(A), 
unless general-purpose enclosures are provided and any 
of the following apply: 

(1) The interruption of current occurs within a chamber 
hermetically sealed against the entrance of gases and 
vapors. 

(2) The current make-and-break contacts are oil
immersed and of the general-purpose type having a 
50-mm (2-in.) minimum immersion for power 
contacts and a 25-mm (I-in.) minimum immersion 
for control contacts. 

(3) The interruption of current occurs within a factory
sealed explosionproof chamber. 

(4) The device is a solid state, switching control without 
contacts, where the surface temperature does not 
exceed 80 percent of the ignition temperature in 
degrees Celsius of the gas or vapor involved. 

(2) Isolating Switches. Fused or unfused disconnect and 
isolating switches for transformers or capacitor banks that 
are not intended to interrupt current in the normal 
performance of the function for which they are installed 
shall be permitted to be installed in general-purpose 
enclosures. 

(3) Fuses. For the protection of motors, appliances, and 
lamps, other than as provided in 501.115(B)(4), standard 
plug or cartridge fuses shall be permitted, provided they 
are placed within enclosures identified for the location; or 
fuses shall be permitted if they are within general-purpose 
enclosures, and if they are of a type in which the 
operating element is immersed in oil or other approved 
liquid, or the operating element is enclosed within a 
chamber hermetically sealed against the entrance of gases 
and vapors, or the fuse is a nonindicating, filled, current
limiting type. 

(4) Fuses Internal to Luminaires. Listed cartridge fuses 
shall be permitted as supplementary protection within 
luminaires. 

501.120 Control Transformers and Resistors. 
Transformers, impedance coils, and resistors used as, or 
in conjunction with, control equipment for motors, 
generators, and appliances shall comply with 501.120(A) 
and (B). 

(A) Class I, Division 1. In Class I, Division 1 locations, 
transformers, impedance coils, and resistors, together with 
any switching mechanism associated with them, shall be 
provided with enclosures identified for Class I, Division 1 
locations in accordance with 501.1 05(A). 

(D) Class I, Division 2. In Class I, Division 2 locations, 
control transformers and resistors shall comply with 
50 1. 120(B)(1 ) through (B)(3). 
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(1) Switching Mechanisms. Switching mechanisms used 
in conjunction with transformers, impedance coils, and 
resistors shall comply with 501.115(B). 
(2) Coils and Windings. Enclosures for windings of 
transformers, solenoids, or impedance coils shall be 
permitted to be of the general-purpose type. 
(3) Resistors. Resistors shall be provided with enclosures; 
and the assembly shall be identified for Class I locations, 
unless resistance is nonvariable and maximum operating 
temperature, in degrees Celsius, will not exceed 80 
percent of the ignition temperature of the gas or vapor 
involved or has been tested and found incapable of 
igniting the gas or vapor. 
501.125 Motors and Generators. 
(A) Class I, Division 1. In Class I, Division 1 locations, 
motors, generators, and other rotating electrical 
machinery shall be one of the following: 
(1) Identified for Class I, Division 1 locations 
(2) Of the totally enclosed type supplied with positive

pressure ventilation from a source of clean air with 
discharge to a safe area, so arranged to prevent 
energizing of the machine until ventilation has been 
established and the enclosure has been purged with at 
least 10 volumes of air, and also arranged to 
automatically de-energize the equipment when the air 
supply fails 

(3) Of the totally enclosed inert gas-filled type supplied 
with a suitable reliable source of inert gas for 
pressurizing the enclosure, with devices provided to 
ensure a positive pressure in the enclosure and 
arranged to automatically de-energize the equipment 
when the gas supply fails 

(4) Of a type designed to be submerged in a liquid that is 
flammable only when vaporized and mixed with air, 
or in a gas or vapor at a pressure greater than 
atmospheric and that is flammable only when mixed 
with air; and the machine is so arranged to prevent 
energizing it until it has been purged with the liquid 
or gas to exclude air, and also alTanged to 
automatically de-energize the equipment when the 
supply of liquid or gas or vapor fails or the pressure 
is reduced to atmospheric 
Totally enclosed motors of the types specified in 

501.125(A)(2) or (A)(3) shall have no external surface 
with an operating temperature in degrees Celsius in 
excess of 80 percent of the ignition temperature of the gas 
or vapor involved. Appropriate devices shall be provided 
to detect and automatically de-energize the motor or 
provide an adequate alarm if there is any increase in 
temperature of the motor beyond designed limits. 
Auxiliary equipment shall be of a type identified for the 
location in which it is installed. 

Infonnational Note: See D2155-69, ASTMTest Procedure. 
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(B) Class I, Division 2. In Class I, Division 2 locations, 
motors, generators, and other rotating electrical machinery 
in which are employed sliding contacts, centrifugal or other 
types of switching mechanism (including motor 
overcurrent, overloading, and overtemperature devices), or 
integral resistance devices, either while starting or while 
running, shall be identified for Class I, Division 1 locations, 
unless such sliding contacts, switching mechanisms, and 
resistance devices are provided with enclosures identified 
for Class I, Division 2 locations in accordance with 
SOl.lOS(B). The exposed surface of space heaters used to 
prevent condensation of moisture during shutdown periods 
shall not exceed 80 percent of the ignition temperature in 
degrees Celsius of the gas or vapor involved when operated 
at rated voltage, and the maximum space healer surface: 
temperature [based on a 40°C or lligllt:rl~~~~ ambient] 
shall be permanently marked on a visible nameplate 
mounted on the motor. Otherwise, space heaters shall be 
identified for Class I, Division 2 locations. In Class I, 
Division 2 locations, the installation of open or 
nonexplosionproof enclosed motors, such as squirrel-cage 
induction motors without brushes, switching mechanisms, 
or similar arc-producing devices that are not identified for 
use in a Class I, Division 2 location, shall be permitted. 

Informational Note No. ]: It is important to consider the 
temperature of internal and external surfaces that may be 
exposed to the flammable atmosphere. 

Informational Note No.2: It is important to consider the 
risk of ignition due to currents arcing across 
discontinuities and overheating of parts in multisection 
enclosures of large motors and generators. Such motors 
and generators may need equipotential bonding jumpers 
across joints in the enclosure and from enclosure to 
ground. Where the presence of ignitible gases or vapors 
is suspected, clean-air purging may be needed 
immediately prior to and during start-up periods. 

Informational Note No.3: For further information on the 
application of electric motors in Class I, Division 2 
hazardous (classified) locations, see IEEE Std. 1349-
2001, IEEE Guide/or the Application a/Electric Motors 
in Class 1, Division 2 Hazardous (Class?fied) Locations. 

501.130 Luminaires. Luminaires shall comply with 
SO 1.130(A) or (B). 

(A) Class I, Division 1. In Class I, Division I locations, 
luminaires shall comply with SOl. 130(A) (1) through (A)(4). 

(1) Luminaires. Each luminaire shall be identified as a 
complete assembly for the Class I, Division 1 location and 
shall be clearly marked to indicate the maximum wattage 
of lamps for which it is identified. Luminaires intended 
for portable use shall be specifically listed as a complete 
assembly for that use. 

(2) Physical Damage. Each luminaire shall be protected 
against physical damage by a suitable guard or by location. 
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(3) Pendant Luminaires. Pendant luminaires shall be 
suspended by and supplied through threaded rigid metal 
conduit stems or threaded steel intermediate conduit stems, 
and threaded joints shall be provided with set-screws or 
other effective means to prevent loosening. For stems 
longer than 300 mm (12 in.), permanent and effective 
bracing against lateral displacement shall be provided at a 
level not more than 300 mm (12 in.) above the lower end of 
the stem, or flexibility in the form of a fitting or flexible 
connector identified for the Class I, Division 1 location 
shall be provided not more than 300 mm (12 in.) from the 
point of attachment to the supporting box or fitting. 

(4) Supports. Boxes, box assemblies, or fittings used for 
the support of luminaires shall be identified for Class I 
locations. 

(B) Class I, Division 2. In Class I, Division 2 locations, 
luminaires shall comply with 50 1.130(B)(l) through (B)( 6). 

(l) Luminaires. Where lamps are of a size or type that 
may, under normal operating conditions, reach surface 
temperatures exceeding 80 percent of the ignition 
temperature in degrees Celsius of the gas or vapor involved, 
luminaires shall comply with SOl.130(A)(l) or shall be of a 
type that has been tested in order to determine the marked 
operating temperature or temperature class (T Code). 

(2) Physical Damage. Luminaires shall be protected from 
physical damage by suitable guards or by location. Where 
there is danger that falling sparks or hot metal from lamps 
or luminaires might ignite localized concentrations of 
flammable vapors or gases, suitable enclosures or other 
effective protective means shall be provided. 

(3) Pendant Luminaires. Pendant luminaires shall be 
suspended by threaded rigid metal conduit stems, threaded 
steel intermediate metal conduit stems, or other approved 
means. For rigid stems longer than 300 mm (12 in.), 
permanent and effective bracing against lateral displacement 
shall be provided at a level not more than 300 mm (12 in.) 
above the lower end of the stem, or flexibility in the form of 
an identified fitting or flexible connector shall be provided 
not more than 300 mm (12 in.) from the point of attachment 
to the supporting box or fitting. 

(4) Portable Lighting Equipment. Portable lighting 
equipment shall comply with SOl.130(A)(1). 

Exception: Where portable lighting equipment is 
mounted on movable stands and is connected by flexible 
cords, as covered in 501.140, it shall be permitted, where 
mounted in any position, ifit conforms to 501.130(B)(2). 

(5) Switches. Switches that are a part of an assembled 
fixture or of an individual lampholder shall comply with 
SO 1.11S(B)(1). 

(6) Starting Equipment. Starting and control equipment for 
electric-discharge lamps shall comply with SOl.120(B). 
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Exception: A thermal protector potted into a thermally 
protected fluorescent lamp ballast (f the luminaire is 
identified for the location. 

501.135 Utilization Equipment. 

(A) Class I, Division 1. In Class I, Division 1 locations, 
all utilization equipment shall be identified for Class I, 
Division 1 locations. 

(B) Class I, Division 2. In Class I, Division 2 locations, 
all utilization equipment shall comply with 50 1.13S(B)(1) 
through (B)(3). 

(1) Heaters. Electrically heated utilization equipment 
shall conform with either item (1) or item (2): 

( 1) The heater shall not exceed 80 percent of the ignition 
temperature in degrees Celsius of the gas or vapor 
involved on any surface that is exposed to the gas or 
vapor when continuously energized at the maximum 
rated ambient temperature. If a temperature controller 
is not provided, these conditions shall apply when the 
heater is operated at 120 percent of rated voltage. 

Exception No.1: For motor-mounted anticondensation 
space heaters, see 501.125. 

Exception No.2: Where a current-limiting device is 
applied to the circuit serving the heater to limit the 
current in the heater to a value less than that required to 
raise the heater surface temperature to 80 percent of the 
ignition temperature. 

(2) The heater shall be identified for Class I, Division 1 
locations. 

Exception to (2): Electrical resistance heat tracing 
identified/or Class I, Division 2 locations. 

(2) Motors. Motors of motor-driven utilization equipment 
shall comply with SOI.I25(B). 

(3) Switches, Circuit Breakers, and Fuses. Switches, 
circuit breakers, and fuses shall comply with 50 1.1 IS(B) . 

501.140 Flexible Cords, Class I, Divisions 1 and 2. 

(A) Permitted Uses. Flexible cord shall be permitted: 

(1) For connection between portable lighting equipment 
or other portable utilization equipment and the fixed 
portion of their supply circuit. 

(2) For that portion of the circuit where the fixed wiring 
methods of 501.1 O(A) cannot provide the necessary 
degree of movement for fixed and mobile electrical 
utilization equipment, and the flexible cord is 
protected by location or by a suitable guard from 
damage and only in an industrial establishment where 
conditions of maintenance and engineering 
supervision ensure that only qualified persons install 
and service the installation. 
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(3) For electric submersible pumps with means for 
removal without entering the wet-pit. The extension 
of the t1exible cord within a suitable raceway 
between the wet-pit and the power source shall be 
permitted. 

(4) For electric mixers intended for travel into and out of 
open-type mixing tanks or vats. 

(5) for temporary portable a scmblies consisting of 
receptacles. switches. and other devices that are not 
considered portable utilization equipment but are 
individuaJly listed for the location. 

(B) Installation. Where flexible cords are used, the cords 
shall comply with all of the following: 

(1) Be of a type listed for extra-hard usage 

(2) Contain, in addition to the conductors of the circuit, 
an equipment grounding conductor complying with 
400.23 

(3) Be supported by clamps or by other suitable means in 
such a manner that there is no tension on the terminal 
connections 

(4) inDiislon'f " Tocatlolls~" orl,i" 5ivision 2 locations 
where the boxes. fittings, or enclosures are required 
to be cxplosiotlproof~ the cord shall be terminated 
with a cord connector or attachment plug listed for 
lhe location or a cord connector installed with a seal 
listed for the loc~ltion. In Division 2 locations where 
cxplosionproof equipment is not required, the cord 
shall be terminated with a listed cord connector or 
listed at~1chment plug. 

(5) Be of continuous length. Where 501.140(A)(5) is 
applied. cords hall b~ of continuous length from the 
power source to the temporary portable assembly and 
from the temporary portable assembly (0 the 
~li1ization equipment. 

Informational Note: See 501.20 for flexible cords 
exposed to liquids having a deleterious effect on the 
conductor insulation. 

501.145 Receptacles and Attachment Plugs, Class I, 
Divisions 1 and 2. Receptacles and attachment plugs 
shall be of the type providing for connection to the 
equipment grounding conductor of a flexible cord and 
shall be identified for the location. 

Exception: As provided in 501. 1 05 (B) (6). 

501.150 Signaling, Alarm, Remote-Control, and 
Communications Systems. 

(A) Class I, Division 1. In Class I, Division 1 locations, 
all apparatus and equipment of signaling, alarm, remote
control, and communications systems, regardless of 
voltage, shall be identified for Class I, Division 1 
locations, and all wiring shall comply with S01.10(A), 
50 l.I5(A), and 50 l.I5(C) 
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(B) Class I, Division 2. In Class I, Division 2 locations, 
signaling, alarm, remote-control, and communications 
systems shall comply with 501.150(B)(l) through (B)(4). 

(1) Contacts. Switches, circuit breakers, and make-and
break contacts of pushbuttons, relays, alarm bells, and 
horns shall have enclosures identified for Class I, 
Division 1 locations in accordance with 501.1 05(A). 

Exception: General-purpose enclosures shall be permitted 
if current-interrupting contacts are one of the following: 

(1) Immersed in oil 

(2) Enclosed within a chamber hermetically sealed 
against the entrance of gases or vapors 

(3) In nonincendive circuits 

(4) Part of a listed nonincendive component 

(2) Resistors and Similar Equipment. Resistors, 
resistance devices, thermionic tubes, rectifiers, and 
similar equipment shall comply with 501.1 05(B)(2). 

(3) Protectors. Enclosures shall be provided for lightning 
protective devices and for fuses. Such enclosures shall be 
permitted to be of the general-purpose type. 

(4) Wiring and Sealing. All wiring shall comply with 
501.10(B), 501.15(B), and 501.15(C). 

ARTICLE 502 

Class II Locations 
"""""""""""~,, 

I. General 

502.1 Scope. 

Article 502 covers the requirements for electrical and 
electronic equipment and wiring for all voltages in Class 
II, Division 1 and 2 locations where fire or explosion 
hazards may exist due to combustible dust. 

502.5 Explosionproof Equipment. Explosionproof 
equipment and wiring shall not be required and shall not 
be acceptable in Class II locations unless ~J~9 identified 
for such locations. 

502.6 Zone Equipment. Equipment listed and marked in 
accordance with 506.9(C)(2) for Zone 20 locations shall 
be pennil1ed in Class II, Division I locations for the same 
dust atmosphere; and with a suitable temperature cIa . 

Equipment listed and marked in accordance with 
506.9(C)(2) for Zone 20, 21. or 22 locations hall be 
permitted in Class II, Division 2 locations for the am 
dust atmosphere and with a suitable temperature cia '. 
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II. Wiring 

502.10 Wiring Methods. Wiring methods shall comply 
with 502.10(A) or (B). 

(A) Class II, Division 1. 

(1) General. In Class II, Division I locations, the wiring 
methods in (1) through (4) shall be permitted: 

(1) Threaded rigid metal conduit, or threaded steel 
intermediate metal conduit. 

(2) Type MI cable with termination fittings listed for the 
location. TypeMI cable shall be installed and 
supported in a manner to avoid tensile stress at the 
termination fittings, 

(3) In industrial establishments with limited public access, 
where the conditions of maintenance and supervision 
ensure that only qualified persons service the installation, 
Type MC-HL cable, listed for use in Class II, Division I 
locations, with a gas/vaportight continuous corrugated 
metallic sheath, an overall jacket of suitable polymeric 
material, a separate equipment grounding conductor( s) in 
accordance with 250.122, and provided with termination 
fittings listed for the application, shall be permitted. 

(4) Fittings and boxes shall be provided with threaded 
bosses for connection to conduit or cable 
terminations and shall be dusttight. Fittings and 
boxes in which taps, joints, or terminal connections 
are made, or that are used in Group E locations, shall 
be identified for Class II locations. 

(2) Flexible Connections. Where necessary to employ 
flexible connections, one or more of the following shall 
also be permitted: 

(1) Dusttight flexible connectors 

(2) Liquidtight flexible metal conduit with listed fittings 

(3) Liquidtight flexible nonmetallic conduit with listed 
fittings 

(4) Interlocked armor Type MC cable having an overall 
jacket of suitable polymeric material and provided 
with termination fittings listed for Class II, Division 1 
locations. 

(5) Flexible cord listed for extra-hard usage and 
terminated with listed dusttight fittings. Where flexible 
cords are used, they shall comply with 502.140. 

Infonnational Note: See 502.30(B) for grounding 
requirements where flexible conduit is used. 

(B) Class II, Division 2. 

(1) General. In Class II, Division 2 locations, the 
following wiring methods shall be permitted: 

(1) All wiring methods permitted in 502.1 O(A). 

(2) Rigid metal conduit, intermediate metal conduit, 
electrical metallic tubing, dusttight wireways. 
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(3) Type MC or MI cable with listed termination fittings. 

(4) Type PLTC and Type PLTC-ER cab-Ie in accordance 
with the provision of Article 725. including 
installation in cable tray systems. The cable shall b~ 
terminated \I ith listed fittings. 

(5) Type ITC and Type ITC-ER cable as permitted in 
727.4 and terminated with listed fittings. 

(6) Type MC, MI, or TC cable installed in ladder, 
ventilated trough, or ventilated channel cable trays in 
a single layer, with a space not less than the larger 
cable diameter between the two adjacent cables, shall 
be the wiring method employed. 

(7) In industriaJ establishments with restricted public acce s 
where the conditions of maintenance and supervision 
nsure that only qualified person service the in tallation 

and where metallic conduit does not provide sufficient 
corrosion resistance. reinforced thcnnosetting resin 
conduit (RTR ) tactory elbows. and associated fittings, 
all marked with suflix -XW. and Schedule 80 PVC 
conduit. factory elbmvs and associated fittings shall be 
~~itt~~t: 

Exception to (6): Type MC cable listed for use in Class II, 
Division 1 locations shall be permitted to be installed 
without the spacings required by (6). 

(2) Flexible Connections. Where provision must be made 
for flexibility, 502.10(A)(2) shall apply. 

(3) Nonincendive Field Wiring. Nonincendive field wiring 
shall be permitted using any of the wiring methods permitted 
for unclassified locations. Nonincendive field wiring systems 
shall be installed in accordance with the control drawing(s). 
Simple apparatus, not shown on the control drawing, shall be 
permitted in a nonincendive field wiring circuit, provided the 
simple apparatus does not interconnect the nonincendive 
field wiring circuit to any other circuit. 

Informational Note: Simple apparatus is defined in 
504.2. 

Separate nonincendive field wiring circuits shall be 
installed in accordance with one of the following: 

(1) In separate cables 

(2) In multiconductor cables where the conductors of 
each circuit are within a grounded metal shield 

(3) In multi conductor cables or in raceways where the 
conductors of each circuit have insulation with a 
minimum thickness of 0.25 mm (0.01 in.) 

(4) Boxes and Fittings. All boxes and fittings shall be 
dusttight. 

502.15 Sealing, Class II, Divisions 1 and 2. 

Where a raceway provides communication between an 
enclosure that is required to be dust-ignitionproof and one 
that is not, suitable means shall be provided to prevent the 
entrance of dust into the dust-ignitionproof enclosure through 
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the raceway. One of the following means shall be permitted: 

(1) A permanent and effective seal 

(2) A horizontal raceway not less than 3.05 m (10 ft) long 

(3) A vertical raceway not less than 1.5 m (5 ft) long and 
extending downward from the dust-ignitionproof 
enclosure 

(4) A raceway installed in a manner equivalent to (2) or 
(3) that extends only horizontally and downward 
from the dust-ignition proof enclosures 

Where a raceway provides communication between 
an enclosure that is required to be dust-ignitionproof and 
an enclosure in an unclassified location, seals shall not be 
required. 

Sealing fittings shall be accessible. 

Seals shall not be required to be explosionproof. 

Informational Note: Electrical sealing putty is a method 
of sealing. 

502.25 Uninsulated Exposed Parts, Class II, Divisions 
1 and 2. There shall be no uninsulated exposed parts, 
such as electrical conductors, buses, terminals, or 
components, that operate at more than 30 volts (15 volts 
in wet locations). These parts shall additionally be 
protected by a protection technique according to 500.7(E), 
(F), or (G) that is suitable for the location. 

502.30 Grounding and Bonding, Class II, Divisions 1 
and 2. Wiring and equipment in Class II, Division 1 and 2 
locations shall be grounded as specified in Article 250 and 
in accordance with the requirements of 502.30(A) and (B). 

(A) Bonding. The locknut-bushing and double-locknut 
types of contact shall not be depended on for bonding 
purposes, but bonding jumpers with proper fittings or other 
approved means of bonding shall be used. Such means of 
bonding shall apply to all intervening raceways, fittings, 
boxes, enclosures, and so forth, between Class II locations 
and the point of grounding for service equipment or point 
of grounding of a separately derived system. 

Exception: The specific bonding means shall only be 
required to the nearest point where the grounded circuit 
conductor and the grounding electrode conductor are 
connected together on the line side of the building or 
structure disconnecting means as specified in 250. 32 (B) if 
the branch-circuit overcurrent protection is located on 
the load side of the disconnecting means. 

Informational Note: See 250.100 for additional bonding 
requirements in hazardous (classified) locations. 

(B) Types of Equipment Grounding Conductors. 
Liquidtight flexible metal conduit shall include an 
equipment bonding jumper of tJle \Vir type in compliance 
with 250.102 
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Exception: In Class 11, Division 2 locations, the bonding 
jumper shall be permitted to be deleted where all of the 
following conditions are met: 

(1) Listed liquidtightflexible metal conduit 1.8 m (6ft) or 
less in length, with fittings listed for grounding, is used. 

(2) Overcurrent protection in the circuit is limited to 10 
amperes or less. 

(3) The load is not a power utilization load. 

502.35 Surge Protection - Class II, Divisions 1 and 2. 
Surge arresters and surge-protective devices installed in a 
Class n, Division 1 location shall be in suitable 
enclosures. Surge-protective capacitors shall be of a type 
designed for specific duty. 

502.40 Multiwire Branch Circuits. In a Class II, 
Division 1 location, a multiwire branch circuit shall not be 
permitted. 

Exception: Where the disconnect device(s) for the circuit 
opens all ungrounded conductors of the multiwire circuit 
simultaneously. 

III. Equipment 

502.100 Transformers and Capacitors. 

(A) Class II, Division 1. In Class II, Division 1 locations, 
transformers and capacitors shall comply with 
502.1 OO(A)(l) through (A)(3). 

(1) Containing Liquid That Will Burn. Transformers 
and capacitors containing a liquid that will burn shall be 
installed only in vaults complying with 450.41 through 
450.48, and, in addition, (1), (2), and (3) shall apply. 

(1) Doors or other openings communicating with the 
Division 1 location shall have self-closing fire doors on 
both sides of the wall, and the doors shall be carefully 
fitted and provided with suitable seals (such as weather 
stripping) to minimize the entrance of dust into the vault. 

(2) Vent openings and ducts shall communicate only 
with the outside air. 

(3) Suitable pressure-relief openings communicating 
with the outside air shall be provided. 

(2) Not Containing Liquid That Will Burn. 
Transformers and capacitors that do not contain a liquid 
that will burn shall be installed in vaults complying with 
450.41 through 450.48 or be identified as a complete 
assembly, including terminal connections. 

(3) Group E. No transformer or capacitor shall be 

~~~'v~JI~~Qj~<;l,~I~ . ~ , IJ!pivjsJQnl.~9~()lJP~J()~~io.n. 

(B) Class II, Division 2. In Class II, Division 2 locations, 
transformers and capacitors shall comply with 
502.100(B)(l) through (B)(3). 
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(1) Containing Liquid That Will Burn. Transformers and 
capacitors containing a liquid that will burn shall be 
installed in vaults that comply with 450.41 through 450.48. 

(2) Containing Askarel. Transformers containing askarel 
and rated in excess of 25 kV A shall be as follows: 

(I) Provided with pressure-relief vents 

(2) Provided with a means for absorbing any gases 
generated by arcing inside the case, or the pressure
relief vents shall be connected to a chimney or flue 
that will carry such gases outside the building 

(3) Have an airspace of not less than 150 mm (6 in.) 
between the transformer cases and any adjacent 
combustible material 

(3) Dry-Type Transformers. Dry-type transformers shall 
be installed in vaults or shall have their windings and 
terminal connections enclosed in tight metal housings 
without ventilating or other openings and shall operate at 
not over 600 volts, nominal. 

502.115 Switches, Circuit Breakers, Motor 
Controllers, and Fuses. 

(A) Class II, Division 1. In Class II, Division 1 locations, 
switches, circuit breakers, motor control1ers, f'uses~push 
buttons. relays. and similar devices shall be provided with 
enclosures identified for the location. 

(B) Class II, Division 2. In Class II, Division 2 locations, 
enclosures for fuses, switches, circuit breakers, and motor 
controllers, including push buttons, relays, and similar 
devices , shall be dusttight or otnen'lL c identified for the 
location. 

502.120 Control Transformers and Resistors. 

(A) Class II, Division 1. In Class II, Division 1 locations, 
control transformers, solenoids, impedance coils, 
resistors, and any overcurrent devices or switching 
mechanisms associated with them shall pc provided with 
enclosures identiticd for the location. 

(B) Class II, Division 2. In Class II, Division 2 locations, 
transformers and resistors shall comply with 
502.l20(B)(l) through (B)(3). 

(1) Switching Mechanisms. Switching mechanisms 
(including overcurrent devices) associated with control 
transformers, solenoids, impedance coils, and resistors 
shall be provided with enclosures that are dusttig!1t ,Qr 
otherwise identified for the location. 

(2) CoUs and Windings. Where not located in the same 
enclosure with switching mechanisms, control transformers, 
solenoids, and impedance coils shall be provided with 
enclosure that are dusttight or()lherwiscldelltiflc,('forthd 
location. 
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(3) Resistors. Resistors and resistance devices shall have 
dust-ignitionproof enclosures Ibat are dusttight or 
()th(![\yjse. id.~l1tifi(!<lJ()~Jh~IQ(!~!i~ .:. 

502.125 Motors and Generators. 

(A) Class II, Division 1. In Class II, Division 1 locations, 
motors, generators, and other rotating electrical machinery 
shall be in conformance with either of the following: 

(1) Identified for the location 

(2) Totally enclosed pipe-ventilated, meeting temperature 
limitations in 502.5 

(8) Class II, Division 2. In Class IT, Division 2 locations, 
motors, generators, and other rotating electrical 
equipment shall be totally enclosed nonventilated, totally 
enclosed pipe-ventilated, totally enclosed water-air
cooled, totally enclosed fan-cooled or dust-ignitionproof 
for which maximum full-load external temperature shall 
be in accordance with 500.8(D)(2) for normal operation 
when operating in free air (not dust blanketed) and shall 
have no external openings. 

Exception: If the authority having jurisdiction believes 
accumulations of nonconductive, nonabrasive dust will be 
moderate and if machines can be easily reached for 
routine cleaning and maintenance, the following shall be 
permitted to be installed: 

(1) Standard open-type machines without sliding contacts, 
centrifUgal or other types of switching mechanism 
(including motor overcurrent, overloading, and 
overtemperature devices), or integral resistance devices 

(2) Standard open-type machines with such contacts, 
switching mechanisms, or resistance devices enclosed 
within dusttight housings without ventilating or other 
openings 

(3) Self-cleaning textile motors of the squirrel-cage type 

502.128 Ventilating Piping. Ventilating pipes for motors, 
generators, or other rotating electrical machinery, or for 
enclosures for electrical equipment, shall be of metal not 
less than 0.53 mm (0.021 in.) in thickness or of equally 
substantial noncombustible material and shall comply 
with all of the following: 

(l) Lead directly to a source of clean air outside of 
buildings 

(2) Be screened at the outer ends to prevent the entrance 
of small animals or birds 

(3) Be protected against physical damage and against 
rusting or other conosive influences 

Ventilating pipes shall also comply with 502. 128(A) and (B). 
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(A) Class II, Division 1. In Class II, Division 1 locations, 
ventilating pipes, including their connections to motors or 
to the dust-ignitionproof enclosures for other equipment, 
shall be dusttight throughout their length. For metal pipes, 
seams and joints shall comply with one of the following: 

(1) Be riveted and soldered 

(2) Be bolted and soldered 

(3) Be welded 

(4) Be rendered dusttight by some other equally effective 
means 

(B) Class II, Division 2. In Class II, Division 2 locations, 
ventilating pipes and their connections shall be sufficiently 
tight to prevent the entrance of appreciable quantities of 
dust into the ventilated equipment or enclosure and to 
prevent the escape of sparks, flame, or burning material 
that might ignite dust accumulations or combustible 
material in the vicinity. For metal pipes, lock seams and 
riveted or welded joints shall be permitted; and tight-fitting 
slip joints shall be permitted where some flexibility is 
necessary, as at connections to motors. 

502.130 Luminaires. 

(A) Class II, Division 1. In Class n, Division 1 locations, 
luminaires for fixed and portable lighting shall comply 
with 502.130(A)(l) through (A)( 4). 

(1) Lumiosire • Each luminaire shall be identified for the 
location and shall be clearly marked to indicate the 
maximum wattage of the lamp for which it is aeslgned. 
(2) Physical Damage. Each luminaire shall be protected 
against physical damage by a suitable guard or by location. 

(3) Pendant Luminaires. Pendant luminaires shall be 
suspended by threaded rigid metal conduit stems, by 
threaded steel intennediate metal conduit stems, by chains 
with approved fittings, or by other approved means. For 
rigid stems longer than 300 mm (12 in.), pemlanent and 
effective bracing against lateral displacement shall be 
provided at a level not more than 300 mm (12 in.) above the 
lower end of the stem, or flexibility in the form of a fitting 
or a flexible connector listed for the location shall be 
provided not more than 300 mm (12 in.) from the point of 
attachment to the supporting box or fitting. Threaded joints 
shall be provided with set screws or other effective means to 
prevent loosening. Where wiring between an outlet box or 
fitting and a pendant luminaire is not enclosed in conduit, 
flexible cord listed for hard usage shall be pemlit!C~J()~ 
used in accordance with 502.1 O(A)(2)(5). Flexible cord shall 
not serve as the supporting means for a ilurnjIlClire .. 

(4) Supports. Boxes; box assemblies, or fittings used for 
the support of luminaires shall be identified for Class n 
locations. 

(B) Class II, Division 2. In Class II, Division 2 locations, 
luminaires shall comply with 502. 130(B)(1) through (B)(5). 
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(1) Portable Lighting Equipment.J>()~(lble lighting 
equipment shall be identified for ahe" location. They shall 
be clearly marked to indicate the maximum wattage of 
lamps for which they are designed. 

(2) Fixed Lighting. Luminaires for fixed lighting shall be 
provided with enclosures that ar~ du ltight or otherwise 
identified for the location. Each luminairc shall be clearly 
marked to indicate the maximum wattage of the lamp that 
shall be permitted without exceeding an exposed surface 
temperature in accordance with 500.8(D)(2) under norma] 
conditions of use. 

(3) Physical Damage. Luminaires for fixed lighting shall 
be protected from physical damage by suitable guards or 
by location. 

(4) Pendant Luminaires. Pendant luminaires shall be 
suspended by threaded rigid metal conduit stems, by 
threaded steel intermediate metal conduit stems, by chains 
with approved fittings, or by other approved means. For 
rigid stems longer than 300 mm (12 in.), permanent and 
effective bracing against lateral displacement shall be 
provided at a level not more than 300 mm (12 in.) above 
the lower end of the stem, or flexibility in the form of an 
identified fitting or a flexible connector shall be provided 
not more than 300 mm (12 in.) from the point of 
attachment to the supporting box or fitting. Where wiring 
between an outlet box or fitting and a pendant luminaire is 
not enclosed in conduit, flexible cord listed for hard usage 
shall be permiitedo]{tel-nlinatdwithsOlisted cord connector 
that Imlintains the protection technique. Flexible cord shall 
not serve as the supporting means for a lumloslre. 

(5) Electric-Discharge Lamps. Starting and control 
equipment for electric-discharge lamps shall comply with 
the requirements of 502.120(B). 

502.135 Utilization Equipment. 

(A) Class II, Division 1. In Class II, Division 1 locations, 
all utilization equipment shall be identified t.Q~ ~ Jh~ 

'.()C;;ati()fl~ 

(B) Class II, Division 2. In Class II, Division 2 locations, 
all utilization equipment shall comply with 502.135(B)(1) 
through (B)( 4). 

(1) Heaters. Electrically heated utilization equipment 
shall be identified for the location. 

Exception: Metal-enclosed radiant heating panel 
equipment shall be permi/lcc/to be dusttight and marked 
in accordance with 500.8(C). 

(2) Motors. Motors of motor-driven utilization equipment 
shall comply with 502.125(8). 

(3) Switches, Circuit Breakers, and Fuses. Enclosures 
for switches, circuit breakers, and fuses shall comply with 
502.115(B ).: 
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(4) Transformers, Solenoids, Impedance Coils, and 
Resistors. Transformers, solenoids, impedance coils, and 
resistors shall comply with 502.120(B). 

502.140 Flexible Cords - Class II, Divisions 1 and 2. 

Flexible cords used in Class II locations shall comply 
with all of the following: 

(l) Be of a type listed for extra-hard usage 

Exception: Flexible cord listed for hard usage as permitted 
by 502. 130(A) (3) and (B) (4). 

(2) Contain, in addition to the conductors of the circuit, an 
equipment grounding conductor complying with 400.23 

(3) Be supported by clamps or by other suitable means in 
such a manner that there will be no tension on the 
terminal connections 

(4) In Division I locations, the cord shall b' terminated 
with a cord connector listed for the location or a 
listed cord connector installed with a seal listed for 
the location. In Division 2 locations. the cord shall 
be terminated with a listed dusttigbt cord connector. 

502.145 Receptacles and Attachment Plugs. 

(A) Class II, Division 1. In Class II, Division 1 locations, 
receptacles and attachment plugs shall be of the type 
providing for connection to the equipment grounding 
conductor of thef1exible cord and shall be identified for 
Class II locations. 

(B) Class II, Division 2. In Class II, Division 2 locations, 
receptacles and attachment plugs shall be of the type that 
provides for connection to the equipment grounding 
conductor of the f1exible cord and shall be designed so 
that connection to the supply circuit cannot be made or 
broken while live parts are exposed. 

502.150 Signaling, Alarm, Remote-Control, and 
Communications Systems; and Meters, Instruments, 
and Relays. 

Informational Note: See Article 800 for rules governing 
the installation of communications circuits. 

(A) Class II, Division 1. In Class II, Division 1 locations, 
signaling, alarm, remote-control, and communications 
systems; and meters, instruments, and relays shall comply 
with 502. 150(A)(l ) through (A)(3). 

(1) Contacts. Switches, circuit breakers, relays, contactors, 
fuses and current-breaking contacts for bells, horns, 
howlers, sirens, and other devices in which sparks or arcs 
may be produced shall be provided with enclosures 
identified for th location. 

Exception: Where current-breaking contacts are immersed 
in oil or where the interruption of current occurs within a 
chamber sealed against the entrance of dust, enclosures 
shall be permitted to be of the general-purpose type. 
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(2) Resistors and Similar Equipment. Resistors, 
transformers, choke coils, rectifiers, thermionic tubes, and 
other heat-generating equipment shall be provided with 
enclosures identified for lhe location_ 

Exception: Where resistors or similar equipment are 
immersed in oil or enclosed in a chamber sealed against 
the entrance of dust, enclosures shall be permitted to be 
of the general-pwpose type. 

(3) Rotating Machinery. Motors, generators, and other 
rotating electrical machinery shall comply with 502.125(A). 

(B) Class II, Division 2. In Class II, Division 2 locations, 
signaling, alarm, remote-control, and communications 
systems; and meters, instruments, and relays shall comply 
with 502. 150(B)(1) through (B)(4). 

(1) Contacts. Contacts shall comply with 502. 150(A)(l) 
or shall be installed in enclosures that are dusttight or 
otherwise identified for the location. 

Exception: In nonincendive circuits, enclosures shall be 
permitted to be of the general-purpose type. 

(2) Transformers and Similar Equipment. The windings 
and terminal connections of transformers, choke coils, and 
similar equipment shall comply with 502. 120(B)(2). 

(3) Resistors and Similar Equipment. Resistors, 
resistance devices, thermionic tubes, rectifiers, and 
similar equipment shall comply with 502. 120(B)(3). 

(4) Rotating Machinery. Motors, generators, and other 
rotating electrical machinery shall comply with 502.125(B). 

ARTICLE 503 Class III Locations 

I. General 

503.1 Scope. Article 503 covers the requirements for 
electrical and electronic equipment and wiring for all 
voltages in Class III, Division 1 and 2 locations where fire or 
explosion hazards may exist due to ignitible fiberslflyings. 

503.5 General. Equipment installed in Class III locations 
shall be able to function at full rating without developing 
surface temperatures high enough to cause excessive 
dehydration or gradual carbonization of accumulated 
fibers/flyings. Organic material that is carbonized or 
excessively dry is highly susceptible to spontaneous 
ignition. The maximum surface temperatures under 
operating conditions shall not exceed 165°C (329°F) for 
equipment that is not subject to overloading, and 120°C 
(248°F) for equipment (such as motors or power 
transformers) that may be overloaded. 
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Informational Note: For electric trucks, see 
NFPA 505-2011, Fire Safety Standard for 
Powered Industrial Trucks Including Type 
Designations, Areas of Use, Conversions, 
Maintenance, and Operation. 

503.6 Zone Equipment. Equipment listed and marked in 
accordance with 506.9(C)(2) for Zone 20 locations and 
with a temperature class of not greater than T 120°C (for 
equipment that may be overloaded) or not greater than 
T165°C (for equipment not subject to overloading) shall 
be permitted in Class lIT, Division 1 locations. 

Equipment listed and marked in accordance with 
506.9(C)(2) for Zone 20, 21, or 22 locations and with a 
temperature class of not greater than T120°C (for 
equipment that may be overloaded) or not greater than 
T165°C (for equipment not subject to overloading) shall 
be permitted in Class nI, Division 2 locations. 

II. Wiring 

503.10 Wiring Methods. Wiring methods shall comply 
with 503.10(A) or (B). 

(A) Class III, Division 1. 

(1) General. In Class III, Divi ion I locations. the wiring 
~nethod shall b in accordance with (1) through (4): 

(I) Rigid metal conduit. Type PVC conduii.Type-RTRC 
conduit. inlermedial\! metal conduit, electrical 
metallic tubing. ousllight \ irc\\ays. or Type Me or 
MLc,~~It.! ~,~th listed termination fittings. 

(2) Typ PLTC and Type PL TC-ER cable in accordanc~ 
with the prm is ions of Article 725 including 
installation in cable tray systems. The cable shall be, 
terminated with listed fittings. 

(3) Type ITC and Type ITC-ER cable as permitted i" 
727.4 and terminated with listed fittings. 

(4) Type Me, MI, or TC cable installed in ladder~ 
venlilalcd trough, or \-cnlilated channel cable trays il~ 

a single layer, with a space not less than (he large~ 
cable diameter b tween the two adjacent cable '. shal~ 
~~the\~t~il!g _r.!'et~od employed. 

Erc~pli(;~' (o74).' '' tiJe iWC caMe listed fi>r use in Class 
II, l>ivi ion I Im'olions shall be permitted 10 be installed 
"ithollt 'he ~p(.lcill~ required by 503.1 O(A)( I )(4). 

(2) Boxes and Fittings. All boxes and fittings shall be 
dusttight. 

(3) Flexible Connections. Where necessary to employ 
ilexible connections, one or more of the following shall 
be permitted: 
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503.25 ARTICLE 503 - CLASS II LOCATIONS 

(1) Dusttight flexible connectors 

(2) Liquidtight flexible metal conduit with listed fittings, 

(3) Liquidtightflexible nonmetallic conduit with listed 
fittings , 

(4) Interlocked armor Type Me cable having an overall 
jacket of suitable polymeric material and installed 
with listed dusttight terminatiC:>1l Q~i:'1gs 

(5) Flexible cord in compliance with 503.140 

Informational Note: See 503.30(B) for grounding 
requirements where flexible conduit is used. 

(~) Nonincendive Field Wiring. Nonincendive field 
wiring shall be permitted using any of the wiring methods 
permitted for unclassified locations. Nonincendive field 
wiring systems shall be installed in accordance with the 
control drawing(s). Simple apparatus, not shown on the 
control drawing, shall be permitted in a nonincendive 
field wiring circuit, provided the simple apparatus does 
not interconnect the nonincendive field wiring circuit to 
any other circuit. 

Informational Note: Simple apparatus is defined in 
504.2. 

Separate nonincendive field wiring circuits shall be 
installed in accordance with one of the following: 

(1) In separate cables 

(2) In multiconductor cables where the conductors of 
each circuit are within a grounded metal shield 

(3) In multiconductor cables where the conductors of 
each circuit have insulation with a minimum 
thickness of 0.25 mm (0.01 in.) 

(B) Class III, Division 2. In Class III, Division 2 
locations, the wiring method shall comply with 
503.1O(A). 

Exception: In sections, compartments, or areas used 
solely for storage and containing no machinelY, open 
wiring on insulators shall be permitted where installed in 
accordance with Article 398, but only on condition that 
protection as required by 398.15(C) be provided where 
conductors are not run in roof spaces and are well out of 
reach of sources of physical damage. 

503.25 Uninsulated Exposed Parts, Class III, Divisions 
1 and 2. There shall be no uninsulated exposed parts, 
such as electrical conductors, buses, terminals, or 
components, that operate at more than 30 volts (15 volts 
in wet locations). These parts shall additionally be 
protected by a protection technique according to 500.7(E), 
(F), or (0) that is suitable for the location. 

Exception: As provided in 503.155. 
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503.30 Grounding and Bonding - Class III, Divisions 
1 and 2. Wiring and equipment in Class III, Division ] 
and 2 locations shall be grounded as specified in Article 
250 and with the following additional requirements in 
503.30(A) and (B). 

(A) Bonding. The locknut-bushing and double-locknut 
types of contacts shall not be depended on for bonding 
purposes, but bonding jumpers with proper fittings or 
other approved means of bonding shall be used. Such 
means of bonding shall apply to all intervening raceways, 
fittings, boxes, enclosures, and so forth, between Class III 
locations and the point of grounding for service 
equipment or point of grounding of a separately derived 
system. 

Exception: The specific bonding means shall only be 
required to the nearest point where the grounded circuit 
conductor and the grounding electrode conductor are 
connected together on the line side of the building or 
structure disconnecting means as specified in 250.32(B) if 
the branch-circuit overcurrent protection is located on 
the load side of the disconnecting means. 

Informational Note: See 250.100 for additional bonding 
requirements in hazardous (classified) locations. 

(B) Types of Equipment Grounding Conductors. 
Liquidtight flexible metal conduit shall include an 
~llJPJIl.t!llt b:2r!~ing jumper of the wire tYR~jn compliance 
with 250.102. 

Exception: In Class llI, Division 1 and 2 locations, the 
bonding jumper shall be permitted to be deleted where all 
of the following conditions are met: 

(1) Listed liquidtightflexible metall .8 m (6ft) or less in 
length, with fittings listed for grounding, is used. 

(2) Overcurrent protection in the circuit is limited to 10 
amperes or less. 

(3) The load is not a power utilization load. 

III. Equipment 

503.100 Transformers and Capacitors - Class III, 
Divisions 1 and 2. Transformers and capacitors shall 
comply with 502.1 OO(B). 

503.115 Switches, Circuit Breakers, Motor 
Controllers, and Fuses - Class III, Divisions 1 and 2. 
Switches, circuit breakers, motor controllers and fuses 
including pushbuttons, relays, and similar d~vices, shali 
be provided with dusttight enclosures. 

503.120 Control Transformers and Resistors - Class 
III, Divisions 1 and 2. Transformers, impedance coils, 
and resistors used as, or in conjunction with, control 
equipment for motors, generators, and appliances shall be 
provided with dusttight enclosures complying with the 
temperature limitations in 503.5. 
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ARTICLE 503 ~ CLASS III LOCATIONS 503.145 

503.125 Motors and Generators Class III, Divisions 
1 and 2. In Class III, Divisions 1 and 2 locations, motors, 
generators, and other rotating machinery shall be totally 
enclosed nonventilated, totally enclosed pipe ventilated, 
or total1y enclosed fan cooled. 

Exception: In locations where, in the judgment of the 
authority having jurisdiction, only moderate accumulations 
of lint or flyings are likely to collect on, in, or in the vicinity 
of a rotating electrical machine and where such machine is 
readily accessible for routine cleaning and maintenance, one 
ofthefollowing shall be permitted: 

(1) Se(fcleaning textile motors of the squirrel-cage type 

(2) Standard open-type machines without sliding 
contacts, centrffugal or other types of switching 
mechanisms, including motor overload devices 

(3) Standard open-type machines having such contacts. 
switching mechanisms, or resistance devices 
enclosed within tight housings without ventilating or 
other openings 

503.128 Ventilating Piping - Class III, Divisions 1 
and 2. Ventilating pipes for motors, generators, or other 
rotating electrical machinery, or for enclosures for electric 
equipment, shall be of metal not less than 0.53 mm (0.021 
in.) in thickness; or of equally substantial noncombustible 
material, and shall comply with the following: 

(1) Lead directly to a source of clean air outside of 
buildings 

(2) Be screened at the outer ends to prevent the entrance 
of small animals or birds 

(3) Be protected against physical damage and against 
rusting or other corrosive influences 

Ventilating pipes shall be sufficiently tight, including 
their connections, to prevent the entrance of appreciable 
quantities of fibers/flyings into the ventilated equipment 
or enclosure and to prevent the escape of sparks, flame, or 
burning material that might ignite accumulations of 
fibers/flyings or combustible material in the vicinity. For 
metal pipes, lock seams and riveted or welded joints shall 
be permitted; and tight-fitting slip joints shall be 
permitted where some flexibility is necessary, as at 
connections to motors. 

503J.30Luminaires Class Divisions 1 and 2. 

(A) Fixed Lighting. Luminaires for fixed lighting shall 
provide enclosures for lamps and lampholders that are 
designed to minimize entrance of fibers/flyings and to 
prevent the escape of sparks, burning material, or hot 
metal. Each luminaire shall be clearly marked to show the 
maximum wattage of the lamps that shall be permitted 
without exceeding an exposed surface temperature of 
] 65°C (329°F) under normal conditions of use. 
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(B) Physical Damage. A luminaire that may be exposed 
to physical damage shall be protected by a suitable guard. 

(C) Pendant Luminaires. Pendant luminaires shall be 
suspended by stems of threaded rigid metal conduit, 
threaded intermediate metal conduit, threaded metal 
tubing of equivaJent thickness, or by chains with 
approved fittings. For stems longer than 300 mm (12 in.), 
permanent and effective bracing lateral 
displacement shall be provided at a level not more than 
300 mm (12 in.) above the lower end of the stem, or 
flexibility in the form of an identified fitting or a flexible 
connector shall be provided not more than 300 mm (12 
in.) from the point of attachment to the supporting box or 
fitting. 

(D) Portable Lighting Equipment. Portable lighting 
equipment shall be equipped with handles and protected 
with substantial guards. Lampholders shall be of the 
unswitched type with no provision for receiving 
attachment plugs. There shall be no exposed current
carrying metal parts, and all exposed non-current
carrying metal parts shall be grounded. In all other 
respects, portable lighting equipment shall comply with 
503.130(A). 

503.135 Utilization Equipment Class Divisions 1 
and 2. 

(A) Heaters. Electrically heated utilization equipment 
shall be identified for Class III locations. 

(B) Motors. Motors of motor-driven utilization 
equipment shall comply with 503.125. 

(C) Switches, Circuit Breakers, Motor Controllers, 
and Fuses. Switches, circuit motor controllers, 
and fuses shall comply with 503.115. 

503.140 Flexible Cords Class Divisions 1 and 2. 

Flexible cords shall comply with the following: 

(l) Be of a type listed for extra-hard usage 

(2) Contain, in addition to the conductors of the circuit, 
an equipment grounding conductor complying with 
400.23 

(3) Be supported by clamps or other suitable means in 
such a manner that there will be no tension on the 
terminal connections 

(4) Be lermlinat!ed 

503.145 Receptacles and Attachment Plugs - Class 
HI, Divisions 1 and 2. Receptacles and attachment plugs 
shall be of the grounding type, shall be designed so as to 
minimize the accumulation or the entry of fibers/flyings, 
and shall prevent the escape of sparks or molten particles. 

Exception: In locations VI/here, in the judgment of the 
authority having jurisdiction, only moderate accumulations 
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503.150 ARTICLE 504 - INTRINSICALLY SAFE SYSTEMS 

of lint or flyings are likely to collect in the vicinity of a 
receptacle, and where such receptacle is readily accessible 
for routine cleaning, general-purpose grounding-type 
receptacles mounted so as to minimize the entry of 
fiberslflyings shall be permitted 

503.150 Signaling, Alarm, Remote-Control, and 
Local Loudspeaker Intercommunications Systems -. 
Class III, Divisions 1 and 2. Signaling, alarm, remote
control, and local loudspeaker intercommunications 
systems shall comply with the requirements of Article 
503 regarding wiring methods, switches, transformers, 
resistors, motors, luminaires, and related components. 

503.155 Electric Cranes, Hoists, and Similar 
Eq uipment - Class III, Divisions 1 and 2. Where 
installed for operation over combustible fibers or 
accumulations of flyings, traveling cranes and hoists for 
material handling, traveling cleaners for textile 
machinery, and similar equipment shall comply with 
503.155(A) through (D). 

(A) Power Supply. The power supply to contact 
conductors shall be electrically isolated from all other 
systems, ungrounded, and shall be equipped with an 
acceptable ground detector that gives an alarm and 
automatically de-energizes the contact conductors in 
case of a fault to ground or gives a visual and audible 
alarm as long as power is supplied to the contact 
conductors and the ground fault remains. 

(B) Contact Conductors. Contact conductors shall be 
located or guarded so as to be inaccessible to other than 
authorized persons and shall be protected against 
accidental contact with foreign objects. 

(C) Current Collectors. Current collectors shall be 
arranged or guarded so as to confine normal sparking 
and prevent escape of sparks or hot particles. To reduce 
sparking, two or more separate surfaces of contact shall 
be provided for each contact conductor. Reliable means 
shall be provided to keep contact conductors and current 
collectors free of accumulations of lint or flyings. 

(D) Control Equipment. Control equipment shall 
comply with 503.115 and 503.120. 

503.160 Storage Battery Charging Equipment - Class 
III, Divisions 1 and 2. Storage battery charging 
equipment shall be located in separate rooms built or 
lined with substantial noncombustible materials. The 
rooms shall be constructed to prevent the entrance of 
ignitible amounts of flyings or lint and shall be well 
ventilated. 
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ARTICLE 504 
I ntrinsically Safe Systems 

504.1 Scope. This article covers the installation of 
intrinsically safe (I.S.) apparatus, wiring, and systems for 
Class 1, II, and III locations. 

InfOlmational Note: For further information, see 
ANSIIISA-RP 12.06.01-2003, Recommended Practice 
for Wiring Methods for Hazardous (Class {fied) 
Locations Instrumentation - Part 1.' Intrinsic Safety. 

504.2 Definitions. 

Associated Apparatus. Apparatus in which the circuits 
are not necessarily intrinsically safe themselves but that 
affect the energy in the intrinsically safe circuits and are 
relied on to maintain intrinsic safety. Associated 
apparatus may be either of the following: 

(1) Electrical apparatus that has an alternative-type 
protection for use in the appropriate hazardous 
(classified) location 

(2) Electrical apparatus not so protected that shall not be 
used within a hazardous (classified) location 

Informational Note No.1: Associated apparatus 
has identified intrinsically safe connections for 
intrinsically safe apparatus and also may have 
connections for nonintrinsically safe apparatus. 

Informational Note No.2: An example of associated 
apparatus is an intrinsic safety barrier, which is a 
network designed to limit the energy (voltage and 
current) available to the protected circuit in the 
hazardous (classified) location, under specified fault 
conditions. 

Control Drawing. See the definition in 500.2. 

Different Intrinsically Safe Circuits. Intrinsically safe 
circuits in which the possible interconnections have not 
been evaluated and identified as intrinsically safe. 

Intrinsically Safe Apparatus. Apparatus in which all the 
circuits are intrinsically safe. 

Intrinsically Safe Circuit. A circuit in which any spark 
or thermal effect is incapable of causing ignition of a 
mixture of flammable or combustible material in air under 
prescribed test conditions. 

Informational Note: Test conditions are described in 
ANSIIUL 913-1997, Standard for Safety, Intrinsically 
Safe Apparatus and Associated Apparatus for Use in 
Class I, II, and III, Division 1, Hazardous (Classified) 
Locations. 

Intrinsically Safe System. An assembly of interconnected 
intrinsically safe apparatus, associated apparatus, and 
interconnecting cables, in that those parts of the system that 
may be used in hazardous (classified) locations are 
intrinsicaJly safe circuits. 
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ARTICLE 504 - INTRINSICALLY SAFE SYSTEMS 504.20 

Informational Note: An intrinsically safe system may 
include more than one intrinsically safe circuit. 

Simple Apparatus. An electrical component or 
combination of components of simple construction with 
well-defined electrical parameters that does not generate 
more than 1.5 volts, 100 milliamps, and 25 milliwatts, or 
a passive component that does not dissipate more than 1.3 
watts and is compatible with the intrinsic safety of the 
circuit in which it is used . 

Informational Note: The following apparatus are 
examples of simple apparatus: 

(a) Passive components, for example, switches, junction 
boxes, resistance temperature devices, and simple 
semiconductor devices such as LEDs 

(b) Sources of stored energy consisting of single 
components in simple circuits with well-defined 
parameters, for example, capacitors or inductors, 
whose values are considered when determining the 
overall safety of the system 

(c) Sources of generated energy, for example, thermocouples 
and photocells, which do not generate more than 1.5 V, 
100mA, and 25 mW 

504.3 Application of Other Articles. Except as modified 
by this article, aU applicable articles of this Code shall apply. 

504.4 Equipment. All intrinsically safe apparatus and 
associated apparatus shall be listed. 

Exception: Simple apparatus, as described on the control 
drawing, shall not be required to be listed. 

504.10 Equipment Installation. 

(A) Control Drawing. Intrinsically safe apparatus, 
associated apparatus, and other equipment shall be 
installed in accordance with the control drawing(s). 

Exception: A simple apparatus that does not interconnect 
intrinsically safe circuits. 

Informational Note No. l: The control drawing 
identification is marked on the apparatus . 

Informational Note No.2: Associated apparatus with a 
marked Urn of less than 250 V may require additional 
overvoltage protection at the inputs to limit any possible 
fault voltages to less than the Urn marked on the product. 

(B) Location. Intrinsically safe apparatus shall be 
permitted to be installed in any hazardous (classified) 
location for which it has been identified. General-purpose 
enclosures shall be permitted for intrinsically safe 
apparatus. 

Associated apparatus shall be permitted to be 
installed in any hazardous (classified) 10cation for which 
it has been identified or, if protected by other means, 
permitted by Articles 501 through 503 and Article 505. 
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Simple apparatus shall be permitted to be installed in 
any hazardous (classified) location in which the maximum 
surface temperature of the simple apparatus does not 
exceed the ignition temperature of the flammable gases or 
vapors, flammable liquids, combustible dusts, or ignitible 
fibers/flyings present. 

For simple apparatus, the maximum surface temperature 
can be determined from the values of the output power from 
the associated apparatus or apparatus to which it is connected 
to obtain the temperature class. The temperature class can be 
determined by: 

(1) Reference to Table 504.1 O(B) 

(2) Calculation using the following equatio~ : 

where: 

T surface temperature 

Po output power marked on the associated 
apparatus or intrinsically safe apparatus 

RIll thermal resistance of the simp Ie apparatus 

Tamb ambient temperature (normally 40°C) and 
reference Table 500.8(C) 

In addition, components with a surface area smaller 
than 10 cm2 (excluding lead wires) may be classi fied as 
T5 if their surface temperature does not exceed 150°C. 

Table 504.10(B) Assessment for T4 Classification According 
to Component Size and Temperature 

Total Surface Area 

Excluding Lead Wires 

<20 mm2 

~ 20 mm2 S 10 cm2 

~ 20 mm2 

~cqulrtru(,D. ror T 4 
Oassification 

Surface temperature S 275°C 

Surface temperature S 200°C 

Power not exceeding 1.3 W* 

Informational Note: The following apparatus are 
examples of simple apparatus: 

(1) Passive components, for example, switches, junction 
boxes, resistance temperature devices, and simple 
semiconductor devices such as LEDs 

(2) Sources of generated energy, for example, 
thermocouples and photocells, which do not generate 
more than 1.5 V, 100 rnA, and 25 mW 

504.20 Wiring Methods. Any of the wiring methods 
suitable for unclassified locations, including those covered 
by Chapter 7 and Chapter 8, shall be permitted for installing 
intrinsically safe apparatus. Sealing shall be as provided in 
504.70, and separation shall be as provided in 504.30. 
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504.30 ARTICLE 504 - INTRINSICALLY SAFE SYSTEMS 

504.30 Separation of Intrinsically Safe Conductors. 

(A) From Nonintrinsically Safe Circuit Conductors. 

(1) In Raceways, Cable Trays, and Cables. Conductors of 
intrinsically safe circuits shall not be placed in any raceway, 
cable tray, or cable with conductors of any nonintrinsically 
safe circuit. 

Exception No.1: Where conductors of intrinsically safe 
circuits are separated from conductors of non in trinsically 
safe circuits by a distance of at least 50 mm (2 in.) and 
secured, or by a grounded metal partition or an approved 
insulating partition. 

Informational Note: No. 20 gauge sheet metal partitions 
0.91 mm (0.03S9 in.) or thicker are generally considered 
acceptable. 

Exception No.2: Where either (1) all of the intrinsically safe 
circuit conductors or (2) all of the nonintrinsically safe 
circuit conductors are in grounded metal-sheathed or metal
clad cables where the sheathing or cladding is capable of 
carryingfault current to ground. 

Informational Note: Cables meeting the requirements of 
Articles 330 and 332 are typical of those considered 
acceptable. 

Exceptiol'} NO.3: Intrinsically safe circuits in a Division 2 or 
Zone 2 location shall be permitted to be installed in a 
raceway, cable tray, or cable along with non inc endive field 
wiring circuits when installed in accordance with 504.30(B). 

Exception No. 4: Intrinsically safe circuits passing through 
a Division 2 or Zone 2 location to supply apparatus that is 
located in a Division 1, Zone 0 or Zone 1 location shall be 
permitted to be installed in a raceway, cable tray, or cable 
along with nonincendive .field wiring circuits when 
installed in accordance with 504.30(B). 

Informational Note: Nonincendive field wiring circuits 
are described III SO 1.1O(B)(3}, S02.1 0(B)(3), 
S03.10(B)(3), SOS.1S(C)(1)(g), and S06.IS(C)(7). 

(2) Within Enclosures. Conductors of intrinsically safe 
circuits shall be secured so that any conductor that might 
~ome loose from a terminal is unlikely to come inl 
contact with another tertl1i~'!L . J~.~ ... £C>,I~~uetors shall b~ 
separated from conductors of nonintrinsically safe circuits 
by one of the methods in (I) through (4). 

(1) Separation by at least 50 mm (2 in.) from conductors 
of any nonintrinsically safe circuits. 

(2) Separation from conductors of nonintrinsically safe 
circuits by use of a grounded metal partition 0.91 mm 
(0.0359 in.) or thicker. 

(3) Separation from conductors of nonintrinsically safe 
circuits by use of an approved insulating partition. 

(4) Where either (1) all of the intrinsically safe circuit 
conductors or (2) all of the nonintrinsically safe 
circuit conductors are in grounded metal-sheathed or 
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metal-clad cables where the sheathing or cladding is 
capable of carrying fault current to ground. 

Informational Note No.1: Cables meeting the requirements 
of Articles 330 and 332 are typical of those considered 
acceptable. 

Infonnational Note No.2: The use of separate wiring 
compartments for the intrinsically safe and non intrinsically 
safe terminals is a typical method of complying with this 
requirement. 

Informational Note No.3: Physical barriers such as 
grounded metal partitions or approved insulating partitions 
or approved restricted access wiring ducts separated from 
other such ducts by at least 19 mm (% in.) can be used to 
help ensure the required separation of the wiring. 

(3) Other (Not in Raceway or Cable Tray Systems). 
Conductors and cables of intrinsically safe circuits run in 
other than raceway or cable tray systems shall be separated 
by at least 50 mm (2 in.) and secured from conductors and 
cables of any nonintrinsically safe circuits. 

Exception: Where either (1) all of the intrinsically safe 
circuit conductors are in Type MI or MC cables or (2) all 
of the nonintrinsically safe circuit conductors are in 
raceways or TypeMI or MC cables where the sheathing 
or cladding is capable of ca17yingfault current to ground. 

(B) From Different Intrinsically Safe Circuit 
Conductors. The c1ea.ranc~ between two lenninals for 
c()nnectioll" of field wiring of different intrinsically afe 
circuits shall be at least 6 mm (0.25 in.). unless this clearance 
is permitted to be reduced by the control dra\ving. biff~;~~t 
intrinsically safe circuits shal ~ be separated from each other 
by one of the following means: 

(1) The conductors of each circuit are within a grounded 
metal shield. 

(2) The conductors of each circuit have insulation with a 
minimum thickness of 0.25 mm (0.01 in.). 

Exception: Unless otherwise identified. 

504.50 Grounding. 

(A) Intrinsically Safe Apparatus, Enclosures, and 
Raceways. Intrinsically safe apparatus, enclosures, and 
raceways, if of metal, shall be connected to the equipment 
grounding conductor. 

Informational Note: In addition to an equipment grounding 
conductor connection, a connection to a grounding 
electrode may be needed for some associated apparatus, for 
example, zener diode barriers, if specified in the control 
drawing. See ANSI/ISA-RP 12.06.01-2003, ~ecoml1letlded 
Prac liCf! for Wiring Methods for Hazardous (Classified) 
Locations instrumentation - Part 1: intrinsic Safety. 

(B) Associated Apparatus and Cable Shields. Associated 
apparatus and cable shields shall be grounded in accordance 
with the required control drawing. See 504.1 O(A). 
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ARTICLE 505 - ZONE 0, 1, AND 2 LOCATIONS 505.2 

Informational Note: Supplementary connection(s) to the 
grounding electrode may be needed for some associated 
apparatus, for example, zener diode barriers, if specified 
in the control drawing. See ANSIIISA RP 12.06.01-
2003, Rt'coIllJncnded Practice.' for Wiring Methods jar 
Hazardous (Classified) Locations Instrumentation
Part 1: Intrinsic Safety. 

(C) Connection to Grounding Electrodes. Where 
connection to a grounding electrode is required, the 
grounding electrode shall be as specified in 250.52(A)(1), 
(A)(2), (A)(3), and (A)(i4) and shall comply with 
250.30(A)(4). Sections 250.52(A)(5), (A)(7), and (A)(8) 
shall not be used if any of the electrodes specified in 
250.52(A)(1), (A)(2), (A)(3), or (A)(4) are present. 

504.60 Bonding. 

(A) Hazardous Locations. In hazardous (classified) 
locations, intrinsically safe apparatus shall be bonded in the 
hazardous (classified) location in accordance with 250.100. 

(B) Unclassified. In unclassified locations, where metal 
raceways are used for intrinsically safe system wiring in 
hazardous (classified) locations, associated apparatus 
shall be bonded in accordance with 501.30(A), 502.30(A), 
503.30(A), 505.25, or 506.25 as applicable. 

504.70 Sealing. Conduits and cables that are required to 
be sealed by 501.15, 502.15, 505.16, and 506.16 shall be 
sealed to minimize the passage of gases, vapors, or dusts. 
Such seals shall not be required to be explosionproof or 
flameproof but shall be identified for the purpose of 
minimizing passage of gases, vapors, or dusts under 
normal operating conditions and shall be accessible. 

Exception: Seals shall not be required for enclosures that 
contain only intrinsically safe apparatus, except as 
required by SOl. 1 S(F) (3). 

504.80 Identification. Labels required by this section 
shall be suitable for the environment where they are 
installed with consideration given to exposure to 
chemicals and sunlight. 

(A) Terminals. Intrinsically safe circuits shall be 
identified at terminal and junction locations in a manner 
that i~i~~~~~~~J() prevent unintentional interference with 
the circuits during testing and servicing. 

(B) Wiring. Raceways, cable trays, and other wiring 
methods for intrinsically safe system wiring shall be 
identified with permanently affixed labels with the wording 
"Intrinsic Safety Wiring" or equivalent. The labels shall be 
located so as to be visible after installation and placed so that 
they may be readily traced through the entire length of the 
installation. Intrinsic safety circuit labels shall appear in 
every section of the wiring system that is separated by 
enclosures, walls, partitions, or floors. Spacing between 
labels shall not be more than 7.5 m (25 ft). 
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Exception: Circuits run underground shall be permitted to 
be identified where they become accessible after emergence 
from the ground. 

Informational Note No.1: Wiring methods permitted in 
unclassified locations may be used for intrinsically safe 
systems in hazardous (classified) locations. Without 
labels to identify the application of the wiring, 
enforcement authorities cannot determine that an 
installation is in compliance with this Code. 

[nformational Note No.2: In unclassified locations, 
identification is necessary to ensure that nonintrinsically 
safe wire will not be inadvertently added to existing 
raceways at a later date. 

(C) Color Coding. Color coding shall be permitted to 
identify intrinsically safe conductors where they are 
colored light blue and where no other conductors colored 
light blue are used. Likewise, color coding shall be 
permitted to identify raceways, cable trays, and junction 
boxes where they are colored light blue and contain only 
intrinsically safe wiring. 

ARTICLE 505 
Clas~J,~~~9,J,J~~d 2 Locations 

Informational Note: Text that is followed by a reference 
in brackets has been extracted from NFPA 497-2008, 
Recommended Practice for the Classification of 
Flammable Liquids, Gases, or Vapors and of Hazardous 
(Class[fied) Locations for Electrical Installations in 
Chemical Process Areas. Only editorial changes were 
made to the extracted text to make it consistent with this 
Code. 

505.1 Scope. This article covers the requirements for the 
zone classification system as an alternative to the division 
classification system covered in Article 500 for electrical 
and electronic equipment and wiring for all voltages in 
Class I, Zone 0, Zone 1, and Zone 2 hazardous (classified) 
locations where fire or explosion hazards may exist due to 
flammable gases, vapors, or liquids. 

InfOlmational Note: For the requirements for electrical 
and electronic equipment and wiring for all voltages in 
Class I, Division 1 or Division 2; Class II, Division 1 or 
Division 2; and Class Ill, Division 1 or Division 2 
hazardous (classified) locations where fire or explosion 
hazards may exist due to flammable gases or vapors, 
flammable liquids, or combustible dusts or fibers, refer 
to Articles 500 through 504. 

505.2 Definitions. For purposes of this article, the 
following definitions apply. 

Combustible Gas Detection System. A protection 
technique utilizing stationary gas detectors in industrial 
establishments. 
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505.2 ARTICLE 505 - ZONE 0, 1, AND 2 LOCATIONS 

Electrical and Electronic Equipment. Materials, 
fittings, devices, appliances, and the like that are part of, 
or in connection with, an electrical installation. 

Informational Note: Portable or transportable equipment 
having self-contained power supplies, such as battery
operated equipment, could potentially become an 
ignition source in hazardous (classified) locations. 

Encapsulation "m." Type of protection where electrical 
parts that could ignite an explosive atmosphere by either 
sparking or heating are enclosed in a compound in such a 
way that this explosive atmosphere cannot be ignited. 

Informational Note No.1: See ANSIIISA-60079-18 
(12.23.01)-2009, Electrical Apparatus for Use in Class 
I, Zone 1 Hazardous (Classified) Locations, Type of 
Protection - Encapsulation "m"; IEe 60079-18-1992, 
Electrical apparatus for explosive gas atmospheres -
Part 18: Encapsulation "m "; and ANSIIUL 60079-18, 
Electrical Apparatus for Explosive Gas Atmospheres -
Part 18: Encapsulation "m". 

Informational Note No.2: Encapsulation is designated 
type of protection "ma" for use in Zone 0 locations. 
Encapsulation is designated type of protection "m" or 
"mb" for use in Zone 1 locations. 

Flameproof "do" Type of protection where the enclosure 
will withstand an internal explosion of a flammable 
mixture that has penetrated into the interior, without 
suffering damage and without causing ignition, through 
any joints or structural openings in the enclosure, of an 
external explosive gas atmosphere consisting of one or 
more of the gases or vapors for which it is designed. 

Informational Note: See ANSIIISA-60079-1 (12.22.01)-
2.098 , EXf1I(J,\i~'(' Almo:.pher,'" Pari I : EqullllJI~'11 
l11;';/t'clion byjiamepmo/ t'lldo \ II"C'V t,,,,,., and ANSIIUL 
60079-1, Electrical Apparatus for Explosive Gas 
Atm05pheres - Part 1: Flameproof Enclosures rid. " 

Increased Safety "eo" Type of protection applied to 
electrical equipment that does not produce arcs or sparks in 
normal service and under specified abnormal conditions, in 
which additional measures are applied so as to give 
increased security against the possibility of excessive 
temperatures and of the occurrence of arcs and sparks. 

Informational Note: See ANSI/JSA-60079-7 02.16.01)-
2008. Explosive Atmo.'ipht'f(>.. Pan7:§qllip~'!..e.f'.~ 
pr()( "[liun hy incrC'Q.\ed safot)' "I:' " ; and ANSIiUL 60079-
7, Electrical Apparatus for Explosive Gas Atmospheres -
Part 7: Increased Safe~y "e. " 

Intrinsic Safety "i." Type of protection where any spark 
or thermal effect is incapable of causing ignition of a 
mixture of flammable or combustible material in air under 
prescribed test conditions. 

InformationaL Note No. 1: See ANSIIUL 913-1997, 
Intrinsically Safe Apparatus and Associated Apparatus for 
Use in Class 1, IL and IlL Hazardous Locations; ANSIIISA-
60079-11 (12.02.01)-2009, Explosive A"'KJ.:,plu.'~ :I)((nJ/j 

70-398 

f.qllipml!JlI protectioll hy lIIfrinsi£' .~'(Jf(!ry "i "; and ANSllUL 
60079-11. Explo ivc AtmnVJher(' , Pm1 /I: Equipment 
pmtection h)' inlrimic 'a}f!ty':r" 

Informational Note No.2: Intrinsic safety is designated 
type of protection "ia" for use in Zone 0 locations. 
Intrinsic safety is designate~~yp~of protection "ib" for 
use in Zone 1 locations. Intrinsic safety is designated! 
~ype ofprotcction "ie" ror_usc .. irl~r~~~I~~.ti.(}~~: 

Informational Note No.3: Intrinsically safe associated 
apparatus, designated by [iaJ.JibJ. or ric]. is connected 
to intrinsically safe apparatus ("is," "ih:' or hie:' 
respectively) but is located outside the hazardous 
(classified) location unless aLso protected by another 
type of protection (such as flameproof). 

Oil Immersion "00" Type of protection where electrical 
equipment is immersed in a protective liquid in such a 
way that an explosive atmosphere that may be above the 
liquid or outside the enclosure cannot be ignited. 

Informational Note: See ANSJlISA-60079-6 (12.00.05)-
2009, £xplm ;\.~ AIIIW phtJNl . PQl1 6: EqUipment 

l!."ou:c.fiC!~/~X_(}Jrt'!'II'~~i(]_f! _ ::g':· and ANSIIUL 60079-
6, Electrical Apparatus for Explosive Gas Atmospheres 
- Part 6: Oil-Immersion "0." 

Powder Filling "q." Type of protection where electrical 
parts capable of igniting an explosive atmosphere are 
fixed in position and completely surrounded by filling 
material (glass or quartz powder) to prevent the ignition 
of an external explosive atmosphere. 

Informational Note: See ANSTlISA-60079-5 (12.00.04)-
2009. E'piosil'e Alm(l.~f1her~, Part 5: Equipment 
pmlcc';oll hXpow~/(!l'jl!~i~g"q':; and ANSIIUL 60079-
5, Electrical Apparatus for Explosive Gas Atmospheres 
- Part 5: Powder Filling "q. " 

Pressurization "po" Type of protection for electrical 
equipment that uses the technique of guarding against the 
ingress of the external atmosphere, which may be 
explosive, into an enclosure by maintaining a protective gas 
therein at a pressure above that of the external atmosphere. 

Informational Note: See ANSIIISA-60079-2 (12.04.01)-
2004, £'(plo~i\'e Atmospheres, ' Part 2: £llu;pmellf 
protection hy pl·('.~uriZf!.cJl'.m:lo. 1I1'(!.~ .. " "; and lEe 
60079- J 3. Electrical apparatus for explosive gas 
atmospheres - Part 13: Constrnction and use of rooms 
or buildings protected by pressurization. 

Type of Protection "n." Type of protection where 
electrical equipment, in normal operation, is not capable 
of igniting a surrounding explosive gas atmosphere and a 
fault capable of causing ignition is not likely to occur. 

Informational Note: See ANSI/UL 60079-15, Electrical 
Apparatus for Explosive Gas Atmospheres - Part 15: 
Type of Protection "n"; and ANSIIISA-60079-15 
(12.12.02)-2008, Electrical Apparatus for Use in Class 
I, Zone 2 Hazardous (Classified) Locations: Type of 
Protection "n. " 
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ARTICLE 505 -ZONE 0,1, AND 2 LOCATIONS 505.5 

Unclassified Locations. Locations determined to be 
neither Class I, Division 1; Class I, Division 2; Class I, 
Zone 0; Zone 1; Zone 2; Class II, Division 1; Class II, 
Division 2; Class III, Division 1; Class III, Division 2; or 
any combination thereof. 

505.3 Other Articles. All other applicable rules 
contained in this Code shall apply to electrical equipment 
and wiring installed in hazardous (classified) locations. 

Exception: As mod~fied by Article 504 and this article. 

505.4 General. 

(A) Documentation for Industrial Occupancies. All 
areas in industrial occupancies designated as hazardous 
(classified) locations shall be properly documented. This 
documentation shall be available to those authorized to 
design, install, inspect, maintain, or operate electrical 
equipment at the location. 

Infonnational Note: For examples of area classification 
drawings, see ANSI/API RP 505-1997, Recommended 
Practice for Classification of Locations for Electrical 
Installations at Petroleum Facilities Classified as Class 
1, Zone OJ Zone 1, or Zone 2; ANSIIISA-TR(12.24.01)-
1998 (lEC 60079-10 Mod), Recommended Practice for 
Classification of Locations for Electrical Installations 
Classified as Class 1, Zone OJ Zone 1, or Zone 2; lEC 
60079-10-1995, Electrical Apparatus for Explosive Gas 
Atmospheres, Classification of Hazardous Areas; and 
Model Code of Safe Practice in the Petroleum IndustlY, 
Part 15: Area Classification Code for Petroleum 
Installations,IP 15, The Institute of Petroleum, London. 

(B) Reference Standards. Important information relating 
to topics covered in Chapter 5 may be found in other 
publications. 

Informational Note No.1: It is important that the 
authority having jurisdiction be familiar with recorded 
industrial experience as well as with standards of the 
National Fire Protection Association (NFPA), the 
American Petroleum Institute (API), the Inh::malional 
Society of Automation ((SA). and the International 
Electrotechnical Commission (lEC) that may be of use in 
the classification of various locations, the detennination 
of adequate ventilation, and the protection against static 
electricity and lightning hazards. 

Infonnational Note No.2: For further infonnation on the 
classification of locations, see FPA 4tJ7-200H. 
Recommended Practice Jor Ihe Classi(inllioll vf 
Flummah/e Li(IU;(bJ. GO.H!s. or J'apvr,\ and of /laza,.e/ou." 
(C/a3 {lied} l.ocalio1l\' for Electrical Imtallalion. in 
Chemical Proct''( Area; ANSI/APT RP 505-1997, 
Recommended Practice for Class(fication of Locations 
for Electrical Installations at Petroleum Facilities 
Classified as Class 1, Zone 0, Zone 1, or Zone 2; 
ANSIIISA-TR(12.24.01)-1998 (lEe 60079-10-Mod), 
Recommended Practice for Classification of Locations 
for Electrical Installations Classified as Class 1, Zone 0, 
Zone 1, or Zone 2; lEC 60079-10-1995 , Electrical 
Apparatus for Explosive Gas Atmospheres, Classification 
of Hazardous Areas; and Model Code of Safe Practice in 
the Petroleum Indus fly, Part 15: Area Classification 
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Code for Petroleum Installations, IP 15, The Institute of 
Petroleum, London. 

Informational Note No.3: For further information on 
protection against static electricity and lightning hazards 
in hazardous (classified) locations, see NFP A 77-2007, 
Recommended Practice on Static Electricity; NFP A 780-
20 II. Standard for the Installation of Lightning 
Protection Systems; and API RP 2003-1998, Protection 
Against Ignitions AriSing Out of Static Lightning and 
Stray Currents. 

Infonnational Note No.4: For further information on 
ventilation, see NFP A 30-2008 Flammable and 
CombustibLe Liquids Code, and ANSI! API RP 505-1997, 
Recommended Practice for Classification of Locations 
for Electrical Installations at Petroleum Facilities 
Classified as Class 1, Zone 0, Zone 1, or Zone 2. 

Informational Note No.5: For further information on 
electrical systems for hazardous (classified) locations on 
offshore oil and gas producing platforms, see ANSI! API 
RP 14FZ-2000, Recommended Practice for Design and 
Installation of Electrical Systems for Fixed and Floating 
Offshore Petroleum Facilities for Unclassified and Class 
I, Zone 0, Zone 1, and Zone 2 Locations. 

Informational Note No.6: For further information on the 
installation of electrical equipment in hazardous 
(classified) locations in general, see lEC 60079-14-1996, 
Electrical apparatus for explosive gas atmospheres -
Part 14: Electrical installations in explosive gas 
atmospheres (other than mines), and IEC 60079-16-1990, 
Electrical apparatus for explosive gas atmospheres 
Part 16: A rtificial ventilation for the protection of 
analyzer(s) houses. 

Informational Note No.7: For further information on 
application of electrical equipment in hazardous 
(classified) locations in general, see ANSIIISA-60079-0 
(12.00.01)-2005 , Electrical Apparatus for Use in Class 1, 
Zones 0. and 14 Hazardous (Classified) Locations: 
General Requirements; ANSIIISA-12 .01 .01-1999, 
Definitions and Information Pertaining to Electrical 
Apparatus in Hazardous (Classified) Locations; and 
ANSI/UL 60079-0, Electrical Apparatus for Explosive 
Gas Atmospheres - Part 0: General Requirements. 

505.5 Classifications of Locations. 

(A) Classification of Locations. Locations shall be 
classified depending on the properties of the flammable 
vapors, liquids, or gases that may be present and the 
likelihood that a flammable or combustible concentration 
or quantity is present. Where pyrophoric materials are the 
only materials used or handled, these locations shall not 
be classified. Each room, section, or area shall be 
considered individually in determining its classification. 

Infonnational Note No.1: See 505.7 for restrictions on 
area classification. 

Informational Note No.2: Through the exercise of 
ingenuity in the layout of electrical installations for 
hazardous (classified) locations, it is frequently possible 
to locate much of the equipment in reduced level of 
classification or in an unclassified location and, thus, to 
reduce the amount of special equipment required. 
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Rooms and areas contammg ammonia refrigeration 
systems that are equipped with adequate mechanical 
ventilation may be classified as "unclassified" locations. 

lnfonnational Note: For further information regarding 
classification and ventilation of areas involving ammonia, 
see ANSlIASHRAE 15-1994, Safety Code jar "Mechanical 
Refrigeration; and ANSI/eGA G2.1-1989 (14-39), Safety 
Requirements jar the and Handling of Anhydrous 
Ammonia. 

(B) Class I, Zone 0, 1, and 2 Locations. Class I, Zone 0, 1, 
and 2 locations are those in which flammable gases or vapors 
are or may be present in the air in quantities sufficient to 
produce explosive or ignitible mixtures. Class I, Zone 0, 1, 
and 2 locations shall include those specified in 505(B)(1), 
(B)(2), and (B)(3). 

(1) Class I, Zone O. A Class I, Zone ° location is a location 
in which 

(l) Ignitible concentrations of flammable gases or vapors 
are present continuously, or 

(2) [gnitible concentrations of flammable gases or vapors 
are present for long periods of time. 

Informational Note No.1: As a guide in detennining when 
flatmnable gases or vapors are present continuously or for 
long periods of time, refer to ANSI/API RP 505-1997, 
Recommended Practice jar Classification of Locations for 
Electrical Installations of Petroleum Facilities Classified as 
Class I, Zone 0, Zone lor Zone 2; ANSIJISA-TR12.24.01-
1998 (IEe 60079-10 Mod), Recommended Practice 
Classification of Locations for Electrical Installations 
Classified as Class 1, Zone 0, Zone I, or Zone 2; TEe 
60079-10-1995, Electrical apparatus explosive gas 
atmospheres. classifications of hazardous areas; and Area 
Classification Code for Petroleum Installations, Afodel 
Code. Part 15, Institute of Petroleum. 

Informational Note No.2: This classification" includes 
locations inside vented tanks or vessels that contain volatile 
flannnable liquids; inside inadequately vented spraying or 
coating enclosures, where volatile flammable solvents are 
used; between the inner and outer roof sections of a floating 
roof tank containing volatile flammable liquids; inside open 
vessels, tanks and pits containing volatile flammable 
liquids; the interior of an exhaust duct that is used to vent 
ignitible concentrations of gases or vapors; and inside 
inadequately ventilated enclosures that contain normally 
venting instruments utilizing or analyzing flammable fluids 
and venting to the inside ofthe enclosures. 

Informational Note No.3: It is not good practice to install 
electrical equipment in Zone 0 locations except when the 
equipment is essential to the process or when other 
locations are not feasible. [See 505.S(A) Informational Note 
No.2.] If it is necessary to install electrical systems in a 
Zone 0 location, it is good practice to install intrinsically 
safe systems as described by Article 504. 

(2) Class I, Zone 1. A Class I, Zone 1 location is a location 

(1) In which ignitible concentrations of flammable gases or 
vapors are likely to exist under nonnal operating 
conditions; or 
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(2) In which ignitible concentrations of flammable gases or 
vapors may exist frequently because of repair or 
maintenance operations or because ofleakage; or 

(3) In which equipment is operated or processes are carried 
on, of such a nature that equipment breakdown or faulty 
operations could result in the release of ignitible 
concentrations of flammable gases or vapors and also 
cause simultaneous failure of electrical equipment in a 
mode to cause the electrical equipment to become a 
source of ignition; or 

(4) That is adjacent to a Class 1, Zone ° location from which 
ignitible concentrations of vapors could be 
communicated, unless communication is prevented by 
adequate positive pressure ventilation from a source of 
clean air and effective safeguards against ventilation 
failure are provided. 

Informational Note No.1: Nonnal operation is considered 
the situation when plant equipment is operating within its 
design parameters. Minor releases of flammable material 
may be part of normal operations. Minor releases include 
the releases from mechanical packings on pumps. Failures 
that involve repair or shutdown (such as the breakdown of 
pump seals and flange gaskets, and spillage caused by 
accidents) are not considered nonnal operation. 

Informational Note No.2: This classification usually 
includes locations ,v,here volatile flammable liquids or 
liquefied flammable gases are transtelTed from one 
container to another. In areas in the vicinity of spraying and 
painting operations where flammable solvents are used; 
adequately ventilated drying rooms or compartments for 
evaporation of flammable solvents; adequately ventilated 
locations containing fat and oil extraction equipment using 
volatile flammable solvents; portions of cleaning and 
dyeing plants where volatile flammable liquids are used; 
adequately ventilated gas generator rooms and other 
portions of gas manufacturing plants where flammable gas 
may escape; inadequately ventilated pump rooms for 
flammable gas or for volatile flammable liquids; the 
interiors of refrigerators and freezers in which volatile 
flammable materials are stored in the open, lightly 
stoppered, or in easily ruptured containers; and other 
locations where ignitible concentrations of flammable 
vapors or gases are likely to occur in the course of normal 
operation but not classified Zone O. 

(3) Class I, Zone 2. A Class I, Zone 2 location is a location 

(1) In which ignitible concentrations of flammable gases or 
vapors are not likely to occur in normal operation and, if 
they do occur, will exist only for a short period; or 

(2) In which volatile flammable liquids, flammable gases, 
or flammable vapors are handled, processed, or used but 
in which the liquids, gases, or vapors normally are 
confined within closed containers of closed systems 
from which they can escape, on1y as a result of 
accidental rupture or breakdown of the containers or 
system, or as a result of the abnormal operation of the 
equipment with which the liquids or gases are handled, 
processed, or used; or 
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(3) In which ignitible concentrations of flammable gases or 
vapors nonnally are prevented by positive mechanical 
ventilation but which may become hazardous as a result 
of failure or abnormal operation of the ventilation 
equipment; or 

(4) That is adjacent to a Class I, Zone 1 location, from which 
ignitible concentrations of flammable gases or vapors 
could be communicated, unless such communication is 
prevented by adequate positive-pressure ventilation from 
a source of clean air and effective safeguards against 
ventilation failure are provided. 

Infonnational Note: The Zone 2 classification usually 
includes locations where volatile flammable liquids or 
flammable gases or vapors are used but which would 
become hazardous only in case of an accident or of 
some unusual operating condition. 

505.6 Material Groups. For purposes of testing, 
approval, and area classification, various air mixtures (not 
oxygen enriched) shal1 be grouped as required in 
505.6(A), (B), and (C). 

lnformational Note: Group I is intended for use in 
describing atmospheres that contain firedamp (a mixture 
of gases, composed mostly of methane, found 
underground, usually in mines). This Code does not apply 
to installations underground in mines. See 90.2(B). 

Group II shall be subdivided into lIC, lIB, and IIA, as 
noted in 505.6(A), (B), and (C), according to the nature of 
the gas or vapor, for protection techniques "d," "ia," "ib/' 
"[ia]," and "[ib]," and, where applicable, "n" and "0." 

Informational Note No.1: The gas and vapor subdivision 
as described above is based on the maximum 
experimental safe gap (MESG), minimum igniting current 
(MIC), or both. Test equipment for determining the 
MESG is described in IEC 60079-IA-1975, Amendment 
No. 1 (1993), Construction and verification tests of 
flameproof enclosures electrical apparatus; and UL 
Technical Report No. 58 (1993). The test equipment for 
determining MIC is described in IEC 60079-]] -] 999, 
Electrical apparatus for gas atmospheres -
Part II: Intrinsic 1. classification of gases or 
vapors according to their maximum experimental safe 
gaps and minimum igniting currents is described in lEC 
60079-12-] 978, Classification of mixtures of gases or 
vapow's with air according to their maximum 
experilnental safe gaps and minimum igniting currents. 

Informational Note No.2: Verification of electrical 
equipment utilizing protection techniques "e," "m," "p," 
and "q," due to design technique, does not require tests 
involving MESG or MIC. Therefore, Group II is not 
required to be subdivided for these protection techniques. 

Informational Note No.3: It is necessary that the 
meanings of the different equipment markings and Group 
II classifications be carefully observed to avoid confusion 
with Class J, Divisions 1 and 2, Groups A, B, C, and D. 

Class T, Zone 0, 1, and 2, groups shall be as follows: 
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(A) Group nc. Atmospheres containing acetylene, 
hydrogen, or flammable gas, flammable liquid-produced 
vapor, or combustible liquid-produced vapor mixed with 
air that may burn or explode, having either a maximum 
experimental safe gap (MESO) value less than or equal to 
0.50 mm or minimum igniting current ratio (MIC ratio) 
less than or equal to 0.45. [497:3.3.5.2.1] 

Informational Note: Group lIC is equivalent to a 
combination of Class I, Group A, and Class I, Group B, 
as described in 500.6(A)(l) and (A)(2). 

(B) Group UB. Atmospheres containing acetaldehyde, 
ethylene, or flammable gas, flammable liquid-produced 
vapor, or combustible liquid-produced vapor mixed with 
air that may burn or explode. having either maximum 
experimental safe gap (MESG) values greater than 0.50 
mm and less than or equal to 0.90 mm or minimum 
igniting current ratio (MIC ratio) greater than 0.45 and 
less than or equal to 0.80. [497:3.3.5.2.2] 

Informational Note: Group lIB is equivalent to Class 1, 
Group C, as described in 500.6(A)(3). 

(C) Group llA. Atmospheres acetone, ammonia, 
ethyl alcohol, gasoline, methane, propane, or tlammable gas, 
flammable liquid-produced vapor, or combustible liquid~ 
produced vapor mixed with air that may burn or explode, 
having either a maximum experimental safe gap (MESO) 
value greater than 0.90 mm or minimum igniting current 
ratio (MIC ratio) greater than 0.80. [497:3.3.5.2.3] 

Informational Note: Group IIA is equivalent to Class I, 
Group 0 as described in 500.6(A)(4). 

505.7 Special Precaution. Article 505 requires equipment 
construction and installation that ensures safe performance 
under conditions of proper use and maintenance. 

Informational Note No. I: It is important that inspection 
authorities and users exercise more than ordinary care 
with regard to the installation and maintenance of 
electrical equipment in hazardous (c1assified) locations. 

Informational Note No.2: Low ambient conditions 
require special consideration. Electrical equipment 
depending on the protection techniques described by 
50S.8(A) may not be suitable for use at temperatures 
lower than ·20°C (-4°F) unless they are identiiled for 
use at lower temperatures. Hmvever, at low ambient 
temperatures, flammable concentrations of vapors may 
not exist in a location classified Class I, Zones 0, 1, or 2 
at normal ambient temperature. 

(A) Implementation of Zone Classification 
Classification of areas, engineering and selection 
of equipment and wiring methods, installation, and 
inspection shall be performed by qualified persons. 

(B) Dual Classification. In instances of areas within the 
same facility classified separately, Class I, Zone 2 locations 
shall be permitted to abut, but not overlap, Class T, Division 
2 locations. Class 1, Zone 0 or Zone I locations shall not 
abut Class I, Division 1 or Division 2 locations. 
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(C) Reclassification Permitted. A Class I, Division 1 or 
Division 2 location shall be permitted to be reclassified as 
a Class I, Zone 0, Zone 1, or Zone 2 location, provided all 
of the space that is classified because of a single 
flammable gas or vapor source is reclassified under the 
requirements of this article. 

(D) Solid Obstacles. Flameproof equipment with flanged 
joints shall not be installed such that the flange openings 
are closer than the distances shown in Table 505.7(D) to 
any solid obstacle that is not a part of the equipment (such 
as steelworks, walls, weather guards, mounting brackets, 
pipes, or other electrical equipment) unless the equipment 
is listed for a smaller distance of separation. 

Table 505.7(D) Minimum Distance of Obstructions from 
Flameproof "d" Flange Openings 

Gas Group 

lIC 

lIB 

IIA 

Minimum Distance 

mm 

40 

30 

10 

in. 

1 37/64 

1 3/16 

25/64 

(E) Simultaneous Presence of Flammable Gases and 
Combu tib-Ie Dusts or Fibers/Flying. Where flllmmable 
gases, combustible dusts. or fibers/flyings are or may b~ 
present at the same time. the simultaneous presence shall 
be considered during the selection and installation of tb~ 
electrical equipment and the wiring methods. including 
the determination ofthe~~t~9P(!ratil1 ·tC;rJlpcraturc of th~ 
~1~~tri~~I , ~ql1iprllf!flt. 

505.8 Protection Techniques. Acceptable protection 
techniques for electrical and electronic equipment in 
hazardous (classified) locations shall be as described in 
50S.8(A) through (I). 

Informational Note: For additional information, see 
ANSIIISA-60079-0 (12.00.01 )-2009, Electrical 
Apparatus for Use in Class 1, Zones p. I. ami 2 
Hazardous (Classified) Locations, GeneraL Requirements; 
ANSIl[SA-12.01.01-1999, Definitions and Information 
Pertaining to ELectrical Apparatus in Hazardous 
(Classified) Locations; and ANSIIUL 60079-0, Electrical 
Apparatus for Explosive Gas Atmospheres - Part 0: 
General Requirements. 

(A) Flameproof "d". This protection technique shall be 
permitted for equipment in Class I, Zone 1 or Zone 2 
locations. 

(B) Purged and Pressurized. This protection technique 
shall be permitted for equipment in those Class I, Zone 1 
or Zone 2 locations for which it is identified. 

(C) Intrinsic Safety. This protection technique shall be 
permitted for apparatus and associated apparatus in Class I, 
Zone 0, Zone 1, or Zone 2 locations for which it is listed. 
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(D) Type of Protection "n". This protection technique 
shall be permitted for equipment in Class I, Zone 2 
locations. Type of protection "n" is further subdivided 
into nA, nC, and nR. 

Informational Note: See Table SOS,9(C)(2)( 4) for the 
descriptions of subdivisions for type of protection "n". 

(E) Oil Immersion "0". This protection technique shall 
be permitted for equipment in Class I, Zone 1 or Zone 2 
locations. 

(F) Increased Safety "e". This protection technique shall 
be permitted for equipment in Class I, Zone 1 or Zone 2 
locations. 

(G) Encapsulation "m". This protection technique shall 
be permitted for egllipme,Ilt iI1Cla~~} . Zone O~ Zone l, or 
Zone 2 locations for whlch 'T. h "ldentIfied. 

Informationa1 Note: Sec Table 505.9(C)(2)(4) for tbe 
dc~criptions ofSubdivisi(}ns.for encapsulation 

(~) Powder Filling "q". This protection technique shall be 
permitted for equipment in Class I, Zone 1 or Zone 2 
locations. 

(I) Combustible Gas Detection System. A combustible 
gas detection system shall be permitted as a means of 
protection in industrial establishments with restricted public 
access and where the conditions of maintenance and 
supervision ensure that only qualified persons service the 
installation. Where such a system is installed, equipment 
specified in 505.8(1)(1), (1)(2), or (1)(3) shall be permitted. 
The type of detection equipment, its listing, installation 
location(s), alarm and shutdown criteria, and calibration 
frequency shall be documented when combustible gas 
detectors are used as a protection technique. 

Informational Note No.1: For further information, see 
ANSIIAPI RP 505-1997, Recommended Practice for 
Classification of Locations for Electrical Installations at 
Petroleum Facilities Classified as Class I, Zone 0, Zone 
I, and Zone 2. 

Informational Note No.2: For further information, see 
ANSIIlSA-60079-29-2. Explo.m·(! AlmO!lplreres - PorI 29-
2: Gail deledo/"o - Selectioll. in.. lalla/ion, "c and 
maintenallce of d€/l!Clors /orjlammabil! ga'i: and Qxygen. 

Informational Note No.3: for filrther information. e< 

ISA-TRI2.13.03, Guidl' /(11' Combustihlu Gas DC'lectiol1 
(is a .\let/wel of Protection. 

(1) Inadequate Ventilation. In a Class I, Zone 1 location 
that is so classified due to inadequate ventilation, 
electrical equipment suitable for Class 1, Zone 2 locations 
shall be permitted. Combustible gas detection equipment 
shall be listed for Class I, Zone 1, for the appropriate 
material group, and for the detection of the specific gas or 
vapor to be encountered. 
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(2) Interior of a Building. In a building located in, or 
with an opening into, a Class I, Zone 2 location where the 
interior does not contain a source of flammable gas or 
vapor, electrical equipment for unclassified locations shall 
be permitted. Combustible gas detection equipment shall 
be listed for Class r, Zone 1 or Class I, Zone 2, for the 
appropriate material group, and for the detection of the 
specific gas or vapor to be encountered. 

(3) Interior of a Control Panel. In the interior of a 
control panel containing instrumentation utilizing or 
measuring flammable liquids, gases, or vapors, electrical 
equipment suitable for Class r, Zone 2 locations shall be 
permitted. Combustible gas detection equipment shall be 
listed for Class I, Zone 1, for the appropriate material 
group, and for the detection of the specific gas or vapor to 
be encountered. 

505.9 Equipment. 

(A) Suitability. Suitability of identified equipment shall 
be determined by one of the following: 

(1) Equipment listing or labeling 

(2) Evidence of equipment evaluation from a qualified 
testing laboratory or inspection agency concerned 
with product evaluation 

(3) Evidence acceptable to the authority having 
jurisdiction such as a manufacturer's self-evaluation 
or an owner's engineering judgment 

Informational Note: Additional documentation for 
equipment may include certificates demonstrating 
compliance with applicable equipment standards, 
indicating special conditions of use, and other pertinent 
information. 

(B) Listing. 

(1) Equipment that is listed for a Zone 0 location shall be 
permitted in a Zone 1 or Zone 2 location ofthe same gas 
or vapor, provided that it is installed in accordance with 
the requirements for the marked type of protection. 
Equipment that is listed for a Zone 1 location shall be 
permitted in a Zone 2 location of the same gas or vapor, 
provided that it is installed in accordance with the 
requirements for the marked type of protection. 

(2) Equipment shall be permitted to be listed for a specific 
gas or vapor, specific mixtures of gases or vapors, or 
any specific combination of gases or vapors. 

Infonnational Note: One common example is equipment 
marked for "lIB. H2." 

(C) Marking. Equipment shall be marked in accordance 
with SOS.9(C)(l) or (C)(2). 

(1) Division Equipment. Equipment identified for Class 
I, Division 1 or Class I, Division 2 shall, in addition to 
being marked in accordance with SOO.8(C), be permitted 
to be marked with all of the following: 
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(1) Class I, Zone 1 or Class I, Zone 2 (as applicable) 

(2) Applicable gas classification group(s) in accordance 
with Table SOS.9(C)(l )(2) 

(3) Temperature classification in accordance with 
SOS.9(D)(I) 

Table SOS.9(C)(1)(2) Gas Classification 

Gas 

IIC 

ITB 

IIA 

Comment 

See 505.6(A) 

See 505.6(B) 

See 

(2) Zone Equipment. Equipment meeting one or more of 
the protection techniques described in SOS.8 shall be 
marked with all of the following in the order shown: 

(1) Class 

(2) Zone 

(3) Symbol "AEx" 

( 4) Protection techniq ue( s) in accordance with Table 
SOS.9(C)(2)(4) 

(S) Applicable gas classification group(s) in accordance 
with Table 50S.9(C)(1 )(2) 

(6) Temperature classification in accordance with 
SOS.9(D)( 1) 

Exception No.1: Associated apparatus NOT suitable for 
installation in a hazardous (class~fied) location shall be 
required to be marked only with (3), (4), and (5), but 
BOTH the symbol AEx (3) and the symbol for the type of 
protection (4) shall be enclosed within the same square 
brackets, for example. [AEx ta] lIe. 

Exception No.2: Simple apparatus as defined in 504.2 shall 
not be required to have a marked operating temperature or 
temperature class. 

Electrical equipment of types of protection "e," "m," 
"rna," "mb," "px," "py," "pz," or "q" shall be marked Group 
II. Electrical equipment of types of protection "d," "ia," 

shall be marked Group HA, 
lIB, or lIC, or for a specific gas or vapor. Electrical 
equipment of types of protection "n" shall be marked Group 
II unless it contains enclosed-break devices, nonincendive 
components, or energy-limited equipment or circuits, in 
which case it shall be marked Group IIA, 11B, or lIC, or a 
specific gas or vapor. Electrical equipment of other types of 
protection shall be marked Group II unless the type of 
protection utilized by the equipment requires that it be 
marked Group HA, lIB, or lIC, or a specific gas or vapor. 

Infonnational Note No.1: An example of the required 
marking for intrinsically safe apparatus for installation 
in Class I, Zone 0 is "Class 1, Zone 0, AEx ia TIC T6." 
An explanation of the marking that is required is shown 
in Informational Note Figure 505.9(C)(2). 
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Informational Note No.2: An example of the required 
marking for intrinsically safe associated apparatus 
mounted in a flameproof enclosure for installation in 
Class 1, Zone 1 is "Class I, Zone 1 AEx d[ia] IIC T4." 

Informational Note No.3: An example of the required 
marking for intrinsically safe associated apparatus NOT 
for installation in a hazardous (classified) location is 
"[AEx ia] nc." 
Informational Note No.4: The EPL (or equipment 
protection level) may appear in the! product marking. 
EPLs are d ' ignated G for gas. D for dust. or M for 
mining and arc then followed by a letter (a. b, or c) to give 
the u 'cr n bener understanding as (0 \\ hether the 
equipment providc~ either (a) a ..... ery high:' (b) a "high," 
or (e) an "enhanced" level of pro Icc lion against ig.nition of 
an cxploshc almo pherc. For example. an AEx d lie T4 
motor (which is suitable by prot ction concept for 
application in Zone I) may additionally be marked with 
an EPL of hGb" to indicate that il \\8S provided with a 
high level of protection. such as AEx d He T4 Gb. 

Informational Note No.5 : Equipment in£tallt!d outside a 
Zone 0 location, cl~trically conn('cted 10 equipment 
located in~ide a Zone 0 location, may be mark d Cia I, 
Zone 011. The .'(' indicates that equipment contains a 
separation clement and can be installed at the boundary 
between a Zone 0 and a Zone I locatIon. See ANSl'lSA-
60079-26. Electrical Apparalus for US(J ill Cla~ I. Zone. 
QJJ/IZf!':c!PU ' ((!q~~'irjjecJ)L(1('atiolls. 

Example: Class I Zone 0 AEx ia 

Area classification I I 

Symbol for equipment built to American ~ 
standards 

Type(s) of protection designation ---------' 

IIC 

Gas classification group (not required for protection ---......I 
techniques indicated in 505.6, FPN No.2) 

T6 

Temperature classification _~ ___________ -J 

FPN Figure 505.9(C)(2) Zone Equipment Marking. 

Informational Note Figure 505.9(C)(2) Zone 
Equipment Marking. 

(D) Class I Temperature. The temperature marking 
specified below shall not exceed the ignition temperature 
of the specific gas or vapor to be encountered. 

Informational Note: For information regarding ignition 
temperatures of gases and vapors, see NFP A 497 -2008, 
Recommended Practice for the Classification of 
Flammable Liquids, Gases, or Vapors and of Hazardous 
(Class~fied) Locations for Electrical Installations in 
Chemical Process Areas; and IEC 60079-20-1996, 
Electrical Apparatus for Explosive Gas Atmospheres, 
Data for Flammable Gases and Vapours, Relating to the 
Use of Electrical Apparatus. 
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Table 505.9(C)(2)( 4) Types of Protection Designation 

Designation 

d 
db 
e 

~~ 
ia 
ib 

ic 
[ia] 
[ib] 

(ie] 
m 
ma 

mb 

nA 

nAc 
nC 

nCe 

nR 

nRc 
o 

ob, 
px 

pxb 
py 

Ptb 
pz 

PlC 

q 
qb 

Technique 

Flameproof enclosure 

flam proof I:I1do ure 
Increased safety 

Increa ed (ely 

Intrinsic safety 
Intrinsic safety 

Inlrinstc safelY 
Associated apparatus 

Associated apparatus 

ssocialed apparatus 
Encapsulation 
Encapsulation 

Encapsulation 

Nonsparking equipment 
onsparkmgequlplll '-n~ 

Sparking equipment in which 
the contacts are suitably 

protected other than by restricted 
breathing enclosure 

Sparking ~u.ipment in which 
lhe contacts are ullably 

hrotctWd other than by r~stricl d, 
breathing enclosure 

Restricted breathing enclosure 

ReSlrictl!d breathing enclo ure 
Oil immersion 

QII,rijlne';ion 
Pressurization 

11!"_ , ~,!I .~,~i,~~ 
Pressurization 

Pre ' urization 
Pressurization 

Pressurization 
Powder filled 

Powder tilled 

Zone* 

o 
I 
2 

Unclassified** 

Unclassified** 

urJd~ Hied·· 
I 
o 
1 
2 

~ 
2 

2 

2 
2 
1 
i 
1 
T 

I 

2 
2 

*Does not address use where a combination of techniques is used. 

** Associated apparatus is permitted to be installed in a hazardous 
(classified) location if suitably protected using another type of 
protection . 

(1) Temperature Classifications. Equipment shall be 
marked to show the operating temperatureo! teIl1perat':lr~ 
class referenced to a 40DC ambient. or at~ the h igher 
ambient temperature if the equipment is rated and marked 
for an ambient temperature of gre~ler than 40°C. The 
temperature class, if provided, shall be indicated using the 
temperature class (T Code) shown in Table 505.9(D)(1). 

Electrical equipment designed for use in the ambient 
temperature range between _20DC and +40DC shall require 
!!,Q~~~J!l~ temperature marking. 

Electrical equipment that is designed for use in a 
range of ambient temperatures other than _20DC to +40DC 
is considered to be special; and the ambient temperature 
range shall then be marked on the equipment, including 
either the symbol "Ta" or "Tamb" together with the 
special range of ambient temperatures, in degrees Celsius. 
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Table 505.9(D)(1) Classification of Maximum Surface 
Temperature for Group II Electrical Equipment 

Temperature Class 
(T Code) 

Tl 

T2 

T3 

T4 

T5 

T6 

Maximum Surface 
Temperature (OC) 

~450 

~300 

~200 

~135 

~100 

~85 

Informational Note: As an example, such a marking 
might be "-30°C to +40°C." 

Exception No. 1: Equipment of the non-heat-producing 
type, such as conduit fittings, and equipment of the heat
producing type having a maximum temperature of not 
more than lOOoe (212°F) shall not be required to have a 
marked operating temperature or temperature class. 

Exception No. 2: Equipment identified for Class I, 
Division 1 or Division 2 locations as permitted by 
SOS.20(B) and (D) shall be permitted to be marked in 
accordance with SOO.8(C) and Table SOO.8(C). 

(E)!hreadhlg~ Tile supply connection entrY'NihiCadfon~ 
shall be NPT or metric. Conduit and fittings shall be made 
wrenchtight to prevent sparking when fault current flows 
through the conduit system, and to ensure the 
explosionproof or flameproof integrity of the conduit 
system where applicable. Equipment provided with threaded 
entries for field wiring connections shall be installed in 
accordance with 505.9(E)(1) or (E)(2) and with (E)(3). 

(1) Equipment Provided with Threaded Entries for 
NPT Threaded Conduit or Fittings. For equipment 
provided with threaded entries for NPT threaded conduit 
or fittings, listed conduit, conduit fitting or cable fittings 
shall be used. 

AIIPTthradedcondutt 'and fittings referred to 
herein shaH be thread d with a National (American) 
~tandard Pipe Taper (NPT) thread. 

PT threaded entrie into explosiollpro'ofor 
flameproof equipment shall be made up with at I ast five 
threads fully engaged. 

Exception: For listed explosiollpruo! or flamep"ouj 
equipment. fuclOIJ threaded NPT entri(!. ' shall be made lip 
" itlt al lew,1 4 !'J Ihnwd ' fully engaged. 

Informational Note No. I: ffhrc. d ~pecificalions for 
rnalc NPT threads are located in ANSIIASME B1.20.1-
1983, Pipe Threads, General Purpose (Inch). 

Informational Note No. 2: Femal~ NPT threaded cDlri 
u e a modified ational Standard Pipe Taper (NPT) 
thread \\ith thread tonn per A SIJASME BI.20.1.1983~ 
'Pipt! Threads.. Gt:'l(.'ral Purpv::c.e (Inch). See ANS[ 
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Gas .4lmo plw,.e, - Part I: Flameproo/E"c1ujlll'c "dO<. 

(2) Equipment Provided with Threaded Entries for 
Metric Threaded Conduit or Fittings. For equipment 
with metric threaded entries, listed conduit fittings or 
listed cable fiuings shall be used. Such entries shall be 
identified as being metric, or listed adapters to permit 
connection to conduit or NPT threaded fittings shall be 
provided with the equipment and shall be used for 
connection to conduit or NPT threaded fittings. 

Metric threaded entries inloexpiosiollproo( "or 
flameproof equipment hall have a class of fit of at least 
6g16H and be made up with at lea t five threads fully 
engaged tor Groups C. 0 II B. or IIA and not less than ight 
threads fully engaged tor Group~ A, B.lJC, or liB + 

Informational Note: Threading specifications for metric 
threaded entries are located in ISO 96511-1980, ISO 
general pupose metric screw threads - Tolerances -
Part 1: Principles and basic data, and ISO 965-3-1998, 
ISO general pwpose metric screw thread., -
Tolerances - Part 3: Deviations for constructional 
screw threads; and ISO 965/3-1980, Metric Screw 
Threads. 

(3) Unused Openings. All unused openings shall be 
closed with close-up plug listed for the location and shall 
maintain the typ~ of protection. The plug engagement 
shall comply with 50S.9(E)(I) or 50S.9(E)(2). 

(F) Optical Fiber Cables.Where"-an"' oplical fiber cable 
contains conductors that are capable of<.;arrying cur~~'!t 
((;()rnP()~tt~ ~ptical fiber cable). 'the 'optical fi~r ~'citblC 
shall be installed in accordance with the requirements of 
Articles 505.15 and 505.16. 

505.15 Wiring Methods. Wiring methods shall maintain 
the integrity of protection techniques and shall comply 
with 505.15(A) through (C). 

(A) Class I, Zone O. In Class I, Zone 0 locations, only 
intrinsically safe wiring methods in accordance with 
Article 504 shall be permitted. 

Informational Note: Article 504 only includes protection 
technique "ia." 

(B) Class I, Zone 1. 

(1) General. In Class I, Zone J locations, the wmng 
methods in (B)(l)(a) through (B)(1)(f) shall be permitted. 

(a) All wiring methods permitted by 505.15(A). 

(b) In industrial establishments with restricted public 
access, where the conditions of maintenance and 
supervision ensure that only qualified persons service the 
installation, and where the cable is not subject to physical 
damage, Type MC-HL cable listed for use in Class I, 
Zone 1 or Division 1 locations, with a gas/vaportight 
continuous corrugated metallic sheath, an overall jacket of 
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suitable polymeric material, and a separate equipment 
grounding conductor(s) in accordance with 250.122, and 
terminated with fittings listed for the application. 

Type MC-HL cable shall be in tailed in accordance 
wi tht~~pr,?yi~i'?£l~()f~rti~IC!~3 0 , Part II. 

(c) In industrial establishments with restricted 
public access, where the conditions of maintenance and 
supervision ensure that only qualified persons service the 
installation, and where the cable is not subject to physical 
damage, Type ITC-HL cable listed for use in Class I, 
Zone 1 or Division 1 locations, with a gas/vaportight 
continuous corrugated metallic sheath and . an overall 
j acket of suitable polymeric material , and terminated with 
tittings liste~J()rth~application. Type lTC-HL cabl~ 
hal1 be installed in accordance with the provisi()." 0 

Article 727. 

Informational Note: See 727.4 and 727.5 for 
restrictions on use of Type ITC cable. 

(d) Type MI cable t rminated with fiuing~ listed for 
Class I, Zone 1 or Division 1 locations. Type MI cable 
shaH be installed and supported in a manner to avoid 
tensile stress at the termination fittings. 

( e) Threaded rigid metal conduit, or threaded steel 
intermediate metal conduit. 

(t) Type PYC conduit and Type RTRC conduit shall be 
permitted where encased in a concrete envelope a minimum of 
50 rum (2 in.) thick and provided with not less than 600 mm 
(24 in.) of cover measured from the top of the conduit to 
grade. Threaded rigid metal conduit or threaded steel 
intermediate metal conduit shall be used for the last 600 mrn 
(24 in.) ofthe underground run to emergence or to the point of 
connection to the aboveground raceway. An equipment 
grounding conductor shall be included to provide for electrical 
continuity of the raceway system and for grounding of non
current -carrying metal parts. 

(2) Flexible Connections. Where necessary to employ 
flexible connections, flexible fittings listed for Class I, 
Zone 1 or Division 1 locations, or flexible cord in 
accordance with the provisions of 505.l7 ~~I"lninatcdwith a 
listed cord connector that malllla:ins' the type of protect ion 
of the terminal compartment, shall be permitted. 

(C) Class I, Zone 2. 

(l) General. In Class I, Zone 2 locations, the following 
wiring rneihoa "' sllaH be permitted. 

(a) All wiring methods permitted by 505.15(B). 

(b) [Types MC j MY, orTGeable, lilcluding 
installation in cable tray systems. The cable hall be 
terminated with listed fittings. Single conductor Type MV 
cables shall be shielded or metallic-armored. 

(c) Type ITC and Type ITC ·ER cable as permitted 
in 727.4 'flJ14tE!l"T11inated with listed fittings. 
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(d) Type PLTC and Type PLTC-ER cable in 
accordance with the provisions of Article 725, including 
instaHa1iorl in cable tray systems. The cable shan be 
~ermjnated with list~ fittings. 

(e) Enclosed gasketed bus ways, enclosed gasketed 
wireways. 

(f) In industrial establishments with restricted public 
access, where the conditions of maintenance and supervision 
ensure that only qualified persons service the installation, 
and where metallic conduit does not provide sufficient 
corrosion resistance, ,islOO reinforced thermosetting resin 
conduit (R TRC) , factory elbows, and associated fittings, all 
marked with the suffix -XW, and Schedule 80 PYC conduit, 
factory elbows, and associated fittings shall be permitted. 
Where seals are required for boundary conditions as defined 
in 505 .l6( C)(1 )(b), the Zone I wiring method shall extend 
into the Zone 2 area to the seal, which shall be located on the 
Zone 2 side of the Zone I-Zone 2 boundary. 

(g) Intrinsic safety type of proreetion "ic" shall be 
permitted using any of ~~e'YiriIlgIl1~~h()clspermitted for 
unclassified locations. )"niiiil ic safety type of protection 
hic" systems shall be installed in accordance with the 
control drawing(s). Simple apparatus, not shown on the 
control drawing, shall be permitted in an intrinsic safety 
type protection "ie" circuit. provided the simple 
apparatus does not interconnect the in,triIl~~~sa rety l~.()f 
protection "ie" systems to any other circuit. 

Informational Note: Simple apparatus is defined in 504.2. 

Separate intrin ic safety type of protection "ic" systems 
shall be installed in accordance with one of the following: 

(I) In separate cables 

(2) In multiconductor cables where the conductors of 
each circuit are within a grounded metal shield 

(3) In multi conductor cables where the conductors of each 
circuit have insulation with a minimum thickness of 
0.25 mm (0.01 in.) 

(2) Flexible Connections. Where provision must be made 
for limited flexibility, flexible metal fittings, flexible metal 
conduit with listed fittings, liquidtight flexible metal 
conduit with listed fittings, liquidtight flexible nonmetallic 
conduit with listed fittings, or flexible cord in accordance 
with the provisions of 505.1 7 tcrmrnated with a listed cord 
connector that maintains the typt! orpr'?t~~H()JlQr,.th£ 
terminal compartment shall be permitted. 

Infonnational Note: See 505.25(B) for grounding 
requirements where flexible conduit is used. 

505.16 Sealing and Drainage. Seals in conduit and cable 
systems shall comply with 505.16(A) through (E). Sealing 
compound shall be used in Type NIl cable termination 
fittings to exclude moisture and other fluids from the 
cable insulation. 
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Infonnational Note No. I: Seals are provided in conduit 
and cable systems to minimize the passage of gases and 
vapors and prevent the passage of flames from one 
portion of the electrical installation to another through the 
conduit. Such communication through Type MI cable is 
inherently prevented by construction of the cable. Unless 
specifically designed and tested for the purpose, conduit 
and cable seals are not intended to prevent the passage of 
liquids, gases, or vapors at a continuous pressure 
differential across the seal. Even at differences in pressure 
across the seal equivalent to a few inches of water, there 
may be a slow passage or vapor through a seal and 
through conductors passing through the seal. See 
505.16(C)(2)(b). Temperature extremes and highly 
corrosive liquids and vapors can affect the ability of seals 
to perform their intended function. See 505.16(D)(2). 

Infonnational Note No.2: Gas or vapor leakage and 
propagation of flames may occur through the interstices 
between the strands of standard stranded conductors 
larger than 2 A WG. Special conductor constructions, for 
example, compacted strands or sealing of the individual 
strands, are means of reducing leakage and preventing the 
propagation of flames. 

(A) Zone O. In Class I, Zone 0 locations, seals shall be 
located according to 505.l6(A)(1), (A)(2), and (A)(3). 

(1) Conduit Seals. Seals shall be provided within 3.05 m (10 
ft) of where a conduit leaves a Zone 0 location. There shall 
be no unions, couplings, boxes, or fittings, except listed 
reducers at the seal, in the conduit run between the seal and 
the point at which the conduit leaves the location. 

Exception: A rigid unbroken conduit that passes completely 
through the Zone 0 location with no fittings less than 300 
mm (12 in.) beyond each boundary shall not be required to 
be sealed if the termination points of the unbroken conduit 
are in unclassified locations. 

(2) Cable Seals. Seals shall be provided on cables at the first 
point of tennination after entry into the Zone 0 location. 

(3) Not Required to Be Explosionproof or Flameproof. 
Seals shall not be required to be explosionproof or flameproof 

(B) Zone 1. In Class I, Zone 1 locations, seals shall be 
located in accordance with 505.l6(B)(1) through (B)(8). 

(1) Type of Protection "d" or "e" Enclosures. Conduit 
seals shall be provided within 50 rnm (2 in.) for each conduit 
entering enclosures having type of protection "d" or "e." 

Exception No.1: Where the enclosure having type of 
protection "d H is marked to indicate that a seal is not 
required. 

Exception No.2: For type of protection "e, " conduit and 
fittings employing only NPT to NPT racew0" joints or 
fittings listed for type of protection "e" shall be permitted 
between the enclosure and the seal, and the seal shall not be 
required to be within 50 mm (2 in.) of the entry. 

Informational Note: Examples of fittings employing other 
than NPT threads include conduit couplings, capped 
elbows, unions, and breather drains. 

2013 Califomia Electrical Code 

AND 2 LOCATIONS 505.16 

Exception No.3: For conduit installed between type of 
protection He" enclosures employing only NPT to NPT 
raceway joints or conduit fittings listedfor type of protection 

" a seal shall not be required 

(2) Explosionproof Equipment. Conduit seals shall be 
provided for each conduit entering explosionproof 
equipment according to (8)(2)( a), (B)(2)(b), and (B)(2)( c). 

(a) In each conduit entry into an explosionproof 
enclosure where either (1) the enclosure contains apparatus, 
such as switches, circuit breakers, fuses, relays, or resistors, 
that may produce arcs, sparks, or high temperatures that are 
considered to be an ignition source in nonnal operation, or 
(2) the entry is metric designator 53 (trade size 2) or larger 
and the enclosure contains terminals, splices, or taps. For the 
purposes of this section, high temperatures shall be 
considered to be any temperatures exceeding 80 percent of 
the auto ignition temperature in degrees Celsius of the gas or 
vapor involved. 

Exception: Conduit entering an enclosure where such 
switches, circuit breakers, fuses, relays, or resistors comply 
with one of the following: 

(1) Are enclosed within a chamber hermetically sealed 
against the entrance of gases or vapors. 

(2) Are immersed in oil. 

(3) Are enclosed within a factory-sealed explosionproof 
chamber located within the enclosure, identified for the 
location, and marked "fact01Y sealed" or equivalent, 
unless the entry is metric deSignator 53 (trade size 2) or 
larger. Fact01y-sealed enclosures' shall not be considered 
to serve as a seal for another cu;ijacent explosionproof 
enclosure that is required to have a conduit seal. 

(b) Conduit seals shall be installed within 450 rnm 
(18 in.) from the enclosure. Only explosionproof unions, 
couplings, reducers, elbows, capped elbows, and conduit 
bodies similar to L, T, and cross types that are not larger than 
the trade size of the conduit shall be pennitted between the 
sealing fitting and the explosionproof enclosure. 

( c) Where two or more explosionproof enclosures for 
which conduit seals are required under 505.16(B)(2) are 
connected by nipples or by runs of conduit not more than 
900 mm (36 in.) long, a single conduit seal in each such 
nipple connection or run of conduit shall be considered 
sufficient if located not more than 450 mm (18 in.) from 
either enclosure. 

(3) Pressurized Enclosures. Conduit seals shall be provided 
in each conduit entry into a pressurized enclosure where the 
conduit is not pressurized as part of the protection system. 
Conduit seals shall be installed within 450 mm (18 in.) from 
the pressurized enclosure. 

Infonnational Note No.1: Installing the seal as close as 
possible to the enclosure reduces problems with purging 
the dead airspace in the pressurized conduit. 

70-407 



505.16 ARTICLE SOS - ZONE 0,1, AND 2 LOCATIONS 

Informational Note No. 2: For further information, see 
NFPA 496-2008, Standard for Purged and Pressurized 
Enclosures for Electrical Equipment. 

(4) Class I, Zone 1 Boundary. Conduit seals shall be 
provided in each conduit run leaving a Class I, Zone 1 
location. The sealing fitting shall be pennitted on either side 
of the boundary of such location within 3.0S m (10 ft) of the 
boundary and shall be designed and installed so as to 
minimize the amount of gas or vapor within the Zone 1 
portion of the conduit from being communicated to the 
conduit beyond the seaL Except for listed explosionproof 
reducers at the conduit seal, there shall be no union, 
coupling, box, or fitting between the conduit seal and the 
point at which the conduit leaves the Zone 1 location. 

Exception: Metal conduit containing no unions, couplings, 
boxes, or fittings and passing completely through a Class I, 
Zone 1 location with no fittings less than 300 mm (12 in.) 
beyond each boundary shall not require a conduit seal if the 
termination points of the unbroken conduit are in 
unclassified location'). 

(5) Cables Capable of Transmitting Gases or Vapors. 
Conduits containing cables with a gas/vaportight continuous 
sheath capable of transmitting gases or vapors through the 
cable core shall be sealed in the Zone 1 location after 
removing the jacket and any other coverings so that the 
sealing compound surrounds each individual insulated 
conductor and the outer jacket. 

Exception: Multiconductor cables with a gas/vaportight 
continuous sheath capable of transmitting gases or vapors 
through the cable core shall be permitted to be considered as 
a single conductor by sealing the cable in the conduit within 
450 mm (18 in.) of the enclosure and the cable end within the 
enclosure by an approved means to minimize the entrance of 
gases or vapors and prevent the propagation of flame into 
the cable core, or by other approved methods. For shielded 
cables and twisted pair cables, it shall not be required to 
remove the shielding material or separate the twisted pair. 

(6) Cables Incapable of Transmitting Gases or Vapors. 
Each multi conductor cable in conduit shall be considered as 
a single conductor if the cable is incapable of transmitting 
gases or vapors through the cable core. These cables shall be 
sealed in accordance with SOS.l6(D). 

(7) Cables Entering Enclosures. Cable seals shall be 
provided for each cable entering flameproof or 
explosionproof enclosures. The seal shall comply with 
SOS.l6(D). 

(8) Class I, Zone 1 Boundary. Cables shall be sealed at the 
point at which they leave the Zone 1 location. 

Exception: Where cable is sealed at the termination point. 

(C) Zone 2. In Class I, Zone 2 locations, seals shall be 
located in accordance with SOS.16(C)(1) and (C)(2). 

(1) Conduit Seals. Conduit seals shall be located III 

accordance with (C)(1)(a) and (C)(l)(b). 

70-408 

(a) For connections to enclosures that are required to 
be flameproof or explosionproof, a conduit seal shall be 
provided in accordance with SOS.16(B)(1) and (B)(2). All 
portions of the conduit run or nipple between the seal and 
such enclosure shall comply with SOS.l6(B). 

(b) In each conduit run passing from a Class I, Zone 2 
location into an unclassified location. The sealing fitting shall 
be permitted on either side of the boundary of such location 
within 3.05 m (lOft) of the boundary and shall be designed 
and installed so as to minimize the amount of gas or vapor 
within the Zone 2 portion of the conduit from being 
communicated to the conduit beyond the seaL Rigid metal 
conduit or threaded steel intermediate metal conduit shall be 
used between the sealing fitting and the point at which the 
conduit leaves the Zone 2 location, and a threaded 
connection shall be used at the sealing fitting. Except for 
listed explosionproof reducers at the conduit seal, there shall 
be no union, coupling, box, or fitting between the conduit 
seal and the point at which the conduit leaves the Zone 2 
location. Conduits shall be sealed to minimize the amount of 
gas or apor within the Class I, Zone 2 portion oflbe conduit 
from being communicated to tht! conduit beyond the seal. 
Such scab shall not be required to be flameproof or 
explosionproof but shaH be identi fled for the purpo~e of 
minirruzing passage of gases under normal operating 
conditions and shall be accessible. 

Exception No.1: Metal conduit containing no unions, 
couplings, boxes, or fittings and passing completely through 
a Class 1, Zone 2 location with no fittings less than 300 mm 
(J 2 in.) beyond each boundary shall not be required to be 
sealed if the termination points of the unbroken conduit are 
in un class ified locations. 

Exception No.2: Conduit systems terminating at an 
unclassified location where a wiring method transition is 
made to cable tray, cablebus, ventilated bus way, Type MI 
cable, or cable that is not installed in a raceway or cable 
tray system shall not be required to be sealed where passing 
from the Class 1, Zone 2 location into the unclassified 
location. The unclassified location shall be outdoors or, if 
the conduit system is all in one room, it shall be permitted to 
be indoors. The conduits shall not terminate at an enclosure 
containing an ignition source in normal operation. 

Exception No.3: Conduit systems passing from an 
enclosure or room that is unclassified as a result of 
pressurization into a Class 1, Zone 2 location shall not 
require a seal at the boundary. 

Informational Note: For further information, refer to NFPA 
496-2008~ Standardfor Purged and Pressurized Enclosures 
for Electrical Equipment. 

Exception No.4: Segments of aboveground conduit 
systems shall not be required to be sealed where passing 
from a Class 1, Zone 2 location into an unclassified 
location if all the following conditions are met 
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(1) No part of the conduit system segment passes 
through a Zone 0 or location where the conduit 
contains unions, couplings, boxes, or fittings within 300 
mm (12 in.) of the Zone 0 or location. 

(2) The conduit system segment is located entirely in 
outdoor locations. 

(3) The conduit system segment is not directly 
connected to canned pumps, process or service 
connections for flow, pressure, or analysis measurement, 
and so forth, that depend on a single compression seal, 
diaphragm, or tube to prevent flammable or combustible 
fluids from entering the conduit system. 

(4) The conduit system segment contains only 
threaded metal conduit, unions, couplings, conduit bodies, 
andfittings in the unclassified location. 

(5) The conduit system segment is sealed at its entry 
to each enclosure or fitting housing terminals, splices, or 
taps in locations. 

(2) Cable Seals. Cable seals shall be located in 
accordance with (C)(2)(a), (C)(2)(b), and (C)(2)(c). 

(a) Explosionproof and Flameproof Enclosures. 
Cables entering enclosures required to be flameproof or 
explosionproof shall be sealed at the point of entrance. 
The seal shall comply with 505.16(0). Multiconductor 
cables with a gas/vaportight continuous sheath capable of 
transmitting gases or vapors through the cable core shall 
be sealed in the Zone 2 location after removing the jacket 
and any other coverings so that the sealing compound 
surrounds each individual insulated conductor in such a 
manner as to minimize the passage of gases and vapors. 
Multiconductor cables in conduit shall be sealed as 
described in 505.16(B)(4). 

Exception No.1: Cables passing from an enclosure or 
room that is unclass{fied as a result of Type Z 
pressurization into a location shall not require a 
seal at the boundary. 

Exception No.2: Shielded cables and twisted pair cables 
shall not require the removal of the shielding material or 
separation of the twisted pairs, provided the termination 
is by an approved means to minimize the entrance of 
gases or vapors and prevent propagation of flame into the 
cable core. 

(b) Cables That Will Not Transmit Gases or Vapors. 
Cables with a gas/vaportight continuous sheath and that 
will not transmit gases or vapors through the cable core in 
excess of the quantity permitted for seal fittings shall not 
be required to be sealed except as required in 
505.16(C)(2)(a). The minimum length of such cable run 
shall not be less than the length that limits gas or vapor 
flow through the cable core to the rate permitted for seal 

fittings [200 cm3lhr (0.007 ft3/hr) of air at a pressure of 
1500 pascals (6 in. of water)]. 
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Informational Note No.1: For further information on 
and marking requirements for 

fittings, see ANSIIUL 1203, 
Explosionproof and Dust-Ignition-Proof Electrical 
Equipmentfor Use in Hazardous (Classified) Locations. 

Informational Note No.2: The cable core does not 
include the interstices of the conductor strands. 

(c) Cables Capable of Transmitting Gases or 
Vapors. Cables with a gas/vaportight continuous sheath 
capable of transmitting gases or vapors through the cable 
core shall not be required to be sealed except as required 
in 505. 16(C)(2)(a), unless the cable is attached to process 
equipment or devices that may cause a pressure in excess 
of 1500 pascals (6 in. of water) to be exerted at a cable 
end, in which case a seal, barrier, or other means shall be 
provided to prevent migration of flammables into an 
unclassified area. 

Exception: Cables with an unbroken gas/vaportight 
continuous sheath shall be permitted to pass through a 
Class I, Zone 2 location without seals. 

( d) Cables Without Gas/Vaportight Continuous 
Sheath. Cables that do not have gas/vaportight continuous 
sheath shall be sealed at the boundary of the Zone 2 and 
unclassified location in such a manner as to minimize the 
passage of gases or vapors into an unclassified location. 

Informational Note: The cable sheath may be either 
metal or a nonmetallic material. 

(D) Class I, Zones 0, 1, and 2. Where required, seals in 
Class I, Zones 0, 1, and 2 locations shall comply with 
505.16(0)(1) through (0)(5). 

(1) Fittings. Enclosures for connections or equipment 
shall be provided with an integral means for sealing, or 
sealing fittings listed for the location shall be used. 
Sealing fittings shall be listed for use with one or more 
specific compounds and shall be accessible. 

(2) Compou nd. The compound shall provide a seal 
against passage of gas or vapors through the seal titting, 
shall not be affected by the surrounding atmosphere or 
liquids, and shall not have a melting point less than 93°C 
(200°F). 

(3) Thickness of Compounds. In a completed seal, the 
minimum thickness of the sealing compound shall not be 
less than the trade size of the sealing fitting and, in no 
case, less than 16 mm in.). 

Exception: Listed cable sealing fittings shall not be 
required to have a minimum thickness equal to the trade 
size of the fitting. 

(4) Splices and Taps. Splices and taps shall not be made 
in fittings intended only for sealing with compound, nor 
shall other fittings in which splices or taps are made be 
filled with compound. 
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(5) Conductor Fill. The cross-sectional area of the 
conductors permitted in a seal shall not exceed 25 percent 
of the cross-sectional area of a rigid metal conduit of the 
same trade size unless it is specifically listed for a higher 
percentage of fill. 

(E) Drainage. 

(1) Control Equipment. Where there is a probability that 
liquid or other condensed vapor may be trapped within 
enclosures for control equipment or at any point in the 
raceway system, approved means shall be provided to 
prevent accumulation or to permit periodic draining of 
such liquid or condensed vapor. 

(2) Motors and Generators. Where the authority having 
jurisdiction judges that there is a probability that liquid or 
condensed vapor may accumulate within motors or 
generators, joints and conduit systems shall be arranged to 
minimize entrance of liquid. If means to prevent 
accumulation or to permit periodic draining are judged 
necessary, such means shall be provided at the time of 
manufacture and shall be considered an integral part of 
the machine. 

505.17 Flexible Cords, Class I, Zones 1 and 2. A 
flexible cord shall be permitted for connection between 
portable lighting equipment or other portable utilization 
equipment and the fixed portion of their supply circuit. 
Flexible cord shall also be permitted for that portion of 
the circuit where the fixed wiring methods of 505.15(B) 
cannot provide the necessary degree of movement for 
fixed and mobile electrical utilization equipment, in an 
industrial establishment where conditions of maintenance 
and engineering supervision ensure that only qualified 
persons install and service the installation, and the 
flexible cord is protected by location or by a suitable 
guard from damage. The length of the flexible cord shall 
be continuous. Where flexible cords are used, the cords 
shall comply with the following: 

(I) Be of a type listed for extra-hard usage 

(2) Contain, in addition to the conductors of the circuit, 
an equipment grounding conductor complying with 
400.23 

(3) Be connected to terminals or to supply conductors in 
an approved manner 

(4) Be supported by clamps or by other suitable means in 
such a manner that there wi 11 be no tension on the 
terminal connections 

(5) Be terminated with a listed cord connector that 
maintains the type of protection where the flexible 
cord enters boxes, fittings, or enclosures that are 
required to be explosionproof or flameproof 

(6) Cord entering an increased safety "e" enclosure shall 
be terminated with a listed increased safety "e" cord 
connector. 
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Informational Note: See 400.7 for permitted uses of 
flexible cords. 

Electric submersible pumps with means for removal 
without entering the wet-pit shall be considered portable 
utilization equipment. The extension of the flexible cord 
within a suitable raceway between the wet-pit and the 
power source shall be permitted. 

Electric mixers intended for travel into and out of 
open-type mixing tanks or vats shall be considered 
portable utilization equipment. 

Informational Note: See 505.18 for flexible cords 
exposed to liquids having a deleterious effect on the 
conductor insulation. 

505.18 Conductors and Conductor Insulation. 

(A) Conductors. For type of protection "e," field wiring 
conductors shall be copper. Every conductor (including 
spares) that enters Type "e" equipment shall be 
terminated at a Type "e" terminal. 

(B) Conductor Insulation. Where condensed vapors or 
liquids may collect on, or come in contact with, the 
insulation on conductors, such insulation shall be of a 
type identified for use under such conditions, or the 
insulation shall be protected by a sheath of lead or by 
other approved means. 

505.19 Uninsulated Exposed Parts. There shall be no 
uninsulated exposed parts, such as electrical conductors, 
buses, terminals, or components that operate at more than 
30 volts (15 volts in wet locations). These parts shall 
additionally be protected by type of protection ia, ib, or 
nA that is suitable for the location. 

505.20 Equipment Requirements. 

(A) Zone O. In Class I, Zone 0 locations, only equipment 
specifically listed and marked as suitable for the location 
shall be permitted. 

Exception: IntrinSically safe apparatus listed for use in 
Class 1, Division 1 locations for the same gas, or as 
permitted by 505.9(B)(2), and with a suitable temperature 
class shall be permitted. 

(B) Zone 1. In Class I, Zone 1 locations, only equipment 
specifically listed and marked as suitable for the location 
shall be permitted. 

Exception No.1: Equipment identified for use in Class 1, 
Division 1 or listed for use in Zone 0 locations for the 
same gas, or as permitted by 505. 9 (B) (2), and with a 
suitable temperature class shall be permitted. 

Exception No.2: Equipment identified for Class 1, Zone 1 
or Zone 2 type of protection "p" shall be permitted. 

(C) Zone 2. In Class I, Zone 2 locations, only equipment 
specifically listed and marked as suitable for the location 
shall be permitted. 
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Exception No.1: Equipment listed for use in Zone 0 or 
Zone 1 locations for the same gas, or as permitted by 
505. 9 (B) (2), and with a suitable temperature class, shall 
be permitted. 

Exception No.2: Equipment ident~fiedfor Class I, Zone 1 
or Zone 2 type of protection "p}} shall be permitted. 

Exception No.3: Equipment ident[fiedfor use in Class I, 
Division 1 or Division 2 locations for the same gas, or as 
permitted by SOS.9(B)(2), and with a suitable temperature 
class shall be permitted. 

Exception No.4: In Class I, Zone 2 locations, the 
installation of open or nonexplosionproof or 
nonflameproof enclosed motors, such as squirrel-cage 
induction motors without brushes, switching mechanisms, 
or similar arc-producing devices that are not ident~fied 
for use in a Class 1, Zone 2 location shall be permitted. 

Infonnational Note No.1: It is important to consider the 
temperature of internal and external surfaces that may be 
exposed to the flammable atmosphere. 

Infonnationa1 Note No.2: It is important to consider the 
risk of ignition due to currents arcing across 
discontinuities and overheating of parts in multisection 
enclosures of large motors and generators. Such motors 
and generators may need equipotential bonding jumpers 
across joints in the enclosure and from enclosure to 
ground. Where the presence of ignitib1e gases or vapors 
is suspected, c1ean air purging may be needed 
immediately prior to and during start-up periods. 

(D) Manufacturer's Instructions. Electrical equipment 
installed in hazardous (classified) locations shall be 
installed in accordance with the instructions (if any) 
provided by the manufacturer. 

505.21 Multiwire Branch Circuits. In a Class I, Zone 1 
location, a multiwire branch circuit shall not be permitted. 

Exception: Where the disconnect device(s) for the circuit 
opens all ungrounded conductors of the multiwire circuit 
simultaneously. 

505.22 Increased Safety "e" Motors and Generators. In 
Class I, Zone 1 locations, Increased Safety "e" motors and 
generators of all voltage ratings shall be listed for Zone 1 
locations, and shall comply with all of the following: 

(1) Motors shall be marked with the current ratio, I II , 
A N 

and time, t . 
E 

(2) Motors shall have controllers marked with the model 
or identification number, output rating (horsepower 
or kilowatt), full-load amperes, starting current ratio 
(liIN) , and time (t E) of the motors that they are 

intended to protect; the controller marking shall also 
include the specific overload protection type (and 
setting, if applicable) that is listed with the motor or 
generator. 
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(3) Connections shall be made with the specific terminals 
listed with the motor or generator. 

(4) Terminal housings shall be permitted to be of 
substantial, nonmetallic, nonburning material, 
provided an internal grounding means between the 
motor frame and the equipment grounding connection 
is incorporated within the housing. 

(5) The provisions of Part III of Article 430 shall apply 
regardless of the voltage rating of the motor. 

(6) The motors shall be protected against overload by a 
separate overload device that is responsive to motor 
current. This device shall be selected to trip or shall be 
rated in accordance with the listing of the motor and its 
overload protection. 

(7) Sections 430.32(C) and 430.44 shall not apply to 
such motors. 

(8) The motor overload protection shall not be shunted or 
cut out during the starting period. 

505.25 Grounding and Bonding. Grounding and 
bonding shall comply with Article 250 and the 
requirements in 505.25(A) and (B). 

(A) Bonding. The locknut-bushing and double-locknut 
types of contacts shall not be depended on for bonding 
purposes, but bonding jumpers with proper fittings or other 
approved means of bonding shall be used. Such means of 
bonding shall apply to all intervening raceways, fittings, 
boxes, enclosures, and so forth, between Class I locations 
and the point of grounding for service equipment or point 
of grounding of a separately derived system. 

Exception: The spec(fic bonding means shall be required 
only to the nearest point where the grounded circuit 
conductor and the grounding electrode are connected 
together 011 the line side qf the building or structure 
disconnecting means as spectfied in 2S0.32(B), provided 
the branch-circuit overcurrent protection is located on 
the load side qf the disconnecting means. 

Informational Note: See 250.100 for additional bonding 
requirements in hazardous (classified) locations. 

(B) Types of Equipment Grounding Conductors. 
Flexible metal conduit and liquidtight flexible metal 
conduit shall include anequiplllentl)oflding junlper of tbe. 
~vire type in compliance with 250.102. 

Exception: In Class I, Zone 2 locations, the bonding 
jumper shall be permitted to be deleted where all of the 
following conditions are met 

(a) Listed liquidtightflexible metal conduit 1.8 m (6ft) 
or less in length, with fittings listed for grounding, is used. 

(b) Overcurrent protection in the circuit is limited to 
10 amperes or less. 

(c) The load is not a power utilization load. 

70-411 



505.26 ARTICLE 506 - ZONE 20,21, AND 22 LOCATIONS FOR COMBUSTIBLE DUSTS OR IGNITIBLE FIBERS/FLYING 

505.26 Process Sealing. This section shall apply to process
connected equipment, which includes, but is not limited to, 
canned pumps, submersible pumps, flow, pressure, 
temperature, or analysis measurement instruments. A process 
seal is a device to prevent the migration of process fluids from 
the designed containment into the external electrical system. 
Process connected electrical equipment that incorporates a 
single process seal, such as a single compression seal, 
diaphragm, or tube to prevent flammable or combustible 
fluids from entering a conduit or cable system capable of 
transmitting fluids, shall be provided with an additional 
means to mitigate a single process seal failure. The additional 
means may include, but is not limited to the following: 

(1) A suitable barrier meeting the process temperature and 
pressure conditions that the barrier is subjected to upon 
failure of the single process seal. There shall be a vent or 
drain between the single process seal and the suitable 
barrier. Indication of the single process seal failure shall 
be provided by visible leakage, an audible whistle, or 
other means of monitoring. 

(2) A listed Type MI cable assembly, rated at not less than 
125 percent of the process pressure and not less than 
125 percent of the maximum process temperature (in 
degrees Celsius), installed between the cable or conduit 
and the single process seal. 

(3) A drain or vent located between the single process seal 
and a conduit or cable seal. The drain or vent shall be 
sufficiently sized to prevent overpressuring the conduit 
or cable seal above 6 in. water column (1493 Pa). 
Indication of the single process seal failure shall be 
provided by visible leakage, an audible whistle, or other 
means of monitoring. 

Process-connected electrical equipment that does not rely on 
a single process seal or is listed and marked "single seal" or 
"dual seal" shall not be required to be provided with an 
additional means of sealing. 

1nfonnational Note: For construction and testing requirements 
for process sealing for listed and marked "single seal" or "dual 
seal" requirements, refer to ANSIIISA-12.27.01-2003, 
Requirements Jor Process Sealing Between Electrical Systems 
and Potentially Flammable or Combustible Process Fluids. 

ARTICLE 506 
Zone 20, 21, and 22 Locations for Combustible 

Dusts or 19nitible Fibers/FIyings 

Infonnational Note: Text that is followed by a reference in 
brackets has been extracted from NFPA 499-2008, 
Recommended Practice Jor the Classification oj 
Combustible Dusts and oj Hazardous (Classified) 
Locations Jor Electrical Installation in Chemical Process 
Areas. Only editorial changes were made to the extracted 
text to make it consistent with this Code. 
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506.1 Scope. This article covers the requirements for the 
zone classification system as an alternative to the division 
classification system covered in Article 500, Article 502, and 
Article 503 for electrical and electronic equipment and 
wiring for all voltages in Zone 20, Zone 21, and Zone 22 
hazardous (classified) locations where fire and explosion 
hazards may exist due to combustible dusts or ignitible 
fibers/flyings. Combustible metallic dusts are not covered by 
the requirements of this article. 

Infonnational Note No.1: For the requirements for electrical 
and electronic equipment and wjring for all voltages in Class 
I, Division 1 or Division 2; Class II, Division 1 or Division 
2; Class Ill, Division 1 or Division 2; and Class I, Zone 0 or 
Zone 1 or Zone 2 hazardous (classified) locations where fire 
or explosion hazards may exist due to flammable gases or 
vapors, flammable liquids, or combustible dusts or fibers, 
refer to Articles 500 through 505. 
1nfonnational Note No.2: Zone 20, Zone 21, and Zone 22 
area classifications are based on the modified IEC area 
classification system as defined in ASI/ISA-61241-1 0 
12.10.05 )-2004, Electrical Apparatus Jor Use in Zone 20, 

Zone 21, and Zone 22 Hazardous (Classified) Locations
Classification oJZone 20, Zone 21, and Zone 22 Hazardous 
(Classified) Locations. 

Infonnational Note No.3: The unique hazards associated 
with explosives, pyrotechnics, and blasting agents are not 
addressed in this article. 

506.2 Definitions. For purposes of this article, the fol1owing 
definitions apply. 

Associated Nonincendive Field Wiring Apparatus. 
Apparatus in which the circuits are not necessarily 
nonincendive themselves but that affect the energy in 
nonincendive field wiring circuits and are relied upon to 
maintain nonincendive energy levels. Associated 
nonincendive field wiring apparatus may be either of the 
following: 

(1) Electrical apparatus that has an alternative type of 
protection for use in the appropriate hazardous 
(classified) location 

(2) Electrical apparatus not so protected that shall not be 
used in a hazardous (classified) location 

Infonnational Note: Associated nonincendive field wiring 
apparatus has designated associated nonincendivefield 
wiring apparatus connections for nonincendive field wiring 
apparatus and may also have connections for other 
electrical apparatus. 

Combu tible Dust. Any finely divided solid material that is 
420 microns (0.017 in.) or smaller in diameter (material 
passing a U.S. No. 40 Standard Sieve) and pre cnts a fire or 
explosion hazard \ hen dispersed and ignited in 8lf. 

[499:3.3.3] 

Dust-Ignitionproof. Equipment enclosed in a manner that 
excludes dusts and does not pennit arcs, sparks, or heat 
otherwise generated or liberated inside of the enclosure to cause 
ignition of exterior accumulations or atmospheric suspensions of 
a specified dust on or in the vicinity ofthe enclosure. 
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Informational Note: For further information on dust
ignitionproof enclosures, see Type 9 enclosure in 
ANSIINEMA 250-1991, Enclosures Electrical 
Equipment, and ANSIIUL 1203-1994, Explosionproof 
and Dust-Ignitionproof Electrical Equipment for 
Hazardous (Classified) Locations. 

Dusttight. Enclosures constructed so that dust will not 
enter under specified test conditions. 

Nonincendive Circuit. A circuit, other than field wiring, 
in which any arc or thermal effect produced under 
intended operating conditions of the equipment is not 
capable, under specified test conditions, of igniting the 
flammable gas-air, vapor-air, or dust-air mixture. 

Informational Note: Conditions are described in 
Nonincendive Electrical 

Equipment Use in Class I and II, Division 2, and 
Class Ill. Divisions / and 2 Hazardous (Classified) 
Locations. 

Nonincendive Equipment. Equipment having 
electrical/electronic circuitry that is incapable, under 
normal operating conditions, of causing ignition of a 
specified flammable gas-air, vapor-air, or dust-air 
mixture due to arcing or thermal means. 

Conditions are described in 
Nonincendive Electrical 

Equipment for Use in Class [ and IL Division 2, and 
Class II!, Divisions 1 and 2 Hazardous (Classified) 
Locations. 

Nonincendive Field Wiring. Wiring that enters or leaves 
an equipment enclosure and, under normal operating 
conditions of the equipment, is not capable, due to arcing 
or thermal effects, of igniting the flammable gas-air, 
vapor-air, or dust-air mixture. Normal operation includes 
opening, shorting, or grounding the field wiring. 

Nonincendive Field Wiring Apparatus. Apparatus 
intended to be connected to nonincendive field wiring. 

Informational Note: Conditions are described in 
Nonincendive Electrical 

Class I and ll, Division 2, and 
Class III, Divisions I and 2 Hazardous (Classified) 
Locations. 

Pressurized. The process of supplying an enclosure with 
a protective gas with or without continuous flow at 
sufficient pressure to prevent the entrance of combustible 
dust or ignitible fibers/flyings. 

Informational Note: For further information, see 
ANSIINFP A 496-2008, Standard for Purged and 
Pressurized Enclosures for Electrical Equipment. 

Protection by Encapsulation "mD." Type of protection 
where electrical parts that could cause ignition of a 
mixture of combustible dust or fibers/flyings in air are 
protected by enclosing them in a compound in such a way 
that the explosive atmosphere cannot be ignited. 

Informational Note No.1: For additional information, 
see Electrical 
Apparatus for Use in Zone 20, Zone 21 and Zone 22 
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Hazardous (Classified) Locations 
Encapsulation "mD ". 

Protection by 

Informational Note No.2: Encapsulation is designated 
level of protection "maD" for use in Zone 20 locations. 
Encapsulation is designated level of protection "mbD" 
for use in Zone 2l1ocations. 

Protection by Enclosure "to." Type of protection for 
explosive dust atmospheres where electrical apparatus is 
provided with an enclosure providing dust ingress 
protection and a means to limit surface temperatures. 

Informational Note: For additional information, see 
(12.10.02)~2006, Electrical 

Apparatus for Use in Zone 20, Zone 21 and Zone 22 
Hazardous Locations General 

(12.10.03)-2006, 
#<'/o('t";'(,/1/ Apparatus for Use in Zone 21 and Zone 22 
Hazardous (Classified) Locations - Protection 
Enclosure OlD ". 

Protection by Intrinsic Safety "iD." Type of protection 
where any spark or thermal effect is incapable of causing 
ignition of a mixture of combustible dust, fibers, or 
flyings in air under prescribed test conditions. 

Informational Note: For additional information, see 
Electrical Apparatus 

for Use in Zone 20, Zone 21 and Zone 22 Hazardous 
(Classified) Locations Protection by Intrinsic Safety 
"iD." 

Protection by Pressurization "pD." Type of protection 
that guards against the ingress of a mixture of 
combustible dust or fibers/flyings in air into an enclosure 
containing electrical equipment by providing and 
maintaining a protective gas atmosphere inside the 
enclosure at a pressure above that of the external 
atmosphere. 

Informational Note: For additional information, 
see Electrical 
Apparatus for Use in Zone 21 and Zone 22 
Hazardous (Classified) Locations Protection 

Pressurization "pD." 

Zone 20 Hazardous (Classified) Location. An area 
where combustible dust or ignitible fibers/flyings are 
present continuously or for long periods of time in 
quantities sufficient to be hazardous, as classified by 
506.5(8)(1 ). 

Zone 21 Hazardous (Classified) Location. An area 
where combustible dust or ignitible fibers/flyings are 
likely to exist occasionally under normal operation in 
quantities sufficient to be hazardous, as classified by 
506.5(B)(2). 

Zone 22 Hazardous (Classified) Location. An area 
where combustible dust or ignitible fibers/flyings are not 
likely to occur under normal operation in quantities 
sufficient to be hazardous, as classified by 506.5(B)(3). 

70-413 



AND 22 LOCATIONS FOR COMBUSTIBLE DUSTS OR IGNITIBLE 

506.4 General. 

(A) Documentation for Industrial Occupancies. Areas 
designated as hazardous (classified) locations shall be 
properly documented. This documentation shall be available 
to those authorized to design, install, inspect, maintain, or 
operate electrical equipment. 

(B) Reference Standards. Important infonnation relating 
to topics covered in Chapter 5 are found in other 
publications. 

Infonnational Note: It is important that the authority having 
jurisdiction be familiar with the recorded industrial 
experience as well as with standards of the National Fire 
Protection Association (NFP A), 

and the International Electrotechnical 
Commission (IEC) that may be of use in the classification 
of various locations, the detennination of adequate 
ventilation, and the protection against static electricity and 
lightning hazards. 

506.5 Classification of Locations. 

(A) Classifications of Locations. Locations shall be: 
classified on the basis of the properties of the combustible 
dust or ignitible fibers/flyings that may be present, and the 
likelihood that a combustible or combustible concentration 
or quantity is present. Each room, section, or area shall be: 
considered individually in detennining its classification. 
Where pyrophoric materials are the only materials used or 
handled, these locations are outside of the scope of this 
article. 

(B) Zone 20, Zone 21, and Zone 22 Locations. Zone 20, 
Zone 21, and Zone 22 locations are those in which 
combustible dust or ignitible fibers/flyings are or may be 
present in the air or in layers, in quantities sufficient to 
produce explosive or ignitible mixtures. Zone 20, Zone 21, 
and Zone 22 locations shaH include those specified in 
506.5(B)(l), (B)(2), and (B)(3). 

Informational Note: Through the exercise of ingenuity in 
the layout of electrical installations for hazardous 
(classified) locations, it is frequently possible to locate 
much of the equipment in a reduced level of classification 
and, thus, to reduce the amount of special equipment 
required. 

(1) Zone 20. A Zone 20 location is a location in which 

(a) Ignitible concentrations of combustible dust or 
ignitible fibers/flyings are present continuously. 

(b) Ignitible concentrations of combustible dust or 
ignitible fibers/flyings are present for long periods of time. 

Infonnational Note No.1: As a guide to classification of 
Zone 20 locations, refer to AI'f::!ll1l131\.oI.6lll' I-III 

Electrical Apparatus for Use in Zone 20, Zone 21, 
and Zone 22 Hazardous (Classified) Locations 
Classification 20, Zone 21, and Zone 22 Hazardous 
(Classified) ~;U114,)'U:,: 

Infonnational Note No.2: Zone 20 classification includes 
locations inside dust containment systems; hoppers, silos, 
etc., cyclones and filters, dust transport systems, except 
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some parts of belt and chain conveyors, etc.; blenders, 
mills, dryers, bagging equipment, etc. 

(2) Zone 21. A Zone 21 location is a location 

(a) In which ignitible concentrations of combustible 
dust or ignitible fibers/flyings are likely to exist occasionally 
under nonnal operating conditions; or 

(b) In which ignitible concentrations of combustible 
dust or ignitible fibers/t1yings may exist frequently because 
of repair or maintenance operations or because of leakage; or 

(c) In which equipment is operated or processes are 
carried on, of such a nature that equipment breakdown or 
faulty operations could result in the release of ignitible 
concentrations of combustible dust or ignitible fiberslflyings 
and also cause simultaneous failure of electrical equipment 
in a mode to cause the electrical equipment to become a 
source of ignition; or 

(d) That is adjacent to a Zone 20 location from which 
ignitible concentrations of dust or ignitible fiberslflyings 
could be communicated, unless communication is prevented 
by adequate positive pressure ventilation from a source of 
clean air and effective safeguards against ventilation failure 
are provided. 

lnfonnational Note No.1: As a guide to classification of 
Zone 21 locations, refer to AI'i31J I~'\-()I "' .. 

Electrical Apparatus 
and Zone 22 Hazardous (Classified) Locations -
Classification 20, Zone 21, and Zone 22 Hazardous 
(Classified) ~ACAlU('J!U. 

Tnfonnational Note No.2: This classification usually 
includes locations outside dust containment and in the 
immediate vicinity of access doors subject to frequent 
removal or opening for operation purposes when internal 
combustible mixtures are present; locations outside dust 
containment in the proximity of filling and emptying points, 
feed belts, sampling points, truck dump stations, belt dump 
over points, etc. where no measures are employed to 
prevent the fonnation of combustible mixtures; locations 
outside dust containment where dust accumulates and 
where due to process operations the dust layer is likely to be 
disturbed and form combustible mixtures; locations inside 
dust containment where explosive dust clouds are likely to 
occur (but neither continuously, nor for long periods, nor 
frequently) as, for example, silos (if filled and/or emptied 
only occasionally) and the dirty side of filters if large self
cleaning intervals are occurring. 

(3) Zone 22. A Zone 22 location is a location 

(a) In which ignitible concentrations of combustible 
dust or ibrnitible fiberslflyings are not likely to occur in 
nonnal operation and, if they do occur, will only persist for a 
short period; or 

(b) In which combustible dust or fibers/flyings are 
handled, processed, or used but in which the dust or 
fiberslflyings are nonnally confined within closed containers 
of closed systems from which they can escape only as a 
result of the abnonnal operation of the equipment with which 
the dust or fiberslflyings are handled, processed, or used; or 
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(c) That is adjacent to a Zone 21 location, from 
which ignitible concentrations of dust or fibers/flyings 
could be communicated, unless such communication is 
prevented by adequate positive pressure ventilation from 
a source of clean air and effective safeguards against 
ventilation failure are provided. 

Informational Note No.1: As a guide to classification of 
Zone 22 locations, refer to ANSlIl A-61241-1O 
( 12.10.05)-2004, Electrical Apparatus for Use in Zone 
20, Zone 21, and Zone 22 Hazardous (Class(jied) 
Locations - Class(jication of Zone 20. Zone 21, and 
Zone 22 Hazardous (Classified) LU(·ulion.l. 

Informational Note No.2: Zone 22 locations usually 
include outlets from bag tilter vents, because in the 
event of a malfunction there can be emission of 
combustible mixtures; locations near equipment that has 
to be opened at infrequent intervals or equipment that 
from experience can easily form leaks where, due to 
pressure above atmospheric, dust will blowout; 
pneumatic equipment, flexible connections that can 
become damaged, etc.; storage locations for bags 
containing dusty product, since failure of bags can occur 
during handling, causing dust leakage; and locations 
where controllable dust layers are formed that are likely 
to be raised into explosive dust-air mixtures . Only if the 
layer is removed by cleaning before hazardous dust-air 
mixtures can be formed is the area designated 
~mc lassi fled. 

Informational Note No.3: Locations that nonnally are 
classified as Zone 21 can fall into Zone 22 when 
measures are employed to prevent the formation of 
explosive dust-air mixtures. Such measures include 
exhaust ventilation. The measures should be used in the 
vicinity of (bag) filling and emptying points, feed belts, 
sampling points, truck dump stations, belt dump over 
points, etc. 

506.6 Special Precaution. Article 506 requires 
equipment construction and installation that ensures safe 
performance under conditions of proper use and 
maintenance. 

Informational Note: It is important that inspection 
authorities and users exercise more than ordinary care 
with regard to the installation and maintenance of 
electrical equipment in hazardous (classified) locations. 

(A) Implementation of Zone Classification System. 
Classification of areas, engineering and design, selection 
of equipment and wiring methods, installation, and 
inspection shall be performed by qualified persons. 

(B) Dual Classification. In instances of areas within the 
same facility classified separately, Zone 22 locations shall 
be permitted to abut, but not overlap, Class II or Class III, 
Division 2 locations. Zone 20 or Zone 21 locations shall 
not abut Class II or Class Ill, Division 1 or Division 2 
locations. 
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(C) Reclassification Permitted. A Class II or Class III, 
Division 1 or Division 2 location shall be permitted to be 
reclassified as a Zone 20, Zone 21, or Zone 22 location, 
provided that all of the space that is classified because of 
a single combustible dust or ignitible tiber/flying source is 
reclassified under the requirements of this article. 

(D) Simultaneous Presence of Flammable Gases and 
Combustible Dusts or Fibers/Flyings. Where flammable 
gases, combustible dusts, or fibers/flyings are or may be 
present at the same time, the simultaneous presence shall 
be considered during the selection and installation of the 
electrical equipment and the wiring methods, including 
the determination of the safe operating temperature of the 
electrical equipment. 

506.8 Protection Techniques. Acceptable protection 
techniques for electrical and electronic equipment in 
hazardous (classified) locations shall be as described in 
506.8(A) through (1). 

(A) Dust Ignitionproof. This protection technique shall 
be permitted for equipment in Zone 20, Zone 21, and 
Zone 22 locations for which it is identified. 

(B) Pressurized. This protection technique shall be 
permitted for equipment in Zone 21 and Zone 22 
locations for which it is identified. 

(C) Intrinsic Safety. This protection technique shall be 
permitted for equipment in Zone 20, Zone 21, and Zone 
22 locations for which it is identified. Installation of 
intrinsical1y safe apparatus and wiring shall be in 
accordance with the requirements of Article 504. 

(D) Dusttight. This protection technique shall be 
pennitted for equipment in Zone 22 locations for which it 
is identified. 

(E) J»rotection by Encapsulation " mD". This protection 
technique shall be permitted for equipment in Zone 20, 
Zone 21, and Zone 22 locations for which it is identified. 

Informational Note: See Table 506.9(L)(2)(3j i~l"lh~ 
~!!~, ~ript_i~"-,_. ()fS_~l~l yisi~n~. (or_encaps~ lation. 

(F) Nonincendive Circuit. This protection technique 
shall be permitted for equipment in Zone 22 locations for 
which it is identified. 

(G) Nonincendive Equipment. This protection technique 
shall be permitted for equipment in Zone 22 locations for 
which it is identified. 

(H ) Protection by Enclosure "tD". This protection 
technique shall be permitted for equipment in Zone 21 
and Zone 22 locations for which it is identified. 

(I> Protection by Pressurization "pD". This protection 
technique shall be permitted for equipment in Zone 21 
and Zone 22 locations for which it is identified. 
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(J) Protection by Intrinsic Safety "iD". This protection 
technique shall be permitted for equipment in Zone 20, 
Zone 21, and Zone 22 locations for which it is listed. 

506.9 Equipment Requirements. 

(A) Suitability. Suitability of identified equipment shall 
be determined by one of the following: 

(1) Equipment listing or labeling 

(2) Evidence of equipment evaluation from a qualified 
testing laboratory or inspection agency concerned 
with product evaluation 

(3) Evidence acceptable to the authority having 
jurisdiction such as a manufacturer's self-evaluation 
or an owner's engineering judgment 

Informational Note: Additional documentation for 
equipment may include certificates demonstrating 
compliance with applicable equipment standards, 
indicating special conditions of use, and other pertinent 
information. 

(B) Listing. 

(I) Equipment that is listed for Zone 20 shall be 
permitted in a Zone 21 or Zone 22 location of the 
same dust or ignitible fiber/flying. Equipment that is 
listed for Zone 21 may be used in a Zone 22 location 
of the same dust fiber/flying. 

(2) Equipment shall be permitted to be listed for a 
specific dust or ignitible fiber/flying or any specific 
combination of dusts fibers/flyings. 

(C) Marking. 

(1) Division Equipment. Equipment identified for Class 
II, Division 1 or Class II, Division 2 shall, in addition to 
being marked in accordance with SOO.S(C), be permitted 
to be marked with both of the following: 

(1) Zone 20, 21, or 22 (as applicable) 

(2) Temperature classification in accordance with 
506.9(D) 

(2) Zone Equipment. Equipment meeting one or more of 
the protection techniques described in 506.8 shall be 
marked with the following in the order shown: 

(1) lime 

(2) Symbol "AEx" 

(3) Protection technique(s) III accordance with Table 
506.9(C)(2)(3) 

(4) Temperature classification, marked as a temperature 
value, in degrees C, preceded by T 

(5) Ambient temperature marking in accordance with 
506.9(D) 

70-416 

Informational Note: The EPl (or equipment protectio" 
Icv I) may appear in the product marking. EPls are 
designated as G for gas, D for dust, or M for mining. 
and are them followed by a letter (a. h. or c) to give th~ 
u~er a bc:tter understanding as to whether the 
equipment pro\·idcs either (a) a "very high," (b) 
"bigh," or (c) an "enhanced" level of protection 
agam' ignition of an explosive atmosphere. For 
exampl • all AEx pb IIIB T165°C motor (\\bich is 
uitable by protection concept for application in Zone 

21) may additionally be marked with an EPL of "Db", 
AEx P 1118 T165°C Db. 

able 506.9(C)(2)(3) Types of Protection Designation 

Designation Technigue Zone* 
iaD Protection by intrinsic 20 

safety 
itl Protectlonb~' intrln' lc 20 

!-SfelY 
I~P Protection by !ntrin ic 21 

saf.ly 
ib PrOlection by inlnn Ie 21 

relY 
[iaD] Associated apparatus Unclassified** 
lia) , sociated apraratu UncIa ified" 
[ibO] Associated apparatus UncIa ' ificd " 
[ib) A<"oclatcd apparatu~ Unclassified-
ma D Protection by 

20······ .. , .. ,~,-" 

encapsulation 
ma Protection by 20 

encap ulation 
mbO Protection by 21 

encapsulation 
mb Protectio() by 21 

m:apsu lat io~ 
pD Protection by 21 

pressurization 
p Protection by 21 

pr , uri7.Jtiofl 
pb Prota;tion by 21 

Pf!Sllfi/all()JI 
to Protection by 21 

enclosures 
~ Protection by 21 

ndo ur 
rb Prot clion by ;21 

otnclo ur'i: 
Ie Protection by ~1 

cllclo ur 
*Does not address use where a combination oftechniques is used. 
** Associated apparatus is permitted to be installed in a hazardous 
(classified) location if suitably protected using another type of 
protection. 

Informational Note: TIle "D" suffix on Ihe type of 
protection designation wa employed prior 10 th 
inlroduction of Group lilA. I1IB. and HlC; which is (JOw. 

U ed 10 di lingUlsh bct"cen tht! type of protection 
employed for Group 11 «(1a . )()~Q~QupIJIJQttJ~l~ 

(D) Temperature Classifications. Equipment shall be 
marked to show the operating temperature referenced to a 
40°C (104°F) ambient. Electrical equipment designed for use 
in the ambient temperature range between -20°C and +40°C 
shall require no additional ambient temperature marking. 
Electrical equipment that is designed for use in a range of 
ambient temperatures other than -20°C and +40°C is 
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considered to be special; and the ambient temperature range 
shall then be marked on the equipment, including either the 
symbol "Ta" or "Tamb" together with the special range of 
ambient temperatures. As an example, such a marking might 
be "-30°C::; Ta ::; +40°C." Electrical equipment suitable for 
ambient temperatures exceeding 40°C (104°F) shall be 
marked with both the maximum ambient temperature and the 
operating temperature at that ambient temperature. 

Exception No.1: Equipment of the non-heat-producing 
type, such as conduit fittings, shall not be required to 
have a marked operating temperature. 

Exception No.2: Equipment identified for Class 11, 
Division 1 or Class 11, Division 2 locations as permitted 
by 506.20(B) and (C) shall be permitted to be marked in 
accordance with 500.8(C) and Table 500.8(C). 

(E) Threading. The supply connection entry thread fom1 
~1!~IJ~JYf'.IQ~ . metric. Conduit and fittings shall be made 
wrench tight to prevent sparking when the fault current flows 
through the conduit system and to ensure the integrity of the 
conduit system. Equipment provided with threaded entries 
for field wiring connections shall be installed in accordance 
with 506.9(E)(1) or (E)(2) and with {E)(3)~ 

(1) Equipment Provided with Threaded Entries for 
NPT Threaded Conduit or Fittings. For equipment 
provided with threaded entries for NPT threaded conduit 
or fittings, li~ted conduit fittings, or cable fittings shall be 
used. All NPT threaded conduit and fittings referred to 
berein shall be threaded ''rid, a National (American) 
~tandard ~i.pe .Tap . ~l~~I)J~!.£~~~. 

Informational Note: rrhr. d p diicaiIoi)s for Pi' 
threads are located in ANSI/ASME BI.20.1-19 '3 fipq 
Threads. G ',u'ral Purpo\'£1 (Inch). 

(2) Equipment Provided with Threaded Entries for 
Metric Threaded Conduit or Fittings. For equipment 
'Yi!~ metric !hreaded entries, ~i t d conduit fittings or listed 
cable fittings shall bC\l d. Such entries shall be identified 
as being metric, or listed adapters to permit connection to 
conduit or NPT threaded fittings shall be provided with the 
equipment anci' shall be used for connection to conduit or 
NPT threaded fittings. Metric thr aded entries shall be 
made up with at least five threads fully en_aged, 

(3) Unused Opening. All unused openings shall be closed 
with list d metal close-up plugs. The plug engagement 
~hall comply with 506.9(E)(l) or (E)(2)~ 

(F) Optical Fiber~a~le~ .. W.h~~~tlgP!J~!lJJiber cabl~ 
contains conductors that are capable of carrying current 
(composite optical fiber cabl~), the optical fiber cable 
shall be installed in accordance with the requirements of 
Act icles 506.15 and 506.16. 

506.15 Wiring Methods. 

Wiring methods shall maintain the integrity of the 
protection techniques and shall comply with 506.15(A), 
(B), or (C). 
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(A) Zone 20. In Zone 20 locations, the following wiring 
m~t.hQQ.~. ::)h2l.H be permitted. 

(I) Threaded rigid metal conduit or threaded steel 
intermediate metal conduit. 

(2) Type MI cable iemlinatcd with fittings listed for the 
location. Type MI cable shall be installed and 
supported in a manner to avoid tensile stress at the 
termination fittings. 

Exception: MI cable and .fittings listed for Class 11, 
Division 1 locations ~&~1.llhe. permitted to be used. 

(3) In industrial establishments with limited public access, 
where the conditions of maintenance and supervision 
ensure that only qualified persons service the 
installation, Type MC-HL cable listed for use in Zone 
20 locations, with ~ cOlllinuous corrugated metallic 
sheath, an overall jacket of suitable polymeric 
material, and a separate equipment grounding 
conductor(s) in accordance with 250.122, and 
terminatcd with fittil}gslistedfor the application, shall 
be permitted. Type MC-HL cable shall be installed in 
accordance with the provi ions of Article 330, Part II. 

Exception: Type MC-HL cable and fittings listed for Class 
11, Division 1 locations shall be permitted to be used. 

(4) fn'~indutrlaT'estahnshments\vith restricted public 
access. where the conditions of maintenance and 
supervision en ure that only quail lied persons service 
the installation. and where the cable is not subject to 
physical damag~. Type ITC-HL cable listed for use in 
~OtlC I or Class I. Division I locations. with a 
gas/vaportight continuous corrugated mc::tallic sheath 
and an overall jacket of suitable polymeric material~ 
and terminated , .... ith fittings listed for the application, 
ty'ype ITC-HL c. ble shall be installed in accordance 
~ithtllt:Jl.!.()yisi.91),~QI~i£J~ .. I~I" 

(5) Fittings and boxes shall be identified for use in Zone 
20 locations. 

Exception: Boxes and fittings listed jar Class 11, Division 
1 locations :o,ll(lIlJ!~' permitted to be used. 

(6) Where necessary to employ flexible connections, 
liquidtight flexible metal conduit with listed fittings, 
hquidtight flexible nonmetallic conduit with listed 
fittings, or flexible cord listed for extra-hard usage 
and provided with listed fittings shall be used. Where 
flexible cords are used!~ey shall also comply with 
506.17 and shall be lerminated with a Ii ted cord 
connector that maintains the type of protection of th~ 
terminal compartment. Where flexible connections 
are subject to oil or other corrosive conditions, the 
insulation of the conductors shall be of a type listed 
for the condition or shall be protected by means of a 
suitable sheath. 
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Exception: Flexible conduit and flexible conduit and cord 
fittings listed for Class 11, Division 1 locations hall be 
permitted to be used. 

Informational Note: See 506.25 for grounding 
requirements where flexible conduit is used. 

(B) Zone 21. In Zone 21 locations, the wiring methods in 
(B)(l) and (B)(2) shall be permitted. 

(1) All wiring methods permitted in 506.l5(A). 

(2) Fittings and boxes that are dusttight, provided with 
threaded bosses for connection to conduit, in which 
taps, joints, or terminal connections are not made, and 
are not used in locations where metal dust is present, 
may be used. 

(C) Zone 22. In Zone 22 locations, the f()II()\\'ing wiring 
methods shall be permitted. 

(1) All wiring methods permitted in 506.l5(B). 

(2) Rigid metal conduit, intermediate metal conduit, 
electrical metallic tubing, dusttight wireways. 

(3) Type MC or MI cable with listed termination fittings. 

(4) Type PLTC ndTypePLtc~ER cable in accordanc~ 
with the provisions of Article 725. including 
Installation in cable tray systems. The cable shall be 
terminated with listed fit1injs. 

(5) T e ITC and Typ ITC-ER cable a permitted in 
727.4 and tenninated with listed fittin s. 

(6) Type MC, MI, MY, or TC cable installed in ladder, 
ventilated trough, or ventilated channel cable trays in 
a single layer, with a space not less than the larger 
cable diameter between two adjacent cables, shall be 
the wiring method employed. Single-conductor Type 
MY cables shall be shielded or metallic armored. 

(7) Nonincendive field wiring shall be permitted using 
any of the wiring methods permitted for unclassified 
locations. Nonincendive field wiring systems shall be 
installed in accordance with the control drawing( s). 

Simple apparatus, not shown on the control 
drawing, shall be permitted in a nonincendive field 
wiring circuit, provided the simple apparatus does not 
interconnect the nonincendive field wiring circuit to 
any other circuit. 

Informational Note: Simple apparatus is defined 
in 504.2. 

Separation of nonincendive field wiring circuits shall be 
in accordance with one of the following: 

a. Be in separate cables 

b. Be in multiconductor cables where the conductors 
of each circuit are within a grounded metal shield 
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c. Be in multiconductor cables where the conductors 
have insulation with a minimum thickness of 0.25 
mm (0.01 in.) 

(8) Boxes and fittings shall be dusttight. 

506.16 Sealing. Where necessary to protect the ingress of 
combustible dust or ignitible fibers/flyings, or to maintain the 
type of protection, seals shall be provided. The seal shall be 
identified as capable of preventing the ingress of combustible 
dust or ignitible fibers/flyings and maintaining the type of 
protection but need not be explosionproof or flameproof. 

506.17 Flexible Cords. Flexible cords used in Zone 20, 
Zone 21, and Zone 22 locations shall comply with all of 
the following: 

(1) Be of a type listed for extra-hard usage 

(2) Contain, in addition to the conductors of the circuit, an 
equipment grounding conductor complying with 400.23 

(3) Be connected to terminals or to supply conductors in 
an approved manner 

(4) Be supported by clamps or by other suitable means in 
such a manner to minimize tension on the terminal 
connections 

(5) Be terminated with " aliSl~dco"d - colliiectoi "'that 
maintains th~ protection technique of the tenninal 
comp8rtmen~ 

506.20 Equipment Installation. 

(A) Zone 20. In Zone 20 locations, only equipment listed 
and marked as suitable for the location shall be permitted. 

Exception: Equipment listed for use in Class II, Division 
1 locations with a suitable temperature class shall be 
permitted. 

(B) Zone 21. In Zone 21 locations, only equipment listed 
and marked as suitable for the location shall be permitted. 

Exception No.1: Apparatus listed for use in Class II, 
Division 1 locations with a suitable temperature class 
shall be permitted. 

Exception No.2: Pressurized equipment identified for 
Class II, Division 1 shall be permitted. 

(C) Zone 22. In Zone 22 locations, only equipment listed 
and marked as suitable for the location shall be permitted. 

Exception No.1: Apparatus listed for use in Class II, 
Division 1 or Class II, Division 2 locations with a suitable 
temperature class shall be permitted. 

Exception No.2: Pressurized equipment identified for 
Class 11, Division 1 or Division 2 shall be permitted. 

(D) Manufacturer's Instructions. Electrical equipment 
installed in hazardous (classified) locations shall be 
installed in accordance with the instructions (if any) 
provided by the manufacturer. 
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(E) Temperature. The temperature marking specified in 
506.9(C)(2)(5) shall comply with (E)(1) or (E)(2): 

(1) For combustible dusts, less than the lower of 
either the layer or cloud ignition temperature of 
the specific combustible dust. For organic dusts 
that may dehydrate or carbonize, the temperature 
marking shall not exceed the lower of either the 
ignition temperature or 165°C (329°F). 

(2) For ignitible fibers/flyings, less than 165°C (329°F) 
for equipment that is not subject to overloading, or 
120°C (248°F) for equipment (such as motors or 
power transformers) that may be overloaded. 

Informational Note: See NFP A 499-2008, 
Recommended Practice for the Class(fication of 
Combustible Dusts and of Hazardous (Classified) 
Locations for Electrical Installations in Chemical 
Processing Areas, for mmlmum ignition 
temperatures of specific dusts. 

506.21 Multiwire Branch Circuits. In Zone 20 and Zone 
21 locations, a multiwire branch circuit shall not be 
permitted. 

Exception: Where the disconnect device(s) for the circuit 
opens all ungrounded conductors of the multiwire circuit 
simultaneously. 

506.25 Grounding and Bonding. Grounding and 
bonding shall comply with Article 250 and the 
requirements in 506.25(A) and (B). 

(A) Bonding. The locknut-bushing and double-locknut 
types of contacts shall not be depended on for bonding 
purposes, but bonding jumpers with proper fittings or 
other approved means of bonding shall be used. Such 
means of bonding shall apply to all intervening raceways, 
fittings, boxes, enclosures, and so forth, between Zone 20, 
Zone 21, and Zone 22 locations and the point of 
grounding for service equipment or point of grounding of 
a separately derived system. 

Exception: The specific bonding means shall be required 
only to the nearest point where the grounded circuit 
conductor and the grounding electrode conductor are 
connected together on the line side of the building or 
structure disconnecting means as specified in 250.32(B) if 
the branch side overcurrent protection is located on the 
load side of the disconnecting means. 

Informational Note: See 250.100 for additional bonding 
requirements in hazardous (classified) locations. 

(B) Types of Equipment Grounding Conductors. 
Liquidtight flexible metal conduit shall indude all 
~qllipm~mJ?'9!l~i!lg jumper of the wire type in cOmpliaJ1Ce 
with 250.102. 
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Exception: In Zone 22 locations, the bonding jumper 
shall be permitted to be deleted where all of the follOWing 
conditions are met: 

(1) Listed liquidtight flexible metal conduit 1.8 m (6ft) or 
less in length, with fittings listedfor grounding, is used. 

(2) Overcurrent protection in the circuit is limited to 10 
amperes or less. 

(3) The load is not a power utilization load. 

ARTICLE 510 
Hazardous (Classified) Locations -

Specific 
510.1 Scope. Articles 511 through 517 cover occupancies 
or parts of occupancies that are or may be hazardous 
because of atmospheric concentrations of flammable 
liquids, gases, or vapors, or because of deposits or 
accumulations of materials that may be readily ignitible. 

510.2 General. The general rules of this Code and the 
provisions of Articles 500 through 504 shall apply to 
electrical wiring and equipment in occupancies within the 
scope of Articles 511 through 517, except as such rules are 
modified in Articles 511 through 517. Where unusual 
conditions exist in a specific occupancy, the authority having 
jurisdiction shall judge with respect to the application of 
specific rules. 

ARTICLE 511 
Commercial Garages, Repair 

and Storage 
Informational Note: Text that is followed by a reference 
in brackets has been extracted from NFPA 30A-2008, 
Code for Motor Fuel Dispensing Facilities and Repair 
Garages. Only editorial changes were made to the 
extracted text to make it consistent with this Code. 

511.1 Scope. These occupancies shall include locations 
used for service and repair operations in connection with 
self-propelled vehicles (including, but not limited to, 
passenger automobiles, buses, trucks, and tractors) in 
which volatile flammable liquids or flammable gases are 
used for fuel or power. 

511.2 Definitions. 

Major Repair Garage. A building or portions of a 
building where major repairs, such as engine overhauls, 
painting, body and fender work, and repairs that require 
draining of the motor vehicle fuel tank are performed on 
motor vehicles, including associated floor space used for 
offices, parking, or showrooms. [30A:3.3.12.1] 
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Minor Repair Garage. A building or portions of a 
building used for lubrication, inspection, and minor 
automotive maintenance work, such as engine tune-ups, 
replacement of parts, fluid changes (e.g., oil, antifreeze, 
transmISSIon fluid, brake fluid, air-conditioning 
refrigerants), brake system repairs, tire rotation, and similar 
routine maintenance work, including associated floor space 
used for offices, parking, or showrooms. [30A:3.3.12.2] 

511.3 Area Classification, General. Where Class I 
liquids or gaseous fuels are stored, handled, or 
transferred, electrical wiring and electrical utilization 
equipment shaH be designed in accordance with the 
requirements for Class I, Division 1 or 2 hazardous 
(classified) locations as classified in accordance with 
500.5 and 500.6, and this article. A Class I location shall 
not extend beyond an unpierced wall, roof, or other solid 
partition that has no openings. [30A:8.3.5, 8.3.2] 

(A) Parking Garages. Parking garages used for parking 
or storage shall be permitted to be unclassified. 

Infonnational Note: For further information, see NFP A 
88A-20 11, Standard for Parking Structures, and NFP A 
30A-2008, Code for Motor Fuel Dispensing Facilities 
and Repair Garages. 

(B) Repair Garages, With Dispensing. Major and minor 
repair garages that dispense motor fuels into the fuel tanks 
of vehicles, including flammable liquids having a flash 
point below 38°C (100°F) such as gasoline, or gaseous 
fuels such as natural gas, hydrogen, or LPG, shall have 
the dispensing functions and components classified in 
accordance with Table 514.3(8)(1) in addition to any 
classification required by this section. Where Class I 
liquids, other than fuels, are dispensed, the area within 
900 mm (3 ft) of any fill or dispensing point, extending in 
all directions, shall be a Class 1, Division 2 location. 

(C) Major Repair Garages. Where flammable liquids 
having a flash point below 38°C (100°F) such as gasoline, 
or gaseous fuels such as natural gas, hydrogen, or LPG, 
will not be dispensed, but repair activities that involve the 
transfer of such fluids or gases are performed, the 
classification rules in (1), (2), and (3) shall apply. 

(l) Floor Areas. 

(a) Ventilation Provided. The floor area shall be 
unclassified where there is mechanical ventilation 
nrr.,u,,11nn a minimum of four air changes per hour 

of exchanged air for each square 
meter (foot) of floor area. Ventilation shall provide for air 
exchange across the entire floor area, and exhaust air shall 
be taken at a point within 0.3 m (12 in.) of the floor. 

(b) Ventilation Not Provided. The entire floor area 
up to a level of 450 mm (18 in.) above the noor shall be 
classified as Class I, Division 2 if the ventilation does not 
comply with 511.3(C)(1)(a). 
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2) Ceiling Areas. Where lighter-than-air gaseous 
fueled vehicles, such as vehicles fueled by natural gas or 
hydrogen, are repaired or stored, the area within 450 mm 
(18 in.) of the ceiling shall be considered for classification 
in accordance with (a) and (b). 

(a) Ventilation Provided. The ceiling area shall be 
unclassified where ventilation is provided, from a point 
not than 450 mm (18 in.) from the highest point in 
the ceiling, to exhaust the ceiling area at a rate of not less 
than 0.3 m3/minlm2 (1 cfm/ft2) of ceiling area at all times 
that the building is occupied or when vehicles using 
lighter-than-air gaseous fuels are parked below this area. 

(b) Ventilation Not Provided. Ceiling areas that are 
not ventilated in accordance with 511.3(C)(2)(a) shall be 
classified as Class I, Division 2. 

(3) Pit Areas in Lubrication or Service Room. Any pit, 
belowgrade work area, or subfloor work area shall be 
classified as provided in ( a) or (b). 

(a) Ventilation Provided. The pit area shall be a Class 
I, Division 2 location where there is mechanical ventilation 
providing a minimum of six air changes per hour. 

(b) Ventilation Not Provided. Where ventilation is 
not provided in accordance with 511.3(C)(3)(a), any pit or 
depression below floor level shall be a Class I, Division 1 
location that extends up to the floor level. 

(D) Minor Repair Garages. Where flammable liquids 
having a flash point below 38°C (lOO°F) such as gasoline, 
or gaseous fuels such as natural gas or hydrogen, will not 
be dispensed or transferred, the classification rules in 
(D)(I), (D)(2), and (D)(3) shall apply to the lubrication and 
service rooms. 

(1) Floor Areas. Floor areas in minor repair garages 
without pits, belowgrade work areas, or sub floor work 
areas shall be unclassified. Where floor areas include pits, 
belowgrade work areas, or sub floor work areas in 
lubrication or service rooms, the classification rules in ( a) 
or (b) shall apply. 

(a) Ventilation Provided. The entire floor area shaIl 
be unclassified where there is mechanical ventilation 
nrf"l,'Illrll1"ln a minimum of four air changes per hour or 

of exchanged air for each square 
meter (foot) of floor area. Ventilation shall provide for air 
exchange across the entire floor area, and exhaust air shall 
be taken at a point within 0.3 m (12 in.) of the floor. 

(b) Ventilation Not Provided. The floor area up to a 
level of 450 mm (18 in.) above any unventilated pit, 
belowgrade work area, or subfloor work area and extending 
a distance of 900 mm (3 ft) horizontally from the edge of 
any such pit, belowgrade work area, or subfloor work area, 
shall be classified as Class I, Division 2. 

2013 California Electrical Code 



ARTICLE 511 COMMERCIAL 

(2) CeiHng Areas. Where lighter-than-air gaseous fuels 
(such as natural gas or hydrogen) will not be transferred, 
such locations shall be unclassified. 

(3) Pit Areas in Lubrication or Service Room. Any pit, 
belowgrade work area, or subfloor work area shall be 
classified as provided in (a) or (b). 

(a) Ventilation Provided. Where ventilation is 
provided to exhaust the pit area at a rate of not less than 

0.3 m3/minlm2 (1 cfrnlft2) of floor area at all times that 
the building is occupied, or when vehicles are parked in 
or over this area and where exhaust air is taken from a 
point within 300 mm (12 in.) of the floor of the pit, 
belowgrade work area, or subfloor work area, the pit shall 
be unclassified. [30A:7.4.S.4. Table 8.3.1] 

(b) Ventilation Not Provided. Where ventilation is 
not provided in accordance with 51 J.3(D)(3)(a), any pit or 
depression below floor level shal1 be a Class 1, Division 2 
location that extends up to the floor level. 

(E) Modifications to Classification. 

(1) Specific Areas Adjacent to Classified Locations. 
Areas adjacent to classified locations in which flammable 
vapors are not likely to be released, such as stock rooms, 
switchboard rooms, and other similar locations, shall be 
unclassified where mechanically ventilated at a rate of four 
or more air changes per hour, or designed with positive air 
pressure, or where effectively cut off by walls or partitions. 

(2) Alcohol-Based Windshield Washer Fluid. The area 
used for storage, handling, or dispensing into motor 
vehicles of a1cohol-based windshield washer fluid in 
repair garages shall be unclassified unless otherwise 
classified by a provision of 511.3. [30A:8.3.S, Exception] 

511.4 Wiring and Equipment in Class I Locations. 

(A) Wiring Located in Class I Locations. Within Class I 
locations as classified in 511.3, wiring shall conform to 
applicable provisions of Article SO 1. 

(B) Equipment Located in Class I Locations. Within 
Class I locations as defined in 511.3, equipment shall 
conform to applicable provisions of Article SOl. 

(1) Fuel-Dispensing Units. Where fuel-dispensing units 
(other than liquid petroleum gas, which is prohibited) are 
located within buildings, the requirements of Article 514 
shall govern. 

Where mechanical ventilation is provided in the 
dispensing area, the control shall be interlocked so that 
the dispenser cannot operate without ventilation, as 
prescribed in SOO.5(B)(2). 

(2) Portable Lighting Equipment. Portable lighting 
equipment shall be equipped with handle, lampho]der, hook, 
and substantial guard attached to the lampholder or handle. 
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All exterior surfaces that might come in contact with battery 
terminals, wiring terminals, or other objects shall be of 
nonconducting material or shall be effectively protected 
with insulation. Lampholders shall be of an un switched type 
and shall not provide means for plug-in of attachment plugs. 
The outer shell shall be of molded composition or other 
suitable material. Unless the lamp and its cord are supported 
or arranged in such a manner that they cannot be used in the 
locations classified in 511.3, they shall be of a type 
identitied for Class 1, Division 1 locations. 

511.7 Wiring and Equipment Installed Above Class I 
Locations. 

(A) Wiring in Spaces Above Class I Locations. 

(1) Fixed Wiring Above Class I Locations. All fixed 
wiring above Class I locations shall be in metal 
raceways, rigid nonmetallic conduit, electrical 
nonmetallic tubing, flexible metal conduit, liquidtight 
flexible metal conduit, or liquidtight flexible nonmetallic 
conduit, or shall be Type MC, AC, MI, manufactured 
wiring systems, or PLTC cable in accordance with 
Article 72S, or Type TC cable or Type [TC cable in 
accordance with Article 727. Cellular metal floor 
raceways or ceJIular concrete 1100r raceways shall be 
permitted to be used only for supplying ceiling outlets or 
extensions to the area below the floor, but such raceways 
shall have no connections leading into or through any 
Class I location above the floor. 

(2) Pendant. For pendants, flexible cord suitable for the 
type of service and listed for hard usage shall be used. 

(B) Electrical Equipment Installed Above Class I 
Locations. 

(1) Fixed Electrical Equipment. Electrical equipment 
in a fixed position shall be located above the level of any 
defined Class I location or shall be identified for the 
location. 

(a) Arcing Equipment. Equipment that is less than 
3.7 m (12 ft) above the floor level and that may produce 
arcs, sparks, or particles of hot metal, such as cutouts, 
switches, charging panels, generators, motors, or other 
equipment (excluding receptacles, lamps, and 
lampholders) having make-and-break or sliding contacts, 
shall be of the totally enclosed type or constructed so as 
to prevent the escape of sparks or hot metal particles. 

(b) Fixed Lighting. Lamps and lampholders for 
fixed lighting that is located over lanes through which 
vehicles are commonly driven or that may otherwise be 
exposed to physical damage shall be located not less 
than 3.7 m (12 ft) above floor level, unless of the totally 
enclosed type or constructed so as to prevent escape of 
sparks or hot metal particles. 
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511.9 Sealing. Seals complying with the requirements of 
501.15 and 501. 15(B)(2) shall be provided and shall apply 
to horizontal as well as vertical boundaries of the defined 
Class I locations. 

511.10 Special Equipment. 

(A) Battery Charging Equipment. Battery chargers and 
their control equipment, and batteries being charged, shall 
not be located within locations classified in 511.3. 

(B) Electric Vehicle Charging Equipment. 

(1) General. All electrical equipment and wiring shall be 
installed in accordance with Article 625, except as noted 
in 511.10(B)(2) and (B)(3). Flexible cords shall be of a 
type identified for extra-hard usage. 

(2) Connector Location. No connector shall be located 
within a Class I location as defined in 511.3. 

(3) Plug Connections to Vehicles. Where the cord is 
suspended from overhead, it shall be arranged so that the 
lowest point of sag is at least 150 mm (6 in.) above the 
floor. Where an automatic arrangement is provided to pull 
both cord and plug beyond the range of physical damage, 
no additional connector shall be required in the cable or at 
the outlet. 

511.12 Ground-Fault Circuit-Interrupter Protection 
for Personnel. All 125-volt, single-phase, 15- and 20-
ampere receptacles installed in areas where electrical 
diagnostic equipment, electrical hand tools, or portable 
lighting equipment are to be used shall have ground-fault 
circuit-interrupter protection for personnel. 

511.16 Grounding and Bonding Requirements. 

(A) General Grounding Requirements. All metal 
raceways, the metal armor or metallic sheath on cables, 
and all non---current-carrying metal parts of fixed or 
portable electrical equipment, regardless of voltage, shall 
be grounded. 

(B) Supplying Circuits with Grounded and Grounding 
Conductors in Class I Locations. Grounding in Class I 
locations shall comply with 501.30. 

(1) Circuits Supplying Portable Equipment or 
Pendants. Where a circuit supplies portables or pendants 
and includes a grounded conductor as provided in Article 
200, receptacles, attachment plugs, connectors, and 
similar devices shall be of the grounding type, and the 
grounded conductor of the flexible cord shall be 
connected to the screw shell of any lampholder or to the 
grounded terminal of any utilization equipment supplied. 

(2) Approved Means. Approved means shall be provided 
for maintaining continuity of the equipment grounding 
conductor between the fixed wiring system and the non
current-carrying metal portions of pendant luminaires, 
portable luminaires, and portable utilization equipment. 
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ARTICLE 513 

Aircraft Ha~g~~~ 

513.1 Scope. This article shall apply to buildings or 
structures in any part of which aircraft containing Class I 
(flammable) liquids or Class II (combustible) liquids 
whose temperatures are above their flash points are 
housed or stored and in which aircraft might undergo 
service, repairs, or alterations. It shall not apply to 
locations used exclusively for aircraft that have never 
contained fuel or unfueled aircraft. 

Infonnational Note No. I: For definitions of aircraft 
hangar and unfueled aircraft, see NFP A 409-2011, 
Standard on Aircraft Hangars. 

Informational Note No.2: For further information on 
fuel classification see NFP A 30-2008, Flammable and 
Combustible Liquids Code. 

513.2 Definitions. For the purpose of this article, the 
following definitions shall apply. 

Aircraft Painting Hangar. An aircraft hangar 
constructed for the express purpose of 
spray/coating/dipping applications and provided with 
dedicated ventilation supply and exhaust. 

Mobile Equipment. Equipment with electrical 
components suitable to be moved only with mechanical 
aids or is provided with wheels for movement by 
person(s) or powered devices. 

Portable Equipment. Equipment with electrical 
components suitable to be moved by a single person 
without mechanical aids. 

513.3 Classification of Locations. 

(A) Below Floor Level. Any pit or depression below the 
level of the hangar floor shall be classified as a Class I, 
Division 1 or Zone 1 location that shall extend up to said 
floor level. 

(B) Areas Not Cut Off or Ventilated. The entire area of 
the hangar, including any adjacent and communicating 
areas not suitably cut off from the hangar, shall be 
classified as a Class I, Division 2 or Zone 2 location up to 
a level 450 mm (18 in.) above the floor. 

(C) Vicinity of Aircraft. 

(1) Aircraft Maintenance and Storage Hangars. The 
area within 1.5 m (5 ft) horizontally from aircraft power 
plants or aircraft fuel tanks shall be classified as a Class I 
Division 2 or Zone 2 location that shall extend upward 
from the floor to a level 1.5 m (5 ft) above the upper 
surface of wings and of engine enclosures. 
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(2) Aircraft Painting Hangars. The area within 3 m (10 
ft) horizontally from aircraft surfaces from the floor to 3 
m (10 ft) above the aircraft shall be classified as Class J, 
Division 1 or Class I, Zone 1. The area horizontally 
from aircraft surfaces between 3.0 m (10 ft) and 9.0 m 
(30 ft) from the floor to 9.0 m (30 ft) above the aircraft 
surface shall be classified as Class T, Division 2 or Class 
I, Zone 2. 

Informational Note: See NFPA 33-2011, Standard for 
Spray Application U ... ing Flarmnable or Combustible 
Materials, for information on ventilation and grounding 
for static protection in spray painting areas. 

(D) Areas Suitably Cut Ofr and Ventilated. Adjacent 
areas in which flammable liquids or vapors are not likely 
to be released, such as stock rooms, electrical control 
rooms, and other similar locations, shall be unclassified 
where adequately ventilated and where effectively cut 
off from the hangar itself by walls or partitions. 

513.4 \Viring and Equipment in C1ass I Locations. 

(A) General. All wiring and equipment that is or may be 
installed or operated within any of the Class I locations 
detined in 513.3 shall comply with the applicable 
provisions of Article 50 I or Article 505 for the division or 
zone in which they are used. 

Attachment plugs and receptacles in Class T locations 
shall be identified for Class I locations or shall be 
designed such that they cannot be energized while the 
connections are being made or broken. 

(B) Stancbions, Rostrums, and Docks. Electrical 
wiring, outlets, and equipment (including lamps) on or 
attached to stanchions~ rostrums, or docks that are 
located or likely to be located in a Class I location, as 
defined in 513.3(C), shall comply with the applicable 
provisions of Article 501 or Article 505 for the division 
or zone in which they are used. 

513.7 Wiring and Equipment Not Installed in Class I 
Locations. 

(A) Fixed Wiring. All fixed wiring in a hangar but not 
installed in a Class I location as classified in 513.3 shall 
be installed in metal raceways or shall be Type lVII, TC, or 
Me cable. 

Exception: Wiring in unclass~fied locations, as described 
in 513.3(D), shall be permitted to be any suitable type 
wiring method in Chapter 3. 

(B) Pendants. For pendants, flexible cord suitable for 
the type of service and identified for hard usage or extra
hard usage shall be used. Each such cord shall include a 
separate equipment grounding conductor. 
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(C) Arcing Equipment. In locations above those described 
in 513.3, equipment that is less than 3.0 m (10 ft) above 
wings and engine enclosures of aircraft and that may 
produce arcs, sparks, or particles of hot metal, such as 
lamps and lampholders for fixed lighting, cutouts, switches~ 
receptacles, charging panels, generators, motors, or other 
equipment having make-and-break or sliding contacts, shall 
be of the totally enclosed type or constructed so as to 
prevent the escape of sparks or hot metal particles. 

nXicep,twn.· Equipment in areas described in 513.3(D) 
shall be permitted to be of the general-purpose type. 

(D) Lampbolders. Lampholders of metal-shell, fiber
lined types shall not be used for fixed incandescent 
lighting. 

(E) Stanchions, Rostrums, or Docks. Where stanchions, 
rostrums, or docks are not located or likely to be located 
in a Class T location, as defined in 513.3(C), wiring and 
equipment shaH comply with 51 except that such 
wiring and equipment not more than 457 mm (18 in.) 
above the floor in any position shall comply with 
513.4(B). Receptacles and attachment plugs shall be of a 
locking type that will not readily disconnect. 

(F) Mobile Stanchions. Mobile stanchions with electrical 
equipment complying with 513.7(E) shall carry at least 
one permanently affixed warning sign with the following 
words or equivalent: 

WARNING 
KEEP 5 FT CLEAR OF AIRCRAFT 

ENGINES AND FUEL TANK AREAS 
or 

WARNING 
KEEP 1.5 METERS CLEAR OF 

AIRCRAFT 
ENGINES AND FUEL TANK AREAS 

513.8 Underground Wiring. 

(A) Wiring and Equipment Embedded, Under Slab, 
or Underground. All wiring installed in or under the 
hangar floor shall comply with the requirements for Class 
I, Division ] locations. Where such wiring is located in 
vaults, pits, or ducts, adequate drainage shall be provided. 

(B) Uninterrupted Raceways, Embedded, Under Slab, 
or Underground. Uninterrupted raceways that are 
embedded in a hangar floor or buried beneath the hangar 
floor shall be considered to be within the Class I location 
above the floor, regardless of the point at which the 
raceway descends bel.ow or rises above the floor. 

513.9 Sealing. Seals shall be provided in accordance with 
501.15 or 505.16, as applicable. Sealing requirements 
specified shall apply to horizontal as well as to vertical 
boundaries of the defined Class I locations. 
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513.10 Special Equipment. 

(A) Aircraft Electrical Systems. 

(1) De-energizing Aircraft Electrical Systems. Aircraft 
electrical systems shall be de-energized when the aircraft 
is stored in a hangar and, whenever possible, while the 
aircraft is undergoing maintenance. 

(2) Aircraft Batteries. Aircraft batteries shall not be 
charged where installed in an aircraft located inside or 
partially inside a hangar. 

(B) Aircraft Battery Charging and Equipment. Battery 
chargers and their control equipment shall not be located 
or operated within any of the Class I locations defined in 
513.3 and shall preferably be located in a separate 
building or in an area such as defined in 513.3(D). Mobile 
chargers shall carry at least one permanently affixed 
warning sign with the following words or equivalent: 

WARNING 
KEEP 5 FT CLEAR OF AIRCRAFT 

ENGINES 
AND FUEL TANK AREAS 

or 
WARNING 

KEEP 1.5 METERS CLEAR OF 
AIRCRAFT 

ENGINES AND FUEL TANK AREAS 

Tables, racks, trays, and wiring shall not be located within 
a Class I location and, in addition, shall comply with 
Article 480. 

(C) External Power Sources for Energizing Aircraft. 

(1) Not Less Than 450 mm (18 in.) Above Floor. 
Aircraft energizers shall be designed and mounted such 
that all electrical equipment and fixed wiring will be at 
least 450 mm (18 in.) above floor level and shall not be 
operated in a Class I location as defined in 513.3(C). 

(2) Marking for Mobile Units. Mobile energizers shall 
carry at least one permanently affixed warning sign with 
the following words or equivalent: 

WARNING 

KEEP 5 FT CLEAR OF AIRCRAFT 

ENGINES AND FUEL TANK AREAS 

or 

WARNING 

KEEP 1.5 METERS CLEAR OF 
AIRCRAFT 

ENGINES AND FUEL TANK AREAS 

(3) Cords. Flexible cords for aircraft energizers and 
ground support equipment shall be identified for the type 
of service and extra-hard usage and shall include an 
equipment grounding conductor. 
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(D) Mobile Servicing Equipment with Electrical 
Components. 

(1) General. Mobile servicing equipment (such as vacuum 
cleaners, air compressors, air movers) having electrical 
wiring and equipment not suitable for Class I, Division 2 or 
Zone 2 locations shall be so designed and mounted that all 
such fixed wiring and equipment will be at least 450 mm (18 
in.) above the floor. Such mobile equipment shall not be 
operated within the Class I location defined in 513.3(C) and 
shall carry at least one permanently affixed warning sign 
with the following words or equivalent: 

WARNING 
KEEP 5 FT CLEAR OF AIRCRAFT 

ENGINES 
AND FUEL TANK AREAS 

or 
WARNING 

KEEP 1.5 METERS CLEAR OF 
AIRCRAFT ENGINES 

AND FUEL TANK AREAS 

(2) Cords and Connectors. Flexible cords for mobile 
equipment shall be suitable for the type of service and 
identified for extra-hard usage and shall include an 
equipment grounding conductor. Attachment plugs and 
receptacles shall be identified for the location in which 
they are installed and shall provide for connection of the 
equipment grounding conductor. 

(3) Restricted Use. Equipment that is not identified as 
suitable for Class 1, Division 2 locations shall not be 
operated in locations where maintenance operations likely 
to release flammable liquids or vapors are in progress. 

(E) Portable Equipment. 

(1) Portable Lighting Equipment. Portable lighting 
equipment that is used within a hangar shall be identified for 
the location in which they are used. For portable luminaires, 
flexible cord suitable for the type of service and identified for 
extra-hard usage shall be used. Each such cord shall include 
a separate equipment grounding conductor. 

(2) Portable Utilization Equipment. Portable utilization 
equipment that is or may be used within a hangar shall be 
of a type suitable for use in Class I, Division 2 or Zone 2 
locations. For portable utilization equipment, flexible cord 
suitable for the type of service and approved for extra
hard usage shall be used. Each such cord shall include a 
separate equipment grounding conductor. 

513.12 Ground-Fault Circuit-Interrupter Protection 
for Personnel. Al1 125-volt, 50160-Hz, single-phase, 15-
and 20-ampere receptacles installed in areas where 
electrical diagnostic equipment, electrical hand tools, or 
portable lighting equipment are to be used shall have 
ground-fault circuit-interrupter protection for personnel. 
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ARTICLE 514 - MOTOR FUEL DISPENSING FACILITIES 514.7 

513.16 Grounding and Bonding Requirements. 

(A) General Grounding Requirements. All metal 
raceways, the metal armor or metallic sheath on cables, 
and all non-current-carrying metal parts of fixed or 
portable electrical equipment, regardless of voltage, shall 
be grounded. Grounding in Class I locations shall comply 
with 501.30 for Class I, Division 1 and 2 locations and 
505.25 for Class I, Zone 0, 1, and 2 locations. 

(B) Supplying Circuits with Grounded and Grounding 
Conductors in Class I Locations. 

(1) Circuits Supplying Portable Equipment or 
Pendants. Where a circuit supplies portables or pendants 
and includes a grounded conductor as provided in Article 
200, receptacles, attachment plugs, connectors, and 
similar devices shall be of the grounding type, and the 
grounded conductor of the flexible cord shall be 
connected to the screw shell of any lampholder or to the 
grounded terminal of any utilization equipment supplied. 

(2) Approved Means. Approved means shall be provided 
for maintaining continuity of the grounding conductor 
between the fixed wiring system and the non-current
carrying metal portions of pendant luminaires, portable 
luminaires, and portable utilization equipment. 

ARTICLE 514 
Motor Fuel Dispensing Facilities 

............ ... .... ............... 

Informational Note: Text that is followed by a reference 
in brackets has been extracted from NFPA 30A-2008, 
Code for Motor Fuel Dispensing Facilities and Repair 
Garages. Only editorial changes were made to the 
extracted text to make it consistent with this Code. 

514.1 Scope. This article shall apply to motor fuel 
dispensing facilities, marine/motor fuel dispensing 
facilities, motor fuel dispensing facilities located inside 
buildings, and fleet vehicle motor fuel dispensing facilities. 

Informational Note: For further infonnation regarding 
safeguards for motor fuel dispensing facilities, see NFP A 
30A-2008, Code for Motor Fuel Dispensing Facilities 
and Repair Garages. 

514.2 Definition. 

Motor Fuel Dispensing Facility. That portion of a 
property where motor fuels are stored and dispensed from 
fixed equipment into the fuel tanks of motor vehicles or 
marine craft or into approved containers, including all 
equipment used in connection therewith. [30A:3.3 .11] 

Informational Note: Refer to Articles 510 and 511 with 
respect to electrical wiring and equipment for other areas 
used as lubritoriums, service rooms, repair rooms, offices, 
salesrooms, compressor rooms, and similar locations. 
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514.3 Classification of Locations. 

(A) Unclassified Locations. Where the authority having 
jurisdiction can satisfactorily determine that flammable 
liquids having a flash point below 38°C (100°F), such as 
gasoline, will not be handled, such location shall not be 
required to be classified. 

(B) Classified Locations. 

(1) Class I Locations. Table 514.3(B)(l) shall be applied 
where Class I liquids are stored, handled, or dispensed and 
shall be used to delineate and classify motor fuel 
dispensing facilities and commercial garages as defined in 
Article 511. Table 515.3 shall be used for the purpose of 
delineating and classifying aboveground tanks. A Class I 
location shall not extend beyond an unpierced wall, roof, or 
other solid partition. [30A:8.1, 8.3] 

(2) Compressed Natural Gas, Liquefied Natural Gas, 
and Liquefied Petroleum Gas Areas. Table 514.3(B)(2) 
shall be used to delineate and classify areas where 
compressed natural gas (CNG), liquefied natural gas 
(LNG), or liquefied petroleum gas (LPG) is stored, 
handled, or dispensed. Where CNG or LNG dispensers are 
installed beneath a canopy or enclosure, either the canopy 
or the enclosure shall be designed to prevent accumulation 
or entrapment of ignitible vapors, or all electrical 
equipment installed beneath the canopy or enclosure shall 
be suitable for Class I, Division 2 hazardous (classified) 
locations. Dispensing devices for liquefied petroleum gas 
shall be located not less than 1.5 m (5 ft) from any 
dispensing device for Class I liquids. [30A: 12.1, 12.4, 12.5] 

Informational Note No.1: For information on area 
classification where liquefied petroleum gases are 
dispensed, see NFPA 58-2011, Liquefied 
Petroleum Gas Code. 

Informational Note No.2: For information on 
classified areas pertaining to LP-Gas systems other 
than residential or commercial, see NFP A 58-2011, 
Liquefied Petroleum Gas Code, and NFP A 59-
2008, Utility LP-Gas Plant Code. 

Informational Note No.3: See 555.21 for motor fuel 
dispensing stations in marinas and boatyards. 

514.4 Wiring and Equipment Installed in Class I 
Locations. All electrical equipment and wiring installed in 
Class I locations as classified in 514.3 shall comply with 
the applicable provisions of Article 501. 

Exception: As permitted in 514.8. 

Informational Note: For special requirements for 
conductor insulation, see 501.20. 

514.7 Wiring and Equipment Above C1ass I Locations. 
Wiring and equipment above the Class I locations as 
classified in 514.3 shall comply with 511.7. 
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ARTICLE 514 - MOTOR FUEL DISPENSING FACILITIES 

Table 514.3(8)(1) Class I Locations - Motor Fuel Dispensing Facilities 

Location 

Dispensing Device (except Overhead Type) 

Under dispenser containment 

Dispenser 

Outdoor 

Indoor 

- with mechanical ventilation 

- with gravity ventilation 

4 

Dispensing Device - Overhead Type 

Remote Pump -

Outdoor 

Indoor 

Sales, Storage, Rest Rooms including 
structures (such as the attendant's kiosk) 
on or adjacent to dispensers 

Tank, Aboveground 

Inside tank 
Shell, ends, roof, dike area 
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2,3 

I 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Division 
(Group D) 

unc lassified 

2 

2 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Zone (Group 
HA) 

unclassified 

2 

0 
1 

2 

Extent of Classified Location1 

Entire space within and under dispenser pit or containment 

Within 450 mm (18 in.) of dispenser enclosure or that portion of 
dispenser enclosure containing liquid handling components, 
extending horizontally in all directions and down to grade level 

Up to 450 mm (18 in.) above grade level, extending 6 m (20 ft) 
horizontally in all directions from dispenser enclosure 

Up to 450 mm (18 in.) above floor level, extending 6 m (20 ft) 
horizontally in all directions from dispenser enclosure 

Up to 450 mm (18 in.) above floor level, extending 7.5 m (25 ft) 
horizontally in all directions from dispenser enclosure 

Space within dispenser enclosure and all electrical equipment integral 
with dispensing hose or nozzle 

Within 450 mm (18 in.) of dispenser enclosure, extending 
horizontally in all directions and down to grade level 

Up to 450 mm (18 in.) above grade level, extending 6 m (20 ft) 
horizontally in all directions from a point vertically below edge of 
dispenser enclosure 

Entire space within any pit or box below grade level, any part of 
which is within 3 m (10 ft) horizontally from any edge of pump 

Within 900 mm (3 ft) of any edge of pump, extending horizontally in 
all directions 

Up to 450 mm (18 in.) above grade level, extending 3 m (10ft) 
horizontally in all directions from any edge of pump 

Entire space within any pit 

Within 1.5 m (5 ft) of any edge of pump, extending in all directions 

Up to 900 mm (3 ft) above floor level, extending 7.5 m (25 ft) 
horizontally in all directions from any edge . pump 

Except as noted below 

Entire volume, if there is any opening to room within the extent of a 
Division I or Zone 1 location 

Entire volume, if there is any opening to room within the extent ofa 
Division 2 or Zone 2 location 

Entire inside volume 
Entire space within dike, where dike height exceeds distance from 
tank shell to inside of dike wall for more than 50 percent of tank 
circumference 

Entire space within dike, where dike height does not exceed distance 
from tank shell to inside of dike wall for more than 50 percent of tank 
circumference 
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ARTICLE 514 - MOTOR FUEL DISPENSING FACILITIES 514.3 

Location 

Vent 

Tank, Underground 

Inside tank 

Fill Opening 

Vent 

Vapor Processing System 

Pits 

Equipment in protective enclosures 

Equipment not \vithin protective enclosure 

Equipment enclosure 

2 

1 

2 

2 

1 

2 

2 

2 

2 

2 

Division 
(Group D) 

2 

2 

o 

2 

1 

2 

2 

2 

2 

2 

Zone (Group 
IIA) 

1 
Extent of Classified Location 

Within 3 m (lOft) of shell, ends, or roof of tank 

Within 1.5 m (5 ft) of open end of vent, extending in all directions 

Between].5 m and 3 m (5 ft and lOft) from open end of vent, 
extending in all directions 

Entire inside volume 

Entire space within any pit or box below grade level, any part of 
which is within a Division 1 or Division 2 classified location or 
within a Zone 1 or Zone 2 classified location 

Up to 450 mm (18 in.) above grade level, extending 1.5 m (5 ft) 
horizontally in all directions from any tight-fill connection and 
extending 3 m (lOft) horizontally in all directions from any loose-fill 
connection 

Within 1.5 m (5 ft) of open end of vent, extending in all directions 

Between 1.5111 and 3 m (5 ft and 10 ft) from open end of vent, 
extending in all directions 

Entire space within any pit or box below grade level, any part of 
which: (1) is within a Division 1 or Division 2 classified location; 
(2) is within a Zone I or Zone 2 classified location; (3) houses any 
equipment used to transfer or process vapors 

Entire space within enclosure 

Within 450 mm (18 in.) of equipment containing flammable vapors or 
liquid, extending horizontally in all directions and down to grade 
level 

Up to 450 mm (18 in.) above grade level within 3 m (10 ft) 
horizontally of the vapor processing equipment 

Entire space within enclosure, if flammable vapor or liquid is present 
under nonnal operating conditions 

Entire space within enclosure, if flammable vapor or liquid is not 
present under nonnal operating conditions 

- Vacuum assist blower 2 2 Within 450 mm (18 in.) of blower, extending horizontally in all 
directions and down to grade level 

2 2 Up to 450 mm (18 in.) above grade level, extending 3 m (10ft) 
horizontally in all directions 

Vault Entire interior space, if Class lliql are stored within 

I For marine application, grade level means the surface of a pier, extending down to water level. 

2Refer to Figure 514.3 for an illustration of classified location around dispensing devices. 

3 Area classification inside the dispenser enclosure is covered in UL 87, Standard/or Power-Operated Dispensing Devices/or Petroleum Products. 

4Ceiling-mounted hose reel. [30A: Table 8.3.1] 
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514.8 ARTICLE S14 - MOTOR FUEL DISPENSING FACILITIES 

Table 514.3(B)(2) Electrical Equipment Classified Areas for Dispensing Devices 

Extent of Classified Area 

Dispensing Device Class I, Division 1 Class I, Division 2 

Compressed natural gas Entire space within the dispenser enclosure 1.S m (S ft)in all directions from dispenser 
enclosure 

Liquefied natural gas Entire space within the dispenser enclosure and 1.5 
m (S ft) in all directions from the dispenser enclosure 

From I.S m to 3.0 m (S ft to 10 ft) in all directions 
from the dispenser enclosure 

Liquefied petroleum gas Entire space within the dispenser enclosure; 4S0 mm 
(18 in.) from the exterior surface of the dispenser 
enclosure to an elevation of 1.2 m (4 ft) above the 
base of the dispenser; the entire pit or open space 
beneath the dispenser and within 6.0 m (20 ft) 
horizontally from any edge of the dispenser when the 
pit or trench is not mechanically ventilated . 

Up to 450 mm (18 in.) aboveground and within 6.0 
m (20 ft) horizontally from any edge of the 
dispenser enclosure, including pits or trenches 
within this area when provided with adequate 
mechanical ventilation 

[30A: Table 12.6.2] 

_ Class I, Div. 1 

E3J Class I, Div. 2 

Dispensing area 1+-6.0 m (20 ft)~1 
450 mm -+j 

(18 in) ~ :;:;t, ~wij.;. = I' ~~~ ~) I. 
~"-oI...I"'~' ' ~~';';;"'-"" 4'-",,~ 'S· •• mm 450 mm 

......... ,..........~? n '\ i.··· f (18 in.) 

Figure 514.3 Classified Areas Adjacent to Dispensers as 
Detailed in Table 514.3(B)(1). 130A:Figure 8.3.1] 

514.8 Underground Wiring. 

Underground wiring shall be installed in threaded rigid 
metal conduit or threaded steel intermediate metal 
conduit. Any portion of electrical wiring that is below the 
surface of a Class I, Division I, or a Class I, Division 2, 
location [as classified in Table S14.3(B)( 1) and Table 
SI4.3(B)(2)] shall be sealed within 3.0S m (10 ft) of the 
point of emergence above grade. Except for listed 
explosionproof reducers at the conduit seal, there shall be 
no union, coupling, box, or fitting between the conduit 
seal and the point of emergence above grade. Refer to 
Table 300.S. 
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Exception No.1: Type Ml cable shall be permitted where 
it is installed in accordance with Article 332. 

Exception No.2: fjpe·-PVCcoI"luiicil'dT.vpe'RTRC 
!conduit shall be permitted where buried under not less 
than 600 mm (2 ft) of cover. Where 'Type PVC P(!'!cJIlJto.r 
fjpe7iTRCcoll(k'il is used, threaded rigid metal conduit 
or threaded steel intermediate metal conduit shall be used 
for the last 600 mm (2 ft) of the underground run to 
emergence or to the point of connection to the 
aboveground raceway, and an equipment grounding 
conductor shall be included to provide electrical 
continuity of the raceway system and for grounding of 
non-current-canying metal parts. 

514.9 Sealing. 

(A) At Dispenser. A listed seal shall be provided in each 
conduit run entering or leaving a dispenser or any cavities 
or enclosures in direct communication therewith. The 
sealing fitting shall be the first fitting after the conduit 
emerges from the earth or concrete. 

(B) At Boundary. Additional seals shall be provided in 
accordance with SOLIS. Sections SOl.IS(A)(4) and 
(B)(2) shall apply to horizontal as well as to vertical 
boundaries of the defined Class J locations. 

514.11 Circuit Disconnects. 

(A) General. Each circuit 1eading to or through 
dispensing equipment, including all associated power" 
communications. d~t'-l.a.rl~\,i~~~_ (!ir£~li~~,!ng equipment 
for remote pumping systems, shall be provided with a 
clearly identified and readily accessible switch or other 
appro.v~<l means, located remote from the dispensing 
devices, to disconnect simultaneously from the source of 
supply, all conductors of the circuits, including the 
grounded conductor, if any. 

Single-pole breakers utilizing handle ties shall not be 
permitted. 
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ARTICLE 515 - BULK STORAGE PLANTS 515.7 

(B) Attended Self-Service Motor Fuel Dispensing 
Facilities. Emergency controls as specified in 514.11(A) 
shall be installed at a location acceptable to the authority 
having jurisdiction, but controls shall not be more than 30 
m (100 ft) from dispensers. [30A:6.7.1] 

(C) Unattended Self-Service Motor Fuel Dispensing 
Facilities. Emergency controls as specified in 514.1 1 (A) 
shall be installed at a location acceptable to the authority 
having jurisdiction, but the control shall be more than 6 m 
(20 ft) but less than 30 m (l00 ft) from the dispensers. 
Additional emergency controls shall be installed on each 
group of dispensers or the outdoor equipment used to 
control the dispensers. Emergency controls shall shut off 
all power to all dispensing equipment at the station. 
Controls shall be manually reset only in a manner 
approved by the authority having jurisdiction. [30A:6.7 .2] 

Informational Note: For additional information, see 
6.7.1 and 6.7.2 of NFPA 30A-2008, Code for Motor 
Fuel Dispensing Facilities and Repair Garages. 

514.13 Provisions for Maintenance and Service of 
Dispensing Equipment. Each dispensing device shall be 
provided with a means to remove all external voltage 
sources, including power, communications, data, and 
video circuits and including feedback, during period o( 
maintenance anq service of the dispensing equipment. 
The location of this means shall be permitted to be other 
than inside or adjacent to the dispensing device. The 
means shall be capable of being locked in the open 
position. 

514.16 Grounding and Bonding. All metal raceways, the 
metal armor or metallic sheath on cables, and all non
current-carrying metal parts of fixed an~ portable 
electrical equipment, regardless of voltage, shall be 
grounded and bonded. Grounding and bonding in Class I 
locations shall comply with 501.30. 

ARTICLE 515 
Bulk Storage Plants 

Informational Note: Text that is followed by a reference 
in brackets has been extracted from NFPA 30-2008, 
Flammable and Combustible Liquid') Code. Only 
editorial changes were made to the extracted text to 
make it consistent with this Code. 

515.1 Scope. This article covers a property or portion of a 
property where flammable liquids are received by tank 
vessel, pipelines, tank car, or tank vehicle and are stored 
or blended in bulk for the purpose of distributing such 
liquids by tank vessel, pipeline, tank car, tank vehicle, 
portable tank, or container. 
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515.2 Definition. 

Bulk Plant or Terminal. That pOltion of a property 
where liquids are received by tank vessel, pipelines, tank 
car, or tank vehicle and are stored or blended in bulk for 
the purpose of distributing such liquids by tank vessel, 
pipeline, tank car, tank vehicle, portable tank, or 
container. [30:3.3.32.1] 

Informational Note: For fluther information, see NFPA 
30-2008, Flammable and Combustible Liquids Code. 

515.3 Class I Locations. Table 5] 5.3 shall be applied 
where Class I liquids are stored, handled, or dispensed 
and shall be used to delineate and classify bulk storage 
plants. The class location shall not extend beyond a floor, 
wall, roof, or other solid partition that has no 
communicating openings. [30:8.1, 8.2.2] 

Informational Note No.1: The area classifications 
listed in Table 515.3 are based on the premise that the 
installation meets the applicable requirements of 
NFP A 30-2008, Flammable and Combustible Liquids 
Code, Chapter 5, in all respects. Should this not be the 
case, the authority having jurisdiction has the authority 
to classify the extent of the classified space. 

Informational Note No.2: See 555.21 for gasoline 
dispensing stations in marinas and boatyards. 

515.4 Wiring and Equipment Located in Class I 
Locations. All electrical wiring and equipment within the 
Class I locations defined in 515.3 shall comply with the 
applicable provisions of Article 501 or Article 505 for the 
division or zone in which they are used. 

Exception: As permitted in 515.8. 

515.7 Wiring and Equipment Above Class I Locations. 

(A) Fixed Wiring. All fixed wiring above Class I 
locations shall be in metal raceways, Schedule 80 PVC 
conduit, Type RTRC marked with the suffix -XW, or 
Type.MI, Type Te. or Type Me cable, or Type PLTq 
Hiid-- Type PLTC-ER cable in accordance with th~ 
provisions of Article 725 l including installation in cabl~ 
tray systems or Type ITe and Type ITC-ER cable as 
permitted in 727.4. The cable shall be Ie-rminatt!d with 
listed f1ttings.J 

(B) Fixed Equipment. Fixed equipment that may 
produce arcs, sparks, or particles of hot metal, such as 
lamps and lampholders for fixed lighting, cutouts, 
switches, receptacles, motors, or other equipment having 
make-and-break or sliding contacts, shall be of the 
totally enclosed type or be constructed so as to prevent 
the escape of sparks or hot metal particles. 
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ARTICLE 515 - BULK STORAGE PLANTS 

Table 515.3 Electrical Area Classifications 

Location 

Indoor equipment installed in accordance with Section 
5.3 ofNFPA 30 where flammable vapor-air 
mixtures can exist under normal operation 

Outdoor equipment of the type covered in Section 5.3 
ofNFPA 30 where flammable vapor-air 
mixtures may exist under normal operation 

Tank storage installations inside buildings 

Tank aboveground 

Shell, ends, or roof and dike area 

Vent 

Floating roof with fixed outer roof 

Floating roof with no fixed outer roof 

Underground tank fill opening 

Vent discharging upward 
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NEC Class I 
Division 

2 

2 

2 

2 

2 

2 

Zone 

o 

2 

o 

2 

1 

2 

o 

2 

o 

2 

0 

2 

o 
1 

Extent of Classified Area 

The entire area associated with such equipment where 
flammable gases or vapors are present 
continuously or for long periods of time 

Area within 1.5 m (5 ft) of any edge of such 
equipment, extending in all directions 

Area between 1.5 m and 2.5 m (5 ft and 8 ft) of any 
edge of such equipment, extending in all 
directions; also, space up to 900 mm (3 ft) above 
floor or grade level within 1.5 m to 7.5 m (5 ft to 
25 ft) horizontally from any edge of such 

I 
equipment 

The entire area associated with such equipment where 
flammable gases or vapors are present 
continuously or for long periods of time 

Area within 900 mm (3 ft) of any edge of such 
equipment, extending in all directions 

Area between 900 mm (3 ft) and 2.5 m (8 ft) of any 
edge of such equipment, extending in all 
directions; also, space up to 900 mm (3 ft) above 
floor or grade level within 900 mm to 3.0 m (3 ft 
to 10ft) horizontally from any edge of such 
equipment 

All equipment located below grade level 

Any equipment located at or above grade 1evel 

Inside fixed roof tank 

Area inside dike where dike height is greater than the 
distance from the tank to the dike for more than 
50 percent of the tank circumference 

Within 3.0 m (10ft) from shell, ends, or roof of tank; 
also, area inside dike to level of top 

Area inside of vent piping or opening 

Within 1.5 m (5 ft) of open end of vent, extending in 
all directions 

Area between 1.5 m and 3.0 m (5 ft and 10 ft) from 
open end of vent, extending in all directions 

Area between the floating and fixed roof sections and 
within the shell 

Area above the roof and within the shell 

Any pit, or space below grade level, if any part is 
within a Division 1 or 2, or Zone 1 or 2, 
classified location 

Up to 450 mm (18 in.) above grade level within a 
horizontal radius of3.0 m (10 ft) from a loose fill 
connection, and within a horizontal radius of 1.5 
m from a fill connection 

Area inside of vent piping or opening 

Within 900 mm (3 ft) of open end of vent, extending 
in all directions 

(continues) 

2013 California Electrical Code 



ARTICLE 515 - BULK STORAGE PLANTS 515.7 

Table 515.3 Continued 

Location 

Drum and container filling - outdoors or indoors 

Pumps, bleeders, withdrawal fittings, 

Indoors 

Outdoors 

Pits and sumps 

Without mechanical ventilation 

With adequate mechanical ventilation 

Containing valves, fittings, or piping, and not within a 
Division 1 or 2, or Zone 1 or 2, classified location 

Drainage ditches, separators, impounding basins 

Outdoors 

Indoors 
2 

Tank vehicle and tank car loading through open 
dome 

Loading through bottom connections with 
atmospheric venting 
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NEC Class I 
Division 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Zone Extent of Classified Area 

2 Area between 900 mm and 1.5 m (3 ft and 5 ft) of 
open end of vent, extending in all directions 

o Area inside the drum or container 

Within 900 mm (3 ft) of vent and fill openings, 
extending in all directions 

2 Area between 900 mm and 1.5 m (3 ft and 5 ft) from 

2 

2 

2 

2 

2 

o 

2 

o 

2 

vent or fill opening, extending in all directions; also, 
up to 450 mm (18 in.) above floor or grade level 
within a horizontal radius of3.0 m (10 ft) from vent 
or fill opening 

Within 1.5 m (5 ft) of any edge of such devices, 
extending in all directions; also, up to 900 mm (3 ft) 
above floor or grade level within 7.5 m (25 ft) 
horizontally from any edge of such devices 

Within 900 mm (3 ft) of any edge of such devices, 
extending in all directions. Also, up to 450 mm (18 
in.) above grade level within 3.0 m (10 ft) 
horizontally from any edge of such devices 

Entire area within a pit or sump if any part is within a 
Division 1 or 2, or Zone 1 or 2, classified location 

Entire area within a pit or sump if any part is within a 
Division 1 or 2, or Zone 1 or 2, classified location 

Entire pit or sump 

Area up to 450 mm (18 in.) above ditch, separator, or 
basin; also, area up to 450 mm (18 in.) above grade 
within 4.5 m (15 ft) horizontally from any edge 

Same classified area as pits 

Area inside of the tank 

Within 900 mm (3 ft) of edge of dome, extending in 
all directions 

Area between 900 mm and 4.5 m (3 ft and 15 ft) from 
edge of dome, extending in all directions 

Area inside of the tank 

Within 900 mm (3 ft) of point of venting to 
atmosphere, extending in all directions 

Area between 900 mm and 4.5 m (3 ft and 15 ft) from 
point of venting to atmosphere, extending in all 
directions; also, up to 450 mm (18 in.) above grade 
within a horizontal radius of3.0 m (10 ft) from point 
of loading connection 

(continues) 
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ARTICLE 515 - BULK STORAGE PLANTS 

Table 515.3 Continued 

Location 

Office and rest rooms 

Loading through closed dome with atmospheric 
venting 

Loading through closed dome with vapor control 

Bottom loading with vapor control or any bottom 
unloading 

Storage and repair garage for tank vehicles 

Garages for other than tank vehicles 

Outdoor drum storage 

Inside rooms or storage lockers used for the storage of 
Class I liquids 

Indoor warehousing where there is no flammable 
liquid transfer 

Piers and wharves 

NEC Class 
I Division 

Ordinary 

2 2 

2 2 

2 2 

2 2 

Ordinary 

Ordinary 

2 2 

Ordinary 

Zone Extent of Classified Area 

If there is any opening to these rooms within the 
extent of an indoor classified location, the room 
shall be classified the same as tfthe wall, curb, or 
partition did not exist. 

Within 900 mm (3 ft) of open end of vent, extending 
in all directions 

Area between 900 mm and 4.5 m (3 ft and 15 ft) from 
open end of vent, extending in all directions; also, 
within 900 mm (3 ft) of edge of dome, extending in 
all directions 

Within 900 mm (3 ft) of point of connection of both 
fill and vapor lines extending in all directions 

Within 900 mm (3 ft) of point of connections, 
extending in all directions; also up to 450 mm (18 
in.) above grade within a horizontal radius of 3.0 m 
(10ft) from point of connections 

All pits or spaces below floor level 

Area up to 450 mm (18 in.) above floor or grade level 
for entire storage or repair garage 

If there is any opening to these rooms within the 
extent of an outdoor classified location, the entire 
room shall be classified the same as the area 
classification at the point of the opening. 

Entire room 

If there is any opening to these rooms within the 
extent of an indoor classified location, the room 
shall be classified the same as if the wall, curb, or 
partition did not exist. 

See Figure 515.3. 

release of Class I liquids may generate vapors to the extent that the entire building, and possibly an area surrounding it, should be 
considered a Class I, Division 2 or Zone 2 location. 

2When classifying extent of area, consideration shall be to fact that tank cars or tank vehicles may be spotted at varying points. 
Therefore, the extremities of the loading or unloading positions shall be used. [30: Table 
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ARTICLE 515 - BULK STORAGE PLANTS 515.10 

l~- 15 m (50 tt) -.1 1+-,15 m (50 ftl 

i , '7,~m I i.7.5 m.! 
I ~ 1(25ft) ! -'-r r7"7-r-;;,-j-~-r-r-r-T---rr;;~r-r-l 

Open sump in deck for 
draining lines and hoses 

,Water level 

~ O'vision 1 ~ Division 2 D Unclassified 

Notes: 
(1) The "source of vapor" shall be tile operating envelope and stored position of the 
outboard nange connection of the loading arm (or hose), 

(2) The berth area adjacent to tanker and barge cargo tanks is to be Division 2 to the 
following extent: 

a. 7.6 m (25 tt) horizontally in all directions on the pier side from tllat 
portion of the tlull containing cargo tanks 
b. From the water level to 7,6 m (25 tt) above the cargo tanks at their 
highest position 

(3) Additional loeations may have to be classified as requi red by the presence of other 
sources of flammable liquids on the berth, by Coast Guard, or other regulations. 

Figure 515.3 Marine Terminal Handling Flammable Liquids. [30:Figure 7.7.16] 

(C) Portable Luminaires or Other UtiHzation Equipment. 
Portable luminaires or other utilization equipment and their 
flexible cords shall comply with the provisions of Article 501 
or Article 505 for the class of location above which they are 
cOlmected or used, 

515.8 Underground Wiring. 

(A) Wiring Method. Underground wiring shaH be installed 
in threaded rigid metal conduit or threaded steel 
intermediate metal conduit or, where buried under not less 
than 600 mm (2 ft) of cover, shall be permitted in Type 
PVC conduit, Type RTRC conduit, or a listed cable. Where 
Type PVC conduit or Type RTRC conduit is used, threaded 
rigid metal conduit or threaded steel intennediate metal 
conduit shall be used for not less than the last 600 mm (2 ft) 
of the conduit run to the conduit point of emergence from 
the underground location or to the point of cmmection to an 
aboveground raceway. Where cable is used, it shall be 
enclosed in threaded rigid metal conduit or threaded steel 
intermediate metal conduit from the point of lowest buried 
cable level to the point of connection to the aboveground 
raceway. 
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(B) Insulation. Conductor insulation shall comply with 
501.20. 

(C) Nonmetallic Wiring. Where Type PVC conduit, 
Type RTRC conduit, or cable with a nonmetallic sheath is 
used, an equipment grounding conductor shall be included 
to provide for electrical continuity of the raceway system 
and for grounding of non-current-carrying metal parts. 

515.9 Sea,ling. Sealing requirements shall apply to 
horizontal as well as to vertical boundaries of the defined 
Class I locations. Buried raceways and cables under 
defined Class I locations shall be considered to be within 
a Class I, Division 1 or Zone 1 location. 

515.10 Special Equipment - Gasoline Dispensers. 
Where gasoline or other volatile flammable liquids or 
liquefied flammable gases are dispensed at bulk stations, 
the applicable provisions of Article 514 shal1 apply. 
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515.16 ARTICLE 516 - SPRAY APPLICATION, DIPPING, AND COATING PROCESSES 

515.16 Grounding and Bonding. All metal raceways, the 
metal armor or metallic sheath on cables, and all non
current-carrying metal parts of fixed or portable electrical 
equipment, regardless of voltage, shall be grounded and 
bonded as provided in Article 250. 

Grounding and bonding in CJass I locations shall 
comply with 501 .30 for Class I, Division 1 and 2 locations 
and 505.25 for Class I, Zone 0, 1, and 2 locations. 

Informational Note: For information on grounding for 
static protection, see 4.5.3.4 and 4.5.3.5 of NFPA 30-
2008 , Flammable and Combustible Liquids Code. 

ARTICLE 516 
Spray Application, Dipping, and Coating 

Processes 
Informational Note: Text that is followed by a reference 
in brackets has been extracted from NFPA 33-2011, 
Standard for Spray Application Using Flammable and 
Combustible .Materials, or NFP A 34-2011 , Standardfor 
Dipping, Coating, and Printing Processes Using 
Flammable or Combustible Liquids. Only editorial 
changes were made to the extracted text to make it 
consistent with this Code. 

516.1 Scope. This article covers the regular or frequent 
application of flammable liquids, combustible liquids, and 
combustible powders by spray operations and the 
application of flammable liquids, or combustible liquids 
at temperatures above their flashpoint, by dipping, 
coating, or other means. 

Informational Note: For further information regarding 
safeguards for these processes, such as fire protection, 
posting of warning signs, and maintenance, see NFP A 
33-2011 , Standard for Spray Application Using 
Flammable and Combustible Materials , and NFP A 34-
2011, Standard for Dipping, Coating, and Printing 
Processes Using Flammable or Combustible Liquids. 
For additional information regarding ventilation, see 
NFPA 91-2010, Standard for Exhaust Systems for Air 
Conveying of Vapors, Gases, Mists, and 
Noncombustible Particulate Solids. 

516.2 Definitions. For the purpose of this article, the 
following definitions shall apply. 

Spray Area. Normally, locations outside of buildings or 
localized operations within a larger room or space. Such 
are normally provided with some local vapor 
extraction/ventilation system. In automated operations, 
the area limits shall be the maximum area in the direct 
path of spray operations. In manual operations, the area 
limits shall be the maximum area of spray when aimed at 
180 degrees to the application surface. 

Spray Booth. An enclosure or insert within a larger room 
used for spray/coating/dipping applications. A spray booth 
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may be fully enclosed or have open front or face and may 
include separate conveyor entrance and exit. The spray 
booth is provided with a dedicated ventilation exhaust but 
may draw supply air from the larger room or have a 
dedicated air supply. 

Spray Room. A purposefully enclosed room built for 
spray/coating/dipping applications provided with dedicated 
ventilation supply and exhaust. Normally the room is 
configured to house the item to be painted, providing 
reasonable access around the item/process. Depending on the 
size of the item being painted, such rooms may actually be 
the entire building or the major portion thereof. 

516.3 Classification of Locations. Classification is based 
on dangerous quantities of flammable vapors, combustible 
mists, residues, dusts, or deposits. 

(A) Class I, Division 1 or Class I, Zone 0 Locations. 
The following spaces shall be considered Class I, 
Division I, or Class I, Zone 0, as applicable: 

(I) The interior of any open or closed container of a 
flammable liquid 

(2) The interior of any dip tank or coating tank 

Informational Note: For additional guidance and 
explanatory diagrams, see 4.3.5 of NFPA 33-2011 , 
Standard for Spray Application Using Flammable or 
Combustible Materials, and Sections 4.2, 4.3, and 4.4 of 
NFPA 34-2011 , Standard for Dipping, Coating, and 
Printing Processes Using Flammable or Combustible 
Liquids. 

(B) Class I or Class II, Division 1 Locations. The 
following spaces shall be considered Class I, Division I, 
or Class I, Zone 1, or Class II, Division 1 locations, as 
applicable: 

(1) The interior of spray booths and rooms except as 
specifically provided in 516.3(D). 

(2) The interior of exhaust ducts . 

(3) Any area in the direct path of spray operations. 

(4) For open dipping and coating operations, all space 
within a 1.5-m (5-ft) radial distance from the vapor 
sources extending from these surfaces to the floor. 
The vapor source shall be the liquid exposed in the 
process and the drainboard, and any dipped or coated 
object from which it is possible to measure vapor 
concentrations exceeding 25 percent of the lower 
flammable limit at a distance of 300 mm (1 ft), in any 
direction, from the object. 

(5) Sumps, pits, or belowgrade channels within 7.5 m 
(25 ft) horizontally of a vapor source. If the sump, 
pit, or channel extends beyond 7.5 m (25 ft) from the 
vapor source, it shall be provided with a vapor stop or 
it shall be classified as Class I, Division 1 for its 
entire length. 
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ARTICLE 516 - SPRAY APPLICATION, DIPPING, AND PROCESSES 516.3 

(6) All space in all directions outside of but within 900 
mm (3 ft) of open containers, supply containers, 
spray gun cleaners, and solvent distillation units 
containing flammable liquids. 

(C) Class I or Class II, Division 2 Locations. The 
following spaces shall be considered Class I, Division 2, 
or Class I, Zone 2, or Class II, Division 2 as applicable. 

(1) Open Spraying. For open spraying, all space outside 
of but within 6 m (20 ft) horizontally and 3 m (lOft) 
vertically of the Class I, Division 1 or Class I, Zone 1 
location as defined in 516.3(A), and not separated from it 
by partitions. See Figure 516.3(C)(1). [33:6.5.1] 

6100 mm 
~~~~II*- (20 ft) 

Top (ptan) 

Roof 

3050 m Spray area 

0"~#/.& 
Front (elevation) 

I Class I. Division 1 ; Class t,Zone 1 ; 
'---_.....I. or Class H, Division 1 

C".:\": Class I, Divis~O~ .2; Class I, Zone 2; 
L.L"~''::'.....;:'''''_ '-'.:...._ "I...l or Class II, DIVISion 2 

Figure 516.3(C)(1) Electrical Area Classification for Open 
Spray Areas. [33:Figure 6.5.1] 

(2) Closed-Top, Open-Face, and Open-Front Spraying. 
If spray application operations are conducted within a 
closed-top, open-face, or open-front booth or room, any 
electrical wiring or utilization equipment located outside 
of the booth or room but within the boundaries designated 
as Division 2 or Zone 2 in Figure 516.3(C)(2) shall be 
suitable for Class I, Division 2, Class I, Zone 2, or Class 
II, Division 2 locations, whichever is applicable. The 
Class I, Division 2, Class I, Zone 2, or Class II, Division 
2 locations shown in Figure 516.3(C)(2) shall extend from 
the edges of the open face or open front of the booth or 
room in accordance with the following: 
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(a) If the exhaust ventilation system is interlocked 
with the spray application equipment, the Division 2 or 
Zone 2 location shall extend 1.5 m (5 ft) horizontally and 
900 mm (3 ft) vertically from the open face or open front 
of the booth or room, as shown in Figure 516.3(C)(2), top. 

-.., 
;-"* ! 

~ J;.. . .... 

/, t" \ ;..-_'_ 
I : , , 
, I , . , . 
\ \ ,. " ........ _ .... 
'" ' ~ ~ 915 mm 

' ,... (3 ft) radius 

915 mm (3 ft) radius 
915 mm (3 ft) radius 

, 
, , . '.-

, : 915 mm 
''-',,-J (3ft) radius 

, 
, 
I . . ' 
:\." 

Open 
face 

, " 
: r',-

915 mm (3 ft) radtus \:" 
915 mm (3 ft) radius "" : 

." "'-

Open 
f oe 

.... _- - ------"" 1525mm 
(5ft) radius 

Figure 516.3(C)(2) Class I, Division 2, C1ass I, Zone 2, or 
Class II, Division 2 Locations Adjacent to a Closed Top, 
Open Face, or Open Front Spray Booth or Room. 
[33:Figures 6.5.2(a) and 6.5.2(b)] 

(b) If the exhaust ventilation system is not 
interlocked with the spray application equipment, the 
Division 2 or Zone 2 location shall extend 3 m (lOft) 
horizontally and 900 mm (3 ft) vertically from the open 
face or open front of the booth or room, as shown in 
Figure 516.3(C)(2), bottom. 

For the purposes of this subsection, interlocked shall 
mean that the spray application equipment cannot be 
operated unless the exhaust ventilation system is 
operating and functioning properly and spray application 
is automatically stopped if the exhaust ventilation system 
fails. [33:6.5.2.2] 

(3) Open-Top Spraying. For spraying operations conducted 
within an open top spray booth, the space 900 mm (3 ft) 
vertically above the booth and within 900 mm (3 ft) of other 
booth openings shall be considered Class I, Division 2; Class 
I, Zone 2; or Class II, Division 2. [33:6.5.3] 
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(4) Enclosed Booths and Rooms. For spraying 
operations confined to an enclosed spray booth or room, 
the space within 900 mm (3 ft) in all directions from any 
openings shall be considered Class I, Division 2; or Class 
I, Zone 2; or Class II, Division 2 as shown in Figure 
516.3(C)(4). [33:6.5.4] 

(5) Dip Tanks and Drain Boards - Surrounding 
Space. For dip tanks and drain boards, the 914-mm (3-ft) 
space surrounding the Class I, Division 1 or Class I, Zone 
1 location as defined in 516.3(A)( 4) and as shown in 
Figure 516.3(C)(5). [34:6.4.4] 

900 mm R (3 ff) 

Plan view 

900mm R 
(3 f1) 

Elevation 

900mm R 
(3ft) 

900mm R(3ft) 

Figure 516.3(C)(4) Class I, Division 2, Class I, Zone 2, or 
Class 1I, Division 2 Locations Adjacent to an Enclosed Spray 
Booth or Spray Room. r33:Figure 6.5.4] 

(6) Dip Tanks and Drain Boards Space Above Floor. 
For dip tanks and drain boards, the space 900mm (3 ft) above 
the floor and extending 6m (20 ft) horizontally in all directions 
from the Class I, Division] or Class I, Zone 1 location. 

Exception: This space shall not be required to be considered 
a hazardous (classified) location where the vapor source 

area is 0.46 m2 (5 J(2) or less and where the contents of the 
open tank trough or container do not exceed 19 L (5 gal). In 
addition, the vapor concentration during operation and 
shutdown periods shall not exceed 25 percent of the lower 
flammable limit outside the Class 1 location specified in 
516.3(B)(4). [34:6.4.4 ExceptionJ 

(7) Open Containers. All space in all directions within 
600 mm (2 ft) of the Division 1 or Zone 1 area surrounding 
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open containers, supply containers, spray gun cleaners, and 
solvent distillation units containing flammable liquids, as 
well as the area extending 1.5 m (5 ft) beyond the Division 
1 or Zone I area up to a height of 460 mm (18 in.) above 
the floor or grade level. [33:6.6.2] 

(D) Enclosed Coating and Dipping Operations. The 
space adjacent to an enclosed dipping or coating process 
or apparatus shall be considered unclassified. [34:6.5.3] 

Exception: The space within 900 mm (3 fl) in all directions 
fi'om any opening in the enclosures shall be classified as 
Class I, Division 2 or Class I, Zone 2, as applicable. 
[34:6.5.2J 

(E) Adjacent Locations. Adjacent locations that are cut 
off from the defined Class I or Class II locations by tight 
partitions without communicating openings, and within 
which flammable vapors or combustible powders are not 
likely to be released, shall be unclassified. 

(F) Unclassified Locations. Locations using drying, curing, 
or fusion apparatus and provided with positive mechanical 
ventilation adequate to prevent accumulation of flammable 
concentrations of vapors, and provided with effective 
interlocks to de-energize all electrical equipment (other than 
equipment identified for Class I locations) in case the 
ventilating equipment is inoperative, shall be permitted to be 
unc1assified where the authority having jurisdiction so judges. 

Infonnational Note: For further infonnation regarding 
safeguards, see NFPA 86-2011, Standard for Ovens and 
Furnaces. 

516.4 Wiring and Equipment in Class I Locations. 

(A) Wiring and Equipment Vapors. All electrical 
wiring and equipment within the Class I location (containing 
vapor only - not residues) defined in 516.3 shall comply 
with the applicable provisions of Artic1e 501 or Artic1e 505, 
as applicable. 

(B) Wiring and Equipment - Vapors and Residues. 
Unless specifically listed for locations containing deposits 
of dangerous quantities of flammable or combustible 
vapors, mists, residues, dusts, or deposits (as applicable), 
there shall be no electrical equipment in any spray area as 
herein defined whereon deposits of combustible residue 
may readily accumulate, except wiring in rigid metal 
conduit, intermediate metal conduit, Type MI cable, or in 
metal boxes or fittings containing no taps, splices, or 
terminal connections. [33:6.4.2] 

(C) Illumination. Illumination of readily ignitible areas 
through panels of glass or other transparent or translucent 
material shall be permitted only if it complies with the 
following: 

(1 ) Fixed lighting units are used as the source of iUumination. 

(2) The panel effectively isolates the Class I location 
from the area in which the lighting unit is located. 

(3) The lighting unit is identified for its specific location. 
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1525 mm 
(5 ft) 

.. 91smm:} ~.-....:' " ..;;.;J. (3 tt) ... 

6100 mm (20 ft) . 

f;czJ Class I, Division 1 or Zone 0 

G=:I Class I,Division 1 or Zone 1 

ISS:] Class I, Division 2 or Zone 2 

L. •. . . Drrunboard 

1525 mm 
(5 tt) 

. -- ~ .. ~ 
H 

1525mm 
(5 tt) 

Point beyond which object 
is no longer a vapor source 
as defined in 516.3(B)(4) 

915 mm (3 ft) Floor.l 

6100 mm (20 ft) . _ 

Figure S16.3(C)(S) Electrical Area Classification for Open Processes Without Vapor Containment or Ventilation. [34:Figure 6.4(a)] 

(4) The panel is of a material or is protected so that 
breakage is unlikely. 

(5) The arrangement is such that normal accumulations 
of hazardous residue on the surface of the panel will 
not be raised to a dangerous temperature by radiation 
or conduction from the source of illumination. 

(D) Portable Equipment. Portable electric luminaires or 
other utilization equipment shall not be used in a spray 
area during spray operations. 

Exception No.1: Where portable electric luminaires are 
required for operations in spaces not readily illuminated 
by fixed lighting within the spraying area, they shall be of 
the type identifiedfor Class 1, Division 1 or Class 1, Zone 
1 locations where readily ignitible residues may be 
present. [33:6.9 Exception] 

Exception No.2: Where portable electric drying apparatus is 
used in spray booths and the following requirements are met: 

(a) The apparatus and its electrical connections are not 
located within the spray enclosure during spray 
operations. 

(b) Electrical equipment within 450 mm (18 in.) of the 
floor is identified for Class 1, Division 2 or Class 1, 
Zone 2 locations. 

(c) All metallic parts of the drying apparatus are 
electrically bonded and grounded. 

(d) Interlocks are prOVided to prevent the operation of spray 
equipment while drying apparatus is within the spray 
enclosure, to allowfor a 3-minute purge of the enclosure 
before energizing the drying apparatus and to shut ofl 
drying apparatus on failure of ventilation system. 
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(E) Electrostatic Equipment. Electrostatic spraying or 
detearing equipment shall be installed and used only as 
provided in 516.10. 

Informational Note: For fmther intormation, see NFPA 
33-2011, Standard for Spray Application Using 
Flammable or Combustible Materials. 

516.7 Wiring and Equipment Not Within Class I and 
II Locations. 

(A) Wiring. All fixed wiring above the Class I and II 
locations shall be in metal raceways, [Type PVC conduiq 
Type RTRC conduit. or e lectrical nonmetallic tubing; 
where cables are used they shall be Type MI, trype TC, 
or Type MC cable. Cellu!(ir ll~etal floor raceways shall 
only be permitted to~"" suppIX ceiling outlets or as 
extensions to the area below the floor of a Class I or II 
location. Where ccHlllar metal raceways, are used. th y 
shall not have connections leading into or passing 
thr~-~gh~'the Class 1 or II 'location unless suitable seals 
are provided. 

(B) Equipment. Equipment that may produce arcs, 
sparks, or particles of hot metal, such as lamps and 
lampholders for fixed lighting, cutouts, switches, 
receptacles, motors, or other equipment having make-and
break or sliding contacts, where installed above a Class I 
or II location or above a location where freshly finished 
goods are handled, shall be of the totally enclosed type or 
be constructed so as to prevent the escape of sparks or hot 
metal particles. 
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516.10 Special Equipment. 

(A) Fixed Electrostatic Equipment. This section shall 
apply to any equipment using electrostatically charged 
elements for the atomization, charging, and/or precipitation 
of hazardous materials for coatings on articles or for other 
similar purposes in which the charging or atomizing device 
is attached to a mechanical support or manipulator. This 
shall include robotic devices. This section shall not apply to 
devices that are held or manipulated by hand. Where robot 
or programming procedures involve manual manipulation 
of the robot arm while spraying with the high voltage on, 
the provisions of 516.1 O(B) shall apply. The installation of 
electrostatic spraying equipment shall comply with 
516.10(A)(1) through (A)(lO). Spray equipment shall be 
listed. All automatic electrostatic equipment systems shall 
comply with 516.4(A)(1) through (A)(9). 

(1) Power and Control Equipment. Transformers, high
voltage supplies, control apparatus, and all other electrical 
portions of the equipment shall be installed outside of the 
Class I location as defined in 516.3 or be of a type 
identified for the location. 

Exception: High-voltage grids, electrodes, electrostatic 
atomizing heads, and their connections shall be permitted 
within the Class 1 location. 

(2) Electrostatic Equipment. Electrodes and electrostatic 
atomizing heads shall be adequately supported in permanent 
locations and shall be effectively insulated from ground. 
Electrodes and electrostatic atomizing heads that are 
permanently attached to their bases, supports, reciprocators, 
or robots shall be deemed to comply with this section. 

(3) High-Voltage Leads. High-voltage leads shall be 
properly insulated and protected from mechanical damage 
or exposure to destructive chemicals. Any exposed element 
at high voltage shall be effectively and permanently 
supported on suitable insulators and shall be effectively 
guarded against accidental contact or grounding. 

(4) Support of Goods. Goods being coated using this 
process shall be supported on conveyors or hangers. The 
conveyors or hangers shall be arranged (1) to ensure that 
the parts being coated are electrically connected to ground 
with a resistance of 1 megohm or less and (2) to prevent 
parts from swinging. 

(5) Automatic Controls. Electrostatic apparatus shall be 
equipped with automatic means that will rapidly de
energize the high-voltage elements under any of the 
following conditions: 

(1) Stoppage of ventilating fans or failure of ventilating 
equipment from any cause 

(2) Stoppage of the conveyor carrying goods through the 
high-voltage field unless stoppage is required by the 
spray process 

(3) Occurrence of excessive current leakage at any point 
in the high-voltage system 
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(4) De-energizing the primary voltage input to the power 
supply 

(6) Grounding. All electrically conductive objects in the 
spray area, except those objects required by the process to 
be at high voltage, shall be adequately grounded. This 
requirement shall apply to paint containers, wash cans, 
guards, hose connectors, brackets, and any other 
electrically conductive objects or devices in the area. 

Infonnational Note: For more infonnation on grounding 
and bonding for static electricity purposes, see NFP A 33-
2011, Standard for Spray Application Using Flammable 
or Combustible Materials; NFPA 34-2011, Standard for 
Dipping, Coating, and Printing Processes Using 
Flammable or Combustible Liquids; and NFPA 77-2007, 
Recommended Practice on Static Electricity. 

(7) Isolation. Safeguards such as adequate booths, fencing, 
railings, interlocks, or other means shall be placed about the 
equipment or incorporated therein so that they, either by 
their location, character, or both, ensure that a safe 
separation of the process is maintained. 

(8) Signs. Signs shall be conspicuously posted to convey 
the following: 

(1) Designate the process zone as dangerous with regard 
to fire and accident 

(2) Identify the grounding requirements for a11 electrically 
conductive objects in the spray area 

(3) Restrict access to qualified personnel only 

(9) Insulators. All insulators shall be kept clean and dry. 

(10) Other Than Nonincendive Equipment. Spray 
equipment that cannot be classified as nonincendive shaH 
comply with (A)(IO)(a) and (A)(10)(b). 

(a) Conveyors or hangers shall be arranged so as to 
maintain a safe distance of at least twice the sparking distance 
between goods being painted and electrodes, electrostatic 
atomizing heads, or charged conductors. Warnings defining 
this safe distance shall be posted. [33: 11.4.1] 

(b) The equipment shall provide an automatic 
means of rapidly de-energizing the high-voltage elements 
in the event the distance between the goods being painted 
and the electrodes or electrostatic atomizing heads falls 
below that specified in (a). [33: 11.3.8] 

(B) Electrostatic Hand-Spraying Equipment. This 
section shall apply to any equipment using electrostatically 
charged elements for the atomization, charging, and/or 
precipitation of materials for coatings on articles, or for 
other similar purposes in which the atomizing device is 
hand-held or manipulated during the spraying operation. 
Electrostatic hand-spraying equipment and devices used in 
connection with paint-spraying operations shall be of listed 
types and shall comply with 516.l0(B)(1) through (B)(5). 
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(1) General. The high-voltage circuits shall be designed 
so as not to produce a spark of sufficient intensity to 
ignite the most readily ignitible of those vapor-air 
mixtures likely to be encountered, or result in appreciable 
shock hazard upon coming in contact with a grounded 
object under all normal operating conditions. The 
electrostatically charged exposed elements of the handgun 
shall be capable of being only by an actuator 
that also controls the coating material supply. 

(2) Power Equipment. Transformers, power packs, 
control apparatus, and all other electrical portions of the 
equipment shall be located outside of the Class I location 
or be identified for the location. 

Exception: The handgun itself and its connections to the 
power supply shall be permitted within the Class r 
location. 

(3) Handle. The handle of the spraying gun shall be 
electrically connected to ground by a metallic connection 
and be constructed so that the operator in normal 
operating position is in intimate electrical contact with the 
grounded handle to prevent buildup of a static charge on 
the operator's body. Signs indicating the necessity for 
grounding other persons entering the spray area shal1 be 
conspicuously posted. 

(4) Electrostatic Equipment. All electrically conductive 
objects in the spraying area shall be adequately grounded. 
This requirement shall apply to paint containers, wash 
cans, and any other electrical conductive objects or 
devices in the area. The equipment shall carry a 
prominent, permanently installed warning regarding the 
necessity for this grounding feature. 

Informational Note: For more information on grounding 
and bonding for static purposes, see NFP A 
33-20 I I, Standard Application Using 
Flammable or Combustible Materials; NFP A 34-2011, 
Standard for Dipping, and Printing Processes 
Using Flammable or COInbustible Liquids; and NFP A 
77-2007, Recommended Practice on Static Electricity. 

(5) Support of Objects. Objects being painted shall be 
maintained in meta11ic contact with the conveyor or other 
grounded support. Hooks shall be regularly cleaned to 
ensure adequate grounding of 1 megohm or less. Areas of 
contact shall be sharp points or knife where 
possible. Points of support of the object shall be 
concealed from random spray where feasible; and, where 
the objects being sprayed are supported from a conveyor, 
the point of attachment to the conveyor shall be located so 
as to not collect spray material during normal operation. 
[33: Chapter 12] 

(C) Powder Coating. This section shall apply to 
processes in which combustible dry powders are applied. 
The hazards associated with combustible dusts are present 
in such a process to a degree, depending on the chemical 
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composition of the material, particle size, shape, and 
distribution. 

(1) Electri.cal Equipment and Sources of Ignition. 
Electrical equipment and other sources of ignition shall 
comply with the requirements of Article 502. Portable 
electric luminaires and other utilization equipment shall 
not be used within a Class II location during operation of 
the finishing processes. Where such luminaires or 
utilization equipment are used during cleaning or 
repairing operations, they shall be of a type identified for 
Class II, Division 1 locations, and all exposed metal parts 
shall be connected to an equipment grounding conductor. 

Exception: Where portable electric luminaires are 
required for operations in spaces not readily illuminated by 
fixed lighting within the spraying area, they shall be qf the 
type listed for Class 11, Division 1 locations where readily 
ignitible residues may be present. 

(2) Fixed Electrostatic Spraying Equipment. The 
provisions of 516.l0(A) and 516.1O(C)(1) shall apply to 
fixed electrostatic spraying equipment. 

(3) Electrostatic Hand-Spraying Equipment. The 
provisions of 516.10(B) and 516.10(C)(1) shall apply to 
electrostatic hand-spraying equipment. 

(4) Electrostatic Fluidjzed Beds. Electrostatic fluidized 
beds and associated equipment shall be of identified 
types. The high-voltage circuits shall be designed such 
that any discharge produced when the charging electrodes 
of the bed are approached or contacted by a grounded 
object shall not be of sufIicient intensity to ignite any 
powder-air mixture likely to be encountered or to result 
in an appreciable shock hazard. 

(a) Transformers, power packs, control apparatus, 
and all other electrical portions of the equipment shall be 
located outside the powder-coating area or shall otherwise 
comply with the requirements of516.10(C)(l). 

Exception: The charging electrodes and their 
connections to the power supply shall be permitted within 
the powder-coating area. 

(b) All electrically conductive objects within the 
powder-coating area shall be adequately grounded. The 
powder-coating equipment shall catTY a prominent, 
permanently installed warning regarding the necessity for 
grounding these objects. 

Informational Note: For more information on 
grounding and bonding for static purposes, 
see NFPA 33-2011, Standard for Application 
Using Flammable or Combustible Materials; NFP A 
34-2011, Standard for Dipping, and Printing 
Processes Using Flammable or Combustible Liquids; 
and NFPA 77-2007, Recommended Practice on Static 
Electricity. 
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(c) Objects being coated shall be maintained in 
electrical contact (less than 1 megohm) with the conveyor 
or other support in order to ensure proper grounding. 
Hangers shall be regularly cleaned to ensure effective 
electrical contact. Areas of electrical contact shall be 
sharp points or knife edges where possible. 

(d) The electrical equipment and compressed air 
supplies shall be interlocked with a ventilation system so 
that the equipment cannot be operated unless the 
ventilating fans are in operation. [33: Chapter 15] 

516.16 Grounding. All metal raceways, the metal armors 
or metallic sheath on cables, and all non----current-carrying 
metal parts of fixed or portable electrical equipment, 
regardless of voltage, shall be grounded and bonded. 
Grounding and bonding shall comply with 501.30, 502.30, 
or 505.25, as applicable. 

ARTICLE 517 
Health Care Facilities 

Informational Note: Text that is followed by a reference 
in brackets has been extracted from NFPA 99-2005, 
Standard for Health Care Facilities, and NFPA 101-
2009, L{le Safety Code. Only editorial changes were 
made to the extracted text to make it consistent with this 
Code. 

I. General 

517.1 Scope. The provisions of this article shall apply to 
electrical construction and installation criteria in health 
care facilities that provide services to human beings. 

The requirements in Parts II and III not only apply to 
single-function buildings but are also intended to be 
individually apphed to their respective forms of occupancy 
within a multifunction building (e.g., a doctor's examining 
room located within a limited care facility would be 
required to meet the provisions of 517.10). 

Informational Note: For information concerning 
performance, maintenance, and testing criteria, refer to 
the appropriate health care facilities documents. 

517.2 Definitions. 

Alternate Power Source. One or more generator sets, or 
battery systems where permitted, intended to provide 
power during the interruption of the normal electrical 
services or the public utility electrical service intended to 
provide power during interruption of service normally 
provided by the generating facilities on the premises. 

Ambulatory Health Care Occupancy. A building or 
portion thereof used to provide services or treatment 
simultaneously to four or more patients that provides, on 
an outpatient basis, one or more of the following: 
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(1) Treatment for patients that renders the patients 
incapable of taking action for self-preservation under 
emergency conditions without assistance of others. 

(2) Anesthesia that renders the patients incapable of 
taking action for self-preservation under emergency 
conditions without the assistance of others. 

(3) Emergency or urgent care for patients who, due to the 
nature of their injury or illness, are incapable of taking 
action for self-preservation under emergency conditions 
without the assistance of others. (101:3.3.168.1] 

Anesthetizing Location. Any area of a facility that has 
been designated to be used for the administration of any 
flammable or nonflammable inhalation anesthetic agent in 
the course of examination or treatment, including the use 
of such agents for relative analgesia. 

Battery-Powered Lighting Units. Individual unit equipmen~ 
for backup illumination consisting of the following: 

( 1 ) Rechargeable battery 

(2) Battery-charging means 

(3) Provisions for one or more lamps mounted on th~ 
~9llip~~~tt ()r~!tbt~nninals._ for .r fTl()"te l(lmps .. or both 

(4) Relaying devic arranged to energi7.e the lamp~ 
automatically upon failure of the supply to the uni~ 
~q~lipl!l~~~ 

Critical Branch. A subsystem of the emergency system 
consisting of feeders and branch circuits supplying energy 
to task illumination, special power circuits, and selected 
receptacles serving areas and functions related to patient 
care and that are connected to alternate power sources by 
one or more transfer switches during interruption of 
normal power source. [99:3.3.26] 

Electrical Life-Support Equipment. Electrically 
powered equipment whose continuous operation is 
necessary to maintain a patient's life. [99:3.3.37] 

Emergency System. A system of circuits and equipment 
intended to supply alternate power to a limited number of 
prescribed functions vita] to the protection of life and 
safety. [99:3.3.41] 

Equipment System. A system of circuits and equipment 
arranged for delayed, automatic, or manual connection to 
the alternate power source and that serves primarily 3-
phase power equipment. 

Essential Electrical System. A system comprised of 
alternate sources of power and all connected distribution 
systems and ancillary equipment, designed to ensure 
continuity of electrical power to designated areas and 
functions of a health care facility during disruption of 
normal power sources, and also to minimize disruption 
within the internal wiring system. [99:3.3.44] 
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Exposed Conductive Surfaces. Those surfaces that are 
capable of carrying electric current and that are unprotected, 
unenclosed, or unguarded, permitting personal contact. 
Paint, anodizing, and similar coatings are not considered 
suitable insulation, unless they are listed for such use. 

Fault Hazard Current. See Hazard Current. 

Flammable Anesthetics. Gases or vapors, such as 
fluroxene, cyclopropane, divinyl ether, ethyl chloride, ethyl 
ether, and ethylene, which may form flammable or 
explosive mixtures with air, oxygen, or reducing gases such 
as nitrous oxide. 

Flammable Anesthetizing Location. Any area of the 
facility that has been designated to be used for the 
administration of any flammable inhalation anesthetic 
agents in the normal course of examination or treatment. 

Hazard Current. For a given set of connections in an 
isolated power system, the total current that would flow 
through a low impedance if it were connected between 
either isolated conductor and ground. 

Fault Hazard Current. The hazard current of a given 
isolated system with all devices connected except the line 
isolation monitor. 

Monitor Hazard Current. The hazard current of the line 
isolation monitor alone. 

Total Hazard Current. The hazard current of a given 
isolated system with all devices, including the line 
isolation monitor, connected. 

Health Care Facilities. Buildings or portions of buildings 
in which medical, dental, psychiatric, nursing, obstetrical, 
or surgical care are provided. Health care facilities include, 
but are not limited to, hospitals, nursing homes, limited 
care facilities, clinics, medical and dental offices, and 
ambulatory care centers, whether permanent or movable. 

Hospital. A building or portion thereof used on a 24-hour 
basis for the medical, psychiatric, obstetrical, or surgical 
care of four or more inpatients. [101:3 .3.124] 

Isolated Power System. A system comprising an 
isolating transformer or its equivalent, a line isolation 
monitor, and its ungrounded circuit conductors. 

Isolation Transformer. A transformer of the multiple
winding type, with the primary and secondary windings 
physically separated, which inductively couples its 
secondary winding(s) to circuit conductors connect d to 
its primary winding(s). 

Life Safety Branch. A subsystem of the emergency system 
consisting of feeders and branch circuits, meeting the 
requirements of Article 700 and intended to provide 
adequate power needs to ensure safety to patients and 
personnel, and that are automatically connected to alternate 
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power sources during interruption of the normal power 
source. [99:3.3.96] 

Limited Care Facility. A building or portion thereof used 
on a 24-hour basis for the housing of four or more persons 
who are incapable of self-preservation because of age; 
physical limitation due to accident or illness; or limitations 
such as mental retardation/developmental disability, mental 
illness, or chemical dependency. [99:3.3.97] 

Line Isolation Monitor. A test instrument designed to 
continually check the balanced and unbalanced impedance 
from each line of an isolated circuit to ground and equipped 
with a built-in test circuit to exercise the alarm without 
adding to the leakage current hazard. 

Monitor Hazard Current. See Hazard Current. 

Nurses' Stations. Areas intended to provide a center of 
nursing activity for a group of nurses serving bed patients, 
where the patient calls are received, nurses are dispatched, 
nurses' notes written, inpatient charts prepared, and 
medications prepared for distribution to patients. Where 
such activities are carried on in more than one location 
within a nursing unit, all such separate areas are considered 
a part of the nurses' station. 

Nursing Home. A building or portion of a building used on 
a 24-hour basis for the housing and nursing care of four or 
more persons who, because of mental or physical incapacity, 
might be unable to provide for their own needs and safety 
without the assistance of another person. [99:3.3.129] 

Patient Bed Location. The location of a patient sleeping 
bed, or the bed or procedure table of a critical care area. 
[99:3.3.137] 

Patient Care Area. Any portion of a health care facility 
wherein patients are intended to be examined or treated. 
Areas of a health care facility in which · patient care is 
administered are classified as general care areas or critical 
care areas. The governing body of the facility designates these 
areas in accordance with the type of patient care anticipated 
and with the following definitions of the area classification. 

Infonnational Note: Business offices, corridors, lounges, 
day rooms, dining rooms, or similar areas typically are not 
classified as patient care areas. 

General Care Areas. Patient bedrooms, examining rooms, 
treatment rooms, clinics, and similar areas in which it is 
intended that the patient will come in contact with ordinary 
appliances such as a nurse call system, electric beds, 
examining lamps, telephones, and entertainment devices. 
[99,2005] 

Critical Care Areas. Those special care units, intensive 
care units, coronary care units, angiography laboratories, 
cardiac catheterization laboratories, delivery rooms, 
operating rooms, [OSHPD 1, 2, 3 & 4] post-operative C 
recovery rooms and similar areas in which patients are A 
intended to be subjected to invasive procedures and 
connected to line-operated, electromedical devices. 
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Wet Procedure Locations. Those spaces within patient care 
areas where a procedure is performed and that are normally 
subject to wet conditions while patients are present. These 
include standing fluids on the floor or drenching of the work 
area, either of which condition is intimate to the patient or 
staff. Routine housekeeping procedures and incidental 
spillage of liquids do not define a wet location. 

Patient Care Vicinity. In an area in which patients are 
normally cared for, the patient care vicinity is the space with 
surfaces likely to be contacted by the patient or an attendant 
who can touch the patient. Typically in a patient room, this 
encloses a space within the room not less than 1.8 m (6 ft) 
beyond the perimeter of the bed in its nominal location, and 
extending ve11ically not less than 2.3 m (7Yz ft) above the 
floor. [99:3.3.140] 

Patient Equipment Grounding Point. A jack or terminal 
that serves as the collection point for redundant grounding of 
electrical appliances serving a patient care vicinity or for 
grounding other items in order to eliminate electromagnetic 
interference problems. [99:3.3.141] 

Psychiatric Hospital. A building used exclusively for the 
psychiatric care, on a 24-hour basis, of four or more inpatients. 

Reference Grounding .Point. The ground bus of the 
panelboard or isolated power system panel supplying the 
patient care area. 

Relative Analgesia. A state of sedation and partial block of 
pain perception produced in a patient by the inhalation of 
concentrations of nitrous oxide insufficient to produce loss of 
consciousness (conscious sedation). 

Selected Receptacles. A minimum number of electrical 
receptacJes to accommodate appliances ordinarily required for 
local tasks or likely to be used in patient care emergencies. 

Task Illumination. Provision for the minimum lighting 
required to carry out necessary tasks in the described areas, 
including safe access to supplies and equipment, and access 
to exits. 

Therapeutic High-Frequency Diathermy Equipment. 
Therapeutic high-frequency diathermy equipment is 
therapeutic induction and dielectric heating equipment. 

Total Hazard Current. See Hazard Current. 

X-Ray Installations, Long-Time Rating. A rating based on 
an operating interval of 5 minutes or longer. 

X-Ray Installations, Mobile. X-ray equipment mounted on 
a permanent base with wheels, casters, or a combination of 
both to facilitate moving the equipment while completely 
assembled. 

X-Ray Installations, Momentary Rating. A rating based 
on an operating interval that does not exceed 5 seconds. 

X-Ray Installations, Portable. X-ray equipment designed 
to be hand carried. 
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X-Ray Installations, Transportable. X-ray equipment to be 
a vehicle or that readily disassembled for 

transport 

517.4 [OSHPD 1,2 & 4J Selvices/Systems and Utilities. Refor 
to Section 1224.4.1, California Building Code. 

II. Wiring and Protection 

517.10 Applicability. 

(A) Applicability. Part J[ shall apply to patient care areas 
of all health care facilities. 

(B) Not Covered. Part II shall not apply to the following: 

(1) Business offices, corridors, waiting rooms, and the 
like in clinics, medical and dental offices, and 
outpatient facilities 

(2) Areas of nursing homes and limited care facilities wired 
in accordance with Chapters ] through 4 of this Code 
where these areas are used exclusively as patient 
sleeping rooms 

Informational Note: See NFPA 101-2009, Life Safety Code®. 

517.10.1 [OSHPD 1,2,3, & 4/ Applicability. Part 11 shall 
apply to hospitals, skilled nursing facilities, clinics, and 
correctional treatment centers. 

Exception: Part If shall not apply to business offices, 
corridors, waiting rooms, and the like in clinics and 
outpatient facilities. 

517.11 General Installation Construction Criteria. 

The purpose of this article is to specifY the installation 
criteria and wiring methods that minimize electrical hazards 
by the maintenance of adequately low potential differences 
only between exposed conductive surfaces that are likely to 
become energized and could be contacted by a patient. 

Informational Note: Tn a health care facility, it is difficult to 
prevent the occurrence of a conductive or capacitive path 
from the patient's body to some grounded object, because 
that path may be established accidentally or through 
instrumentation directly connected to the patient. Other 
electrically conductive surfaces that may make an 
additional contact with the patient, or instruments that may 
be connected to the patient, then become possible sources 
of electric currents that can traverse the patient's body. The 
hazard is increased as more apparatus is associated with the 
patient, and, therefore, more intensive precautions are 
needed. Control of electric shock hazard requires the 
limitation of electric current that might flow in an electrical 
circuit involving the patient's body by raising the resistance 
of the conductive circuit that includes the patient, or by 
insulating exposed surfaces that might become energized, in 
addition to reducing the potential ditIerence that can appear 
behveen exposed conductive surfaces in the patient care 
vicinity, or by combinations of these methods. A special 
problem is presented by the patient with an externalized 
direct conductive path to the heart muscle. The patient may 
be electrocuted at current levels so low that additional 
protection in the design of appliances, insulation of the 
catheter, and control of medical practice is required. 
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517.12 Wiring Methods. Except as modified in this 
article, wiring methods shall comply with the applicable 
provisions of Chapters 1 through 4 of this Code. 

(A) [OSHPD 1,2, & 4J Wall spaces in patient care rooms shall 
not be usedfor the installation of switchboards and panelboards, 
unless dedicated for that room. 

517.13 Grounding of Receptacles and Fixed Electrical 
Equipment in Patient Care Areas. Wiring in patient 
care areas shall comply with 517.13(A) and (B). 

(A) Wiring Methods. All branch circuits serving patient 
care areas shall be provided with an effective ground-fault 
current path by installation in a metal raceway system, or 
a cable having a metallic armor or sheath assembly. The 
metal raceway system, or metallic cable armor, or sheath 
assembly shall itself qualify as an equipment grounding 
conductor in accordance with 250.118. 

(B) Insulated Equipment Grounding Conductor. 

(I) General. The following shall be dir ctly conn Cl\!d to 
an insulated copper equipment grounding conductor that 
I installed with the branch circuit conductors in the 
wiring methods as provided in SI7.13(A). 

(I) The grounding terminals of all receptacles. 
(2) Metal bo, es and enclosures containing receptacles. 
(3) All nOl1--CufTenl-carrying conductive urfaccs of fixed 

electrical equipment Jikely to becom energized that are 
subject 10 personal contact. opemling at over 100 volts. 

Exception: An insulated equipmenf bundillg jumper thaI 
directly COllnect~· to the ~qllipmelll gruunding conductor is 
permilled 10 connect the hox and I'ect'ptac/e(s) 10 the 
equipment grounding conductor. 

Exception No.1 to (3): Metal faceplates shall be permitted 
to be connected to the equipment grounding conductor by 
means of a metal mounting screw(s) securing the faceplate to 
a grounded outlet box or grounded wiring device. 

£rccplioll No.2 to (3)." Luminaires more than 2.3 m (71f2 fi) 
above the floor and switches located outside of the patient 
care vicinity shall be permitted to be connected to an 
equipment grounding return path complying with 517.13 (A). 

(2) Sizing. 'EquiplllCltt groundlng'collductors and equipment 
bonding jumpers hall be sized in accordance \ ith 250.122. 

517.14 Panelboard Bonding. The equipment grounding 
terminal buses of the normal and essential branch-circuit 
panelboards serving the same individual patient care vicinity 
shall be connected together with an insulated continuous 
copper conductor not smaller than 10 AWG. Where two or 
more panelboards serving the same individual patient care 
vicinity are served from separate transfer switches on the 
emergency system, the equipment grounding terminal buses 
of those panelboards shall be connected together with an 
insulated continuous copper conductor not smaller than 10 
AWG. This conductor shall be permitted to be broken in 
order to terminate on the equipment grounding terminal bus 
in each panelboard. 

2013 California Electrical Code 

517.16 Receptacles with Insulated Grounding 
Te~.!,!inal~., Receptacles with insulated grounding terminals, 
as ~escribed in 250.146(D), shall not be pennitted. 
[OSHPD 1, 2, 3 & 4J Isolated ground receptacles, where 
required for the reduction of electrical noise (electromagnetic 
inteiference) on the grounding circuit, are permitted in 
patient care areas. Two insulated equipment grounding 
conductors shall be run with the branch circuit conductors 
supplying the receptacle. One shall be the isolated ground 
conductor and the other shall be the equipment grounding 
conductor required by 517.13(B). The insulated grounding 
conductor shall terminate on the grounding terminal ~f the 
receptacle and the equipment grounding conductor required 
by 517.13 (B) shall ground the outlet box on which the 
receptacle is installed Isolated ground receptacles shall be 
identified by an orange color or an orange triangle located 
on the face of the receptacle as required by 410.56(D). 
Isolated ground receptacles in patient care areas shall be 
identified with a permanent sign or label that reads: 
"Caution - Notfor Patient Equipment Use. " 

517.17 Ground-Fault ,Protection. 

(A) Applicability. The requirements of 517.17 shall apply to 
hospitals and other buildings (including multiple-occupancy 
buildings) with critical care areas or utilizing electrical life
support equipment, and buildings that provide the required 
essential utilities or services for the operation of critical care 
areas or electrical life-support equipment. 

(B) Feeders. Where ground-fault protection is provided 
for operation of the service disconnecting means or feeder 
disconnecting means as specified by 230.95 or 215.10, an 
additional step of ground-fault protection shall be 
provided in all next level feeder disconnecting means 
downstream toward the load. Such protection shall 
consist of overcurrent devices and current transformers or 
other equivalent protective equipment that shall cause the 
feeder disconnecting means to open. 

The additional levels of ground-fault protection shall 
not be installed on tht! load side of an essential electrical 
SY. tern transfer switch. 
(C) Selectivity. Ground-fault protection for operation of the 
service and feeder disconnecting means sha11 be fully 
selective such that the feeder device, but not the service 
device, shall open on ground faults on the load side of the 
feeder device. Separation of grOlmd-fault protection time: 
current characteristics shall confonn to manufacturer's 
recommendations and shall consider all required tolcrance~ 
and di connect opera. ing time to achieve I 00 percen~ 

leeli\' ity. 

Infonnational Note: See 230.95, [me print note, for transfer 
ofaltemate source where ground-fault protection is applied. 

(D) Testing. When equipment ground-fault protection is 
first installed, each level shall be performance tested to 
ensure compliance with S17.17(C). 
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517.18 General Care Areas. 
(A) Patient Bed Location. Each patient bed location shall be 
supplied by at least two branch circuits, one from the 
emergency system and one from the normal system. All 
branch circuits from the normal system shall originate in the 
same panelboard. 

The branch circuit serving patient be(tJQ.~tions~~~!tI1Q~ 
be part of a multi-wire branch circuil 
Exception No. 1: Branch circuits serving only special-purpose 
outlets or receptacles, such as portable X-rcry outlets, shall not 
be required to be served from the same distribution panel or 
panels. 

Exception No. 2: Requirements of 517.18(A) shall not apply 
to patient bed locations in clinics, medical and dental offices, 
and outpatient facilities; psychiatric, substance abuse, and 
rehabilitation hospitals; sleeping rooms of nursing homes and 
limited care facilities meeting the requirements of 
517.10(B)(2). 

[OSHPD 1,2,3, & 4] Section 517.10.1 Exception. 

[OSHPD 1, 2, 3, & 4] Exception No. 2.1: Clinics, outpatient 
facilities, psychiatric, substance abuse, and rehabilitation 
hospitals, nursing homes, and correctional treatment centers 
providing only basic services. 

Exception No.3: A general care patient bed location served 
from two separate transfer switches on the emergency system 
shall not be required to have circuits from the normal system. 
(B) Patient Bed Location Receptacles. Each patient bed 
location shall be provided with a minimum of four receptacles. 
They shall be permitted to be of the single~ duplex, pr 
quadruplcx type. or any combination of the three. All 
receptacles, whether four or more, shall be listed "hospital 
grade" and so identified. The grounding terminal of each 
receptacle shall be connected to an insulated copper equipment 
grounding conductor sized in accordance with Table 250.122. 
Exception No.1 : The requirements of 517. 18(B) shall not 
apply to psychiatric, substance abuse, and rehabilitation 
hospitals meeting the requirements of 517.10(B)(2) [OSHPD 
1,2,3, & 4] Section 517.10.1 Exception. 

Exception No.2: Psychiatric security rooms shall not be 
required to have receptacle outlets installed in the room. 

Exception No.3: [OSHPD 1, 2, & 3] Hospital grade 
receptacles shall not be required in patient sleeping areas in 
nursing homes. 

Infonnational Note: It is not intended that there be a total, 
immediate replacement of existing non-hospital grade 
receptacles. It is intended, however, that non-hospital grade 
receptacles be replaced with hospital grade receptacles upon 
modification of use, renovation, or as existing receptacles 
need replacement. 

(C) Pediatric Locations. Receptacles located within the 
rooms, bathrooms, playrooms, activity rooms, and patient care 
areas of ~csignateq pediatric locations shall be listed tamper 
resistant or shall employ a listed tamper-resistant cover. 

(D) [OSHPD 1, 2, & 4] Nursery receptacles. One duplex 
receptacle shall be provided for every two bassinets. 
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517.19 Critical Care Areas. 
(A) Patient Bed Location Branch Circuits. Each patient bed 
location shall be supplied by at least two branch circuits, one 
or more from the emergency system and one or more circuits 
from the normal system. At least one branch circuit from the 
emergency system shall supply an outlet(s) only at that bed 
location. All branch circuits from the normal system shall be 
from a single panelboard. Emergency system receptacles shall 
be identified and shall also indicate the panelboard and circuit 
number supplying them. 

The 'branch cifellit erving patient bed locations shaJi noi 
be part of a multi-wire branch ci.rcui~ 
Exception No.1: Branch circuits serving only special-purpose 
receptacles or equipment in critical care areas shall be 
permitted to be served by other panelboards. 

Exception No. 2: Critical care locations served from two 
separate transfer switches on the emergency system shall not 
be required to have circuits from the normal system. 

(B) Patient Bed Location Receptacles. 
(1) Minimum Number and Supply. Each patient bed 
location shall be provided with a minimum of six receptacles, 
at least one of which shall be connected to either of the 
following: 

(1) The normal system branch circuit required in 517 .19( A) 

(2) An emergency system circuit supplied by a different 
transfer switch than the other receptacles at the same 
patient bc4 location 

Exception No.1: [OSHPD 1, 2. & 4] Each intensive care 
newborn nurse,y bed equivalent and each bed location in 
intensive care and coronary care units shall be equipped with 
at least 10 single or 5 duplex receptacles listed "Hospital 
Grade" and so identified; each receptacle shall be grounded 
to the reference grounding point by means of an insulated 
grounding conductor. 

(2) Receptacle Requirements. The r~(;.~pt:ct(;les required in 
517.19(B)(1) shall be . pennitted to be single, duplex. or 
quadruplex type or any combination thereof. All receptacle 
~hall be listed ''hospital grade" and ~~l.L~ so identified. The 
grounding terminal of each receptacle shall be connected to 
the reference grounding point by means of an insulated copper 
equipment grounding conductor. 

(C) Patient Care Vicinity Grounding and Bonding 
(Optional). A patient care vicinity shall be permitted to have a 
patient equipment grounding point. The patient equipment 
grounding point, where supplied, shall be permitted to contain 
one or more listed grounding and bonding jacks. An 
equipment bonding jumper not smaller than lOA WG shall be 
used to connect the grounding terminal of all grounding-type 
receptacles to the patient equipment grounding point. The 
bonding conductor shall be permitted to be arranged 
centrically or looped as convenient. 

Infonnational Note: Where there is no patient equipment 
grounding point, it is important that the distance between the 
reference grounding point and the patient care vicinity be as 
short as possible to minimize any potential differences. 
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(D) Equipment Grounding and Bonding. Where a 
grounded electrical distribution system is used and metal 
feeder raceway or Type MC or MI cable that qualifies as an 
equipment grounding conductor in accordance with 250.118 is 
installed, grounding of cndo ,~I[~~J~~Q, ~l;Iipm~m" ,:llc:;~~ 
~~t~d,~~llcl~'-".it~hl)(>1Jrcl, shall be ensured by one of the 
following bonding means at each termination or junction point 
of the metal raceway or Type MC or MI cable: 

(1) A grounding bushing and a continuous copper bonding 
jumper, sized in accordance with 250.122, with the 
bonding jumper connected to the junction enclosure or 
the ground bus of the panel 

(2) Connection of feeder raceways or Type MC or MI cable 
to threaded hubs or bosses on tenninating enclosures 

(3) Other approved devices such as bonding-type locknuts or 
bushings 

(E) Additional Protective Techniques in Critical Care 
Areas (Optional). Isolated power systems shall be permitted 
to be used for critical care areas, and, if used, the isolated 
power system equipment shall be listed as isolated power 
equipment. The isolated power system shall be designed and 
installed in accordance with 517.160. 

Exception: The audible and visual indicators of the line 
isolation monitor shall be permitted to be located at the 
nursing station for the area being served. 

(F) Isolated Power System Equipment Grounding. Where 
an isolated ungrounded power source is used and limits the 
fIrst-fault current to a low magnitude, the equipment 
grounding conductor associated with the secondary circuit 
shall be pennitted to be run outside of the enclosure of the 
power conductors in the same circuit. 

Infonnational Note: Although it is pennitted to run the 
grounding conductor outside of the conduit, it is safer to run it 
with the power conductors to provide better protection in case 
of a second ground fault 

(G) Special-Purpose Receptacle Grounding. The equipment 
grounding conductor for special-purpose receptacles, such as 
the operation of mobile X-ray equipment, shall be extended to 
the reference grounding points of branch circuits for all 
locations likely to be served from such receptacles. Where 
such a circuit is served from an isolated ungrounded system, 
the grounding conductor shall not be required to be run with 
the power conductors; however, the equipment grounding 
tenninal of the special-purpose receptacle shall be connected 
to the reference grounding point. 

517.20 Wet Procedure Locations. 

(A) Receptacles and Fixed E quipment. Wet procedure, 
location patient care are shall be provided with s~ial 
protection against electric shock by one of the tollowing 
means: 

(I) Pm er distribution s tern that inherently lim.irs th~ 
possible growld-fauJt current due to a first fault 10 a low 
vaJuc~ without intemlpting the power supply 

(2) Pm \!r distributjon system in which Ihe power supply i~ 
interrupted if the ground-faull C~f!t~o.cs in tactJ 
exceed a value of6 n:)J\ 

Exception: Branch circuits supplying only listed, ,fixed, 
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therapeutic and diagnostic equipment shall be permitted to be 
supplied from a grounded service, single- or 3-phase system, 
provided that 

(a) Wiring for grounded and isolated circuits does not 
occupy the same racewcry, and 

(b) All conductive swfaces of the equipment are 
connected to an in u/ated copper- equipment grounding 
conductor. 

(B) Isolated Power Systems. Where an isolated power system 
is utilized, the isolated power equipment shall be listed as 
isolated power equipment, and the isolated power system shall 
be designed and installed in accordance with 517.160. 

Infonnational Note: For requirements for installation of 
therapeutic pools and tubs, see Part VI of Article 680. 

517.21 Ground-Fault Circuit-Interrupter Protection for 
Personnel. Ground-fault circuit-interrupter protection for 
personnel shall not be required for receptacles installed in 
those critical care areas where the toilet and basin are installed 
within the patient room. 

517.22 [OSHPD 1, 2, 3 & 4J Artificial Lighting. 
(A) Rooms and Passageways. All rooms and passagewcrys 
shall be provided with artifiCial illumination. 

(B) Illumination. 

(1) [OSHPD 1, 3 & 4J Illumination intensity. Illumination 
intensity values in each area shall meet the recommended 
values in the latest edition of the Illuminating Engineering 
Society q[North America (IESNA) Lighting Handbook. 

(2) [OSHPD 2J Minimum illuminance. Minimum 
maintained average illuminance in each area shall meet the 
recommended values in the latest edition of ANSIIIESNA RP-
28, Recommended Practice for Lighting and the Visual 
Environment for Senior Living 
(C) Lamp Protection. Lamps in jixtures shall be protected 
against accidental breakage by means of an enclosing lens or 
diffUser. 

Exception No.1: Open bottom luminaries with a maximum 
opening or cell size of 64 square inches if the lamp is 
completely recessed above the ceiling or enclosure in 
accordance with its listing 

Exception No.2: Wall mounted night lights with louvered 
covers with a maximum opening or cell size of 64 square 
inches provided they are completely recessed in the wall or 
enclosure in accordance with its listing 

E'(ception No.3: Wire guards or plastic tube guards in 
service areas such as electrical rooms, equipment rooms, and 
janitor closets. 

(D) Special Locations. 
(1) The general illumination fixtures in nurseries, central 
sterilizing rooms, treatment rooms, surgical suites, intensive 
care units, recovery rooms, obstetrical suites, emergency 
rooms, and laboratories shall be smooth and easily cleanable. 

(2) Lighting in intensive care nurseries shall be controlled by 
a dimmer or other means of mUltiple switching to provide 
varied lighting intensities. Lighting shall have the ability to 
provide 100 footcandles at each infant bed location when 
needed. 
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C (3) Individual bed area lighting in intensive care and 
A coronary care units shall be controlled by a dimmer or other 
C means of multiple switching, to provide varied lighting 
A intensities. 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
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517.24 (OSHPD 1,2,3, & 4J Mobile Medical Facilities. 
(A) Feeder. Thefeeder shall be sized in accordance with the 
requirements of Article 220. 

(B) Service Receptacle. The service receptacle shall be listed 
and rated for its use. 

(C) Disconnect A disconnecting means listed and rated for 
its use shall be located adjacent to and within sight of the 
service receptacle. It shall be capable ~f simultaneously 
disconnecting the ungrounded conductors which supply the 
service receptacle 

III. Essential Electrical System 
517.25 Scope. The essential electrical system for these 
facilities shall comprise a system capable of supplying a 
limited amount of lighting and power service, which is 
considered essential for life safety and orderly cessation of 
procedures during the time normal elecnical service is 
interrupted for any reason. This includes clinics, medical and 
dental offices, outpatient facilities, nursing homes, limited care 
facilities, hospitals, and other health care facilities serving 
patients. 

InfOlmational Note: For information on the need for an 
essential electrical system, see NFPA 99-2005, Standardfor 
Health Care Facilities. 

517.26 Application of Other Articles. The essential electrical 
system shall meet the requirements of Alticle 700, except as 
amended by Article 517. 

Infoll11ational Note: The prm isions of NFPA 110-20 I 0, 
Slandard for EIII(.'l'g(,llC)' Wid Stalldby Power S) c tenl.fJ 
should ~ ~Oll idercd wht.'Il designing and installinG 

'nlial ck'Ctrk~11 power supply systems. 
517.30 Essential Electrical Systems for Hospitals. 
(A) Applicability. The requirements of Part III, 517.30 

C through 517.35, shall apply to hospitals [OSHPD 1, 3 
A (ambulatOlY surgical clinics only), & 4J correctional 
C treatment centers providing optional services where an 

essential electrical system is required. 
Informational Note No.1: For performance, maintenance, 
and testing requirements of essential electrical systems in 
hospitals, see NFP A 99-2005, Standard for Health Care 
Facilities. For instaUation of centrifugal fire pumps, see 
NFPA 20-2010, Standard./Or the Installation of Station my 
Fire Pumps./or Fire Protection. 

Infoffilational Note No.2: For additional 
information, see NFPA 99-2005, Standard for 
Health Care Facilities. 

(8) General. 
(1) Separate Systems. Essential electrical systems for 
hospitals shall be comprised of two separate systems capable 
of supplying a limited amount of lighting and power service 
that is considered essential for life safety and effective hospital 
operation during the time the nonnal electrical service is 
interrupted for any reason. These two systems shan be the 
emergency system and the equipment system. 
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(2) Emergency Systems. The emergency system shall be 
limited to circuits essential to life safety and critical patient 
care. These are designated the life safety branch and the 
critical branch. [99:4.4.2.2.1.1] 
(3) Equipment System. The equipment system shall supply 
major electrical equipment necessary for patient care and basic 
hospital operation. 

(4) Transfer Switches. The number of transfer switches to be 
used shall be based on reliability, design, and load 
considerations. Each branch of the emergency system and 
each equipment system shall have one or more transfer 
switches. One transfer switch shall be permitted to serve one 
or more branches or systems in a facility with a maximum 
demand on the essential electrical system of 150 kVA. 

Informational Note No.1: See NFPA 99-2005, Standardfor 
Health Care Facilities: 4.4.3.2, Transfer Switch Operation 
Type I; 4.4.2.1.4, Automatic Transfer Switch Features; and 
4.4.2.1.6, Nonautomatic Transfer Device Features. 
Informational Note No.2: See Informational Note Figure 
517.30, No.1. 
Informational Note No.3: See Informational Note Figure 
517.30, No.2. 

(5) Optional Loads. Loads served by the generating 
equipment not specifically named in Article 517 shall be 
served by their own transfer switches such that the following 
conditions apply: 

(1) These loads shall not be transferred if the transfer will 
overload the generating equipment. 

(2) These loads shall be automatically shed upon generating 
equipment overloading. 

[For OSHPD 1, 3, & 4J Loads served by such transfer ( 
switches, including the receptacles required to be A 
supplied by the nonnal system pursuant to Articles 517- C 
18 and 517-19, shall not be considered to be on the A 
essential5ystem.] C 

(6) Contiguous Facilities. Hospital power sources and 
alternate power sources shall be permitted to serve the 
essential electrical systems of contiguous or same site 
facilities. [99:l3.3.4.3] 

(7) [OSHPD 1, 2 & 4J All automatic transfer switches in C 
general acute care hospitals and correctional treatment A 
centers providing optional services shall be provided with C 
an in-phase monitor relay and shall have provisions for A 
electrically by-passing and isolating the transfer swith. C 
The by-pass switch shall be capable ~f by-passing loads A 
to the emergency source or normal source if the selected ( 
by-pass source voltage is available. A 

(C) Wiring Requirements. 
(1) Separation from Other Circuits. The life safety 
branch and critical branch of the emergency system shall 
be kept entirely independent of all other wiring and 
equipment and shall not enter the same raceways, boxes, 
or cabinets with each other or other wiring. 

Where general care locations are served from two, 
separate transfer switches on the emergency system in' 
accordance with 517.18(A), Exception No.3, the general 
care circuits from the two separate ystems shall be kep~ 
independent of each other. 
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Normal 
system 
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Nonessential 
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Automatic 
switching 
equipment 

Delayed 
automatic 
swltching 
equipment 

Alternate power 
source 

Equipment Ufe safety Critical 
system branch branch 

\ J v 
Emergency system 

Essential electrical system 

FPN Figure 517.30, No. Hospital - Minimum 
Requirement (grnter tban 150 kVA) for Transfer Switch 
Arrangement. 

Normal 
supply 

Normal power 
source 

Nonessefltial 
loads 

Automatic 
switching 
equipment 

Equipment 
system 

Critical 
branch 

Alternate power 
source 

Ufe s · fety 
branch 

Essential e loclrical system 

FPN Figure 517.30, No. 2 Hospital - Minimum 
Requirement (150 kV A or Jess) for Transfer Switch 
Arrangement. 

Where critical car locations are s~rved from two
i 

separate transfer switches on tbe emergency system in 
~ccordance wilh 517.19(A). Exception No.2. the critical 
~arc circuits from the two ... ~P\1J'l11~~y~~~~~_~~_~JL~~ .. ~~J?'!. 
'ndependent of e~~h()t~~~. 

W iring of the life safety branch and the critical branch 
shall be permitted to occupy the same raceways, boxes, or 
cabinets of other circuits not part of the branch where such 
wiring complies with one of the following: 
(1) Is in transfer equipment enclosures 

(2) Is in exit or emergency luminaires supplied from two 
sources 

(3) Is in a common junction box attached to exit or 
emergency luminaires supplied from two sources 
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(4) Is for two or more emergency circuits supplied from the 
same branch and same transfer switch 
The wiring of the equipment system shall be pennitted to 

occupy the same raceways, boxes, or cabinets of other circuits 
that are not part of the emergency system. 

(2) Isolated Power Systems. Where isolated power systems 
are installed in any of the areas in 517.33(A)(1) and (A)(2), 
each system shall be supplied by an individual circuit serving 
no other load. 

(3) Mechanical Protection of the Emergency System. The 
wiring of the emergency systems in hospitals shall be 
mechanically protected. Where installed as branch circuits in 
patient care areas, the installation shall comply with the 
requirements of 517.13(A) and (B). The following wiring 
methods shall be pelmitted: 

(1) Nonflexible metal raceways, Type MI cable, or Schedule 
80 PVC conduit. Nonmetallic raceways shall not be used 
tor branch circuits that supply patient care areas. 

(2) Where encased in not less than 50 mm (2 in.) of concrete, 
Schedule 40 PVC conduit, flexible nonmetallic or 
jacketed metallic raceways, or jacketed metallic cable 
assemblies listed for installation in concrete. Nonmetallic 
raceways shall not be used for branch circuits that supply 
patient care areas. 

(3) Listed flexible metal raceways and listed metal sheathed 
cable assemblies in any ofthe following: 

a. Where used in listed prefabricated medical 
headwalls 

b. In listed office furnishings 

c. Where fished into existing walls or ceilings, not 
othetwise accessible and not subject to physical 
damage 

d. Where necessary for flexible cOimection to 
equipment 

(4) Flexible power cords of appliances or other utilization 
equipment connected to the emergency system. 

(5) Cables lorciass:for ··· ·)ass ·3 systerru.penruttc<f by part 
VI of this Article. lwith or without raceways. 
lnformational Note: See 517.13 for additional grounding 
requirements in patient care areas. 

(D) Capacity of Systems. The essential electrical system shall 
have adequate capacity to meet the demand for the operation 
of all functions and equipment to be served by each system 
and branch. 

Feeders shall be sized in accordance with Articles 215 
and 220. The generator set(s) shall have sufficient capacity 
and proper rating to meet the demand produced by the load of 
the essential electrical system(s) at any given time. 

Demand calculations for sizing of the generator set(s) 
shall be based on any of the following: 

(l) Prudent demand factors and historical data 

(2) Connected load 

(3) Feeder calculation procedures described in Article 220 
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(4) Any combination of the above 

The sizing requirements in 700.4 shall not 
apply to hospital generator set(s). 

(D.l) [OSHPD 1, 2, 3, & 4J Capacity of Systems. The 
essential electrical system shall have adequate capacity to 
meet the demand for the operation of all functions and 
equipment to be served by each system and branch. 

(E) Receptacle Identification. The cover plates for the 
electrical receptacles [For OSHPD 1 &4J and light switches or 
the electrical receptacles [For OSHPD 1 &4J and light 
switches themselves supplied from the emergency system shall 
have a distinctive color or marking so as to be readily 
identifiable. [99:4.4.2.2.4.2(B)] 

517.31 Emergency System. Those functions of patient care 
depending on lighting or appliances that are connected to the 
emergency system shall be divided into two mandatory 
branches: the life safety branch and the critical branch, 
described in 5] 7.32 and 517.33. 

The branches of the emergency system shall be installed 
and connected to the alternate power source so that all 
functions specified herein for the emergency system shall be 
automatically restored to operation within 10 seconds after 
interruption of the normal source. [99:4.4.2.2.2.1,4.4.3.1] 

517.32 Life Safety Branch. No function other than those 
listed in 517.32(A) through (H) shall be connected to the life 
safety branch. The life safety branch of the emergency system 
shall supply power for the following lighting, receptacles, and 
equipment. 

(A) lliumination of Means of Egress. Illumination of means 
of egress, such as lighting required for corridors, passageways, 
stairways, and landings at exit doors, and all necessary ways of 
approach to exits. Switching arrangements to transfer patient 
corridor lighting in hospitals fi'om general illumination circuits 
to night illumination circuits shall be permitted, provided on1y 
one of two circuits can be selected and both circuits cannot be 
extinguished at the same time. 

Informational Note: See NFPA 101-2009, Lifo Safety Code, 
Sections 7.8 and 7.9. 

(B) Exit Signs. Exit signs and exit directional signs. 
Informational Note: See NFPA 101-2009, Life Safoty Code, 
Section 7.10. 

(C) Alarm and Alerting Systems. Alarm and alerting 
systems including the following: 

(1) Fire alarms 
Informational Note: See NFPA 101-2009, Life Safety Code, 
Section 9.6 and 18.3.4. 

(2) Alarms required for systems used for the piping of 
nonflammable medical gases 
Informational Note: See NFP A 99-2005, Standard for 
Health Care Facilities, 4.4.2.2.2.2(3). 

(3) Mechanical, control, and other accessories required for 
effective life safety systems operation shall be permitted 
to be connected to the life safety branch. 

(D) Communications Systems. Hospital communications 
systems, where used for issuing instructions during emergency 
conditions. 
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(E) Generator Set and Transfer Switch Locations. Task 
illumination battery charger for battery-powered lighting 
unite s) and selected receptacles at the generator set and 
essential transfer switch locations. [99:4.4.2.2.2.2(5)] 

(F) Generator Set Accessories. Generator set accessories as 
required for generator performance. 
(G) Elevators. Elevator cab lighting, control, 
communications, and signal systems. 

(H) Automatic Doors. Automatical1y operated doors used for 
building egress. [99:4.4.2.2.2.2(7)] 

517.33 Critical Branch. 

(A) Task Illumination and Selected Receptacles. The 
critical branch ofthe emergency system shall supply power for 
task illumination, fixed equipment, selected receptacles, and 
special power circuits serving the following areas and 
functions related to patient care: 

(1) Critical care areas that utilize anesthetizing gases task 
illumination, selected receptacles, and fixed equipment 

(2) The isolated power systems in special environments 

(3) Patient care areas task illumination and selected 
receptacles in the foUowing: 

a. Infant nurseries 

b. Medication preparation areas 

c. Pharmacy dispensing areas 

d. Selected acute nursing areas 

e. Psychiatric bed areas (omit receptacles) 

f Ward treatment rooms 

g. Nurses' stations (unless adequately lighted by 
corridor luminaires) 

(4) Additional specialized patient care task illumination and 
receptacles, where needed 

(5) Nurse call systems [OSHPD 1, 2 & 4] Exception: Battery
powered components of wireless emergency mll:se call systems 
complying yllith the tateS'! edition of ANSI/VI 1069, Standard for 
Hospital Signaling and Nurse Call Equipment. 

(6) Blood, bone, and tissue banks 

(7) Telephone [OSHPD 1, 3, & 4] and information technology 
equipment rooms and closets 

(8) Task illumination, selected receptacles, and selected 
power circuits for the following: 

a. General care beds (at least one duplex receptacle in 
each patient bedroom) 

a.l. [OSHPD 1, 2, 3, & 4] General care beds 
b. Angiographic labs 

c. Cardiac catheterization labs 

d. Coronary care units 

e. Hemodialysis rooms or areas 

£ Emergency room treatment areas (selected) 

g. Human physiology labs 

h. Intensive care units 

L Postoperative recovery rooms (selected) [Subsections 
j through n OSHPD 1] 

j. Lithotripsy treatment rooms 
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k Laser operating rooms 
I. Electric clocks as required by Part 2, Title 24, CCR. 
m. Food preparation areas, central supply, and utility 

rooms 

n. Electrical and mechanical rooms 

(9) Additional task illumination, receptacles, and selected 
power circuits needed for effective hospital operation. 
Single-phase fractional horsepower motors shall be 
permitted to be connected to the critical branch. 
[99:4.4.2.2.2.3(9)] 

(10) [OSHPD 1,2, 3, & 4} Sensor-operatedjixtures when used to 
comply with Table 4-2, California Plumbing Code. 

(11) [OSHPD 1 & 4} Alann systemsfor monitoring negative 
pressure isolation rooms and positive pressure isolation 
rooms. 

(B) Subdivision of the Critical Branch. It shall be permitted 
to subdivide the critical branch into two or more branches. 

Infonnational Note: It is important to analyze the 
consequences of supplying an area with only critical care 
branch power when failure occurs between the area and the 
transfer switch. Some proportion of nonnal and critical power 
or critical power from separate transfer switches may be 
appropriate. 

517.34 Equipment System Connection to Alternate Power 
Source. The equipment system shall be installed and 
connected to the alternate power source such that the 
equipment described in 517.34(A) is automatically restored to 
operation at appropriate time-lag intervals following the 
energizing of the emergency system. Its arrangement shall also 
provide for the subsequent connection of equipment described 
in 517.34(B). [99:4.4.2.2.3.2] 

Exception: For essential electrical systems under 150 kVA, 
deletion of the time-lag intervals feature for delayed automatic 
connection to the equipment system shall be pennitted. 

(A) Equipment for Delayed Automatic Connection. The 
following equipment shall be permitted to be arranged for 
delayed automatic connection to the alternate power source: 

(l) Central suction systems serving medical and surgical 
functions, including controls. Such suction systems shall 
be permitted on the critical branch. 

(2) Sump pumps and other equipment required to operate for 
the safety of major apparatus, including associated control 
systems and alarms. 

(3) Compressed air systems serving medical and surgical 
functions, including controls. Such air systems shall be 
permitted on the critical branch. 

(4) Smoke control and stair pressurization systems, or both. 

(5) Kitchen hood supply or exhaust systems, or both, if 
required to operate during a fire in or under the hood. 

(6) Supply, return, and exhaust ventilating systems for 
airborne infectious/isolation rooms, protective 
environment rooms, exhaust fans for laboratory fume 
hoods, nuclear medicine areas where radioactive material 
is used, ethylene oxide evacuation, and anesthesia 
evacuation. Where delayed automatic connection is not 
appropriate, such ventilation systems shall be permitted to 
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be placed on the critical branch. [99:4.4.2.2.3.4(1) 
through (6)] 

(7) Supply, return, and exhaust ventilating systems for 
operating and delivery rooms. 

Exception: Sequential delayed automatic connection to the 
alternate power source to prevent overloading the generator 
shall be pennitted where engineering studies indicate it is 
necessary. 

(B) Equipment for Delayed Automatic or Manual 
Connection. The following equipment shall be permitted to be 
arranged for either delayed automatic or manual connection to 
the alternate power source: 

(l) Heating equipment to provide heating for operating, 
delivery, labor, recovery, intensive care, coronary care, 
nurseries, infection/isolation rooms, emergency treatment 
spaces, and general patient rooms and pressure 
maintenance Qockey or make-up) pump(s) for water
based fire protection systems. 

Exception: Heating of general patient rooms and infection / 
isolation rooms during disruption of the normal source shall 
not be required under any of the following conditions: 

(1) The outside design temperature is higher than -
6. 7°C (20°F). 

(2) The outside design temperature is lower than -
6.7°C (20°F), and where a selected room(s) is 
provided for the needs of all confined patients, only 
such room(s) need be heated. 

(3) The facility is served by a dual source of nonnal 
power. 

(1.1) [OSHPD 1 & 4} Heating, ventilating and cooling 
equipment as required by the California Mechanical Code. 
Infonnational Note No.1: The design temperature is based 
on the 9712 percent design value as shown in Chapter 24 of 
the ASHRAE Handbook of Fundamentals (1997). 

Infonnational Note No.2: For a description of a dual source 
ofnonnal power, see 517.35(C), Informational Note. 

(2) An elevator(s) selected to provide service to patient, 
surgical, obstetrical, and ground floors during 
interruption of normal power. In instances where 
interruption of normal power would result in other 
elevators stopping between floors, throw-over 
facilities shall be provided to allow the temporary 
operation of any elevator for the release of patients or 
other persons who may be confined between floors. 

(3) Hyperbaric facilities. 

(4) Hypobaric facilities. 

(5) Automatically operated doors 

(6) Minimal electrically heated autoclaving equipment 
shall be permitted to be arranged for either automatic 
or manual connection to the alternate source. 

(7) Controls for equipment listed in 517.34. 

(8) Other selected equipment shall be permitted to be served 
by the equipment system. [99:4.4.2.2.3.5(9)] 
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(C) AC Equipment for Nondelayed Automatic 
Connection. Generator accessories, including but not limited 
to, the transfer fuel pump, electrically operated louvers, and 
other generator accessories essential for generator operation, 
shall be arranged for automatic connection to the alternate 
power source. [99:404.2.2.3.3] 

517.35 Sources of Power. 

(A) Two Independent Sources of Power. Essential 
electrical systems shall have a minimum of two independent 
sources of power: a normal source generally supplying the 
entire electrical system and one or more alternate sources for 
use when the nonnal source is interrupted. [99:404.1.1.4] 

(B) Alternate Source of Power. The alternate source of 
power shall be one of the following: 

(1) Generator(s) driven by some form of prime mover(s) 
and located on the premises 

(2) Another generating unites) where the normal source 
consists ofa generating unites) located on the premises 

(3) An external utility service when the normal source 
consists of a generating unite s) located on the premises 

(4) A battery system located on the premises [99:4.4.1.2] 
C [OSHPD 1, 2 & 4] A battery system located on the premises 
A is not pennitted except as allowed in 517.33 (A)(5). 

(C) Location of Essential Electrical System Components. 
Careful consideration shall be given to the location of the 
spaces housing the components of the essential electrical 
system to minimize interruptions caused by natural forces 
common to the area (e.g., stomls, floods, earthquakes, or 
hazards created by adjoining structures or activities). 
Consideration shall also be given to the possible interruption 
of normal electrical services resulting from similar causes as 
well as possible disruption of normal electrical service due to 

C intemal wiring and equipment failures. [OSHPD 1 & 2] 
A Refer to California Building Code, Section 1616A.l.42. 

Informational Note: Facilities in which the normal source of 
power is supplied by two or more separate central station
fed services experience greater than normal electrical 
service reliability than those with only a single feed. Such a 
dual source of normal power consists of two or more 
electrical services fed from separate generator sets or a 
utility distribution network that has multiple power input 
sources and is arranged to provide mechanical and electrical 
separation so that a fault between the facility and the 
generating sources is not likely to cause an interruption of 
more than one of the facility service feeders. 

517.40 Essential Electrical Systems for Nursing Homes 
and Limited Care Facilities. 

(A) Applicability. The requirements of Part III, 517040(C) 
through 517044, shaH apply to nursing homes and limited 
care facilities. 

Exception: The requirements of Part III, 517.40(C) 
through 517.44, shall not apply to freestanding buildings 
used as nursing homes and limited care facilities, 
provided that the follOWing apply: 
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(a) Admitting and discharge policies are maintained 
that preclude the provision of care for any patient 
or resident who may need to be sustained by 
electrical life-support equipment. 

(b) No surgical treatment requiring general anesthesia 
is offered. 

(c) An automatic battery-operated system(s) or 
equipment is provided that shall be effective for at 
least Ilh hours and is otherwise in accordance with 
700.12 and that shall be capable of supplying 
lighting for exit lights, exit corridors, stairways, 
nursing stations, medical preparation areas, boiler 
rooms, and communications areas. This system shall 
also supply power to operate all alarm systems. 
[99: 17.3.4.2.2(3), lB. 3.4.2. 2 (3)] 
Informational Note: See NFPA 101-2009, Life 
Safety Code. 

(A.I) [OSHPD 1,2, & 4J Applicability. The requirements of C 
Part C, Section 517.40 (C) thlVugh 517.44, shall apply to A 
nursing homes, intennediate and skilled nursing facilities, and ~ 
correctional treatment centers providing only basic services C 

(B) Inpatient Hospital Care Facilities. For those nursing 
homes and limited care facilities that admit patients who 
need to be sustained by electrical life support equipment, 
the essential electrical system from the source to the portion 
of the facility where such patients are treated shall comply 
with the requirements of Part III, 517.30 through 517.35. 

(C) Facilities Contiguous or Located on the Same Site 
with Hospitals. Nursing homes and limited care facilities 
that are contiguous or located on the same site with a 
hospital shall be permitted to have their essential 
electrical systems supplied by that of the hospital. 

Informational Note: For performance, maintenance, and 
testing requirements of essential electrical systems in 
nursing homes and limited care facilities, see NFP A 99-
2005, Standard/or Health Care Facilities. 

517.41 Essential Electrical Systems. 

(A) General. Essential electrical systems for nursing 
homes and limited care faci lities shall be comprised of two 
separate branches capable of supplying a limited amount of 
lighting and power service, which is considered essential 
for the protection of life safety and effective operation of 
the institution during the time normal electrical service is 
interrupted for any reason. These two separate branches 
shall be the life safety branch and the critical branch. [99: 
Ao4.5.2.2.1 ] 

(B) Transfer Switches. The number of transfer switches to 
be used shall be based on reliability, design, and load 
considerations. Each branch of the essential electrical system 
shall be served by one or more transfer switches. One 
transfer switch shall be permitted to serve one or more 
branches or systems in a facility with a maximum demand on 
the essential electrical system of 150 kVA. [99:4.5.2.2.1] 
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Informational Note No.1: See NFPA 99-2005, 
Standard for HeaLth Care Facilities, 4.5.3.2, Transfer 
Switch Operation Type II; 4.4.2.].4, Automatic Transfer 
Switch Features; and 4.4.2.1.6, Nonautomatic Transfer 
Device Features. 

Informational Note No.2: See Informational Note 
Figure 517.41, No.1 . 

Informational Note No.3: See Informational Note 
Figure 517.41, No.2. 

(C) Capacity of System. The essential electrical system 
shall have adequate capacity to meet the demand for the 
operation of all functions and equipment to be served by 
each branch at one time. 

(D) Separation from Other Circuits. The life safety 
branch shall be kept entirely independent of all other wiring 
and equipment and shall not enter the same raceways, 
boxes, or cabinets with other wiring except as follows: 

(1) In transfer switches 

(2) In exit or emergency luminaires supplied from two sources 

(3) In a common junction box attached to exit or 
emergency luminaires supplied from two sources 

The wiring of the critical branch shall be permitted to 
occupy the same raceways, boxes, or cabinets of other 
circuits that are not part of the life safety branch. 

Normal 
system 

Normal power 
source 

Nonessential 
loads 

Automatic r.f-l L!J switching 
equipment 

Delayed 
automa.lic 
switching 
equipment 

Critical 
branch 

Altemat wer 
source 

Life safety 
branch 

Essential e~rical system 

FPN Figure 517.41, No. J Nursing Home and Limited 
Health Care Facilities - Minimum Requirement (greater 
than 150 kVA) for Transfer Switch Arrangement. 

(E) Receptacle Identification. The cover plates for the 
electrical receptacles [OSHPD 2 & 4} and light switches or 
the electrical receptacles [OSHPD 2 & 4} and light switches 
themselves supplied from the emergency electrical system 
shall have a distinctive color or marking so as to be 
readily identitiable. [99:4.5.2.2.4.2] 

517.42 Automatic Connection to Life Safety Branch. 
The life safety branch shall be installed and connected to 
the alternate source of power so that all functions 
specitied herein shall be automatically restored to 
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operation within 10 seconds after the interruption of the 
normal source. No functions other than those listed in 
517.42(A) through (G) shall be connected to the life 
safety branch. The life safety branch shall supply power 
for the following lighting, receptacles, and equipment. 

Informational Note: The life safety branch is called the 
emergency system in NFPA 99-2005, Standard for 
Health Care Facilities. 

(A) Illumination of Means of Egress. Illumination of 
means of egress as is necessary for corridors, 
passageways, stairways, landings, and exit doors and all 
ways of approach to exits. Switching arrangement to 
transfer patient corridor lighting from general illumination 
circuits shall be permitted, providing only one of two 
circuits can be selected and both circuits cannot be 
extinguished at the same time. 

Informational Note: See NFPA 101-2009, Life Safety 
Code, Sections 7.8 and 7.9. 

Normal 
'$yrJtem 

Normal power 
source 

Autom he 
switchIng 
equipment 

Critical 
branch 

Alternate power 
source 

Life safety 
branch 

FPN Figure 517.41, No.2 Nursing Home and Limited 
Health Care Facilities - Minimum Requirement (150 kVA 
or less) for Transfer Switch Arrangement. 

(B) Exit Signs. Exit signs and exit directional signs. 
Informational Note: See NFPA 101-2009, Life Safe~y 
Code, Section 7.10. 

(C) Alarm and Alerting Systems. Alarm and alerting 
systems, including the following: 

(1) Fire alamls 
Informational Note: See NFPA 101-2009, Life Safety Code, 
Sections 9.6 and 18.3.4. 

(2) Alarms required for systems used for the piping of 
nonflammable medical gases 
Jnfonnational Note: See NFP A 99-2005, Standard for 
Health Care Facilities, 4.4.2.2.2.2(3). 

(3) [OSrlPD 1, 2, & 4} Nurse call system 

Exception: [OSHPD 1, 2 & 4} Battery-powered components 
of wireless emergency nurse call systems complying with the 
latest edition of ANS11UL 1069, Standard jar Hospital 
Signaling and Nurse Call Equipment 
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(D) Communications Systems. Communications systems, 
where used for issuing instructions during emergency 
conditions. 
(E) Dining and Recreation Areas. Sufficient lighting in 
dining and recreation areas to provide illumination to exit ways. 

Generator Set Location. Task illumination and selected 
receptacles in the generator set location. 
(G) Elevators. Elevator cab lighting, control, communications, 
and signal systems. [99:4.4.2.2.2.2(6),4.5.2.2.2(7)] 

517.43 Connection to Critical Branch. The critical branch 
shall be installed and connected to the alternate power source 
so that the equipment listed in 517.4 3( A) shall be 
automatically restored to operation at appropriate time-lag 
intervals following the restoration of the life safety branch to 
operation. Its arrangement shall also provide for the additional 
cOIDlection of equipment listed in 517.43(B) by either delayed 
automatic or manual operation. [99:4.5.2.2.3.1] 
Exception: For essential electrical systems under 150 kVA, 
deletion of the time-lag intervals jeatlJre for delayed automatic 
connection to the equipment system shall be permitted. 
(A) Delayed Automatic Connection. The following 
equipment shall be permitted to be connected to the critical 
branch and shall be an'anged for delayed automatic 
connection to the alternate power source: 

(1) Patient care areas - task illumination and selected 
receptacles in the following: 

a. Medication preparation areas 

b. Pharmacy dispensing areas 
c. Nurses' stations (unless adequately lighted by 

corridor luminaires) 

(2) Sump pumps and other equipment required to operate for 
the safety of major apparatus and associated control 
systems and alarms 

(3) Smoke control and stair pressurization systems 

(4) Kitchen hood supply and/or exhaust systems, ifrequired 
to operate dUling a fire in or under the hood 

(5) Supply, return, and exhaust ventilating systems for airborne 
infectious isolation rooms [99:4.5.2.2.3.3(1) through (5)] 

(6) [OSHPD 1, 2, & 4J Selected receptacles in patient room 
corridors so that any patient bed can be reached with fifty 
(50) foot extension cord. 

(7) [OSHPD 1, 2, & 4J Task lighting and at least one 
receptacle in electrical and mechanical rooms. 

(8) [OSHPD 1, 2, 3, & 4J Sensor-operatedjlxtures when used 
to comply with Table 4-2, California Plumbing Code. 

(B) Delayed Automatic or Manual Connection. The 
following equipment shall be pernlitted to be connected to the 
critical branch and shal1 be arranged for either delayed 
automatic or manual connection to the alternate power source: 

(1) Heating equipment to provide heating for patient rooms. 
Exception: Heating of general patient rooms during 
disruption of the normal source shall not be required under 
any ofthefollovving conditions: 

(1) The outside design temperature is higher than 
6. 7°C (20°F). 

(2) The outside design temperature is lower than -
6.7°C (20°F) and where a selected room(s) is 
providedfor the needs qf all confined patients, only 
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such room(s) need be heated. 
(3) The facility is served by a dual source of nOlmal 

power as described in 517.44(C), In/Olmational 
Note. 

Infonnational Note: The outside design temperature is based 
on the 97Y2 percent design values as shO\\'11 in Chapter 24 of 
the ASHRAE Handbook of Fundamentals (1997). 
(1.1) [OSHPD 1, 2, & 4J Heating, ventilating, and cooling 

equipment as required by California Mechanical Code. 

(2) Elevator service in instances where disruption of 
power would result in elevators stopping between floors, 
throw-over facilities shall be provided to allow the 
temporary operation of any elevator for the release of 
passengers. For elevator cab lighting, control, and signal 
system requirements, see 517.42(G). 

(3) Additional illumination, receptacles, and equipment 
shall be pennitted to be connected only to the critical 
branch. [99:4.5.2.2.3.4(A), (B), and (C)] 

517.44 Sources of Power. 
(A) Two Independent Sources of Power. Essential 
electrical systems shall have a minimum of two independent 
sources of power: a nonnal source generally supplying the 
entire electrical system and one or more alternate sources for 
use when the normal source is interrupted. [99:4.4.1.1.4] 

(B) Alternate Source of Power. The alternate source of 
power shall be a generator( s) driven by some fonn of prime 
mover(s) and located on the premises. 
Exception No.1: Where the normal source consists of 
generating units on the premises, the alternate source shall 
be either another generator set or an external utility service. 
Exception No.2: Nursing homes or limited care facilities 
meeting the requirement of 517.40(A) and other health care 
facilities meeting the requirement of 517.45 shall be 
permitted to use a battery system or self-contained battery 
integral with the equipment. 

(R.1) {OSHPD 1,2 & 4J Alternate Source of Power. The 
alternate source of power shall be a generator(s) driven by 
some form of prime mover(s) and located on the premises. 
Exception No.1 [OSHPD 1, 2 & 4]: Jfhere the normal 
source consists of generating units on the premises, the 
alternate source shall be either another generator set or 
an external utility· service. 
Exception No.2: [OSHPD 1, 2 & 4J Battery-powered 
components of wireless emergency nurse call systems 
complying with the latest edition of ANSIIUL 1069, 
Standard for Hospital Signaling and Nurse Call 
Equipment need not have the wireless components 
connected to the alternate source of power. 

(C) Location of Essential Electrical System Components. 
Careful consideration shall be given to the location of the 
spaces housing the components of the essential electrical 
system to minimize interruptions caused by natura) forces 
common to the area (e.g., stonns, floods, earthquakes, or 
hazards created by adjoining structures or activities). 
Consideration shall also be given to the possible interruption 
of nonnal electrical services resulting from similar causes as 
well as possible disruption of nonnal electrical service due 
to internal wiring and equipment failures. 

2013 California Electrical Code 

C 
t 

C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
( 

A 
C 
A 



C 
1\ 

A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 
A 
C 

ARTICLE 517 - HEALTH CARE FACILITIES 517.61 

Informational Note: Facilities in which the normal source of 
power is supplied by two or more separate central station
fed services experience greater than nonnal electrical 
service reliability than those with only a single feed, Such a 
dual source of normal power consists of two or more 
electrical services fed from separate generator sets or a 
utility distribution network that has multiple power input 
sources and is arranged to provide mechanical and electrical 
separation so that a fault between the facility and the 
gen.era1:ing sources will not likely cause an interruption of 
more than one of the facility service feeders. 

517.45 Essential Electrical Systems for Other Health 
Care Facilities. 
(A) Essential Electrical Distribution. The essential 
electrical distribution system shall be a battery or 
generator system. 

Informational Note: See NFP A 99-2005, Standard for 
Health Care Facilities. 

(B) Electrical Life Support Equipment. Where 
electrical life support equipment is required, the essential 
electrical distribution system shall be as described in 
517.30 through 517.35. [99:14.3.4.2.]] 
(C) Critical Care Areas. Where critical care areas are 
present, the essential electrical distribution system shall 
be as described in 517.30 through 517.35. [99: 14.3.4.2.2] 
(D) Power Systems. Battery systems shall be installed in 
accordance with the requirements of Article 700, and 
generator systems shal1 be as described in 517.30 through 
517.35. 
(D.1) [OSHPD 1, 2, 3, & 4] Ambulat01Y surgical clinics 
shall be provided with a generator with on-site fuel. 
(E) {OSHPD 3 & 4/ Receptacle and Light Switch 
Identification. The cover plates for the electrical 
receptacles and light switches or the electrical 
receptacles and light switches themselves, supplied from 
the emergency system, shall have a distinctive color or 
marking so as to be readily identifiable. 
(F) {OSHPD 1, 3, & 4/ Ambulatory Surgical Clinics. 
The essential electrical systems for Ambulatory Surgical 
Clinics shall be as described in 517.30 through 517.35. 
(G) {OSHPD 1,2, 3, & 4J Hemodialysis Clinic. 

(1) Illumination for means of egress and exit lights 
shall be provided, using battely-operated equipment H!ith 
a capacity to sustain its connected load for a minimum of 
1 'l2 hours after loss of the normal source. 
IV. Inhalation Anesthetizing Locations 

Informational Note: For further information regarding 
safeguards for anesthetizing locations, see NFP A 99* 
2005, Standardfor Health Care Facilities. 

517.60 Anesthetizing Location Classification. 
Informational Note: If either of the anesthetizing 
locations in 517 .60(A) or 517.60(B) is designated a wet 
procedure location, refer to 517.20. 

(A) Hazardous (Classified) Location. 
(1) Use Location. In a location where flammable anesthetics 
are employed, the entire area sha11 be considered to be a 
Class I, Division 1 location that extends upward to a level 
1.52 m (5 ft) above the floor. The remaining volume up to 
the structural ceiling is considered to be above a hazardous 
(classified) location. [99: Annex E, E.1, and E.2] 
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(2) Storage Location. Any room or location in which 
flammable anesthetics or volatile flammable disinfecting 
agents are stored shall be considered to be a Class I, 
Division 1 location from floor to ceiling. 

(B) Other~ Than~Hazardous (Classified) Location. Any 
inhalation anesthetizing location designated for the 
exclusive use of nonflammable anesthetizing agents shall 
be considered to be an other-than-hazardous (classified) 
location. 

517.61 Wiring and Equipment. 

(A) Within Hazardous (Classified) Anesthetizing 
Locations. 

(1) Isolation. Except as permitted in 517.160, each power 
circuit within, or patti ally within, a flammable 
anesthetizing location as referred to in 517.60 shall be 
isolated from any distribution system by the use of an 
isolated power system. [99: Annex E, E.6.6.2] 

(2) Design and Installation. Where an isolated power 
system is utilized, the isolated power equipment shall be 
listed as isolated power equipment, and the isolated power 
system shall be designed and installed in accordance with 
517.160. 

(3) Equipment Operating at More Than 10 Volts. In 
hazardous (classified) locations referred to in 517.60, all 
fixed wiring and equipment and all portable equipment, 
including lamps and other utilization equipment, 
operating at more than 10 volts between conductors shall 
comply with the requirements of 501.1 through 501.25, 
and 501.100 through 501.150, and 501.30(A) and 
501.30(B) for Class I, Division 1 locations. All such 
equipment shall be specifically approved for the 
hazardous atmospheres involved. [99: Annex E, E.2. 1, 
E.4.5, EA.6, and E.4.7] 

(4) Extent of Location. Where a box, fitting, or enclosure 
is partially, but not entirely, within a hazardous 
(classified) 10cation(s}, the hazardous (classified) 
location(s) shall be considered to be extended to include 
the entire box, fitting, or enclosure. 

(5) Receptacles and Attachment Plugs. Receptacles and 
attachment plugs in a hazardous (classified) location(s) 
shall be listed for use in Class I, Group C hazardous 
(classified) locations and shall have provision for the 
connection of a grounding conductor. 

(6) Flexible Cord Type. Flexible cords used in hazardous 
(classified) locations for connection to portable utilization 
equipment, including lamps operating at more than 8 volts 
between conductors, shall be of a type approved for extra
hard usage in accordance with Table 400.4 and shall 
include an additional conductor for grounding. 
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(7) Flexible Cord Storage. A storage device for the 
flexible cord shall be provided and shall not subject the 
cord to bending at a radius ofless than 7S mm (3 in.). 

(B) Above Hazardous (Classified) Anesthetizing 
Locations. 
(1) Wiring Methods. Wiring above a hazardous 
(classified) location referred to in S17 .60 shall be installed 
in rigid metal conduit, electrical metallic tubing, 
intermediate metal conduit, Type MI cable, or Type MC 
cable that employs a continuous, gas/vaportight metal 
sheath. 

(2) Equipment Enclosure. Installed equipment that may 
produce arcs, sparks, or particles of hot metal, such as 
lamps and lampholders for fixed lighting, cutouts, 
switches, generators, motors, or other equipment having 
make-and-break or sliding contacts, shall be of the totally 
enclosed type or be constructed so as to prevent escape of 
sparks or hot metal particles. 

Exception: Wall-mounted receptacles installed above the 
hazardous (classified) location in flammable 
anesthetizing locations shall not be required to be totally 
enclosed or have openings guarded or screened to 
prevent dispersion of particles. 
(3) Luminaires. Surgical and other luminaires shall 
conform to S01.130(B). 

Exception No.1: The sw.face temperature limitations set 
forth in 501. 1 3 o (B) (1) shall not apply. 

Exception No. 2: Integral or pendant switches that are 
located above and cannot be lowered into the hazardous 
(class(fied) location(s) shall not be required to be 
explosionproof 
(4) Seals. Listed seals shall be provided in conformance 
with SOLIS, and SOl. 1 S(A)(4) shall apply to horizontal as 
well as to vertical boundaries of the defined hazardous 
(classified) locations. 
(5) Receptacles and Attachment Plugs. Receptacles and 
attachment plugs located above hazardous (classified) 
anesthetizing locations shall be listed for hospital use for 
services of prescribed voltage, frequency, rating, and 
number of conductors with provision for the connection 
of the grounding conductor. This requirement shall apply 
to attachment plugs and receptacles of the 2-pole, 3-wire 
grounding type for single-phase, 120-volt, nominal, ac 
service. 

(6) 250-Volt Receptacles and Attachment Plugs Rated 
50 and 60 Amperes. Receptacles and attachment plugs 
rated 2S0 volts, for connection of SO-ampere and 60-
ampere ac medical equipment for use above hazardous 
(classified) locations, shall be arranged so that the 60-
ampere receptacle will accept either the SO-ampere or the 
60-ampere plug. Fifty-ampere receptacles shall be 
designed so as not to accept the 60-ampere attachment 
plug. The attachment plugs shall be of the 2-pole, 3-wire 
design with a third contact connecting to the insulated 
(green or green with yellow stripe) equipment grounding 
conductor of the electrical system. 
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(C) Other-Than-Hazardous (Classified) Anesthetizing 
Locations. 
(1) Wiring Methods. Wiring serving other-than-hazardous 
(classified) locations, as defined in S17.60, shall be installed in 
a metal raceway system or cable assembly. The metal raceway 
system or cable armor or sheath assembly shall qualify as an 
equipment grounding conductor in accordance with 2S0.118. 
Type MC and TypeMI cable shall have an outer metal armor, 
sheath, or sheath assembly that is identified as an acceptable 
equipment grounding conductor. 

Exception.~" Pendant receptacle in.~/allaiions fhal employ l[siid 
Type SJql or equivalent helrd usage or eXh'a-hard umge, 
flexible cords suspended not less than 1.8 m (6 .ft) from the 
floor shall not be required to be installed in a metal raceway 
or cable assembly. 
(2) Receptacles and Attachment Plugs. Receptacles and 
attachment plugs installed and used in other-than-hazardous 
(classified) locations shall be listed "hospital grade" for 
services of prescribed voltage, frequency, rating, and number 
of conductors with provision for connection of the grounding 
conductor. This requirement shall apply to 2-pole, 3-wire 
grOlmding type for single-phase, 120-, 208-, or 240-volt, 
nominal, ac service. 

(3) 250-Volt Receptacles and Attachment Plugs Rated 50 
Amperes and 60 Amperes. Receptacles and attachment plugs 
rated 2S0 volts, for connection of SO-ampere and 60-ampere ac 
medical equipment for use in other -than-hazardous (classified) 
locations, shall be arranged so that the 60-ampere receptacle 
will accept either the SO-ampere or the 60-ampere plug. Fifty
ampere receptacles shall be designed so as not to accept the 
60-ampere attachment plug. The attachment plugs shall be of 
the 2-pole, 3-wire design with a third contact connecting to the 
insulated (green or green with yellow stripe) equipment 
grounding conductor of the electrical system. 

517.62 Grounding. In any anesthetizing area, all metal 
raceways and metal-sheathed cables and all normally non
current-carrying conductive portions of fixed electrical 
equipment shall be connected to an equipment grounding 
conductor. Grounding and bonding in Class I locations shall 
comply with S01.30. 

Exception: Equipment operating at not more than 10 volts 
between conductors shall not be required to be connected to 
an equipment grounding conductor. 

517.63 Grounded Power Systems in Anesthetizing 
Locations. 
(A) Battery-Po~ered L· bting Units. One or more banery
powered lighting units shaU be provided and shall be permitted 
to be wired to the critical lighting circuit in the area and 
connected ahead of any local switches. 

(B) Branch-Circuit Wiring. Branch circuits supplying only 
listed, fixed, therapeutic and diagnostic equipment, 
permanently installed above the hazardous (classified) location 
and in other-than-hazardous (classified) locations, shall be 
permitted to be supplied from a normal grounded service, 
single- or three-phase system, provided the following apply: 
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(1) Wiring for grounded and isolated circuits does not 
occupy the same raceway or cable. 

(2) All conductive surfaces of the equipment are 
connected to an equipment grounding conductor. 

(3) Equipment (except enclosed X -ray tubes and the 
leads to the tubes) is located at least 2.5 m (8 ft) 
above the floor or outside the anesthetizing location. 

(4) Switches for the grounded branch circuit are located 
outside the hazardous (classified) location. 

Exception: Sections 517.63(B)(3) and (B)(4) shall not 
apply in other-than-hazardous (classified) locations. 
(C) Fixed Lighting Branch Circuits. Branch circuits 
supp lying only fixed lighting shall be permitted to be 
supplied by a normal grounded service, provided the 
following apply: 

(1) Such luminaires are located at least 2.5 m (8 ft) above 
the floor. 

(2) All conductive surfaces of luminaires are connected 
to an equipment grounding conductor. 

(3) Wiring for circuits supplying power to luminaires 
does not occupy the same raceway or cable for 
circuits supplying isolated power. 

(4) Switches are wall-mounted and located above 
hazardous (classified) locations. 

Exception: Sections 517.63(C)(1) and (C)(4) shall not 
app1y in other-than-hazardous (classified) locations. 
(D) Remote-Control Stations. Wall-mounted remote
control stations for remote-control switches operating at 
24 volts or less shall be permitted to be installed in any 
anesthetizing location. 
(E) Location of Isolated Power Systems. Where an isolated 
power system is utilized, the isolated power equipment shall 
be listed as isolated power Isolated power 

equipment and its shall be permitted to 
located in an location, provided it is 

installed above a hazardous location or in an 
other -than-hazardous (classified) location. 
(F) Circuits in Anesthetizing Locations. Except as 
permitted above, each power circuit within, or partially 
within, a flammable anesthetizing location as referred to 
in 517.60 shall be isolated from any distribution system 
supplying other-than-anesthetizing locations. 

517.64 Low-Voltage Equipment and Instruments. 
(A) Equipment Requirements. Low-voltage equipment 
that is frequently in contact with the bodies of persons or 
has exposed current-carrying elements shall comply with 
one of the following: 
(1) Operate on an electrical potential of 10 volts or less 
(2) Be approved as intrinsically safe or double-insulated 

equipment 
(3) Be moisture resistant 
(B) Power Supplies. Power shall be supplied to low

voltage equipment from one of the following: 
(1) An individual portable isolating transformer 

(autotransformers shall not be used) connected to an 
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isolated power circuit receptacle by means of an 
appropriate cord and attachment plug 

(2) A common low-voltage isolating transformer 
installed in an other-than-hazardous (classified) 
location 

(3) Individual dry-cell batteries 
(4) Common batteries made up of storage cells located in 

an other-than-hazardous (classified) location 
(C) Isolated Circuits. Isolating-type transformers for 

supplying low-voltage circuits shall have both of the 
following: 

(1) Approved means for insulating the secondary circuit 
from the primary circuit 

(2) The core and case connected to an equipment 
grounding conductor 

(D) Controls. Resistance or impedance devices shall be 
permitted to control low-voltage equipment but shall not be 
used to limit the maximum available voltage to the 
equipment. 
(E) Battery-Powered Appliances. Battery-powered 
appliances shall not be capable of being charged while in 
operation unless their charging circuitry incorporates an 
integral isolating-type transformer. 
(F) Receptacles or Attachment Plugs. Any receptacle or 
attachment plug used on low-voltage circuits shall be of a 
type that does not permit interchangeable connection with 
circuits of higher voltage. 

Informational Note: Any interruption of the circuit, even 
circuits as low as 10 volts, either by any switch or loose 
or defective connections anywhere in the circuit, may 
produce a spark that is sufficient to ignite flammable 
anesthetic agents. 

V. X-Ray Installations 
Nothing in this part shall be construed as specifying 
safeguards against the useful beam or stray X -ray 
radiation. 

Informational Note No.1: Radiation safety and 
performance requirements of several classes of X-ray 
equipment are regulated under Public Law 90-602 and are 
enforced by the Department of Health and Human Services. 
Intormational Note No.2: ]n addition, information on 
radiation protection by the National Council on Radiation 
Protection and Measurements is published as Reports of 
the National Council on Radiation Protection and 
Measurement. These reports are obtainable from NCRP 
Publications, P.O. Box 30175, Washington, DC 20014. 

517.71 Connection to Supply Circuit. 
(A) Fixed and Stationary Equipment. Fixed and 
stationary X-ray equipment shall be connected to the 
power supply by means of a wiring method complying 
with applicable requirements of Chapters 1 through 4 of 
this Code, as modified by this article. 
Exception: Equipment properly supplied by a branch 
circuit rated at not over 30 amperes shall be permitted to 
be supplied through a suitable attachment plug and hard
service cable or cord. 

70-455 



517.72 ARTICLE 517 -HEALTH CARE FACILITIES 

(B) Portable, Mobile, and Transportable Equipment. 
Individual branch circuits shall not be required for portable, 
mobile, and transportable medical X-ray equipment requiring 
a capacity of not over 60 amperes. 

(C) Over 600-Volt Supply. Circuits and equipment operated 
on a supply circuit of over 600 volts shall comply with 
Article 490. 

517.72 Disconnecting Means. 
(A) Capacity. A disconnecting means of adequate capacity for 
at least 50 percent of the input required for the momentary 
rating or 100 percent of the input required for the long-time 
rating of the X-ray equipment, whichever is greater, shall be 
provided in the supply circuit. 

(B) Location. The disconnecting means shall be operable 
from a location readily accessible from the X -ray control. 

(C) Portable Equipment. For equipment connected to a 120-
volt branch circuit of 30 amperes or less, a grounding-type 
attachment plug and receptacle of proper rating shall be 
permitted to serve as a disconnecting means. 

517.73 Rating of Supply Conductors and Overcurrent 
Protection. 
(A) Diagnostic Equipment. 
(1) Branch Circuits. The ampacity of supply branch
circuit conductors and the current rating of overcurrent 
protective devices shall not be less than 50 percent of the 
momentary rating or 100 percent of the long-time rating, 
whichever is greater. 
(2) Feeders. The ampacity of supply feeders and the current 
rating of overcurrent protective devices supplying two or more 
branch circuits supplying X -ray units shall not be less than 50 
percent of the momentary demand rating of the largest unit 
plus 25 percent of the momentary demand rating of the next 
largest unit plus 10 percent of the momentary demand rating 
of each additional unit. Where simultaneous biplane 
examinations are undertaken with the X -ray units, the supply 
conductors and overcurrent protective devices shall be 100 
percent of the momentary demand rating of each X -ray unit. 

Infonnational Note: The minimum conductor size for branch 
and feeder circuits is also governed by voltage regulation 
requirements. For a specific installation, the manufacturer 
usually specifies minimum distribution transfonner and 
conductor sizes, rating of disconnecting means, and 
overcurrent protection. 

(B) Therapeutic Equipment. The ampacity of conductors 
and rating of overcurrent protective devices shall not be less 
than 100 percent of the current rating of medical X-ray 
therapy equipment. 

Infonnational Note: The ampacity of the branch-circuit 
conductors and the ratings of disconnecting means and 
overcurrent protection for X-ray equipment are usually 
designated by the manufacturer for the specific installation. 

517.74 Control Circuit Conductors. 

(A) Number of Conductors in Raceway. The number of 
control circuit conductors installed in a raceway shall be 
determined in accordance with 300.17. 

(8) Minimum Size of Conductors. Size 18 A WG or 16 
A WGfixture wires as specified in 725.49 and flexible cords 
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shall be permitted for the control and operating circuits of X
ray and auxiliary equipment where protected by not larger than 
20-ampere overcurrent devices. 

517.75 Equipment Installations. All equipment for new X
ray installations and all used or reconditioned X-ray equipment 
moved to and reinstalled at a new location shall be of an 
approved type. 

517.76 Transformers and Capacitors. Transformers and 
capacitors that are part of X-ray equipment shall not be 
required to comply with Articles 450 and 460. 
Capacitors shall be mounted within enclosures of insulating 
material or grounded metal. 

517.77 Installation of High-Tension X-Ray Cables. 
Cables with grounded shields connecting X-ray tubes and 
image intensifiers shall be permitted to be installed in cable 
trays or cable troughs along with X-ray equipment control 
and power supply conductors without the need for barriers 
to separate the wiring. 

517.78 Guarding and Grounding. 
(A) High-Voltage Parts. All high-voltage parts, including 
X-ray tubes, shall be mounted within grounded enclosures. 
Air, oil, gas, or other suitable insulating media shall be used 
to insulate the high-voltage from the grounded enclosure. 
The connection from the high-voltage equipment to X-ray 
tubes and other high-voltage components shall be made with 
high-voltage shielded cables. 
(B) Low-Voltage Cables. Low-voltage cables connecting to 
oil-filled units that are not completely sealed, such as 
transformers, condensers, oil coolers, and high-voltage 
switches, shall have insulation of the oil-resistant type. 

(q Non-Current-Carrying Metal Parts. Non-current
carrying metal parts of X-ray and associated equipment 
(controls, tables, X-ray tube supports, transformer tanks, 
shielded cables, X-ray tube heads, etc.) shall be connected to 
an equipment grounding conductor in the manner specified in 
Part VB of Article 250, as modified by 517 . 13 (A) and (B). 

VI. Communications, Signaling Systems, Data Systems, 
Fire Alarm Systems, and Systems Less Than 120 Volts, 
Nominal 
517.80 Patient Care Areas. Euivalent insulation and isolation 
to that required for the electrical distribution systems in patient 
care areas shall be provided for communications, signaling 
systems, data system circuits, fire alarm systems, and systems 
less than 120 volts, nominal. 

Class 2 and Class 3 signaling and communications 
systems and power-limited fire alarm systems shall not be 
required to comply with the grounding requirem nts of 
517.13. to comply with the mechanical protection 
requirem 01 of 517.30( C)(3)( 5). or to be enclos d in 
~~ways. UJ1less otherwi e specified by Chapter 7 or 8. 

Secondary circuits oftransfoffiler-powered communications or 
signaling systems shall not be required to be enclosed in 
raceways unless otherwise specified by Chapter 7 or 8. 
[99:4.4.2.2.4.6] 
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ARTICLE 517 HEALTH CARE FACILITIES 517.160 

517.81 Other-Than-Patient-Care Areas. In other-than-
patient-care installations shall be in accordance 
with the provisions 

517.82 Signal Transmission Between Appliances. 

(A) General. Pennanently installed signal cabJing from an 
appliance in a patient location to remote appliances shall 
employ a signal transmission system that prevents hazardous 
grounding interconnection of the appliances. 

Informational Note: See 517.13(A) for additional 
grounding requirements in patient care areas. 

(B) Common Signal Grounding Wire. Common signal 
grounding wires (i.e., the chassis ground for single-ended 
transmission) shall be permitted to be used between 
appliances all located within the patient care vicinity, 
provided the appliances are served from the same 
reference grounding point. 

517.123 [OSHPD 1, 2, 3, & 4] Signal Systems. Signal 
systems shall include provisions for visual and audible 
communications betvveen patients and nursing personnel 
and bern'een health care facility staff. 

Exception No.1: In facilities or separate buildings of 6 
beds or less, a signalleall system which can be 
demonstrated to the enforcing agency to function 
effectively is permitted. 

Exception No.2: Acute psychiatric hospitals are not 
required to install or maintain a signal system if they do 
not admit or retain patients who are confined to bed. 

(A) Patient/Nurse Call System. The patient/nurse call 
system shall be comprised of components which include 
an annunciator located at each nurses' station which 
emits an audible signal and indicates the origin of the 
call. The system shall require resetting at the calling 
station unless a two-way voice communication component 
is included. Visual signals visible from all parts of the 
corridor shall be provided above corridor doors to each 
patient bedroom, toilet room, and bath or shower room. 
The system shall be provided for at least: 

(1) One call station at each bed in patient bedrooms, 
labor rooms, intensive care units and coronGlY care units, 
capable of being activated by patients confined to bed. 

(2) One call station with cords within 12 inches of the 
floor in each patient toilet room, bathroom, and shower 
room in locations easily accessible to patients. 

Exception: For correctional treatment centers, the call 
system may be a cordless-type actuator in a location 
easily accessible to the patient or may be an audio 
communication system. 

(3) Detachable cords at all call stations in rooms 
designated for psychiatric patient use. 

(B) Stafl Emergency Call System. The staff emergency 
call system shall be comprised of components which 
providefor at least: 

(1) One call station from each operating, delivery, special 
procedure, and nurselY room connected to the nearest 
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continuously staffed nurses' station or control desk. 
(2) One call station from the control desk of each 
recovery room, intensive care unit, neonatal intensive 
care unit (NICU) , and coronary care unit connected to 
the nearest continuously staffed nurses' station. 
(C) Emergency Alarm System (Code Blue). The 
emergency alarm system shall be comprised of 
components which provide for at least: 
(1) One call station at each bed and nurses' station in 
recovery room, intensive care unit, and coronary care 
unit. 
(2) One call station at the control desk in each neonatal 
intensive care unit (NICU). 
(3) A unique visual and audible signal at attending 
nurses' station and a unique visual device above each 
ently door to the recovery room, intensive care unit, 
coronary care unit, and neonatal intensive care unit. 
(4) Visual and audible signals at the PBX operator or 
other 24-hour staffed area. 

VIL Isolated Power Systems 

517.160 Isolated Power Systems. 

(A) Installations. 

(1) Isolated Power Circuits. Each isolated power circuit shall 
be controlled by a switch or circuit breaker that has a 
disconnecting pole in each isolated circuit conductor to 
simultaneously disconnect all power. Such isolation shall be 
accomplished by means of one or more isolation transformers, 
by means of generator sets, or by means of electrically isolated 
batteries. Conductors of isolated power circuits shall not be 
installed in cables, raceways, or other enclosures containing 
conductors of another system. 

(2) Circuit Characteristics. Circuits supplying primaries of 
isolating transfonners shall operate at not more than 600 volts 
between conductors and shall be provided with proper 
overcunent protection. The secondary voltage of such 
transfonners shall not exceed 600 volts between conductors of 
each circuit. All circuits supplied from such secondaries shall 
be ungrounded and shall have an approved overcunent device 
of proper ratings in each conductor. Circuits supplied directly 
from batteries or from motor generator sets shall be 
ungrounded and shall be protected against overcurrent in the 
same manner as transfonner-fed secondary circuits. If an 
electrostatic shield is present, it shall be connected to the 
reference grounding point. [99:4.3.2.6.1 ] 

(3) Equipment Location. The isolating transfonners, motor 
generator sets, batteries and battery chargers, and associated 
primary or secondary overcurrent devices shall not be installed 
in hazardous (classified) locations. The is01ated secondary 
circuit wiring extending into a hazardous anesthetizing 
location shaH be installed in accordance with 501.10. 
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518.1 ARTICLE 518 - ASSEMBLY OCCUPANICIES 

(4) Isolation Transformers. An isolation transformer 
shall not serve more than one operating room except as 
covered in (A)( 4)(a) and (A)( 4)(b). 

For purposes of this section, anesthetic induction rooms 
are considered part of the operating room or rooms served 
by the induction rooms. 

(a) Induction Rooms. Where an induction room 
serves more than one operating room, the isolated circuits 
of the induction room shall be permitted to be supplied 
from the isolation transformer of anyone of the operating 
rooms served by that induction room. 

(b) Higher Voltages. Isolation transformers shall 
be permitted to serve single receptacles in several patient 
areas where the following apply: 
(1) The receptacles are reserved for supplying power to 

equipment requiring 150 volts or higher, such as 
portable X-ray units. 

(2) The receptacles and mating plugs are not 
interchangeable with the receptacles on the local 
isolated power system. 

[99: 13.4.1.2.6.6] 
(5) Conductor Identification. The isolated circuit 
conductors shall be identified as follows: 
(1) Isolated Conductor No.1 - Orange with at least one 

distinctive colored stripe other than . white, green or 
gray along the entire length orthe cOlidllctor 

(2) Isolated Conductor No.2 - Brown with at least one 
distinctive colored stripe other than . whitt!, green, or 
gray ~JC>:llg~h(!~l1tjre leng!h of the conductor 
For 3-phase systems, the third conductor shall be 

identified as yellow with at lea t one distinctive colored 
stripe other than white, green, or gray along the entire 
I ngth of the conductor. Where isolated circuit conductors 
supply 125-volt, single-phase, 15- and 20-ampere 
receptacles, the striped orange conductor(s) sha1l be 
connected to the terminal( s) on the receptacles that are 
identified in accordance with 200.1 O(B) for connection to 
the grounded circuit conductor. 
(6) Wire-Pulling Compounds. Wire-pulling compounds 
that increase the dielectric constant shall not be used on 
the secondary conductors of the isolated power supply. 

Informational Note No.1: It is desirable to limit the size 
of the isolation transformer to 10 kV A or less and to use 
conductor insulation with low leakage to meet 
impedance requirements. 
Informational Note No.2: Minimizing the length of 
branch-circuit conductors and using conductor insulations 
with a dielectric constant less than 3.5 and insulation 
resistance constant greater than 6100 megohm-meters 
(20,000 megohm-feet) at 16°C (60°F) reduces leakage 
from line to ground, reducing the hazard current. 

(B) Line Isolation Monitor. 
(1) Characteristics. In addition to the usual control and 
overcurrent protective devices, each isolated power system 
shall be provided with a continually operating line isolation 
monitor that indicates total hazard current. The monitor 
shall be designed such that a green signal lamp, 
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conspicuously visible to persons in each area served by the 
isolated power system, remains lighted when the system is 
adequately isolated from ground. An adjacent red signal 
lamp and an audible warning signal (remote if desired) 
shall be energized when the total hazard current (consisting 
of possible resistive and capacitive leakage currents) from 
either isolated conductor to ground reaches a threshold 
value of 5 rnA under nominal line voltage conditions. The 
line monitor shall not alarm for a fault hazard of less than 
3.7 rnA or for a total hazard CUlTent ofless than 5 rnA. 
Exception: A system shall be permitted to be designed to 
operate at a lower threshold value of total hazard current. A 
line isolation monitor for such a system shall be permitted 
to be approved, with the provision that the fault hazard 
current shall be permitted to be reduced but not to less than 
35 percent of the corresponding threshold value of the total 
hazard current, and the monitor hazard current is to be 
correspondingly reduced to not more than 50 percent of the 
alarm threshold value of the total hazard current. 
(2) Impedance. The line isolation monitor shall be 
designed to have sufficient internal impedance such that, 
when properly connected to the isolated system, the 
maximum internal current that can flow through the line 
isolation monitor, when any point of the isolated system is 
grounded, shall be 1 rnA. 
Exception: The line isolation monitor shall be permitted 
to be of the low-impedance type such that the current 
through the line isolation monitor, when any point of the 
isolated system is grounded, will not exceed twice the 
alarm threshold value for a period not exceeding 5 
milliseconds. 

Informational Note: Reduction of the monitor hazard 
current, provided this reduction results in an increased 
"not alarm" threshold value for the fault hazard current, 
will increase circuit capacity. 

(3) Ammeter. An ammeter calibrated in the total hazard 
current of the system (contribution of the fault hazard 
current plus monitor hazard current) shall be mounted in a 
plainly visible place on the line isolation monitor with the 
"alarm on" zone at approximately the center of the scale. 

Exception: The line isolation monitor shall be permitted 
to be a composite unit, with a sensing section cabled to a 
separate display panel section on which the alarm or test 
functions are located. 

Informational Note: It is desirable to locate the ammeter 
so that it is conspicuously visible to persons in the 
anesthetizing location. 

ARTICLE 518 
Assembly Occupancies 

518.1 Scope. Except for the assembly occupancies 
explicitly covered by 520.1, this article covers all 
buildings or portions of buildings or structures designed 
or intended for the gathering together of 100 or more 
persons for such purposes as deliberation, worship, 
entertainment, eating, drinking, amusement, awaiting 
transportation, or similar purposes. 
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518.2 General Classification. 
(A) Examples. Assembly occupancies shall include, but 
not be limited to, the following: 

Armories Exhibition halls 

Assembly halls Gymnasiums 

Auditoriums Mortuary chapels 

Bowling lanes Multipurpose rooms 

Club rooms Museums 

Conference rooms Places of awaiting 

Courtrooms 
Dance halls 

transportation 

Places of religious worship 
Pool rooms 

Dining and drinking Restaurants 
facilities Skating rinks 

(B) Multiple Occupancies. Where an assembly occupancy 
forms a portion of a building containing other occupancies, 
Article 518 applies only to that portion of the building 
considered an assembly occupancy. Occupancy of any room 
or space for assembly purposes by less than 100 persons in a 
building of other occupancy, and incidental to such other 
occupancy, shall be classified as part of the other occupancy 
and subject to the provisions applicable thereto. 

(C) Theatrical Areas. Where any such building structure, or 
portion thereof, contains a projection booth or stage platform 
or area for the presentation of theatrical or musical 
productions, either fixed or portable, the wiring for that area, 
including associated audience seating areas, and all equipment 
that is used in the referenced area, and portable equipment and 
wiring for use in the production that will not be connected to 
permanently installed wiring, shall comply with Article 520. 

Informational Note: For methods of determining population 
capacity, see local building code or, in its absence, NFP A 
101-2009, Life Safi~t:y Code. 

518.3 Other Articles. 

(A) Hazardous (Classified) Areas. Electrical installations in 
hazardous (classified) areas located in assembly occupancies 
shall comply with Article 500. 

(B) Temporary Wiring. In exhibition halls used .. for 
display booths, as in trade shows, the temporary wmng 
shall be permitted to be installed in accordance with Article 
590. Flexible cables and cords approved for hard or extra
hard usage shall be permitted to be laid on floors where 
protected from contact by the general public. The ground
fault circuit-interrupter requirements of 590.6 shall not 
apply. All oth r ground-fault Ctrcuit~interrupte~ 
requirements of this Code shall apply. 

Where ground-fuult circuit interrupter protection for 
pc~nnel is ~ uppJied by plllg-nnd-cord-connec~on ~ th~ 
branch circuit or 10 the feeder. th grmmd fuull CircUit 

interrupter protection shall be Ii led portable gromtd rauJl 
circuit int mlpter protection or provid' a level of protection 
quivaJent to a portable ground fault circuit int rrupter 

wh ther assembled in the field or at the factory. 

Exception: Where conditions ofsupervision and maintenance 
ensure that only qualified persons will service the installation, 
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flexible cords or cables identtfied in Table 400.4 for hard 
usage or extra-hard usage shall be permitted in cable trays 
used only for temporary wiring. All cord'i or cables shall be 
installed in a single layer. A permanent sign shall be attached 
to the cable tray at intervals not to exceed 7.5 m (25 fl). The 
sign shall read 

CABLE TRAY FOR TEMPORARY WIRING ONLY 

(C) Emergency Systems. Control of emergency systems shall 
comply with Article 700. 

518.4 Wiring Methods. 

(A) General. The fixed wlrmg methods shall be metal 
raceways, flexible metal raceways, nonmetallic raceways 
encased in not less than 50 mm (2 in.) of concrete, Type MI, 
MC, or AC cable. The wiring method shall itself qualifY as an 
equipment grounding conductor accord~ng to 250.118 ~r sh~ll 
contain an insulated equipment groundmg conductor SIzed m 
accordance with Table 250.122. 

Exception: Fixed wiring methods shall be as provided in 

(a) Audio signal processing, amplification, and 
reproduction equipment - Article 640 

(b) Communications circuits - Article 800 

(c) Class 2 and Class 3 remote-control and signaling 
circuits - Article 725 

(d) Fire alarm circuits -Article 760 

(B) Nonrated Construction. In addition to the wiring 
methods of 518.4(A), nonmetallic-sheathed cable, Type AC 
cable, electIical nomnetallic tubing, and rigid nonmetallic 
conduit shall be permitted to be installed in those buildings or 
portions thereof that are not required to be of fire-rated 
construction by the applicable building code. 

Infornlational Note: Fire-rated construction is the fire
resistive classification used in building codes. 

(C) Spaces with Finish Rating. Electrical nonmetallic tubing 
and rigid nonmetallic conduit shall be pennitled to be installed 
in club rooms, conference and meeting rooms in hotels or 
motels, courtrooms, dining facilities, restaurants, mortuary 
chapels, museums, libraries, and places of religious worship 
where the following apply: 

(1) The electrical nonmetallic tubing or rigid nonmetallic 
conduit is installed concealed within walls, floors, and 
ceilings where the walls, f1oors, and ceilings provide a 
thermal barrier of material that has at least a IS-minute 
finish rating as identified in listings of fire-rated 
assemblies. 

(2) The electrical nonmetallic tubing or rigid nonmetallic 
conduit is installed above suspended ceilings where the 
suspended ceilings provide a thermal barrier of material 
that has at least a IS-minute finish rating as identified in 
listings of fire-rated assemblies. 

Electrical nonmetallic tubing and rigid nonmetallic conduit are 
not recognized for use in other space used for environmental 
air in accordance with 300.22(C). 
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lnfonnational Note: A finish rating is established for 
assemblies containing combustible (wood) supports. The 
finish rating is defined as the time at which the wood stud or 
wood joist reaches an average temperature rise of 121°C 
(250°F) or an individual temperature rise of 163 °C (325°F) as 
measured on the plane of the wood nearest the fire. A finish 
rating is not intended to represent a rating for a membrane 
ceiling. 

518.5 Supply. Portable switchboards and portable power 
distribution equipment shall be supplied only from listed 
power outlets of sufficient voltage and ampere rating. Such 
power outlets shall be protected by overcurrent devices. Such 
overcurrent devices and power outlets shall not be accessible 
to the general public. Provisions for connection of an 
equipment grounding conductor shall be provided. The 
neutral conductor of feeders supplying solid-state phase 
control, 3-phase, 4-wire dimmer systems shall be considered 
a current-carrying conductor for purposes of nmpacity 
adjustment. The neutral conductor of feeders supplying 
solid-state sine wave, 3-phase, 4-wire dimming systems shall 
not be considered a current-carrying conductor for purposes 
of ampacity adjustment. 

Exception: The neutral conductor of feeders supplying 
systems that use or may use both phase-control and sine-wave 
dimmers shall be considered as current-carrying for purposes 
of umpucity adjusmll!lli. 

Infonnational Note: For definitions of solid-state dimmer 
types, see 520.2. 

ARTICLE 520 
Theaters, Audience Areas of Motion Picture 
and Television Studios, Performance Areas, 

and Similar Locations 
I. General 
520.1 Scope. This article covers all buildings or that part of a 
building or structure, indoor or outdoor, designed or used for 
presentation, dramatic, musical, motion picture projection, or 
similar purposes and to specific audience seating areas within 
motion picture or television studios. 

520.2 Definitions. 
Border Light. A permanently installed overhead strip light. 

Breakout Assembly. An adapter used to connect a multipole 
connector containing two or more branch circuits to multiple 
individual branch-circuit connectors. 

Bundled. Cables or conductors that are tied, wrapped, taped, 
or otherwise periodically bOill1d together. 

Connector Strip. A metal wireway containing pendant or 
flush receptacles. 

Drop Box. A box containing pendant- or flush-mounted 
receptacles attached to a multi conductor cable via strain relief 
or a multipole connector. 

Footlight. A border light installed on or in the stage. 
Grouped. Cables or conductors positioned adjacent to one 
another but not in continuous contact with each other. 

70-460 

Performance Area. The stage and audience seating area 
associated with a temporary stage structure, whether indoors 
or outdoors, constructed of scaffolding, truss, platforms, or 
similar devices, that is used for the presentation of theatrical or 
musical productions or for public presentations. 

Portable Equipment. Equipment fed with portable cords or 
cables intended to be moved from one place to another. 

Portable Power Distribution Unit. A power distribution box 
containing receptacles and overcurrent devices. 

Proscenium. The wall and arch that separates the stage from 
the auditorium (house). 

Solid-State Phase-Control Dimmer. A solid-state dimmer 
where the wave shape of the steady-state current does not 
follow the wave shape of the applied voltage, such that the 
wave shape is nonlinear. 

Solid-State Sine Wave Dimmer. A solid-state dimmer where 
the wave shape of the steady-state current follows the wave 
shape ofthe applied voltage such that the wave shape is linear. 

Stand Lamp (Work Light). A portable stand that contains a 
general-purpose luminaire or lampholder with guard for the 
purpose of providing general illumination on the stage or in 
the auditorium. 

Strip Light. A luminaire with multiple lamps arranged in a row. 

Two-Fer. An adapter cable containing one male plug and two 
female cord connectors used to connect two loads to one 
branch circuit. 
5203 Motion Picture Projectors. Motion picture equipment 
and its installation and use shall comply with Article 540. 

520.4 Audio Signal Processing, Amplification, and 
Reproduction Equipment. Audio signal processing, 
amplification, and reproduction equipment and its installation 
shall comply with Article 640. 

520.5 Wiring Methods. 
(A) General. The fixed wiring method shall be metal 
raceways, nonmetallic raceways encased in at least 50 mm (2 
in.) of concrete, Type MI cable, MC cable, or AC cable 
containing an insulated equipment grounding conductor sized 
in accordance with Table 250.122. 

Exception: Fixed wiring methods shall be as provided in 
Article 640 for audio signal processing, amplification, and 
reproduction equipment, in Article 800 for communications 
circuits, in Article 725 for Class 2 and Class 3 remote-control 
and signaling circuits, and in Article 760 for fire alarm 
circuits. 

(B) Portable Equipment. The wiring for portable 
switchboards, stage set lighting, stage effects, and other wiring 
not fixed as to location shall be permitted with approved 
flexible cords and cables as provided elsewhere in Article 520. 
Fastening such cables and cords by ill1insulated staples or 
nailing shall not be permitted. 

(C) Nonrated Construction. Nonmetallic-sheathed cable, 
Type AC cable, electrical nonmetallic tubing, and rigid 
nonmetallic conduit shall be permitted to be installed in those 
buildings or portions thereof that are not required to be of fire
rated construction by the applicable building code. 
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520.6 Number of Conductors in Raceway. The number of 
conductors permitted in any metal conduit, rigid nonmetallic 
conduit as permitted in this article, or electlical metallic 
tubing for circuits or for remote-control conductors shall not 
exceed the percentage fill shown in Table 1 of Chapter 9. 
Where contained within an auxiliary gutter or a wireway, the 
sum of the cross-sectional areas of all contained conductors 
at any cross section shall not exceed 20 percent of the 
interior cross-sectional area of the auxiliary gutter or 
wireway. The 30-conductor limitation of 366.22 and 376.22 
shaH not apply. 

520.7 Enclosing and Guarding Live Parts. Live parts shall 
be enclosed or guarded to prevent accidental contact by 
persons and objects. All switches shall be of the externally 
operable type. Dimmers, including rheostats, shall be placed 
in cases or cabinets that enclose an live parts. 

520.8 Emergency Systems. Control of emergency systems 
shall comply with Article 700. 

520.9 Branch Circuits. A branch circuit of any size 
supplying one or more receptacles shall be permitted to 
supply stage set lighting. The voltage rating of the 
receptacles shall be not less than the circuit voltage. 
Receptacle ampere ratings and branch-circuit conductor 
ampacity shall be not less than the branch-circuit overcurrent 
device ampere rating. Table 210.21(B)(2) shall not apply. 

520.10 Portable Equipment Portable stage 
and studio lighting power 
distribution equipment shall be 
permitted for temporary use outdoors, provided the 
equipment is supervised by qualitied persOlmei while 
energized and barriered from the general public. 

n. Fixed Stage Switchboards 
520.21 Dead Front. Stage switchboards shall be of the 
dead-front type and shall comply with Part IV of Article 408 
unless approved based on suitability as a stage switchboard 
as determined by a qualified testing laboratory and 
recognized test standards and principles. 

520.22 Guarding Back of Switchboard. Stage 
switchboards having exposed live parts on the back of such 
boards shall be enclosed by the building walls, wire mesh 
grilles, or by other approved methods. The entrance to this 
enclosure shall be by means of a self-closing door. 

520.23 Control and Overcurrent Protection of Receptacle 
Circuits. Means shall be provided at a stage-lighting 
switchboard to which load circuits are connected for 
overcurrent protection of stage-lighting branch circuits, 
including branch circuits supplying stage and auditorium 
receptacles used for cord-and-plug-connected stage 
equipment. Where the stage switchboard contains dimmers 
to control nonstage lighting, the locating of the overcurrent 
protective devices for these branch circuits at the stage 
switchboard shall be permitted. 

520.24 Metal Hood. A stage switchboard that is not 
completely enclosed dead-front and dead-rear or recessed 
into a wall shall be provided with a metal hood extending the 
fulllength of the board to protect all equipment on the board 
from falling objects. 
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520.25 Dimmers. Dimmers shall comply with 520.25(A) 
through (D). 

(A) Disconnection and Overcurrent Protection. Where 
dimmers are installed in ungrounded conductors, each 
dimmer shall have overcurrent protection not greater than 
125 percent of the dimmer rating and shall be disconnected 
from all ungrounded conductors when the master or 
individual switch or circuit breaker supplying such dimmer 
is in the open position. 

(B) Resistance- or Reactor-Type Dimmers. Resistance
or series reactor-type dimmers shall be permitted to be 
placed in either the grounded or the ungrounded conductor 
of the circuit. Where designed to open either the supply 
circuit to the dimmer or the circuit controlled by it, the 
dimmer shall then comply with 404.2(B). Resistance- or 
reactor-type dimmers placed in the grounded neutral 
conductor of the circuit shall not open the circuit. 

(C) Autotransformer-Type Dimmers. The circuit 
supplying an autotransformer-type dimmer shall not exceed 
150 volts between conductors. The grounded conductor 
shall be common to the input and output circuits. 

Infonnational Note: See 210.9 for circuits derived from 
autotransformers. 

(D) Solid-State-Type Dimmers. The circuit supplying a 
solid-state dimmer shall not exceed 150 volts between 
conductors unless the dimmer is listed specifically for 
higher voltage operation. Where a grounded conductor 
supplies a dimmer, it shall be common to the input and 
output circuits. Dimmer chassis shall be connected to the 
equipment grounding conductor. 

520.26 Type of Switchboard. A stage switchboard shall be 
either one or a combination of the types specified in 
520.26(A), (B), and (C). 

(A) Manual. Dimmers and switches are operated by handles 
mechanically linked to the control devices. 

(B) Remotely Controlled. Devices are operated 
electrically from a pilot-type control console or panel. Pilot 
control panels either shall be part of the switchboard or 
shall be permitted to be at another location. 

(C) Intermediate. A stage switchboard with circuit 
interconnections is a secondary switchboard (patch panel) 
or panelboard remote to the primary stage switchboard. It 
shall contain overcurrent protection. Where the required 
branch-circuit overcurrent protection is provided in the 
dimmer panel, it shall be pennitted to be omitted from the 
intermediate switchboard. 

520.27 Stage Switchboard Feeders. 

(A) Type of Feeder. Feeders supplying stage switchboards 
shall be one ofthe types in 520.27(A)(l) through (A)(3). 

(1) Single Feeder. A single feeder disconnected by a single 
disconnect device. 
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(2) Multiple Feeders to Intermediate Stage 
Switchboard (Patch Panel). Multiple feeders of 
unlimited quantity shall be permitted, provided that all 
multiple feeders are part of a single system. Where 
combined, neutral conductors in a given raceway shall be 
of sufficient ampacity to carry the maximum unbalanced 
current supplied by multiple feeder conductors in the 
same raceway, but they need not be greater than the 
ampacity of the neutral conductor supplying the primary 
stage switchboard. Parallel neutral conductors shall 
comply with 310. J O( H). 
(3) Separate Feeders to Single Primary Stage 
Switchboard (Dimmer Bank). Installations with separate 
feeders to a single primary stage switchboard shall have a 
disconnecting means for each feeder. The primary stage 
switchboard shall have a permanent and obvious label stating 
the number and location of disconnecting means. If the 
disconnecting means are located in more than one distribution 
switchboard, the primary stage switchboard shall be provided 
with barriers to correspond with these multiple locations. 

(B) Neutral Conductor. For the purpose of ampacity 
~dju tment. the following shall apply: 

(1) The neutral conductor of feeders supplying solid
state, phase-control 3-phase, 4-wire dimming systems 
shall be considered a current-carrying conductor. 

(2) The neutral conductor of feeders supplying solid
state, sine wave 3-phase, 4-wire dimming systems 
shall not be considered a current-carrying conductor. 

(3) The neutral conductor of feeders supplying systems 
that use or may use both phase-control and sine wave 
dimmers shall be considered as current-carrying. 

(C) Supply Capacity. For the purposes of calculating 
supply capacity to switchboards, it shall be permissible to 
consider the maximum load that the switchboard is 
intended to control in a given installation, provided that 
the following apply: 

(1) All feeders supplying the switchboard shall be 
protected by an overcurrent device with a rating not 
greater than the ampacity of the feeder. 

(2) The opening of the overcurrent device shall not affect 
the proper operation of the egress or emergency 
lighting systems. 
Informational Note: For calculation of stage switchboard 
feeder loads, see 220.40. 

III. F ixed Stage Equipment Other Than Switchboards 

520.41 Circuit Loads. 

(A) Circuits Rated 20 Amperes or Less. Footlights, 
border lights, and proscenium sidelights shall be arranged 
so that no branch circuit supplying such equipment carries 
a load exceeding 20 amperes. 

(B) Circuits Rated Greater Than 20 Amperes. Where 
only heavy-duty lampholders are used, such circuits shall 
be permitted to comply with Article 210 for circuits 
supplying heavy-duty lampholders. 
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520.42 Conductor Insulation. Foot, border, proscenium, 
or portable strip lights and connector strips shall be wired 
with conductors that have insulation suitable for the 
temperature at which the conductors are operated, but not 
less than 125°C (257°F). The ampacity of the 125°C 
(257°F) conductors shall be that of 60°C (1 40°F) 
conductors. All drops from connector strips shall be 90°C 
(194 OF) wire sized to the ampacity of 60°C (140°F) cords 
and cables with no more than 150 mm (6 in.) of conductor 
extending into the connector strip. Section 
310.15(B)(3)(a) shall not apply. 

Informational Note: See Table 31 O. IQ4{A) for conductor 
types . 

520.43 Footlights. 

(A) Metal T rough Construction. Where metal trough 
construction is employed for footlights, the trough 
containing the circuit conductors shall be made of sheet 
metal not lighter than 0.81 mm (0.032 in.) and treated to 
prevent oxidation. Lampholder telminals shall be kept at 
least 13 mm eh in.) from the metal of the trough. The circuit 
conductors shall be soldered to the lampholder terminals. 

(B) Other -Than-Metal Trough Construction. Where 
the metal trough construction specified in 520.43(A) is 
not used, footlights shall consist of individual outlets with 
lampholders wired with rigid metal conduit, intermediate 
metal conduit, or flexible metal conduit, Type MC cable, 
or mineral-insulated, metal-sheathed cable. The circuit 
conductors shall be soldered to the lampholder terminals. 

(C) Disappearing Footlights. Disappearing footlights 
shall be arranged so that the current supply is 
automatically disconnected when the footlights are 
replaced in the storage recesses designed for them. 

520.44 Borders, Proscenium Sidelights, Drop Boxes, 
and Connector Strips. 

(A) General. Borders and proscenium sidelights shall be 
as follows: 

(1) Constructed as specified in 520.43 

(2) Suitably stayed and supported 

(3) Designed so that the flanges of the reflectors or other 
adequate guards protect the lamps from mechanical 
damage and from accidental contact with scenery or 
other combustible materia] 

(B) Connector Strip and Drop Boxes. Connector strips 
and drop boxe sha 11 be as folio, s: 

(1) uitably stayed and supported 

(2) listed as stage and studio wiring devices 

(C) Cords and Cables for Border Lights, Drop Boxes, 
nnd Connector Strips. 
(1) General. Cords and cables for supply to border lights, 

~r~p~~)(~~~~~~£~~J.1~~t~r~tTip~ shall be listed for extra
hard usage. The cords and cables shall be suitably 
supported. Such cords and cables shall be employed only 
where flexible conductors are necessary. Ampacity of the 
conductors shall be as provided in 400.5. 
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(2) Cords and Cables Not in Contact with Heat
Producing Equipment. Listed multi conductor extra
hard-usage-type cords and cables not in direct contact 
with equipment containing heat-producing elements shall 
be permitted to have their ampacity determined by Table 
520.44. Maximum load current in any conductor with an 
ampacity determined by Table 520.44 shall not exceed the 
values in Table 520.44. 

Table 520.44 Ampacity of Listed Extra-Hard-Usage Cords 
and Cables with Temperature Ratings of 75°C (167°F) and 
90°C (194°F)* [Based on Ambient Temperature of 30°C 
(86°F)] 

Size 

(AWG) 

14 

12 

10 

8 

6 

4 

2 

Temperature Rating of Cords 
and Cables 

75°C 90°C 

(167°F) (194°F) 

24 28 

32 35 

41 47 

57 65 

77 87 

101 114 

133 152 

Maximum 
Rating of 

Overcurrent 
Device 

15 

20 

25 

35 

45 

60 

80 

* Ampacity shown is the ampacity for multiconductor cords and cables 
where only three copper conductors are current-carrying as described in 
400.5. If the number of current-carrying conductors in a cord or cable 
exceeds three and the load diversity factor is a minimum of 50 percent, 
the ampacity of each conductor shall be reduced as shown in the 
following table: 

Number of Conductors 

4-6 
7-24 

25-42 

Percent of Ampacity 

80 

70 

60 

43 and above 50 

Note: Ultimate insulation temperature. In no case shall conductors be 
associated together in sllch a way with respect to the kind of circuit, the 
wiring method llsed, or the number of conductors such that the 
temperature limit of the conductors is exceeded. 

A neutral conductor that carries only the unbalanced current from 
other conductors of the same circuit need not be considered as a current
carrying conductor. 

In a 3-wire circuit consisting of two phase conductors and the 
neutral conductor of a 4-wire, 3-phase, wye-connected system, the 
neutral conductor carries approximately the same current as the line-to
neutral currents of the other conductors and shall be considered to be a 
current-carrying conductor. 

On a 4-wire, 3-phase, wye circuit where the major portion of the 
load consists of nonlinear loa#. there are harmonic ~urr~ntSl~ the 
neutral conductor. iThcit·to-r~J the neutral conductor shall be considered 
to be a current-carrying conductor. 

(3) Identification of Cond'lIetor in Multicollductor 
E tra-hnrd Usage Cords and Cables. Grounded 
(neutral) conductors shall be while without stripe or shall 
be identified by a distinctive white marking at their 
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tcil1'1inaii()11S. Grounding conductors shall be green with 01" 
without yellow stripe or shall be idenlifi d by a distinctive, 
green marking at their termill~ti()IlS~ 

520.45 Receptacles. Receptacles for electrical equipment on 
stages shall be rated in amperes. Conductors supplying 
receptacles shall be in accordance with Articles 310 and 400. 

520.46 Connector Strips, Drop Boxes, Floor Pockets, 
and Other Outlet Enclosures. Receptac1es for the 
connection of portable stage-lighting equipment shall be 
pendant or mounted in suitable pockets or enclosures and 
shall comply with 520.45 . Supply cables for connector 
strips and drop boxes shall be as specified in 520.44(C). 

520.47 Backstage Lamps (Bare Bulbs). Lamps (bare 
bulbs) installed in backstage and ancillary areas where 
they can come in contact with scenery shall be located 
and guarded so as to be free from physical damage and 
shall provide an air space of not less than 50 mm (2 in.) 
between such lamps and any combustible material. 

Exception: Decorative lamps installed in scenery shall 
not be considered to be backstage lamps for the purpose 
of this section. 

520.48 Curtain Machines. Curtain machines shall be 
listed. 

520.49 Smoke Ventilator Control. Where stage smoke 
ventilators are released by an electrica1 device, the circuit 
operating the device shall be normally closed and shall be 
controlled by at least two externally operable switches, 
one switch being placed at a readily accessible location on 
stage and the other where designated by the authority 
having jurisdiction. The device shall be designed for the 
full voltage of the circuit to which it is connected, no 
resistance being inserted. The device shall be located in 
the 10ft above the scenery and shall be enclosed in a 
suitable metal box having a tight, self-closing door. 

IV. Portable Switchboards on Stage 

520.50 Road Show Connection Panel (A Type of Patch 
Panel). A panel designed to allow for road show 
connection of portable stage switchboards to fixed 
lighting outlets by means of permanently installed 
supplementary circuits. The panel, supplementary circuits, 
and outlets shall comply with 520.50(A) through (D). 

(A) Load Circuits. Circuits shall ~~jgiIl8,!~ _ fr~!!!, 
grounding-type polarized inlets of current and voltage 
rating that match the fixed-load receptacle. 

(B) Circuit Transfer. Circuits that are transferred 
between fixed and portable switchboards shall have all 
circuit conductors transferred simultaneously. 
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(C) Overcurrent Protection. The supply devices of these 
supplementary circuits shall be protected by branch
circuit overcurrent protective devices. Each 
supplementary circuit, within the road show connection 
panel and theater, shall be protected by branch-circuit 
overcurrent protective devices installed within the road 
show connection panel. 

(D) Enclosure. Panel construction shall be in accordance 
with Article 408. 

520.51 Supply. Portable switchboards shall be supplied 
only from power outlets of sufficient voltage and ampere 
rating. Such power outlets shall include only externally 
operable, enclosed fused switches or circuit breakers 
mounted on stage or at the permanent switchboard in 
locations readily accessible from the stage Hoor. Provisions 
for connection of an equipment grounding conductor shall 
be provided. For the purposes of conductor derating, the 
requirements of 520.27(B) shall apply. 

520.52 Overcurrent Protection for Branch Circuits. 
Portable switchboard shall contain overcurrent 
protection for branch circuits. The requirements of 
~JQ~ ~~ ... ::ihflll~_()tapp I y. 

520.53 Construction and Feeders. Portable 
switchboards and feeders for use on stages shall comply 
with 520.53(A) through (P). 

(A) Enclosure. Portable switchboards shall be placed 
within an enclosure of substantial construction, which 
shall be permitted to be arranged so that the enclosure is 
open during operation. Enclosures of wood shall be 
completely lined with sheet metal of not less than 0.51 
mm (0.020 in.) and shall be well galvanized, enameled, or 
otherwise properly coated to prevent corrosion or be of a 
corrosion-resistant material. 

(B) Energized Parts. There shall not be exposed 
energized parts within the enclosure. 

(C) Switches and Circuit Breakers. All switches and 
circuit breakers shall be of the externally operable, 
enclosed type. 

(D) Circuit Protection. Overcurrent devices shall be 
provided in each ungrounded conductor of every circuit 
supplied through the switchboard. Enclosures shall be 
provided for all overcurrent devices in addition to the 
switchboard enclosure. 

(E) Dimmers. The terminals of dimmers shall be 
provided with enclosures, and dimmer faceplates shall be 
arranged such that accidental contact cannot be readily 
made with the faceplate contacts. 

(F) Interior Conductors. 

(1) Type. All conductors other than busbars within the 
switchboard enclosure shall be stranded. Conductors shall be 
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approved for an operating temperature at least equal to the 
approved operating temperature of the dimming devices used 
in the switchboard and in no case less than the following: 

(1) Resistance-type dimmers - 200°C (392°F); or 

(2) Reactor-type, autotransformer, and solid-state 
dimmers - 125°e (257°F) 

(2) Protection. Each conductor shall have an ampacity 
not less than the rating of the circuit breaker, switch, or 
fuse that it supplies. Circuit interrupting and bus bracing 
shall be in accordance with 110.9 and 110.10. The short
circuit current rating shall be marked on the switchboard. 

Conductors shall be enclosed in metal wireways or 
shall be securely fastened in position and shall be bushed 
where they pass through metal. 

(G) Pilot Light. A pilot light shall be provided within the 
enclosure and shall be connected to the circuit supplying 
the board so that the opening of the master switch does 
not cut off the supply to the lamp. This lamp shall be on 
an individual branch circuit having overCUlTent protection 
rated or set at not over 15 amperes. 

(H) Supply Conductors. 

(1) General. The supply to a portable switchboard shall 
be by means . of listed extra-hard usage cords or cables. 
The supply cords or cable shall terminate within the 
switchboard enclosure, in an externally operable fused 
master switch or circuit breaker or in a connector 
assembly identified for the purpose. The supply cords or 
cable (and connector assembly) shall have current ratings 
not les than the total load connected to the switchboard 
and shall be protected by overcurrent devices. 

(2) Single-Conductor Cables. Single-conductor portable 
supply cable sets shall be not smaller than 2 A WG 
conductors. The equipment grounding conductor shall not 
be smaller than 6 A WG conductor. Single-conductor 
grounded neutral cables for a supply shall be sized in 
accordance with 520.53(0)(2). Where single conductors 
are paralleled for increased ampacity, the paralleled 
conductors shall be of the same length and size. Single
conductor supply cables shall be grouped together but not 
bundled. The equipment grounding conductor shall be 
permitted to be of a different type, provided it meets the 
other requirements of this section, and it shall be 
permitted to be reduced in size as permitted by 250.122. 
Grounded (neutral) and equipment grounding conductors 
shall be identified in accordance with 200.6, 250.119, and 
310.110. Grounded conductors shall be permitted to be 
identified by marking at least the first 150 mm ( 6 in.) from 
both ends of each length of conductor with white or gray. 
Equipment grounding conductors shall be permitted to be 
identified by marking at least the first 150 mm (6 in.) from 
both ends of each length of conductor with green or green 
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with yellow stripes. Where more than one nominal voltage 
exists within the same premises, each ungrounded conductor 
shall be identified by system. 

(3) Supply Conductors Not Over 3.0 m (10 ft) Long. 
Where supply conductors do not exceed 3.0 m (10 ft) in 
length between supply and switchboard or supply and a 
subsequent overcurrent device, the supply conductors shall 
be permitted to be reduced in size where all of the following 
conditions are met: 

(1) The ampacity of the supply conductors shall be at least 
one-quarter of the of the supply 
overcurrent device. 

(2) The supply conductors shall terminate in a single 
overcurrent device that will limit the load to 
the ampacity of the supply conductors. This single 
overcurrent device shall be permitted to supply 
additional overcurrent devices on its load side. 

(3) The supply conductors shall not penetrate walls, floors, 
or ceilings or be run through doors or traffic areas. The 
supply conductors shall be adequately protected from 
physical damage. 

(4) The supply conductors shall be suitably terminated in an 
approved manner. 

(5) Conductors shall be continuous without splices or 
connectors. 

( 6) Conductors shall not be bundled. 

(7) Conductors shall be supported above the floor in an 
approved manner. 

(4) Supply Conductors Not Over 6.0 m (20 ft) Long. 
Where supply conductors do not exceed 6.0 m (20 ft) in 
length between supply and switchboard or supply and a 
subsequent overcurrent protection device, the supply 
conductors shall be permitted to be reduced in size where all 
ofthe following conditions are met: 

(1) The ampacity of the conductors shall be at least 
one-half of the of the supply overcurrent 
nmtl:~~llve device. 

(2) The supply conductors shall terminate in a single 
overcurrent device that limits the load to the 
ampacity of the supply conductors. This single 
overcurrent device shall be permitted to supply 
additional overcurrent devices on its load side. 

(3) The supply conductors shall not penetrate walls, floors, 
or ceilings or be run through doors or traffic areas. The 
supply conductors shall be adequately protected from 
physical damage. 

(4) The supply conductors shall be suitably terminated in an 
approved manner. 

(5) The supply conductors shall be supported in an 
approved manner at least 2.1 m (7 ft) above the floor 
except at terminations. 
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(6) The supply conductors shall not be bundled. 

(7) Tap conductors shall be in unbroken lengths. 

(5) Supply Conductors Not Reduced in Size. Supply 
conductors not reduced in size under provisions of 
520.53(H)(3) or (H)(4) shall be permitted to pass through 
holes in walls specifically designed for the purpose. If 
penetration is through the fire-resistant-rated wall, it shall be 
in accordance with 300.21. 

(I) Cable Arrangement. Cables shall be protected by 
bushings where they pass through enclosures and shall be 
arranged so that tension on the cable is not transmitted to the 
connections. Where power conductors pass through metal, 
the requirements of300.20 shall apply. 

(J) Number of Supply Interconnections. Where connectors 
are used in a supply conductor, there shall be a maximum 
number of three interconnections (mated connector pairs) 
where the total length from supply to switchboard does not 
exceed 30 m (100 ft). In cases where the total length from 
supply to switchboard exceeds 30 m (100 ft), one additional 
interconnection shall be permitted for each additional 30 m 
(100 ft) of supply conductor. 

(K) Single-Pole Separable Connectors. Where single-pole 
portable cable connectors are used, they shall be listed and of 
the locking type. Sections 400.10,406.7, and 406.8 shall not 
apply to listed single-pole separable connectors and single
conductor cable assemblies utilizing listed single-pole 
separable connectors. Where paralleled sets of current
carrying, single-pole separable connectors are provided as 
input devices, they shall be prominently labeled with a 
warning indicating the presence of internal parallel 
connections. The use of single-pole separable connectors 
shall comply with at least one of the following conditions: 

(1) Connection and disconnection of connectors are 
possible only where the supply connectors are 
interlocked to the source and it is not possible to connect 
or disconnect connectors when the supply is energized. 

(2) Line connectors are of the listed sequential-interlocking 
type so that load connectors shall be connected in the 
following sequence: 

a. Equipment grounding conductor connection 

b. Grounded circuit conductor connection, if provided 

c. Ungrounded conductor connection, and that 
disconnection shall be in the reverse order 

(3) A caution notice shall be provided adjacent to the line 
connectors indicating that plug connection shall be in 
the following order: 

a. Equipment grounding conductor connectors 

b. Grounded circuit conductor connectors, if provided 

c. Ungrounded conductor connectors, and that 
disconnection shall be in the reverse order 
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(L) Protection of Supply Conductors and Connectors. 
All supply conductors and connectors shall be protected 
against physical damage by an approved means. This 
protection shall not be required to be raceways. 

(M) Flanged Surface Inlets. Flanged surface inlets 
(recessed plugs) that are used to accept the power shall be 
rated in amperes. 

(N) Terminals. Terminals to which stage cables are 
connected shall be located so as to permit convenient 
access to the terminals. 

(0) Neutral Conductor. 

(1) Neutral Terminal. In portable switchboard equipment 
designed for use with 3-phase, 4-wire with ground supply! 
the current ratiJlgorthe supply neutral terminal, and the 
arnpacity of its associated busbar or equivalent wiring, or 
both, shall have an ampacity equal to at least twice the 
ampacity of the largest ungrounded supply terminal. 

Exception: Where portable switchboard equipment is 
specifically constructed and identified to be internally 
converted in the field, in an approved manner, from use with 
a balanced 3-phase, 4-wire with ground supply to a 
balanced single-phase, 3-wire with ground supply, the 
supply neutral terminal and its associated busbar, equivalent 
wiring, or both, shall have an ampacity equal to at least that 
of the largest ungrounded single-phase supply terminal. 

(2) Supply Neutral Conductor. The power supply 
conductors for portable switchboards utilizing solid-state 
phase-control dimmers shall be sized considering the 
neutral conductor as a current-carrying conductor for 
~rl1pacityadJ1.tsirDent purposes. The power supply 
conductors for portable switchboards utilizing only solid
state sine wave dimmers shall be sized considering the 
neutral conductor as a non-current-carrying conductor for 
~mpacity adJlIstnlen~ purposes. Where single-conductor 
feeder cables, not installed in raceways, are used on 
multiphase circuits feeding portable switchboards 
containing solid-state phase-control dimmers, the neutral 
conductor shall have an ampacity of at least 130 percent of 
the ungrounded circuit conductors feeding the portable 
switchboard. Where such feeders are supplying only solid
state sine wave dimmers, the neutral conductor shall have 
an ampacity of at least 100 percent of the ungrounded 
circuit conductors feeding the portable switchboard. 

(P) Qualified Personnel. The routing of portable supply 
conductors, the making and breaking of supply connectors 
and other supply connections, and the energization and 
de-energization of supply services shall be performed by 
qualified personnel, and portable switchboards shall be so 
marked, indicating this requirement in a permanent and 
conspicuous manner. 
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Exception: A portable switchboard shall be permitted to 
be connected to a permanently installed supply receptacle 
by other than qualified personnel, provided that the 
supply receptacle is protected for its curren' rating by an 
overcurrent device of not greater than 150 amperes, and 
where the receptacle, interconnection, and switchboard 
comply with all of the following: 

(a) Employ listed multipole connectors suitable for 
the purpose for every supply interconnection 

(b) Prevent access to all supply connections by the 
general public 

(c) Employ listed extra-hard usage multiconductor 
cords or cables with an ampacity '!()t less than the load 
and not less than the ampere rating of the connectors. 

v. Portable Stage Equipment Other Than 
Switchboards 

520.61 Arc Lamps. Arc lamps, including enclosed arc 
lamps and associated ballasts, shall be listed. 
Interconnecting cord sets and interconnecting cords and 
cables shall be extra-hard usage type and listed. 

520.62 Portable Power Distribution Units. Portable 
power distribution units shall comply with 520.62(A) 
through (E). 

(A) Enclosure. The construction shall be such that no 
current-carrying part will be exposed. 

(B) Receptacles and OvercurrentProtection. 
Receptacles shall comply with 520.45 and shall have 
branch-circuit overcurrent protection in the box. Fuses and 
cir~!lit~reakers shall be protected against physical damage. 
FlexTbic cords or cables supplying pendant receptacles pr 
cord connectors shall be listed for extra-hard usage. 

(C) Busbars and Terminals. Busbars shall have an 
ampacity equal to the sum of the ampere ratings of all the 
circuits connected to the bus bar. Lugs shall be provided 
for the connection of the master cable. 

(D) Flanged Surface Inlets. Flanged surface inlets 
(recessed plugs) that are used to accept the power shall be 
rated in amperes. 

(E) Cable Arrangement. Cables shall be adequately 
protected where they pass through enclosures and be 
arranged so that tension on the cable is not transmitted to 
the terminations. 

520.63 Bracket Fixture Wiring. 

(A) Bracket Wiring. Brackets for use on scenery shall be 
wired internally, and the fixture stem shall be carried 
through to the back of the scenery where a bushing shall 
be placed on the end of the stem. Externally wired 
brackets or other fixtures shall be permitted where wired 
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with cords designed for hard usage that extend through 
scenery and without joint or splice in canopy of fixture 
back and terminate in an approved-type stage connector 
located, where practical, within 450 mm (18 in.) of the 
fixture. 

(B) Mounting. Fixtures shall be securely fastened in 
place. 

520.64 Portable Strips. Portable strips shall be 
constructed in accordance with the requirements for 
border lights and proscenium sidelights in 520.44(A). 
The supply cable shall be protected by bushings where it 
passes through metal and shall be arranged so that 
tension on the cable will not be transmitted to the 
connections. 

Informational Note No.1: See 520.42 for wiring of 
portable strips. 

Informational Note No. 2: See 520.68(A)(3) for 
insulation types required on single conductors. 

520.65 Festoons. Joints in festoon wiring shall be 
staggered. Wllere such lampholdcrs havc terminal of (l 
type that puncture the insulation al1d mak\! contact with 
the conductors, they sh~Il ,~ attliched oll!YJ2~onducto~ 
of the stranded typ , Lamps enclosed in lanterns or 
similar devices of combustible material shall be equipped 
with guards. 

520.66 Special Effects. Electrical devices used for 
simulating lightning, waterfalls, and the like shall be 
constructed and located so that flames, sparks, or hot 
particles cannot come in contact with combustible 
material. 

520.67 MuUipole Branch-Circuit Cable Connectors. 
Multipole branch-circuit cable connectors, male and 
female, for flexible conductors shall be constructed so 
that tension on the cord or cable is not transmitted to the 
connections. The female half shall be attached to the 
load end of the power supply cord or cable. The 
connector shall be rated in amperes and designed so that 
differently rated devices cannot be connected together; 
however, a 20-ampere T -slot receptacle shall be 
permitted to accept a I5-ampere attachment plug of the 
same voltage rating. Alternating-current multipole 
connectors shall be polarized and comply with 406. ] and 
406.JQ~ 

Informational Note: See 400.10 for pull at tenninals. 

520.68 Conductors for Portables. 

(A) Conductor Type. 

(1) General. Flexible conductors, including cable 
extensions, used to supply portable stage equipment shall 
be listed extra-hard usage cords or cables. 
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(2) Stand Lamps. Listed, hard usage cord shall be 
permitted to supply stand lamps where the cord is not 
subject to physical damage and is protected by an 
overcurrent device rated at not over 20 amperes. 

(3) High-Temperature Applications. A special assembly 
of conductors in sleeving not longer than 1.0 m (3.3 ft) 
shall be permitted to be employed in lieu of flexible cord 
if the individual wires are stranded and rated not less than 
125°C (257°F) and the outer sleeve is glass fiber with a 
wall thickness of at least 0.635 mm (0.025 in.). 

Portable stage equipment requiring t1.exible supply 
conductors with a higher temperature rating where one 
end is permanently attached to the equipment shall be 
permitted to employ alternate, suitable conductors as 
determined by a qualified testing laboratory and 
recognized test standards. 

(4) Breakouts. Listed, hard usage (junior hard service) 
cords shall be permitted in breakout assemblies where all 
of the following conditions are met: 

(l) The cords are utilized to connect between a single 
multipole connector containing two or more branch 
circuits and multiple 2-pole, 3-wire connectors. 

(2) The longest cord in the breakout assembly does not 
exceed 6.0 m (20 ft). 

(3) The breakout assembly is protected from physical 
damage by attachment over its entire length to a pipe, 
truss, tower, scaffold, or other substantial support 
structure. 

(4) All branch circuits feeding the breakout assembly are 
protected by overcurrent devices rated at not over 20 
amperes. 

(B) Conductor Ampacity. The ampacity of conductors 
shall be as given in 400.5, except multiconductor, listed, 
extra-hard usage portable cords that are not in direct 
contact with equipment contammg heat-producing 
elements shall be permitted to have their ampacity 
determined by Table 520.44. Maximum load current in 
any conductor with an ampacity determined by Table 
520.44 shall not exceed the values in Table 520.44. 

Exception: Where alternate conductors are allowed in 
520. 68(A) (3), their ampaci~y shall be as given in the 
appropriate table in this Code for the types of conductors 
employed. 

520.69 Adapters. Adapters, two-fers, and other single
and multiple-circuit outlet devices shall comply with 
520.69(A), (B), and (C). 

(A) No Reduction in Current Rating. Each receptacle 
and its corresponding cable shall have the same current 
and voltage rating as the plug supplying it. It shall not be 
utilized in a stage circuit with a greater current rating. 

(B) Connectors. An connectors shall be wired in 
accordance with 520.67. 
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(C) Conductor Type. Conductors for adapters and two
fers shall be listed, extra-hard usage or listed, hard usage 
Gunior hard service) cord. Hard usage Gunior hard 
service) cord shall be restricted in overall length to 1.0 m 
(3.3 ft). 

VI. Dressing Rooms 

520.71 Pendant Lampholders. Pendant lampholders 
shall not be installed in dressing rooms. 

520.72 Lamp Guards. All exposed incandescent lamps in 
dressing rooms, where less than 2.5 m (8 ft) from the floor, 
shall be equipped with open-end guards riveted to the outlet 
box cover or otherwise sealed or locked in place. 

520.73 Switches Required. All lights and any receptacles 
adjacent to the mirror(s) and above the dressing table 
counter(s) installed in dressing rooms shall be controlled 
by wall switches installed in the dressing room(s). Each 
switch controlling receptacles adjacent to the mirror(s) 
and above the dressing table counter(s) shall be provided 
with a pilot light located outside the dressing room, 
adjacent to the door to indicate when the receptacles are 
energized. Other outlets installed in the dressing room 
shall not be required to be switched. 

VII. Grounding 

520.81 Grounding. All metal raceways and metal-sheathed 
cables shall be connected to an equipment grounding 
conductor. The metal frames and enclosures of all 
equipment, including border lights and portable luminaires, 
shall be connected to an equipment grounding conductor. 

ARTICLE 522 
Control Systems for Permanent Amusement 

Attractions 

I. General 

522.1 Scope. This article covers the installation of control 
circuit power sources and control circuit conductors for 
electrical equipment, including associated control wiring in 
or on all structures, that are an integral part of a permanent 
amusement attraction. 

522.2 Definitions. 

Control Circuit. For the purposes of this article, the circuit 
of a control system that carries the electrical signals directing 
the performance of the controller but does not carry the main 
power current. 

Entertainment Device. A mechanical or electromechanical 
device that provides an entertainment experience. 
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Informational Note: These devices may include animated 
props, show action equipment, animated figures, and 
special effects, coordinated with audio and lighting to 
provide an entertainment experience. 

Permanent Amusement Attraction. Ride devices, 
entertainment devices, or combination thereof, that are 
installed so that portability or relocation is impracticable. 

Ride Device. A device or combination of devices that carry, 
convey, or direct a person(s) over or through a fixed or 
restricted course within a defined area for the primary 
purpose of amusement or entertainment. 

522.5 Voltage Limitations. Control voltage shall be a 
maximum of 150 volts, nominal, ac to ground or 300 volts 
dc to ground. 

522.7 Maintenance. The conditions of maintenance and 
supervision shall ensure that only qualified persons service 
the permanent amusement attraction. 

II. Control Circuits 

522.10 Power Sources for Control Circuits. 

(A) Power-Limited Control Circuits. Power-limited 
control circuits shall be supplied from a source that has a 
rated output of not more than 30 volts and 1000 volt
amperes. 

(1) Control Transformers. Transformers used to supply 
power-limited control circuits shall comply with the 
applicable sections within Parts I and II of Article 450. 

(2) Other Power-Limited Control Power Sources. Power
limited control power sources, other than transformers, shall 
be protected by overcurrent devices rated at not more than 
167 percent of the volt-ampere rating of the source divided 
by the rated voltage. The fusible overcurrent devices shall 
not be interchangeable with fusible overcurrent devices of 
higher ratings. The overcurrent device shall be permitted to 
be an integral part ofthe power source. 

To comply with the 1000 volt-ampere limitation of 
522.10(A), the maximum output of power sources, other 
than transformers, shall be limited to 2500 volt-amperes, and 
the product of the maximum current and maximum voltage 
shall not exceed 10,000 volt-amperes. These ratings shall be 
determined with any overcurrent-protective device bypassed. 

(B) Non-Power-Limited Control Circuits. Non-power
limited control circuits shall not exceed 300 volts. The power 
output ofthe source shall not be required to be limited. 

(1) Control Transformers. Transformers used to supply 
non-power-limited control circuits shall comply with the 
applicable sections within Parts I and II of Article 450. 
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(2) Other Non-Power-Limited Control Power Sources. 
Non-power-limited control power sources, other than 
transformers, shall be protected by overcurrent devices 
rated at not more than 125 percent of the volt-ampere 
rating of the source divided by the rated voltage. The 
fusible overcurrent devices shall not be interchangeable 
with fusible overcurrent devices of higher ratings. The 
overCUlTent device shall be permitted to be an integral 
part of the power source. 

HI. Control Circuit Wiring Methods 

522.20 Conductors, Busbars, and Slip Insulated 
control circuit conductors shall be copper and shall be 
permitted to be stranded or solid. Listed multiconductor 
cable assemblies shall be permitted. 

Exception No.1: Busbars and slip rings shall be 
permitted to be materials other than copper. 

Exception No.2: Conductors used as specific-purpose 
devices, such as thermocouples and resistive thermal 
devices) shall be permitted to be materials other than 
copper. 

522.21 Conductor 

(A) Conductors Within a Listed Component or 
Assembly. Conductors of size 30 A WG or larger shall be 
permitted within a listed component or as part of the 
wiring of a listed assembly. 

(8) Conductors Within an Enclosure or Operator 
Station. Conductors of size 30 A WG or larger shall be 
permitted in a listed and jacketed multiconductor cable 
within an enclosure or operator station. Conductors in a 
non-jacketed multiconductor cable, such as ribbon cable, 
shall not be smaller than 26 A WG. Single conductors 
sha1l not be smaller than 24 A WG. 

bx,ce£'twn.· Single conductors 30 A WG or larger shall be 
permittedforjumpers and special wiring applications. 

(C) Conductors Outside of an Enclosure or Operator 
Station. The size of conductors in a listed and jacketed, 
multiconductor cable shall not be smaller than 26 A WG. 
Single conductors shall not be smaller than 18 A WG and 
shall be installed only where part of a recognized wiring 
method of Chapter 3. 

522.22 Conductor Ampacity. Conductors sized 16 A WG 
and smaller shall not exceed the continuous current values 
provided in Table 522.22. 

522.23 Overcurrent Protection for Conductors. 
Conductors 30 A WG through 16 A WG shall have 
overcurrent protection in accordance with the appropriate 
conductor ampacity in Table 522.22. Conductors larger 
than 16 A WG shall have overcurrent protection in 
accordance with the appropriate conductor ampacity in 
Table 310. 
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Table 522.22 Conductor Ampacity Based on Copper 
Conductors with 60°C and 7SoC Insulation in an 
Ambient Temperature of 30°C 

Conductor Size 

30 
28 
26 
24 

22 
20 
] 8 

16 

Notes: 

2 
3 

5 

7 

10 

0.5 

0.8 

2 

3 

5 
7 
]0 

1. For ambient temperatures other than 30°C, use Table 3lO.16 
temperature correction factors. 

2. Ampacity adjustment for conductors with 90°C or greater insulation 
shall be based on ampacities in the 75°C column. 

522.24 Conductors of Different Circuits in the Same 
Cable, Cable Tray, Enclosure, or Raceway. Control 
circuits shall be permitted to be installed with other 
circuits as specified in 522.24(A) and (B). 

(A) Two or More Control Circuits. Control circuits 
shall be permitted to occupy the same cable, cable tray, 
enclosure, or raceway without regard to whether the 
individual circuits are alternating current or direct current, 
provided all conductors are insulated for the maximum 
voltage of any conductor in the cable, cable tray, 
enclosure, or raceway. 

(B) Control Circuits with Power Circuits. Control 
circuits shall be permitted to be installed with power 
conductors as specified in 522.24(B)(l) through (8)(3). 

(1) In a Cable, Enclosure, or Raceway. Control circuits 
and power circuits shall be permitted to occupy the same 
cable, enclosure, or raceway only where the equipment 
powered is functionally associated. 

(2) In Factory- or Field-Assembled Control Centers. 
Control circuits and power circuits shall be permitted to 
be installed in factory- or field-assembled control centers. 

(3) In a Manhole. Control circuits and power circuits 
shall be permitted to be installed as underground 
conductors in a manhole in accordance with one of the 
following: 

(1) The power or control circuit conductors are in a 
metal-enclosed cable or Type UF cable. 

(2) The conductors are permanently separated from the 
power conductors by a continuous firmly fixed 
nonconductor, such as flexible tubing, in addition to 
the insulation on the wire. 
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(3) The conductors are permanently and effectively 
separated from the power conductors and securely 
fastened to racks, insulators, or other approved 
supports. 

(4) In cable trays, where the control circuit conductors 
and power conductors not functionally associated 
with them are separated by a solid fixed barrier of a 
material compatible with the cable tray, or where the 
power or control circuit conductors are in a metal
enclosed cable. 

522.25 Ungrounded Control Circuits. Separately 
derived ac and 2-wire dc circuits and systems 50 volts or 
greater shall be permitted to be ungrounded, provided that 
all the following conditions are met: 

(1) Continuity of control power is required for orderly 
shutdown. 

(2) Ground detectors are installed on the control system. 

522.28 Control Circuits in Wet Locations. Where wet 
contact is likely to occur, ungrounded 2-wire direct
current control circuits shall be limited to 30 volts 
maximum for continuous dc or 12.4 volts peak for direct 
current that is interrupted at a rate of 10 to 200 Hz. 

ARTICLE 525 
Carnivals, Circuses, Fairs, and Similar 

Events 

I. General Req uirements 

525.1 Scope. This article covers the installation of 
portable wiring and equipment for carnivals, circuses, 
fairs, and similar functions, including wiring in or on al1 
structures. 

525.2 Definitions. 

Operator. The individual responsible for starting, 
stopping, and controlling an amusement ride or 
supervising a concession. 

Portable Structures. Units designed to be moved 
including, but not limited to, amusement rides, attractions, 
concessions, tents, trailers, trucks, and similar units. 

525.3 Other Articles. 

(A) Portable Wiring and Equipment. Wherever the 
requirements of other articles of this Code and Article 525 
differ, the requirements of Article 525 shall apply to the 
portable wiring and equipment. 

(B) Permanent Structures. Articles 518 and 520 shall 
apply to wiring in permanent structures. 
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(C) Audio Signal Processing, Amplification, and 
Reproduction Equipment. Article 640 shall apply to the 
wiring and installation of audio signal processing, 
amplification, and reproduction equipment. 

(D) Attractions Utilizing Pools, Fountains, and Similar 
Installations with Contained Volumes of Water. This 
equipment shall be installed to comply with the applicable 
requirements of Article 680. 

525.5 Overhead Conductor Clearances. 

(A) Vertical Clearances. Conductors shall have a vertical 
clearance to ground in accordance with 225.18. These 
clearances shall apply only to wiring installed outside of 
tents and concessions. 

(B) Clearance to Portable Structures. 

(l) Under 600 Volts. Portable structures shall be 
maintained not less than 4.5 m (15 ft) in any direction 
from overhead conductors operating at 600 volts or less, 
except for the conductors supplying the portable structure. 
Portable structures included in 525.3(D) shall comply 
with Table 680.8. 

(2) Over 600 Volts. Portable structures shall not be 
located under or within a space that is located 4.5 m (15 
ft) horizontally and extending vertically to grade of 
conductors operating in excess of 600 volts. 

525.6 Protection of Electrical Equipment. Electrical 
equipment and wiring methods in or on portable 
structures shall be provided with mechanical protection 
where such equipment or wiring methods are subject to 
physical damage. 

II. Power Sources 

525.10 Services. Services shall comply with 525.10(A) 
and (B). 

(A) Guarding. Service equipment shall not be installed in 
a location that is accessible to unqualified persons, unless 
the equipment is lockable. 

(B) Mounting and Location. Service equipment shall be 
securely fastened to a solid backing and be installed so as 
to be protected from the weather, unless of weatherproof 
construction. 

525.11 Multiple Sources of Supply. Where multiple 
services or separately derived systems, or both, supply 
portable structures, the equipment grounding conductors 
of all the sources of supply that serve such structures 
separated by less than 3.7 m (12 ft) shall be bonded 
together at the portable structures. The bonding conductor 
shall be copper and sized in accordance with Table 
250.122 based on the largest overcurrent device supplying 
the portable structures, but not smaller than 6 A WG. 
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III. Wiring Methods 

525.20 Wiring Methods. 

(A) Type. Where flexible cords or cables are used, they 
shall be listed for extra-hard usage. Where flexible cords 
or cables are used and are not subject to physical damage, 
they shall be permitted to be listed for hard usage. Where 
used outdoors, flexible cords and cables shall also be 
listed for wet locations and shall be sunlight resistant. 
Extra-hard usage flexible cords or cables shall be 
permitted for use as permanent wiring on portable 
amusement rides and attractions where not subject to 
physical damage. 

(B) Single-Conductor. Single-conductor cable shall be 
permitted only in sizes 2 A WG or larger. 

(C) Open Conductors. Open conductors are prohibited 
except as part of a listed assembly or festoon lighting 
installed in accordance with Al1icle 225. 

(D) Splices. Flexible cords or cables shall be continuous 
without splice or tap between boxes or fittings. 

(E) Cord Connectors. Cord connectors shall not be laid 
on the ground unless listed for wet locations. Connectors 
and cable connections shall not be placed in audience 
traffic paths or within areas accessible to the public unless 
guarded. 

(F) Support. Wiring for an amusement ride, attraction, 
tent, or similar structure shall not be supported by any 
other ride or structure unless specifically designed for the 
purpose. 

(G) Protection. Flexible cords or cables accessible to the 
public shall be arranged to minimize the tripping hazard 
and shall be permitted to be covered with nonconductive 
matting, provided that the matting does not constitute a 
greater tripping hazard than the uncovered cables. It shall 
be permitted to bury cables. The requirements of 300.5 
shall not apply. 

(H) Boxes and Fittings. A box or fitting shall be installed 
at each connection point, outlet, switchpoint, or junction 
point. 

525.21 Rides, Tents, and Concessions. 

(A) Disconnecting Means. A means to di 'connect each 
portable structure from all ungrounded conductors shall 
be provided. Tile dis(;~.J1l~~~ti .!\S means shall be located 
within sight of and within 1.8 m (6 ft) of the operator's 
station. The disconnecting means shall be readily 
accessible to the operator, including when the ride is in 
~p~ration. Where accessible to unqua1ified persons, the 
disconnecting means shall be lockable. 
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A shunt trip device that opens the fused disconnect or 
circuit breaker when a switch located in the ride 
operator's console is closed shall be a permissible method 
of opening the circuit. 

(B) Portable Wiring Inside Tents and Concessions. 
Electrical wiring for lighting, where installed inside of 
tents and concessions, shall be securely installed and, 
where subject to physical damage, shall be provided with 
mechanical protection. Al1 lamps for general illumination 
shall be protected from accidental breakage by a suitable 
luminaire or lamphoJder with a guard. 

525.22 Portable Distribution or Termination Boxes. 
Portable distribution or termination boxes shall comply 
with 525.22(A) through (D). 

(A) Construction. Boxes shall be designed so that no live 
parts are exposed except when necessary for examination, 
adjustment, servicing, or maintenance by qualified 
persons. Where installed outdoors, the box shall be of 
weatherproof construction and mounted so that the 
bottom of the enclosure is not less than 150 mm (6 in.) 
above the ground. 

(B) Busbars and Terminals. Busbars shall have an ampere 
rating not less than the overcurrent device supplying the 
feeder supplying the box. Where conductors terminate 
directly on busbars, busbar connectors shall be provided. 

(C) Receptacles and Overcurrent Protection. 
Receptacles shall have overcurrent protection installed 
within the box. The overcurrent protection shall not 
exceed the ampere rating of the receptacle, except as 
permitted in Article 430 for motor loads. 

(D) Single-Pole Connectors. Where single-pole 
connectors are used, they shall comply with 530.22. 

525.23 Ground-Fault Circuit-Interrupter (GFCI) 
Protection. 

(A) Where GFCI Protection Is Required. GFCI 
protection for personnel shall be provided for the 
following: 

(l) All 125-volt, single-phase, 15- and 20-ampere 110n
locking-type receptacles used for disassembly and 
reassembly or readily accessible to the general public 

(2) Equipment that is readily accessible to the general 
public and supplied from a 125-volt, single-phase, 
15- or 20-ampere branch circuit 

The ground-fau It cireui t -i ntcrrupier shaIT'i)eperlniitcd 
to be an int~grRI part of the attachment plug or located in 
the power-supply cord within 300 rum t 12 in.) of lhe 
attachment plug. Listed eord sets incorporating ground
fault circuit-interrupter for personnel shall be permitted. 

70-471 



525.30 ARTICLE 530 - MOTION PICTURE AND TELEVISION STUDIOS AND SIMILAR LOCATIONS 

(8) Where GFCI Prote,ctioD Is Not Required. 
Reccpt!£,I£~, JI1~tflrC!llot accessible from grade level and 
that only facilitate quick disconnecting and reconnecting 
of electrical equipment shall not be required to be 
provided with GFCI protection. These receptacles shall 
be of the locking type. 

(C) Where GFCI Protection Is Not Permitted. Egress 
lighting shall not be protected by a GFCI. 

IV. Grounding and Bonding 

525.30 Equipment Bonding. 

The following equipment connected to the same source 
shall be bonded: 

(1) Metal raceways and metal-sheathed cable 

(2) Metal enclosures of electrical equipment 

(3) Metal frames and metal parts of portable structures, 
trailers, trucks, or other equipment that contain or 
support electrical equipment 

The equipment grounding conductor of the circuit 
supplying the equipment in items (1), (2) or (3) that is 
likely to energize the metal frame or part shall be 
permitted to serve as the bonding means. 

525.31 Equipment Grounding. All equipment to be 
grounded shall be connected to an equipment grounding 
conductor of a type recognized by 250.118 and installed 
in accordance with Parts VI and VII of Article 250. The 
equipment groundi ng conductor shall be connected to the 
system grounded conductor at the service disconnecting 
means or, in the case of a separately derived system such 
as a generator, at the generator or first disconnecting 
means supplied by the generator. The grounded circuit 
conductor shall not be connected to the equipment 
grounding conductor on the load side of the service 
disconnecting means or on the load side of a separately 
derived system disconnecting means. 

525.32 Grounding Conductor Continuity Assurance. 
The continuity of the grounding conductor system used to 
reduce electrical shock hazards as required by 250.114, 
250.138, 406.4(C), and 590.4(D) shall be verified each 
time that portable electrical equipment is connected. 

ARTICLE 530 
Motion Picture and Television Studios and 

Similar Locations 
I. General 

530.1 Scope. The requirements of this article shall apply 
to television studios and motion picture studios using 
either film or electronic cameras, except as provided in 
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520.1, and exchanges, factories, laboratories, stages, or a 
portion of the building in which film or tape more than 22 
mm (Ys in.) in width is exposed, developed, printed, cut, 
edited, rewound, repaired, or stored. 

Informational Note: For methods of protecting against 
cellulose nitrate film hazards, see NFPA 40-2011, 
Standard for the Storage and Handling of Cellulose 
Nitrate Film. 

530.2 Definitions. 

Alternating-Current Power Distribution Box 
(Alternating-Current Plugging Box, Scatter Box). An 
ac distribution center or box that contains one or more 
grounding-type polarized receptacles that may contain 
overcurrent protective devices. 

Bull Switch. An externally operated wall-mounted safety 
switch that mayor may not contain overcurrent protection 
and is designed for the connection of portable cables and 
cords. 

Location (Shooting Location). A place outside a motion 
picture studio where a production or part of it is filmed or 
recorded. 

Location Board (Deuce Board). Portable equipment 
containing a lighting contactor or contactors and 
overcurrent protection designed for remote control of 
stage lighting. 

Motion Picture Studio (Lot). A building or group of 
buildings and other structures designed, constructed, or 
permanently altered for use by the entertainment industry 
for the purpose of motion picture or television production. 

Plugging Box. A dc device consisting of one or more 2-
pole, 2-wire, nonpolarized, nongrounding-type 
receptacles intended to be used on dc circuits only. 

Portable Equipment. Equipment intended to be moved 
from one place to another. 

Single-Pole Separable Connector. A device that is 
installed at the ends of portable, flexible, single-conductor 
cable that is used to establish connection or disconnection 
between two cables or one cable and a single-pole, panel
mounted separable connector. 

Spider (Cable Splicing Block). A device that contains 
busbars that are insulated from each other for the purpose of 
splicing or distributing power to portable cables and cords 
that are terminated with single-pole busbar connectors. 

Stage Effect (Special Effect). An electrical or 
electromechanical piece of equipment used to simulate a 
distinctive visual or audible effect such as wind machines, 
lightning simulators, sunset projectors, and the like. 

Stage Property. An article or obj ect used as a visual 
element in a motion picture or television production, 
except painted backgrounds (scenery) and costumes. 
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Stage Set. A specific area set up with temporary scenery 
and properties designed and arranged for a particular 
scene in a motion picture or television production. 

Stand Lamp (Work Light). A portable stand that 
contains a general-purpose luminaire or lampholder with 
guard for the purpose of providing genera] illumination in 
the studio or stage. 

Television Studio or Motion Picture Stage (Sound 
Stage). A building or portion of a building usually 
insulated from the outside noise and natural light for use 
by the entertainment industry for the purpose of motion 
picture, television, or commercial production. 

530.6 Portable Equipment. Portable stage and studio 
lighting equipment and portable power distribution 
equipment shall be permitted for temporary use outdoors 
if the equipment is supervised by qualified personnel 
while energized and barriered from the general public. 

II. Stage or Set 

530.11 Permanent Wiring. The permanent wiring shall 
be Type MC cable, Type AC cable containing an 
insulated equipment grounding conductor sized in 
accordance with Table 250.l22, Type MI cable, or in 
approved raceways. 

Exception: Communications circuits; audio signal 
processing, amplification, and reproduction circuits,' 
Class 1, Class 2, and Class 3 remote-control or signaling 
circuits and power-limited .lire alarm circuits shall be 
permitted to be wired in accordance with Articles 640, 
725, 760, and 800. 

530.12 Portable Wiring. 

(A) Stage Set Wiring. The wiring for stage set lighting 
and other supply wiring not fixed as to location shall be 
done with listed hard usage tlexible cords and cables. 
Where subject to physical damage, such wiring shall be 
listed extra-hard usage tlexible cords and cables. Splices 
or taps in cables shall be permitted if the total connected 
load does not exceed the maximum ampacity of the cable. 

(B) Stage Effects and Electrical Equipment Used as 
Stage Properties. The wiring for stage effects and 
electrical equipment used as stage properties shall be 
permitted to be wired with single- or multiconductor 
listed flexible cords or cables if the conductors are 
protected from physical damage and secured to the 
scenery by approved cable ties or by insulated staples. 
Splices or taps shall be permitted where such are made 
with listed devices and the circuit is protected at not more 
than 20 amperes. 

(C) Other Electrical Equipment. Cords and cables other 
than extra-hard usage, where supplied as a part of a listed 
assembly, shall be permitted. 
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530.13 Stage Lighting and Effects Control. Switches 
used for studio stage set lighting and effects (on the stages 
and lots and on location) shall be of the externally 
operable type. Where contactors are used as the 
disconnecting means for fuses, an individual externally 
operable switch, suitably rated, for the control of each 
contact or shall be located at a distance of not more than 
1.8 m (6 ft) from the contactor, in addition to remote
control switches. A single externally operable switch shall 
be permitted to simultaneously disconnect all the 
contactors on anyone location board, where located at a 
distance of not more than 1.8 m (6 ft) from the location 
board. 

530.14 Plugging Boxes. Each receptacle of dc plugging 
boxes shall be rated at not less than 30 amperes. 

530.15 Enclosing and Guarding Live Parts. 

(A) Live Parts. Live parts shal1 be enclosed or guarded to 
prevent accidental contact by persons and objects. 

(B) Switches. All switches shall be of the externally 
operable type. 

(C) Rheostats. Rheostats shall be placed in approved 
cases or cabinets that enclose all live parts, having only 
the operating handles exposed. 

(D) Current-Carrying Parts. Current-carrying parts of 
bull switches, location boards, spiders, and plugging 
boxes shall be enclosed, guarded, or located so that 
persons cannot accidentally come into contact with them 
or bring conductive material into contact with them. 

530.16 Portable Luminaires. Portable luminaires and 
work lights shall be equipped with flexible cords, 
composition or metal-sheathed porcelain sockets, and 
substantial guards. 

Exception: Portable luminaires used as properties in a 
motion picture set or television stage set, on a studio 
stage or lot, or on location shall not be considered to be 
portable luminaires for the ptl.1pose of this section. 

530.17 Portable Arc Lamps. 

(A) Portable Carbon Arc Lamps. Portable carbon arc 
lamps shall be substantially constructed. The arc shall be 
provided with an enclosure designed to retain sparks and 
carbons and to prevent persons or materials from coming 
into contact with the arc or bare live parts. The enclosures 
shall be ventilated. All switches shall be of the externally 
operable type. 

(B) Portable Noncarbon Arc Electric-Discharge 
Lamps. Portable noncarbon arc lamps, including enclosed 
arc lamps, and associated ballasts shall be listed. 
Interconnecting cord sets and interconnecting cords and 
cables shall be extra-hard usage type and listed. 
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530.18 ARTICLE 530 - MOTION PICTURE AND TELEVISION STUDIOS Al\fD SIMILAR LOCATlONS 

530.18 Overcurrent Protection - General. Automatic 
overcurrent protective devices (circuit breakers or fuses) 
for motion picture studio stage set lighting and the stage 
cables for such stage set lighting shall be as given in 
530.18(A) through (G). The maximum ampacity allowed 
on a given conductor, cable, or cord size shall be as given 
in the applicable tables of Articles 310 and 400. 

(A) Stage Cables. Stage cables for stage set lighting shall 
be protected by means of overcurrent devices set at not 
more than 400 percent of the ampacity given in the 
applicable tables of Articles 310 and 400. 

(B) Feeders. In buildings used primarily for motion 
picture production, the feeders from the substations to the 
stages shall be protected by means of overcurrent devices 
(generally located in the substation) having a suitable 
ampere rating. The overcurrent devices shall be permitted 
to be multipole or single-pole gang operated. No pole 
shall be required in the neutral conductor. The overcurrent 
device setting for each feeder shall not exceed 400 
percent of the ampacity of the feeder, as given in the 
applicable tables of Article 310. 

(C) Cable Protection. Cables shall be protected by 
bushings where they pass through enclosures and shall be 
arranged so that tension on the cable is not transmitted to 
the connections. Where power conductors pass through 
metal, the requirements of 300.20 shall apply. 

Portable feeder cables shal1 be permitted to temporarily 
penetrate fire-rated walls, floors , or ceilings provided that 
all of the following apply: 

(1) The opening is of noncombustible material. 

(2) When in use, the penetration is sealed with a 
temporary seal of a listedfirestop material. 

(3) When not in use, the opening shall be capped with a 
material of equivalent fire rating. 

(D) Location Boards. Overcurrent protection (fuses or 
circuit breakers) shall be provided at the location boards. 
Fuses in the location boards shall have an ampere rating 
of not over 400 percent of the ampacity of the cables 
between the location boards and the plugging boxes. 

(E) Plugging Boxes. Cables and cords supplied through 
plugging boxes shall be of copper. Cables and cords 
smaller than 8 A WG shall be attached to the plugging box 
by means of a plug containing two cartridge fuses or a 2-
pole circuit breaker. The rating of the fuses or the setting 
of the circuit breaker shall not be over 400 percent of the 
rated ampacity of the cables or cords as given in the 
applicable tables of Articles 310 and 400. Plugging boxes 
shall not be permitted on ac systems. 

(F) Alternating-Current Power Distribution Boxes. 
Alternating-current power distribution boxes used on 
sound stages and shooting locations shall contain 
connection receptacles of a polarized, grounding type. 
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(G) Lighting. Work lights, stand lamps, and luminaires 
rated 1000 watts or less and connected to dc plugging 
boxes shall be by means of plugs containing two cartridge 
fuses not larger than 20 amperes, or they shall be 
permitted to be connected to special outlets on circuits 
protected by fuses or circuit breakers rated at not over 20 
amperes. Plug fuses shall not be used unless they are on 
the load side of the fuse or circuit breakers on the location 
boards. 

530.19 Sizing of Feeder Conductors for Television 
Studio Sets. 

(A) General. It shall be permissible to apply the demand 
factors listed in Table 530.19(A) to that portion of the 
maximum possible connected load for studio or stage set 
lighting for all permanently installed feeders between 
substations and stages and to all permanently installed 
feeders between the main stage switchboard and stage 
distribution centers or location boards. 

(B) Portable Feeders. A demand factor of 50 percent of 
maximum possible connected load shall be permitted for 
all portable feeders. 

Table 530.19(A) Demand Factors for Stage Set Lighting 

Portion of Stage Set Lighting Load to Which 
Demand Factor Applied (volt-amperes) 

First 50,000 or less at 

From 50,001 to 100,000 at 

From 100,001 to 200,000 at 

Remaining over 200,000 at 

Feeder Demand 
Factor (%) 

100% 

75% 

60% 

50% 

530.20 Grounding. Type Me cable, Type MI cable, Typd 
AC cable containing an insulated equipment grounding 
~()ll~l:'(;!Qrt metal raceways, and all non-current-carrying 
metal parts of appliances, devices, and equipment shall be 
connected to an equipment grounding conductor. This 
shall not apply to pendant and portable lamps, to portabl 
stage lighting and stage sound equipment, or to other 
portable and special stage equipment operating at not over 
150 volts dc to ground. 

530.21 Plugs and Receptacles. 

(A) Rating. Plugs and receptacles, including cord 
j ".," .... --. . .. - ~ ... - .. -.- .• - - •.. .... . 

connectors and flanged surface devi~~~. shall be rated in 
amperes. The voltage rating of the plugs and receptacles 
shall be not less than the nominal circuit voltage. Plug and 
receptacle ampere ratings for ac circuits shall not be less 
than the feeder or branch-circuit overcurrent device 
ampere rating. Table 210.21(B)(2) shall not apply. 
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ARTICLE 530 MOTION PICTURE AND TELEVISION STUDIOS AND SIMILAR LOCATIONS 530.64 

(B) Interchangeability. Plugs and receptacles used in 
portable professional motion picture and television 
equipment shall be permitted to be interchangeable for ac or 
dc use on the same premises, provided they are listed for 
ac/dc use and marked in a suitable manner to identifY the 
system to which they are connected. 

530.22 Single-Pole Separable Connectors. 

(A) General. Where ac single-pole portable cable connectors 
are used, they shall be listed and of the locking type. Sections 
400.10,406.7, and 406.8 shall not apply to listed single-pole 
separable connections and single-conductor cable assemblies 
utilizing listed single-pole separable connectors. Where 
paralleled sets of current-carrying single-pole separable 
connectors are provided as input devices, they shall be 
prominently labeled with a warning indicating the presence 
of internal parallel connections. The use of single-pole 
separable connectors shall comply with at least one of the 
following conditions: 

(1) Connection and disconnection of connectors are only 
possible where the supply connectors are interlocked to 
the source and it is not possible to connect or disconnect 
connectors when the supply is energized. 

(2) Line connectors are of the listed sequential-interlocking 
type so that load connectors shall be connected in the 
following sequence: 

a. Equipment grounding conductor connection 

b. Grounded circuit conductor connection, if provided 

c. Ungrounded conductor connection, and that 
disconnection shall be in the reverse order 

(3) A caution notice shall be provided adjacent to the line 
connectors, indicating that plug connection shall be in 
the following order: 

a. Equipment grounding conductor connectors 

b. Grounded circuit-conductor connectors, if provided 

c. Ungrounded conductor connectors, and that 
disconnection shall be in the reverse order 

(B) Interchangeability. Single-pole separable connectors 
used in p0l1abie professional motion picture and television 
equipment shall be permitted to be interchangeable for ac or 
dc use or for different current ratings on the same premises, 
provided they are listed for ac/dc use and marked in a 
suitable manner to identify the system to which they are 
connected. 

530.23 Branch Circuits. A branch circuit of any size 
supplying one or more receptacles shall be permitted to 
supply stage set lighting loads. 

III. Dressing Rooms 

530.31 Dressing Rooms. 

Fixed wiring in dressing rooms shall be installed in 
accordance with the wiring methods covered in Chapter 3. 
Wiring for portable dressing rooms shall be approved. 
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IV. Viewing, Cutting, and Patching Tables 

530.41 Lamps at Tables. 

Only composition or metal-sheathed, porcelain, keyless 
lampholders equipped with suitable means to guard lamps 
from physical damage and from film and film scrap shall be 
used at patching, viewing, and cutting tables. 

V. Cellulose Nitrate Film Storage Vaults 

530.51 Lamps in Cellulose Nitrate Film Storage Vaults. 

Lamps in cellulose nitrate film storage vaults shall be 
installed in rigid of the glass-enclosed and 
gasketed type. Lamps shall be controlled by a switch having 
a pole in each ungrounded conductor. This switch shall be 
located outside of the vault and provided with a pilot light to 
indicate whether the switch is on or off. This switch shall 
disconnect from all sources of supply all ungrounded 
conductors tenninating in any outlet in the vault. 

530.52 Electrical Equipment in Cellulose Nitrate FUm 
Storage Vaults. 

Except as permitted in 530.51, no receptacles, outlets, 
heaters, portable lights, or other portable electrical equipment 
shall be located in cellulose nitrate film storage vaults. 
Electric motors shall be permitted, provided they are listed 
for the application and comply with Article 500, Class I, 
Division 2. 

VI. Substations 

530.61 Substations. 

Wiring and equipment of over 600 volts, nominal, shall 
comply with Article 490. 

530.62 Portable Substations. 

Wiring and equipment in portable substations shall conform 
to the sections applying to installations in permanently fixed 
substations, but, due to the limited space available, the 
working spaces shall be permitted to be reduced, provided 
that the equipment shall be arranged so that the operator can 
work safely and so that other persons in the vicinity cannot 
accidentally come into contact with current-carrying parts or 
bring conducting objects into contact with them while they 
are energized. 

530.63 Overcurrent Protection of Direct-Current 
Generators. 

Three-wire generators shall have overcurrent protection in 
accordance with 445. 12(E). 

530.64 Direct-Current Switchboards. 

(A) General. Switchboards of not over 250 volts dc between 
conductors, where located in substations or switchboard 
rooms accessible to qualified persons only, shall not be 
required to be dead-front. 

(8) Circuit Breaker Frames. Frames of dc circuit breakers 
installed on switchboards shall not be required to be 
connected to an equipment grounding conductor. 
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540.1 ARTICLE 540 - MOTION PICTURE PROJECTION ROOMS 

ARTICLE 540 
Motion Picf:tl .. ~ Projec~ioIlJ~ll~I~~ 

I. General 

540.1 Scope. The provisions of this article apply to 
motion picture projection rooms, motion picture 
projectors, and associated equipment of the professional 
and nonprofessional types using incandescent, carbon arc, 
xenon, or other light source equipment that develops 
hazardous gases, dust, or radiation. 

Informational Note: For further information, see NFPA 
40-2011, Standard for the Storage and Handling of 
Cellulose Nitrate Film. 

540.2 Definitions. 

Nonprofessional Projector. Nonprofessional projectors 
are those types other than as described in 540.2. 

Professional Projector. A type of projector using 35- or 
70-mm film that has a minimum width of 35 mm (l % in.) 
and has on each edge 212 perforations per meter (5.4 
perforations per inch), or a type using carbon arc, xenon, 
or other light source equipment that develops hazardous 
gases, dust, or radiation. 

II. Equipment and Projectors of the Professional Type 

540.10 Motion Picture Projection Room Required. 
Every professional-type projector shall be located within 
a projection room. Every projection room shall be of 
permanent construction, approved for the type of building 
in which the projection room is located. All projection 
ports, spotlight ports, viewing ports, and similar openings 
shall be provided with glass or other approved material so 
as to completely close the opening. Such rooms shall not 
be considered as hazardous (classified) locations as 
defined in Article 500. 

Informational Note: For further information on 
protecting openings in projection rooms handling 
cellulose nitrate motion picture film, see NFPA I OJ-
2009, Life Safety Code. 

540.11 Location of Associated Electrical Equipment. 

(A) Motor Generator Sets, Transformers, Rectifiers, 
Rheostats, and Similar Equipment. Motor-generator 
sets, transformers, rectifiers, rheostats, and similar 
equipment for the supply or control of current to 
projection or spotlight equipment shall, where nitrate film 
is used, be located in a separate room. Where placed in 
the projection room, they shall be located or guarded so 
that arcs or sparks cannot come in contact with film, and 
the commutator end or ends of motor generator sets shall 
comply with one of the conditions in 540.11 (A)(1) 
through (A)(6). 
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(1) Types. Be of the totally enclosed, enclosed fan
cooled, or enclosed pipe-ventilated type. 

(2) Separate Rooms or Housings. Be enclosed in 
separate rooms or housings built of noncombustible 
material constructed so as to exclude flyings or lint wit~ 
apl>foved-lliiiation from a source of clean air. 

(3) Solid Metal Covers. Have the brush or sliding-contact 
end of motor-generator enclosed by solid metal covers. 

(4) Tight Metal Housings. Have brushes or sliding 
contacts enclosed in substantial, tight metal housings. 

(5) Upper and Lower Half Enclosures. Have the upper 
half of the brush or sliding-contact end of the motor
generator enclosed by a wire screen or perforated metal 
and the lower half enclosed by solid metal covers. 

(6) Wire Screens or Perforated Metal. Have wire 
screens or perforated metal placed at the commutator of 
brush ends. No dimension of any opening in the wire 
screen or perforated metal shall exceed 1.27 mm (0.05 
in.), regardless of the shape of the opening and of the 
material used. 

(B) Switches, Overcurrent Devices, or Other 
Equipment. Switches, overcurrent devices, or other 
equipment not normally requ ired or used for projectors, 
sound reproduction, flood or other special effect lamps, or 
other equipment shall not be installed in projection rooms. 

Exception No. 1: In projection rooms approved for use 
only with cellulose acetate (safety) .fUm, the installation of 
appurtenant electrical equipment used in conjunction with 
the operation of the projection equipment and the control 
of lights, curtains, and audio equipment, and so forth, 
shall be permitted. In such projection rooms, a sign 
reading "Safety Film Only Permitted in This Room" shall 
be posted on the outside of each projection room door 
and within the projection room itself in a conspicuous 
location. 

Exception No.2: Remote-control switches for the control 
of auditorium lights or switches for the control of motors 
operating curtains and masking of the motion picture 
screen shall be permitted to be installed in projection 
rooms. 

(C) Emergency Systems. Control of emergency systems 
shall comply with Article 700. 

540.12 Work Space. Each motion picture projector, 
floodlight, spotlight, or similar equipment shall have clear 
working space not less than 750 mm (30 in.) wide on each 
side and at the rear thereof. 

Exception: One such space shall be permitted between 
adjacent pieces of equipment. 
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ARTICLE 545 - MANUFACTURED BUILDINGS 545.7 

540.13 Conductor Size. Conductors supplying outlets for 
arc and xenon projectors of the professional type shall not 
be smaller than 8 A WG and shall have an ampacity not 
less than the projector current rating. Conductors for 
incandescent-type projectors shall conform to normal 
wiring standards as provided in 210.24. 

540.14 Conductors on Lamps and Hot Equipment. 
Insulated conductors having a rated operating 
temperature of not less than 200°C (392°F) shall be used 
on all lamps or other equipment where the ambient 
temperature at the conductors as installed will exceed 
50°C (l22°F). 

540.15 Flexible Cords. Cords approved for hard usage, 
as provided in Table 400.4, shall be used on portable 
equipment. 

540.20 Listing Requirements. Projectors and enclosures 
for arc, xenon, and incandescent lamps and rectifiers, 
transformers, rheostats, and similar equipment shall be 
listed. 

540.21 Marking. Projectors and other equipment shall be 
marked with the manufacturer's name or trademark and 
with the voltage and current for which they are designed 
in accordance with 110.21. 

III. Nonprofessional Projectors 

540.31 Motion Picture Projection Room Not Required. 

Projectors of the nonprofessional or miniature type, where 
employing cellulose acetate (safety) film, shall be 
permitted to be operated without a projection room. 

540.32 Listing Requirements. Projection equipment 
shall be listed. 

IV. Audio Signal Processing, Amplification, and 
Reproduction Equipment 

540.50 Audio Signal Processing, Amplification, and 
Reproduction Equipment. Audio signal processing, 
amplification, and reproduction equipment shall be 
installed as provided in Article 640. 

ARTICLE 545 

Manufactured Buildings 

545.1 Scope. This article covers requirements for a 
manufactured building and building components as herein 
defined. 
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545.2 Definitions. 

Building Component. Any subsystem, subassembly, or 
other system designed for use in or integral with or as part 
of a structure, which can include structural, el.ectrical, 
mechanical, plumbing, and fire protection systems, and 
other systems affecting health and safety. 

Building System. Plans, specifications, and 
documentation for a system of manufactured building or 
for a type or a system of building components, which can 
include structural, electrical, mechanical, plumbing, and 
fire protection systems, and other systems affecting health 
and safety, and including such variations thereof as are 
specifically permitted by regulation, and which variations 
are submitted as part of the building system or 
amendment thereto. 

Closed Construction. Any building, building component, 
assembly, or system manufactured in such a manner that 
all conceale4parts of processes of manufacture cannot be 
inspected aft'cr installation at the building site without 
disassembly, damage, or destruction. 

Manufactured Building. Any building that is of closed 
construction and is made or assembled in manufacturing 
facilities on or off the building site for installation, or for 
assembly and installation on the building site, other than 
manufactured homes, mobile homes, park trailers, or 
recreational vehicles. 

545.4 Wiring Methods. 

(A) Methods Permitted. All raceway and cable wiring 
methods included in this Code and such other wiring 
systems specifically intended and listed for use in 
manufactured buildings shall be permitted with listed 
fittings and with fittings listed and identified for 
manufactured buildings. 

(B) Securing Cables. In closed construction, cables shall 
be permitted to be secured only at cabinets, boxes, or 
fittings where 10 AWG or smaller conductors are used 
and protection against physical damage is provided. 

545.5 Supply Conductors. Provisions shall be made to 
route the service-entrance, service-lateral, feeder, or 
branch-circuit supply to the service or building 
disconnecting means conductors. 

545.6 Installation of Service-Entrance Conductors. 
Service-entrance conductors shall be installed after 
erection at the building site. 

Exception: Where point of attachment is known prior to 
manufacture. 

545.7 Service Equipment. Service equipment shall be 
installed in accordance with 230.70. 
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545.8 ARTICLE 547 - AGRICURTURAL BUILDINGS 

545.8 Protection of Conductors and Equipment. 
Protection shall be provided for exposed conductors and 
equipment during processes of manufacturing, packaging, 
in transit, and erection at the building site. 

545.9 Boxes. 

(A) Other Dimensions. Boxes of dimensions other than 
those required in Table 314.16(A) shall be permitted to be 
installed where tested, identified, and listed to applicable 
standards. 

(B) Not Over 1650 cm3 (100 in.3). Any box not over 

1650 cm3 (l00 in.3) in size, intended for mounting in 
closed construction, shall be affixed with anchors or 
clamps so as to provide a rigid and secure installation. 

545.10 Receptacle or Switch with Integral Enclosure. 
A receptacle or switch with integral enclosure and 
mounting means, where tested, identified, and listed to 
applicable standards, shall be permitted to be installed. 

545.11 Bonding and Grounding. Pre wired panels and 
building components shall provide for the bonding, or 
bonding and grounding, of all exposed metals likely to 
become energized, in accordance with Article 250, Parts 
V, VI, and VII. 

545.12 Grounding Electrode Conductor. Provisions 
shall be made to route a grounding electrode conductor 
from the service, feeder, or branch-circuit supply to the 
point of attachment to the grounding electrode. 

545.13 Component Interconnections. Fittings and 
connectors that are intended to be concealed at the time of 
on-site assembly, where tested, identified, and listed to 
applicable standards, shall be permitted for on-site 
interconnection of modules or other building components. 
Such fittings and connectors shall be equal to the wiring 
method employed in insulation, temperature rise, and 
fault-current withstand and shall be capable of enduring 
the vibration and minor relative motions occurring in the 
components of manufactured buildings. 

ARTICLE 547 

Agricultural Buildings 

547.1 Scope. The provisions of this article shall apply to 
the following agricultural buildings or that part of a 
building or adjacent areas of similar or like nature as 
specified in 547.1(A) or (B). 

(A) Excessive Dust and Dust with Water. Agricultural 
buildings where excessive dust and dust with water may 
accumulate, including all areas of poultry, livestock, and 
fish confinement systems, where litter dust or feed dust, 
including mineral feed particles, may accumulate. 
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(B) Corrosive Atmosphere. Agricultural buildings where 
a corrosive atmosphere exists. Such buildings include 
areas where the following conditions exist: 

(I) Poultry and animal excrement may cause corrosive 
vapors. 

(2) Corrosive particles may combine with water. 

(3) The area is damp and wet by reason of periodic 
washing for cleaning and sanitizing with water and 
cleansing agents. 

(4) Similar conditions exist. 

547.2 Definitions. 

Distribution Point. An electrical supply point from 
which service drops, service conductors, feeders, or 
branch circuits to buildings or structures utilized under 
single management are supplied. 

Informational Note No.1: Distribution points are also 
known as the center yard pole, rneterpole, or the 
cornman distribution point. 

Informational Note No.2: The service point as defined 
in Article 100 is typically at the distribution point. 

Equipotential Plane. An area where wire mesh or other 
conductive elements are embedded in or placed under 
concrete, bonded to all metal structures and fixed 
nonelectrical equipment that may become energized, and 
connected to the electrical grounding system to prevent a 
difference in voltage from developing within the plane. 

Site-Isolating Device. A disconnecting means installed at 
the distribution point for the purposes of isolation, system 
maintenance, emergency disconnection, or connection of 
optional standby systems. 

547.3 Other Articles. For buildings and structures not 
having conditions as specified in 547.1, the electrical 
installations shall be made in accordance with the 
applicable articles in this Code. 

547.4 Surface Temperatures. Electrical equipment or 
devices installed in accordance with the provisions of this 
article shall be installed in a manner such that they will 
function at full rating without developing surface 
temperatures in excess of the specified normal safe 
operating range of the equipment or device. 

547.5 Wiring Methods. 

(A) Wiring Systems. Types UF, NMC, copper SE cables, 
jacketed Type MC cable, rigid nonmetallic conduit, 
liquidtight flexible nonmetallic conduit, or other cables or 
raceways suitable for the location, with approved 
termination fittings, shall be the wiring methods 
employed. The wiring methods of Article 502, Part II, 
shall be permitted for areas described in 547. I (A) 
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Informational Note: See 300.7, 352.44, and 355.44 for 
installation of raceway systems exposed to widely 
different temperatures. 

(B) Mounting. All cables shall be secured within 200 mm 
(8 in.) of each cabinet, box, or fitting. Nonmetallic boxes, 
fittings, conduit, and cables shall be permitted to be 
mounted directly to any building surface covered by this 
article without maintaining the 6 mm (1;4 in.) airspace in 
accordance with 300.6(D). 

(C) Equipment Enclosures, Boxes, Conduit Bodies, 
and Fittings. 

(1) Excessive Dust. Equipment enclosures, boxes, 
conduit bodies, and fittings insta1led in areas of buildings 
where excessive dust may be present shall be designed to 
minimize the entrance of dust and shall have no openings 
(such as holes for attachment screws) through which dust 
could enter the enclosure. 

(2) Damp or Wet Locations. In damp or wet locations, 
equipment enclosures, boxes, conduit bodies, and fittings 
shall be placed or equipped so as to prevent moisture from 
entering or accumulating within the enclosure, box, 
conduit body, or fitting. In wet locations, including 
normally dry or damp locations where surfaces are 
periodically washed or sprayed with water, boxes, conduit 
bodies, and fittings shall be listed for use in wet locations 
and equipment enclosures shall be weatherproof. 

(3) Corrosive Atmosphere. Where wet dust, excessive 
moisture, corrosive gases or vapors, or other corrosive 
conditions may be present, equipment enclosures, boxes, 
conduit bodies, and fittings shall have corrosion resistance 
properties suitable for the conditions. 

Informational Note No. 1: See Table 110.28 for 
appropriate enclosure type designations. 

Informational Note No.2: Aluminum and magnetic 
ferrous materials may corrode in agricultural 
environments. 

(D) Flexible Connections. Where necessary to employ 
flexible connections, dusttight flexible connectors, 
liquidtight flexible metal conduit, liquidtight flexible 
nonmetallic conduit, or flexible cord listed and identified 
for hard usage shall be used. All connectors and fittings 
used shall be listed and identified for the purpose. 

(E) Physical Protection. All electrical wiring and 
equipment subject to physical damage shall be protected. 

(F) Separate Equipment Grounding Conductor. Where 
an equipment grounding conductor is installed within a 
location falling under the scope of Article 547, it shall be 
a copper conductor. Where an equipment grounding 
conductor is installed underground, it shall be insulated or 
covered copper. 
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(G) Receptacles. All 125-volt, single-phase, 15- and 20-
ampere general-purpose receptacles installed in the 
locations listed in (1) through (4) shall have ground-fault 
circuit-interrupter protection: 

(1) Areas having an equipotential plane 

(2) Outdoors 

(3) Damp or wet locations 

(4) Dirt confinement areas for livestock 

547.6 Switches, Receptacles, Circuit Breakers, 
Controllers, and Fuses. Switches, including 
pushbuttons, relays, and similar devices, receptacles, 
circuit breakers, controllers, and fuses, shall be provided 
with enclosures as specified in 547.5(C). 

547.7 Motors. Motors and other rotating electrical 
machinery shall be totally enclosed or designed so as to 
minimize the entrance of dust, moisture, or corrosive 
particles. 

547.8 Luminaires. Luminaires shall comply with 
547.8(A) through (C). 

(A) Minimize the Entrance of Dust. Luminaires shal1 be 
installed to minimize the entrance of dust, foreign matter, 
moisture, and corrosive material. 

(B) .Exposed to Physical Damage. Luminaires exposed 
to physical damage shall be protected by a suitable guard. 

(C) Exposed to Water. Luminaires exposed to water 
from condensation, building cleansing water, or solution 
shall be listed as 'uitable for use in wet locations. 

, .. ....• - -~ .... ~ . . ~ . . , .. _- --- , ••.... ---..... ... ",. 

547.9 Electrical Supply to Building(s) or Structure(s) 
from a Distribution Point. A distribution point shall be 
permitted to supply any building or structure located on 
the same premises. The overhead electrical supply shall 
comply with 547.9(A) and (B), or with 547.9(C). The 
underground electrical supply shall comply with 

~4Z:2(~)! 

(A) Site-Isolating Device. Site-isolating devices shall 
comply with 547.9(A)(1) through (A)(lO). 

(1) Where Required. A site-isolating device shall be 
installed at the distribution point where two or more 
agricultural buildings or structures are supplied from the 
distribution point. 

(2) Location. The site-isolating device shall be pole
mounted and be Ilot less than the height above grad~ 
required by 230.24 for the conductors it sup li~~~ 
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(3) Operation. The site-isolating device shall simultaneously 
disconnect a11 ungrounded service conductors from the 
premises wiring. 

(4) Bonding Provisions. The site-isolating device 
enclosure shall be connected to the grounded circuit 
conductor and the grounding electrode system. 

(5) Grounding. At the site-isolating device, the system 
grounded conductor shall be connected to a grounding 
electrode system via a grounding electrode conductor. 

(6) Rating. The site-isolating device sha11 be rated for the 
calculated load as determined by Part V of Article 220. 

(7) Overcurrent Protection. The site-isolating device 
shall not be required to provide overcurrent protection. 

(8) Accessibility. The site-isolating ~~"i(;~ shall be 
capable of being remotely operated by an operating 
handle installed at a readily accessible location. The 
operating handle of the site-isolating device, when in its 
highest position, shall not be more than 2.0 m (6 ft 7 in.) 
above grade or a working platform. 

(9) Series Devices. An additional site-isolating device for 
the premises wiring system shall not be required where a 
site-isolating device meeting all applicable requirements 
of this section is provided by the serving utility as part of 
their service requirements . 

(10) Marking. A site-isolating device shaH be 
permanently marked to identify it as a site-isolating 
device. This marking shall be located on the operating 
handle or immediately adjacent thereto. 

(B) Service Disconnecting Means and Overcurrent 
Protection at the Building(s) or Structure(s). Where the 
service disconnecting means and overcurrent protection 
are located at the building( s) or structure( s), the 
requirements of 547.9(B)(1) through (B)(3) shall apply. 

(1) Conductor Sizing. The supply conductors shan be 
sized in accordance with Part V of Article 220. 

(2) Conductor Installation. The supply conductors shall 
be installed in accordance with the requirements of Part II 
of Article 225. 

(3) Grounding and Bonding. For each building or 
structure, grounding and bonding of the supply 
conductors shall be in accordance with the requirements 
of 250.32, and the following conditions shall be met: 

(1) The equipment grounding conductor is not mailer 
than the largest supply conductor if of the same 
material, or is adjusted in size in accordance with the 
equivalent size columns of Table 250.122 if of 
different materials. 
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(2) The equipment grounding conductor is connected to 
the grounded circuit conductor and the site-isolating 
device at the distribution point. 

(C) Service Disconnecting Means and Overcurrent 
Protection at the Distribution Point. Where the service 
disconnecting means and overcurrent protection for each 
set of feeders or branch circuits are located at the 
distribution p()int. the feeders or branch circuits to 
~tJiI<iing or stmctures shall comply with the provisions of 
250.32 and Article 225, Parts I and II. 

Informational Note: Methods to reduce neutral-to-earth 
voltages in livestock facilities include supplying 
buildings or structures with 4-wire single-phase 
services, sizing 3-wire single-phase service and feeder 
conductors to limit voltage drop to 2 percent, and 
connecting loads line-to-line. 

(I ) ~dentification. Where a site is supplied by more than 
one ~!griQ':l,ti,~:ll, p()int. a permanent plaque or directory 
shall be installed at each of these distribution points 
denoting the location of each of the other distribution 
points and the buildings or structures served by each. 

547.10 Equipotential Planes and Bonding of 
Equipotential Planes. The installation and bonding of 
equipotential planes sha11 comply with 547.1O(A) and (B). 
For the purposes of this section, the term livestock shall 
not include poultry. 

(A) Where Required. Equipotential planes shall be 
installed where required in (A)(1) and (A)(2). 

(1) Indoors. Equipotential planes shall be installed in 
confinement areas with concrete floors where metallic 
equipment is located that may become energized and is 
accessible to livestock. 

(2) Outdoors. Equipotential planes shall be installed in 
concrete slabs where metallic equipment is located that 
may become energized and is accessible to livestock. 

The equipotential plane shall encompass the area where 
the livestock stands while accessing metallic equipment 
that may become energized. 

(B) Bonding. Equipotential planes shall be connected to 
the electrical grounding system. The bonding conductor 
shall be solid copper, insulated, covered or bare, and not 
smaller than 8 A W G. The means of bonding to wire mesh 
or conductive elements shall be by pressure connectors or 
clamps of brass, copper, copper alloy, or an equally 
substantial approved means. Slatted floors that are 
supported by structures that are a part of an equipotential 
plane shall not require bonding. 

Informational Note No. 1: Methods to establish 
equipotential planes are described in American Society 
of Agricultural and Biological Engineers (ASABE) 
EP473.2-2001, Equipotential Planes in Animal 
Containment Areas. 
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Informational Note No.2: Methods for safe installation 
of livestock waterers are described in American Society 
of Agricultural and Biological Engineers (ASABE) 
EP342.2-1995, Safety for Electrically Heated Livestock 
Waterers. 

Informational Note No.3: Low grounding electrode 
system resistances may reduce potential differences in 
livestock facilities. 

ARTICLE 550 
Mobile Hontes, Manufactured Homes, and 

" M~l:Jjl~ ,,!!~ JJ:leJ>lll"i<s ... 
I. General 

550.1 Scope. The provisions of this article cover the 
electrical conductors and equipment installed within or on 
mobile and manufactured homes, the conductors that 
connect mobile and manufactured homes to a supply of 
electricity, and the installation of electrical wiring, 
luminaires, equipment, and appurtenances related to 
electrical installations within a mobile home park up to 
the mobile home service-entrance conductors or, if none, 
the mobile home service equipment. 

Informational Note: For additional information on 
manufactured housing see NFP A 501-2010, Standard 
on Manufactured Housing, and Part 3280, Manufactured 
Home Construction and Safety Standards, of the Federal 
Department of Housing and Urban Development. 

550.2 Definitions. 

Appliance, Fixed. An appliance that is fastened or 
otherwise secured at a specific location. 

Appliance, Portable. An appliance that is actually moved 
or can easily be moved from one place to another in 
normal use. 

Informational Note: For the purpose of this article, the 
following major appliances, other than built-in, are 
considered portable if cord connected: refrigerators, 
range equipment, clothes washers, dishwashers without 
booster heaters, or other similar appliances. 

Appliance, Stationary. An appliance that is not easily 
moved from one place to another in normal use. 

Distribution Panelboard. See definition of panel board in 
Article 100. 

Feeder Assembly. The overhead or under-chassis feeder 
conductors, including the grounding conductor, together with 
the necessary fittings and equipment or a power-supply cord 
listed for mobile home use, designed for the purpose of 
delivering energy from the source of electrical supply to the 
distribution panelboard within the mobile home. 
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Laundry Area. An area containing or designed to contain 
a laundry tray, clothes washer, or a clothes dryer. 

Manufactured Home. A structure, transportable in one 
or more sections, that, in the traveling mode, is 2.4 m (8 
body-ft) or more in width or 12.2 m (40 body-ft) or more 

in length, or, when erected on site, is 29.7 m2 (320 ft2) or 
more and that is built on a permanent chassis and 
designed to be used as a dwelling, with or without a 
permanent foundation, when connected therein. The term 
manufactured home includes any structure that meets all 
the provisions of this paragraph except the size 
requirements and with respect to which the manufacturer 
voluntarily files a certification required by the regulatory 
agency, and except that such term does not include any 
self-propelled recreational vehicle. Calculations used to 
detennine the number of square meters (square feet) in a 
structure are based on the structure's exterior dimensions, 
measured at the largest horizontal projections when 
erected on site. These dimensions include all expandable 
rooms, cabinets, and other projections containing interior 
space but do not include bay windows. 

For the purpose of this Code and unless otherwise 
indicated, the term mobile home includes manufactured 
homes. 

Informational Note No.1: See the applicable building 
code for definition of the term permanent foundation. 

Informational Note No. 2: See Part 3280, Manufactured 
Home Construction and Safety Standards, of the Federal 
Department of Housing and Urban Development, for 
additional information on the definition. 

Mobile Home. A factory-assembled structure or 
structures transportable in one or more sections that are 
built on a permanent chassis and designed to be used as a 
dwelling without a permanent foundation where 
connected to the required utilities and that include the 
plumbing, heating, air-conditioning, and electrical 
systems contained therein. 

For the purpose of this Code and unless otherwise 
indicated, the term mobile home includes manufactured 
homes. 

Mobile Home Accessory Building or Structure. Any 
awning, cabana, ramada, storage cabinet, carport, fence, 
windbreak, or porch established for the use of the 
occupant of the mobile home on a mobile home lot. 

Mobile Home Lot. A designated portion of a mobile 
home park designed for the accommodation of one mobile 
home and its accessory buildings or structures for the 
exclusive use of its occupants. 

Mobile Home Park. A contiguous parcel of land that is 
used for the accommodation of occupied mobile homes. 

Mobile Home Service Equipment. The equipment 
contammg the disconnecting means, overcurrent 
protective devices, and receptacles or other means for 
connecting a mobile home feeder assembly. 
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Park Electrical Wiring Systems. All of the electrical 
wiring, luminaires, equipment, and appurtenances related 
to electrical installations within a mobile home park, 
including the mobile home service equipment. 

550.4 General Requirements. 
(A) Mobile Home Not Intended as a Dwelling Unit. A 
mobile home not intended as a dwelling unit - for 
example, those equipped for sleeping purposes only, 
contractor's on-site offices, construction job dormitories, 
mobile studio dressing rooms, banks, clinics, mobile 
stores, or intended for the display or demonstration of 
merchandise or machinery - shall not be required to 
meet the provisions of this article pertaining to the 
number or capacity of circuits required. It shall, however, 
meet all other applicable requirements of this article if 
provided with an electrical installation intended to be 
energized from a 120-volt or 120/240-volt ac power 
supply system. Where different voltage is required by 
either design or available power supply system, 
adjustment shall be made in accordance with other articles 
and sections for the voltage used. 

(B) In Other Than Mobile Home Parks. Mobile homes 
installed in other than mobile home parks shall comply 
with the provisions of this article. 

(C) Connection to Wiring System. The provisions of 
this article shall apply to mobile homes intended for 
connection to a wiring system rated 120/240 volts, 
nominal, 3-wire ac, with a grounded neutral conductor. 

(D) Listed or Labeled. All electrical materials, devices, 
appliances, fittings, and other equipment shall be listed or 
labeled by a qualified testing agency and shall be 
connected in an approved manner when installed. 

II. Mobile and Manufactured Homes 
550.10 Power Supply. 
(A) Feeder. The power supply to the mobile home shall 
be a feeder assembly consisting of not more than one 
listed 50-ampere mobile home power-supply cord or a 
permanently installed feeder. 

Exception No. 1: A mobile home that is factory equipped 
with gas or oil-fired central heating equipment and 
cooking appliances shall be permitted to be provided with 
a listed mobile home power-supply cord rated 40 
amperes. 

Exception No.2: A feeder assembly shall not be required 
for manufactured homes constructed in accordance with 
550. 32(B). 

(B) Power-Supply Cord. If the mobile home has a 
power-supply cord, it shall be permanently attached to the 
distribution panelboard or to a junction box permanently 
connected to the distribution panelboard, with the free end 
terminating in an attachment plug cap. 

Cords with adapters and pigtail ends, extension cords, 
and similar items shall not be attached to, or shipped with, 
a mobile home. 

70-482 

A suitable clamp or the equivalent shall be provided 
at the distribution panelboard knockout to afford strain 
relief for the cord to prevent strain from being transmitted 
to the terminals when the power-supply cord is handled in 
its intended manner. 

The cord shall be a listed type with four conductors, 
one of which shall be identified by a continuous green 
color or a continuous green color with one or more yellow 
stripes for use as the grounding conductor. 

(C) Attachment Plug Cap. The attachment plug cap 
shall be a 3-pole, 4-wire, grounding type, rated 50 
amperes, 125/250 volts with a configuration as shown in 
Figure 550.10(C) and intended for use with the 50-
ampere, 125/250-volt receptacle configuration shown in 
Figure 550.1 O(C). It shall be listed, by itself or as part of a 
power-supply cord assembly, for the purpose and shall be 
molded to or installed on the flexible cord so that it is 
secured tightly to the cord at the point where the cord 
enters the attachment plug cap. If a right-angle cap is 
used, the configuration shall be oriented so that the 
grounding member is farthest from the cord. 

Informational Note: Complete details of the 50-ampere 
plug and receptacle configuration can be found in the 
National Electrical Manufacturers Association Standard 
for Dimensions of Attachment Plugs and Receptacles, 
ANSIINEMA WD 6-1989, Figure 14-50. 

Receptacle Cap 

vO Ox ~
G 

Ow 
xl IV @G 

Iw 
12S/250-V, 50-A, 3-pole, 4-wire, grounding type 

Figure 550.10(C) 50-Ampere, 125/250-Volt Receptacle and 
Attachment Plug Cap Configurations, 3-Pole, 4-Wire, 
Grounding-Types, Used for Mobile Home Supply Cords and 
Mobile Home Parks. 

(D) Overall Length of a Power-Supply Cord. The 
overall length of a power-supply cord, measured from the 
end of the cord, including bared leads, to the face of the 
attachment plug cap shall not be less than 6.4 m (21 ft) 
and shall not exceed 11 m (3612 ft). The length of the cord 
from the face of the attachment plug cap to the point 
where the cord enters the mobile home shall not be less 
than 6.0 m (20 ft). 

(E) Marking. The power-supply cord shall bear the 
following marking: 

FOR USE WITH MOBILE HOMES - 40 AMPERES 

or 

FOR USE WITH MOBILE HOMES - 50 AMPERES 
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(F) Point of Entrance. The point of entrance of the feeder 
assembly to the mobile home shall be in the exterior wall, 
floor, or roof. 

(G) Protected. Where the cord passes through walls or 
floors, it shall be protected by means of conduits and 
bushings or equivalent. The cord shall be permitted to be 
installed within the mobile home walls, provided a 
continuous raceway having a maximum size of 32 mm (1 Y.t 
in.) is installed from the branch-circuit panelboard to the 
underside of the mobile home floor. 

(H) Protection Against Corrosion and Mechanical 
Damage. Permanent provisions shall be made for the 
protection of the attachment plug cap of the power-supply 
cord and any connector cord assembly or receptacle against 
corrosion and mechanical damage if such devices are in an 
exterior location while the mobile home is in transit. 

(I) Mast Weatherhead or Raceway. Where the calculated 
load exceeds 50 amperes or where a permanent feeder is 
used, the supply shall be by means of either of the following: 

(1) One mast weatherhead installation, installed in 
accordance with Article 230, containing four 
continuous, insulated, color-coded feeder conductors, 
one of which shall be an equipment grounding 
conductor 

(2) A metal raceway or rigid nonmetallic conduit from the 
disconnecting means in the mobile home to the 
underside of the mobile home, with provisions for the 
attachment to a suitable junction box or fitting to the 
raceway on the underside of the mobile home [with or 
without conductors as III 550.100)(1)]. The 
manufacturer shall provide written installation 
instructions stating the proper feeder conductor sizes for 
the raceway and the size of the junction box to be used. 

550.11 Disconnecting Means and Branch-Circuit 
Protective Equipment. The branch-circuit equipment shall 
be pennitted to be combined with the disconnecting means 
as a single assembly. Such a combination shall be permitted 
to be designated as a distribution panelboard. If a fused 
distribution panelboard is used, the maximum fuse size for 
the mains shall be plainly marked with lettering at least 6 
mm (Y.t in.) high and visible when fuses are changed. 

Where plug fuses and fuseholders are used, they shall be 
tamper-resistant S, enclosed in dead-front fuse 
panelboards. Electrical distribution panelboards containing 
circuit breakers shall also be dead-front type. 

Informational Note: See 110.22 concerning 
identification of each disconnecting means and 
each service, feeder, or branch circuit at the point 
where it originated and the type marking needed. 

(A) Disconnecting Means. A single disconnecting means 
shall be provided in each mobile home consisting of a circuit 
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breaker, or a switch and fuses and its accessories installed in 
a readily accessible location near the point of entrance of the 
supply cord or conductors into the mobile home. The main 
circuit breakers or fuses shall be plainly marked "Main." 
This equipment shall contain a solderless type of grounding 
connector or bar for the purposes of grounding, with 
sufficient terminals for all grounding conductors. The 
terminations of the grounded circuit conductors shall be 
insulated in accordance with 550.I6(A). The disconnecting 
equipment shall have a rating not less than the calculated 
load. The distribution equipment, either circuit breaker or 
fused type, shall be located a minimum of 600 mm (24 in.) 
from the bottom of such equipment to the floor level of the 
mobile home. 

Informational Note: See 550.20(8) for information on 
disconnecting means for branch circuits designed to 
energize heating or air-conditioning equipment, or both, 
located outside the mobile home, other than room air 
conditioners. 

A distribution panelboard shall be rated not less than 50 
amperes and employ a 2-pole circuit breaker rated 40 
amperes for a 40-ampere supply cord, or 50 amperes for a 
50-ampere supply cord. A distribution panelboard employing 
a disconnect switch and fuses shall be rated 60 amperes and 
shall employ a single 2-pole, 60-ampere fuseholder with 40-
or 50-ampere main fuses for 40- or 50-ampere supply cords, 
respectively. The outside of the distribution panelboard shall 
be plainly marked with the fuse size. 

The distribution panelboard shall be located in an 
accessible location but shall not be located in a bathroom or a 
clothes closet. A clear working space at least 750 mm (30 
in.) wide and 750 mm (30 in.) in front of the distribution 
panelboard shall be provided. This space shall extend from 
the floor to the top of the distribution panelboard. 

(B) Branch-Circuit Protective Equipment. Branch-circuit 
distribution equipment shall be installed in each mobile 
home and shall include overcunent protection for each 
branch circuit consisting of either circuit breakers or fuses. 

The branch-circuit overcurrent devices shall be rated as 
follows: 

(1) Not more than the circuit conductors; and 

(2) Not more than 150 percent of the rating of a single 
appliance rated 13.3 amperes or more that is supplied by 
an individual branch circuit; but 

(3) Not more than the overcurrent protection size and of the 
type marked on the air conditioner or other motor
operated appliance. 

(C) Two-Pole Circuit Breakers. Where circuit breakers are 
provided for branch-circuit protection, 240-volt circuits shall 
be protected by a 2-pole common or companion trip, or by 
circuit breakers with identified handle ties. 
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(D) Electrical Nameplates. A metal nameplate on the 
outside adjacent to the feeder assembly entrance sha11 
read as follows: 

THIS CONNECTION FOR 120/240-
VOLT, 
3-POLE, 4-WIRE, 60-HERTZ, 

AMPERE SUPPLY 

The correct ampere rating shall be marked in the 
blank space. 

Exception: For manufactured homes, the manufacturer 
shall provide in its written installation instructions or in 
the data plate the minimum ampere rating of the feeder 
assembly or, where provided, the service-entrance 
conductors intended for connection to the manufactured 
home. The rating provided shall not be less than the 
minimum load calculated in accordance with 550.18. 

550.12 Branch Circuits. The number of branch circuits 
required shall be determined in accordance with 
550.I2(A) through (E). 

(A) Lighting. The number of branch circuits shall be 

based on 33 volt-amperes/m2 (3 V A1ft2) times outside 
dimensions of the mobile home (coupler excluded) 
divided by 120 volts to determine the number of 15- or 
20-ampere lighting area circuits, for example, 

3 x length x width 

120 x 15 (or 20) 

No. of 15- (or 20-) ampere circuits 

(B) Small Appliances. In kitchens, pantries, dining 
rooms, and breakfast rooms, two or more 20-ampere 
small-appliance circuits, in addition to the number of 
circuits required elsewhere in this section, shall be 
provided for all receptacle outlets required by 550.13(D) 
in these rooms. Such circuits shall have no other outlets. 

Exception No.1: Receptacle outlets installed solely for 
the electrical supply and support of an electric clock in 
any the rooms specified in 550. 12 (B) shall be permitted. 

Exception No.2: Receptacle outlets installed to provide 
power for supplemental equipment and lighting on gas
fired ranges, ovens, or counter-mounted cooking units 
shall be permitted. 

Exception No.3: A single receptacle for refrigeration 
equipment shall be permitted to be supplied from an 
individual branch circuit rated 15 amperes or greater. 

Countertop receptacle outlets installed in the kitchen 
shall be supplied by not less than two small-appliance 
circuit branch circuits, either or both of which shall be 
permitted to supply receptacle outlets in the kitchen and 
other locations specified in 550.12(B). 
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(C) Laundry Area. Where a laundry area is provided, a 
20-ampere branch circuit shall be provided to supply the 
laundry receptacle outlet(s). This circuit shall have no 
other outlets. 

(D) General Appliances. (Including furnace, water 
heater, range, and central or room air conditioner, etc.). 
There shall be one or more circuits of adequate rating in 
accordance with the following: 

Tnfonnational Note: For central air conditioning, see 
Article 440. 

(1) The ampere rating of fixed appliances shall be not 
over 50 percent of the circuit rating if lighting outlets 
(receptacles, other than kitchen, dining area, and 
laundry, considered as lighting outlets) are on the 
same circuit. 

(2) For fixed appliances on a circuit without lighting 
outlets, the sum of rated amperes shall not exceed the 
branch-circuit rating. Motor loads or continuous loads 
shall not exceed 80 percent of the branch-circuit rating. 

(3) The rating of a single cord-and-plug-connected 
appliance on a circuit having no other outlets shall 
not exceed 80 percent of the circuit rating. 

(4) The rating ofa range branch circuit shall be based on the 
range demand as specified for ranges in 550.18(B)(5). 

(E) Bathrooms. Bathroom receptacle outlets shall be 
supplied by at least one 20-ampere branch circuit. Such 
circuits shall have no outlets other than as provided for in 
550. 13(E)(2). 

550.13 Receptacle Outlets. 

(A) Grounding-Type Receptacle Outlets. All receptacle 
outlets shall comply with the following: 

(1) Be of grounding type 

(2) Be installed according to 406.4 

(3) Except where supplying specific appliances, be 15-
or 20-ampere, 125-volt, either or multiple type, 
and accept parallel-blade attachment plugs 

(B) Ground-Fault Circuit Interrupters (GFCI). All 
I 25-volt, single-phase, 15- and 20-ampere receptacle 
outlets installed outdoors, in compartments accessible 
from outside the unit, or in bathrooms, including 
receptacles in luminaires, shall have GFCI protection. 
OFCI protection shaH be provided for receptacle outlets 
serving countertops in kitchens and receptacle outlets 
located within 1.8 m (6 ft) of a wet bar sink. 

Feeders supplying branch circuits shall be permitted 
to be protected by a ground-fault circuit-interrupter in lieu 
of the provision for such interrupters specified herein. 
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(C) Cord-Connected Fixed Appliance. A grounding-type 
receptacle outlet shall be provided for each cord-connected 
fixed app Hance installed. 

(D) Outlets Required. Except in the bath, 
closet, areas, receptacle outlets sha11 be installed 
at wall spaces 600 mm (2 ft) wide or more so that no point 
along the floor line is more than 1.8 m (6 ft) measured 
horizontally from an outlet in that space. In addition, a 
receptacle outlet shall be installed in the following locations: 

(1) Over or adjacent to countertops in the kitchen [at least 
one on each side of the sink if countertops are on each 
side and are 300 mm (12 in.) or over in width]. 

(2) Adjacent to the refrigerator and freestanding gas-range 
space. A multiple-type receptacle shall be permitted to 
serve as the outlet for a countertop and a refrigerator. 

(3) At countertop spaces for built-in vanities. 

(4) At countertop spaces under wall-mounted cabinets. 

(5) In the wall at the nearest point to where a bar-type 
counter attaches to the walL 

(6) In the wall at the nearest point to where a fixed room 
divider attaches to the walL 

(7) In laundry areas within 1.8 m (6 ft) of the intended 
location of the laundry appliance(s). 

(8) At least one receptacle outlet located outdoors and 
accessible at grade level and not more than 2.0 m (6Yz 
ft) above grade. A receptacle outlet located in a 
compartment accessible from the outside of the unit 
shall be considered an outdoor receptacle. 

(9) At least one receptacle outlet shall be installed in 
bathrooms within 900 mm (36 in.) ofthe outside edge of 
each basin. The receptacle outlet shall be located above 
or adjacent to the basin location. This receptacle shall be 
in addition to any receptacle that is a part of a luminaire 
or appliance. The receptacle shall not be enclosed within 
a bathroom cabinet or vanity. 

(E) Pipe Heating Cable(s) Outlet. For the connection of 
pipe heating cable(s), a receptacle outlet shall be located on 
the underside ofthe unit as follows: 

(1) Within 600 mm (2 ft) of the cold water inlet. 

(2) Connected to an interior branch circuit, other than a 
small-appliance branch circuit. It shall be pennitted to 
use a bathroom receptacle circuit for this purpose. 

(3) On a circuit where all of the outlets are on the load side 
of the ground-fault circuit-interrupter. 

(4) This outlet shall not be considered as the receptacle 
required by 550. 13(D)(8). 

(F) Receptacle Outlets Not Permitted. Receptacle outlets 
shaH not be permitted in the following locations: 

(1 ) Receptacle outlets shall not be installed within 
a bathtub or shower space. 
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(2) A receptacle shall not be installed in a face-up position 
in any countertop. 

(3) Receptacle outlets sha11 not be installed above electric 
baseboard heaters, unless provided for in the listing or 
manufacturer's instructions. 

(G) Receptacle Outlets Not Required. Receptacle outlets 
shall not be required in the following locations: 

(1) In the wall space occupied by built-in kitchen or 
wardrobe cabinets 

(2) In the wall space behind doors that can be opened ful1y 
against a wall surface 

(3) In room dividers of the lattice type that are less than 2.5 
m (8 ft) long, not solid, and within 150 mm (6 in.) of the 
floor 

(4) In the wall space afforded by bar-type counters 

550.14 Luminaires and Appliances. 

(A) Fasten Appliances in Transit. Means shall be provided 
to securely fasten appliances when the mobile home is in 
transit. (See 550.16 for provisions on grounding.) 

(B) Accessibility. Every appliance shall be accessible for 
inspection, service, repair, or replacement without removal 
of permanent construction. 

(C) Pendants. Listed pendant-type luminaires or pendant 
cords shall be permitted. 

(0) Bathtub and Shower Luminaires. Where a luminaire 
is installed over a bathtub or in a shower stall, it shall be of 
the enclosed and gasketed type listed for wet locations. 

550.15 Wiring Methods and Materials. Except as 
specifically limited in this section, the wiring methods and 
materials included in this Code shall be used in mobile 
homes. Aluminum conductors, aluminum alloy conductors, 
and aluminum core conductors such as copper-clad aluminum 
shall not be acceptable for use as branch-circuit wiring. 

(A) Nonmetallic Boxes. Nonmetallic boxes shall be permitted 
only with nonmetallic cable or nonmetallic raceways. 

(B) Nonmetallic Cable Protection. Nonmetallic cable 
located 380 mm (15 in.) or less above the floor, if exposed, 
shall be protected from physical damage by covering boards, 
guard strips, or raceways. Cable likely to be damaged by 
stowage shall be so protected in all cases. 

(C) Metal-Covered and Nonmetallic Cable Protection. 
Metal-covered and nonmetallic cables shall be permitted to 
pass through the centers of the wide side of 2 by 4 studs. 
However, they shaH be protected where they pass through 2 
by 2 studs or at other studs or frames where the cable or 
armor would be less than 32 mm (l ~ in.) from the inside or 
outside surface of the studs where the wall covering 
materials are in contact with the studs. Steel plates on each 
side of the cable, or a tube, with not less than 1.35 mm 
(0.053 in.) wall thickness shall be required to protect the 
cable. These plates or tubes shall be securely held in place. 
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(0) Metal Faceplates. Where metal faceplates are used, they 
shall be grounded. 

(E) Installation Requirements. Where a range, clothes 
dryer, or other appliance is connected by metal-covered 
cable or flexible metal conduit, a length of not less than 900 
mm (3 ft) of unsupported cable or conduit shall be provided 
to service the appliance. The cable or flexible metal conduit 
shall be secured to the walL Type NM or Type SE cable shall 
not be used to connect a range or dryer. This shall not 
prohibit the use of Type NM or Type SE cable between the 
branch-circuit overcurrent protective device and a junction 
box or range or dryer receptacle. 

(F) Raceways. Where rigid metal conduit or intennediate 
metal conduit is terminated at an enclosure with a locknut 
and bushing connection, two locknuts shall be provided, one 
inside and one outside of the enclosure. Rigid nonmetallic 
conduit, electrical nonmetallic tubing, or surface raceway 
shall be pennitted. All cut ends of conduit and tubing shall 
be reamed or otherwise finished to remove rough edges. 

(G) Switches. Switches shall be rated as follows: 

(1) For lighting circuits, switches shall be rated not less than 
10 amperes, 120 to 125 volts, and in no case less than 
the connected load. 

(2) Switches for motor or other loads shall comply with the 
provisions of404.14. 

(H) Under-Chassis Wiring (Exposed to Weather). Where 
outdoor or under-chassis line-voltage (120 volts, nominal, or 
higher) wiring is exposed to moisture or physical damage, it 
shall be protected by rigid metal conduit or intennediate 
metal conduit, c.~~PL~~p~yi~t!<l " , ,ill ( I) , or (2)~ The 
conductors shall be suitable for wet locations. 

( I) Where closely routed agail1stth"lmes and "equIpment 
enclosures. reinforced thermosetting resin conduit 
(RTRC) Listed for aboveground use. Type MJ cabl . 
electrical metallic tubing, or rigid polyvinyl chloride 
<;'~rJQ~it{PVClshali be permitted. 

(2) ' \VherecxtctldingverticaHy~ iTonladirect-burial depth of 
al least 457 mm (18 in.) below grade and lenninated to 8 

factory-installed conduit or enclosure. Schedule 80 PVC 
or gTRC listed for eXJ>OSure to physical damage. 

(n Boxes, Fittings, and Cabinets. Boxes, fittings, and 
cabinets shall be securely fastened in place and shall be 
supported from a structural member of the home, either 
directly or by using a substantial brace. 

Exception: Snap-in-type boxes. Boxes provided with special 
wall or ceiling brackets and wiring devices with integral 
enclosures that securely fasten to walls or ceilings and are 
identifiedfor the use shall be permitted without support from 
a structural member or brace. The testing and approval shall 
include the wall and ceiling constnlction systems for which 
the boxes and devices are intended to be used 
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(J) Appliance Terminal Connections. Appliances having 
branch-circuit tenninal connections that operate at 
temperatures higher than 60°C (140°F) shall have circuit 
conductors as described in the following: 

(1) Branch-circuit conductors having an insulation suitable 
for the temperature encountered shall be permitted to be 
run directly to the appliance. 

(2) Conductors having an insulation suitable for the 
temperature encountered shall be mn from the appliance 
terminal connection to a readily accessible outlet box 
placed at least 300 mm (l ft) from the appliance. These 
conductors shall be in a suitable raceway or Type AC or 
Me cable of at least 450 mm (18 in.) but not more than 
1.8 m (6 ft) in length. 

(K) Component Interconnections. Fittings and connectors 
that are intended to be concealed at the time of assembly 
shall be listed and identified for the interconnection of 
building components. Such fittings and connectors shall be 
equal to the wiring method employed in insulation, 
temperature rise, and fault-current withstanding and shall be 
capable of enduring the vibration and shock occurring in 
mobile home transportation. 

Informational Note: See 550.19 for interconnection of 
multiple section units. 

550.16 Grounding. Grounding of both electrical and 
nonelectrical metal parts in a mobile home shall be 
through connection to a grounding bus in the mobile 
home distribution panelboard and shall be connected 
through the green-colored insulated conductor in the 
supply cord or the feeder wiring to the Iv.ounding bus in 
the service-entrance equipment located adjacent to the 
mobile home location. Neither the frame of the mobile 
home nor the frame of any appliance shall be connected to 
the grounded circuit conductor in the mobile home. 
Where the distribution panelboard is the service 
equipment as permitted by 550.32(B), the neutral 
conductors and the equipment grounding bus shall be 
connected. 

(A) Grounded Conductor. 

(1) Insulated. The grounded circuit conductor shall be 
insulated from the grounding conductors and from 
equipment enclosures and other grounded parts. The 
grounded circuit conductor tenninals in the distribution 
panelboard and in ranges, clothes dryers, counter-mounted 
cooking units, and wall-mounted ovens shall be insulated 
from the equipment enclosure. Bonding screws, straps, or 
buses in the distribution panelboard or in appliances shall be 
removed and discarded. Where the distribution panelboard is 
the service equipment as pennitted by 550.32(B), the neutral 
conductors and the equipment grounding bus shall be 
connected. 
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(2) Connections of Ranges and Clothes Dryers. 
Connections of ranges and clothes dryers with 120/240-volt, 
3-wire ratings shall be made with 4-conductor cord and 3-
pole, 4-wire, grounding-type plugs or by Type AC cable, 
Type MC cable, or conductors enclosed in flexible metal 
conduit. 

(B) Equipment Grounding Means. 

(1) Supply Cord or Permanent Feeder. The green-colored 
insulated grounding wire in the supply cord or permanent 
feeder wiring shall be connected to the grounding bus in the 
distribution panelboard or disconnecting means. 

(2) Electrical System. In the electrical system, all exposed 
metal parts, enclosures, frames, lumina ire canopies, and so 
forth shall be effectively bonded to the grounding terminal or 
enclosure of the distribution panelboard. 

(3) Cord-Connected Appliances. Cord-connected 
appliances, such as washing machines, clothes dryers, and 
refi-igerators, and the electrical system of gas ranges and so 
forth, shall be grounded by means of a cord with an 
equipment grounding conductor and grounding-type 
attachment plug. 

(C) Bonding of Non-Current-Carrying Metal Parts. 

(1) Exposed Non-Current-Carrying Metal Parts. All 
exposed non-cUlTent-carrying metal parts that are likely to 
become energized shall be effectively bonded to the 
grounding terminal or enclosure of the distribution 
panelboard. A bonding conductor shall be connected 
between the distribution panelboard and accessible terminal 
on the chassis. 

(2) Grounding Terminals. Grounding terminals shall be of 
the solderless type and listed as pressure-terminal connectors 
recognized for the wire size used. The bonding conductor 
shall be solid or stranded, insulated or bare, and shall be 8 
A WG copper minimum, or equivalent. The bonding 
conductor shall be routed so as not to be exposed to physical 
damage. 

(3) l\fetallic Piping and Ducts. Metallic gas, water, and 
waste pipes and metallic air-circulating ducts shall be 
considered bonded if they are connected to the terminal on 
the chassis [see 550. I 6(C)(l )] by clamps, solderless 
connectors, or by suitable grounding-type straps. 

(4) Metallic Roof and Exterior Coverings. Any metallic 
roof and exterior covering shall be considered bonded if the 
following conditions are met: 

(1) The metal panels overlap one another and are securely 
attached to the wood or metal frame parts by metallic 
fasteners. 

(2) The lower panel of the metallic exterior covering is 
secured by metallic fasteners at a cross member of the 
chassis by two metal straps per mobile home unit or 
section at opposite ends. 

The bonding strap material shall be a minimum of 100 
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mm (4 in.) in width of material equivalent to the skin or a 
material of equal or better electrical conductivity. The straps 
shall be fastened with paint-penetrating fittings such as 
screws and starwashers or equivalent. 

550.17 Testing. 

(A) Dielectric Strength Test. The wiring of each mobile 
home shall be subjected to a I-minute, 900-volt, dielectric 
strength test (with all switches closed) between live parts 
(including neutral conductor) and the mobile home ground. 
Alternatively, the test shall be permitted to be performed at 
1080 volts for 1 second. This test shall be performed after 
branch circuits are complete and after luminaires or 
appliances are installed. 

Exception: Listed luminaires or appliances shall not be 
required to withstand the dielectric strength test. 

(8) Continuity and Operational Tests and Pola.-ity 
Checks. Each mobile home shall be subjected to all of the 
following: 

(l) An electrical continuity test to ensure that all exposed 
electrically conductive parts are properly bonded 

(2) An electrical operational test to demonstrate that all 
equipment, except water heaters and electric furnaces, is 
connected and in working order 

(3) Electrical polarity checks of permanently wired 
equipment and receptacle outlets to determine that 
connections have been properly made 

550.18 Calculations. The following method shall be 
employed in calculating the supply-cord and distribution
panelboard load for each feeder assembly for each mobile 
home in lieu of the procedure shown in Article 220 and shall 
be based on a 3-wire, 1201240-volt supply with 120-volt 
loads balanced between the two ungrounded conductors of 
the 3-wire system. 

(A) Lighting, Small-Appliance, and Laundry Load. 

(1) Lighting Volt-Amperes. Length times width of mobile 

home floor (outside dimensions) times 33 volt-amperes/m2 

(3 V A/ft2) , tor example, length x width x 3 lighting volt
amperes. 

(2) Small-Appliance Volt-Amperes. Number of circuits 
times 1500 volt-amperes for each 20-ampere appliance 
receptacle circuit (see definition of Appliance, Portable, with 
a fine print note in 550.2), for example, number of circuits x 
1500 = small-appliance volt-amperes. 

(3) Laundry Area Circuit Volt-Amperes. 1500 volt
amperes. 

(4) Total Volt-Amperes. Lighting volt-amperes plus small
appliance volt-amperes plus laundry area volt-amperes 
I~quals total volt-amperes. 
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(5) Net Volt-Amperes. First 3000 total volt-amperes at 100 
percent plus remainder at 35 percent equals volt-amperes to 
be divided by 240 volts to obtain current (amperes) per leg. 

(B) Total Load for Determining Power Supply. Total load 
for determining power supply is the sum of the following: 

(1) Lighting and small-appliance load as calculated in 
550.18(A)(5). 

(2) Nameplate amperes for motors and heater loads 
(exhaust fans, air conditioners, electric, gas, or oil 
heating). Omit smaller of the heating and cooling 
loads, except include blower motor if used as air
conditioner evaporator motor. Where an air 
conditioner is not installed and a 40-ampere power
supply cord is provided, allow 15 amperes per leg for 
air conditioning. 

(3) Twenty-five percent of current oflargest motor in (2). 

(4) Total of nameplate amperes for waste disposer, 
dishwasher, water heater, clothes dryer, wall-mounted 
oven, cooking units. Where the number of these 
appliances exceeds three, use 75 percent of total. 

(5) Derive amperes for freestanding range (as distinguished 
from separate ovens and cooking units) by dividing the 
following values by 240 volts: 

Nameplate Rating Use 

(watts) (volt-amperes) 

0-10,000 80 percent of rating 

Over 10,000 - 12,500 8,000 

Over 12,500-13,500 8,400 

Over 13,500-14,500 8,800 

Over 14,500 - 15,500 9,200 

Over 15,500 - 16,500 9,600 

Over 16,500-17,500 10,000 

(6) If outlets or circuits are provided for other than factory
installed appliances, include the anticipated load. 

Informational Note: Refer to Informative Annex D, 
Example Dll, for an illustration of the application of this 
calculation. 

(C) Optional Method of Calculation for Lighting and 
Appliance Load. The optional method for calculating 
lighting and appliance load shown in 220.82 shall be 
permitted. 

550.19 Interconnection of Multiple-Section Mobile or 
Manufactured Home Units. 
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(A) Wiring Methods. Approved and listed fixed-type wiring 
methods shall be used to join portions of a circuit that must 
be electrically joined and are located in adjacent sections 
after the home is installed on its support foundation. The 
circuit's junction shall be accessible for disassembly when 
the home is prepared for relocation. 

Informational Note: See 550.l5(K) for component 
interconnections. 

(B) Disconnecting Means. Expandable or multiunit 
manufactured homes, not having permanently installed 
feeders, that are to be moved from one location to another 
shall be permitted to have disconnecting means with branch
circuit protective equipment in each unit when so located that 
after assembly or joining together of units, the requirements 
of550.10 will be met. 

550.20 Outdoor Outlets, Luminaires, Air-Cooling 
Equipment, and So Forth. 

(A) Listed for Outdoor Use. Outdoor luminaires and 
equipment shall be listed for wet locations or outdoor use. 
Outdoor receptacles shall comply with 406.9. Where located 
on the underside of the home or located under roof 
extensions or similarly protected locations, outdoor 
luminaires and equipment shall be listed for use in damp 
locations. 

(B) Outside Heating Equipment, Air-Conditioning 
Equipment, or Both. A mobile home provided with a 
branch circuit designed to energize outside heating 
equipment, air-conditioning equipment, or both, located 
outside the mobile home, other than room air conditioners, 
shall have such branch-circuit conductors terminate in a 
listed outlet box, or disconnecting means, located on the 
outside of the mobile home. A label shall be permanently 
affixed adjacent to the outlet box and shall contain the 
following information: 

THIS CONNECTION IS FOR HEATING 
AND/OR AIR-CONDITIONING EQUIPMENT. 
THE BRANCH CIRCUIT IS RATED AT NOT 
MORE THAN AMPERES, AT VOLTS, 60 
HERTZ, 

CONDUCTOR AMP ACITY. 
A DISCONNECTING MEANS SHALL BE LOCATED 
WITHIN SIGHT OF THE EQUIPMENT. 

The correct voltage and ampere rating shall be given. 
The tag shall be not less than 0.51 mm (0.020 in.) thick 
etched brass, stainless steel, anodized or alclad aluminum, or 
equivalent. The tag shall not be less than 75 mm by 45 mm 
(3 in. by 1 % in.) minimum size. 

550.25 Arc-Fault Circuit-Interrupter Protection. 

(A) Definition. Arc-fault circuit interrupters are defined in 
Article 
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(B) !\1obile Homes aJ!c:I~_~_~~I~~'lI .. ~!.J:~f!l~. All 120-
volt branch circuits that supply 15- and 20-ampere outlets 
installed in family rooms. dining rooms. living rooms, 
parlors. librari~St dens. bedrooms. sunrooms. recreation 
rooms, closets. hallways. or si milar rooms or areas of mobile 
homes and manufactured homes shall comply with 210.12. 

III. Services and Feeders 

550.30 Distribution System. The mobile home park 
secondary electrical distribution system to mobile home lots 
shall be single-phase, 120/240 volts, nominal. For the 
purpose of Part III, where the park service exceeds 240 volts, 
nominal, transformers and secondary distribution 
panelboards shall be treated as services. 

550.31 Allowable Demand Factors. Park electrical wiring 
systems shall be calculated (at 120/240 volts) on the larger of 
the following: 

(I) 16,000 volt-amperes for each mobile home lot 

(2) The load calculated in accordance with 550.18 for the 
largest typical mobile home that each lot will accept 

It shall be permissible to calculate the feeder or service 
load in accordance with Table 550.31. No demand factor 
shall be allowed for any other load, except as provided in this 
Code. 

Table 550.31 Demand Factors for Services and Feeders 

Number of Demand Factor 

Mobile Homes (%) 

100 

2 55 

44 

4 39 

5 33 

6 29 

7-9 28 

10-12 27 

13-15 26 

16-21 25 

22-40 24 

41-60 23 

61 and over 22 

550.32 Service Equipment. 

(A) M.obile Home Service Equipment. The mobile home 
service equipment shall be located adjacent to the mobile 
home and not mounted in or on the mobile home. The 
service equipment shall be located in sight from and not 
more than 9.0 m (30 ft) from the exterior wall of the 
mobile home it serves. The service equipment shall be 
permitted to be located elsewhere on the premises, 
provided that a disconnecting means suitable for use as 
service equipment is located within sight from and not 
more than 9.0 m (30 ft) from the exterior wall of the 
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mobile home it serves and is rated not less than that 

required for service equipment ~.~_,, ~.~~()!~~.~~~"_ ~~t~ 
550.32(C). Grounding at the disconnecting means shall be 
in accordance with 250.32. 

(B) Manufactured Home Service Equipment. The 
manufactured home service equipment shall be permitted to 
be installed in or on a manufactured home, provided that all 
ofthe following conditions are met: 

(1) The manufacturer shaH include in its written installation 
instructions information indicating that the home shall 
be secured in place by an anchoring system or installed 
on and secured to a pelmanent foundation. 

(2) The installation of the service shall comply with Part I 
through Part VII of Article 230. 

(3) Means shall be provided for the connection of a 
grounding electrode conductor to the service equipment 
and routing it outside the structure. 

(4) Bonding and grounding of the service shall be in 
accordance with Part I through Part V of Article 250. 

(5) The manufacturer shall include in its written installation 
instructions one method of grounding the service 
equipment at the installation site. The instructions shall 
clearly state that other methods of grounding are found 
in Article 250. 

(6) The minimum size grounding electrode conductor shall 
be specified in the instructions. 

(7) A red warning label shall be mounted on or adjacent to 
the service equipment. The label shall state the 
following: 

WARNING 
DO NOT PROVIDE ELECTRICAL POWER 
UNTIL THE GROUNDING ELECTRODE(S) 

IS INSTALLED AND CONNECTED 
(SEE INST ALLA TION INSTRUCTIONS). 

Where the service equipment is not installed in or on the 
unit, the installation shall comply with the other provisions of 
this section. 

(C) Rating. Mobile home service equipment shall be 
rated at not less than 100 amperes at 120/240 volts, and 
provisions shall be made for connecting a mobile home 
feeder assembly by a permanent wiring method. Power 
outlets used as mobile home service equipment shall also 
be permitted to contain receptacles rated up to 50 amperes 
with appropriate overcurrent protection. Fifty-ampere 
receptacles shall conform to the configuration shown in 
Figure 550.10(C). 

Informational Note: Complete details of the 50-ampere plug 
and receptacle configuration can be found in ANSIINEMA 
WD 6-1989, National Electrical Manufacturers 
Association, Standard for Wiring Devices - Dimensional 
Requirements, Figure 14-50. 
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(D) Additional Outside Electrical Equipment. Means for 
connecting a mobile home accessory building or structure or 
additional electrical equipment located outside a mobile 
home by a fixed wiring method shall be provided in either 
the mobile home service equipment or the local external 
disconnecting means permitted in 550.32(A). 

(E) Additional Receptacles. Additional receptacles shall be 
permitted for connection of electrical equipment located 
outside the mobile home, and all such 125-volt, single-phase, 
15- and 20-ampere receptacles shall be protected by a listed 
ground-fault circuit interrupter. 

(F) Mounting Height. Outdoor mobile home disconnecting 
means shall be installed so the bottom of the enclosure 
containing the disconnecting means is not less than 600 mrn 
(2 ft) above finished grade or working platform. The 
disconnecting means shall be installed so that the center of 
the grip of the operating handle, when in the highest position, 
is not more than 2.0 m (6 ft 7 in.) above the finished grade or 
working platform. 

(G) Marking. Where a 125/250-volt receptacle is used in 
mobile home service equipment, the service equipment shall 
be marked as follows: 

TURN DISCONNECTING SWITCH OR 
CIRCUIT BREAKER OFF BEFORE INSERTING 
OR REMOVING PLUG. PLUG MUST BE FULLY 

INSERTED OR REMOVED. 

The marking shall be located on the service equipment 
adjacent to the receptacle outlet. 

550.33 Feeder. 

(A) Feeder Conductors. Feeder conductors shall comply 
with the following: 

(1) Feeder conductors shall consist of either a listed cord, 
factory installed in accordance with 550.1 O(B), or a 
permanently installed feeder consisting of four 
insulated, color-coded conductors that shall be identified 
by the factory or field marking of the conductors in 
compliance with 310. 1] O. Equipment grounding 
conductors shall not be identified by stripping the 
insulation. 

(2) Feeder conductors shall be installed in compliance with 
250.32(B). 

Exception: For an existing feeder that is installed between 
the service equipment and a disconnecting means as covered 
in 550. 32 (A), it shall be permitted to omit the equipment 
grounding conductor where the grounded circuit conductor 
is grounded at the disconnecting means in accordance with 
250. 32 (B) Exception. 

(B) Feeder Capacity. Mobile home and manufactured 
home lot feeder circuit conductors shall have a capacity not 
less than the loads supplied, shall be rated at not less than 
100 amperes, and shall be permitted to be sized in 
accordance with 310.15(B)(7). 
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ARTICLE 551 
Recreat ional Vehicles and Recreational 

Vehicle Parks 

I. General 

551.1 Scope. The provisions of this article cover the 
electrical conductors and equipment other than low-voltage 
and automotive vehicle circuits or extensions thereof, 
installed within or on recreational vehicles, the conductors 
that connect recreational vehicles to a supply of electricity, 
and the installation of equipment and devices related to 
electrical installations within a recreational vehicle park. 

Informational Note: For information on low-voltage 
systems, refer to NFP A 1192-2008, Standard on 
Recreational Vehicles, and ANSIIRVIA 12V-2005, 
Standard for Low Voltage Systems in Conversion and 
Recreational Vehicles. 

551.2 Definitions. (See Article 100 for additional 
definitions. ) 

Air-Conditioning or Comfort-Cooling Equipment. All of 
that equipment intended or installed for the purpose of 
processing thetr~(ltl11~~~ ... ()f air so as to control 
simultaneously pr individually its temperature, humidity, 
cleanliness, and distribution to meet the requirements of the 
conditioned space. 

Appliance, Fixed. An appliance that is fastened or otherwise 
secured at a specific location. 

Appliance, Portable. An appliance that is actually moved or 
can easily be moved from one place to another in normal use. 

Informational Note: For the purpose of this article, the 
following major appliances, other than built-in, are 
considered portable if cord connected: refrigerators, range 
equipment, clothes washers, dishwashers without booster 
heaters, or other similar appliances. 

Appliance, Stationary. An appliance that is not easily 
moved from one place to another in normal use. 

Camping Trailer. A vehicular portable unit mounted on 
wheels and constructed with collapsible partial side walls 
that fold for towing by another vehicle and unfold at the 
campsite to provide temporary living quarters for 
recreational, camping, or travel use. (See Recreational 
Vehicle.) 

Converter. A device that changes electrical energy from one 
form to another, as from alternating current to direct CUlTent. 

Dead Front (as applied to switches, circuit breakers, 
switchboards, and distribution panelboards). Designed, 
constructed, and installed so that no current-carrying parts 
are normally exposed on the front. 
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Disconnecting Means. The necessary equipment usually 
consisting of a circuit breaker or switch and fuses, and 
their accessories, located near the point of entrance of 
supply conductors in a recreational vehicle and intended 
to constitute the means of cutoff for the supply to that 
recreational vehicle. 

Distribution Panelboard. A single panel or group of 
panel units designed for assembly in the form of a single 
panel, including buses, and with or without switches 
and/or automatic overcurrent protective devices for the 
control of light, heat, or power circuits of small individual 
as well as aggregate capacity; designed to be placed in a 
cabinet or cutout box placed in or against a wall or 
partition and accessible only from the front. 

Frame. Chassis rail and any welded addition thereto of 
metal thickness of 1.35 mm (0.053 in.) or greater. 

An electromotive force rated 24 volts, 

Motor Home. A vehicular unit designed to provide 
temporary living quarters for recreational, camping, or 
travel use built on or permanently attached to a self
propelled motor vehicle chassis or on a chassis cab or van 
that is an integral part of the completed vehicle. (See 
Recreational Vehicle.) 

Power-Supply Assembly. The conductors, including 
ungrounded, grounded, and equipment grounding 
conductors, the connectors, attachment plug caps, and all 
other fittings, grommets, or devices installed for the 
purpose of delivering energy from the source of electrical 
supply to the distribution panel within the recreational 
vehicle. 

Recreational Vehicle. A vehicular-type unit primarily 
designed as temporary living quarters for recreational, 
camping, or travel use, which either has its own motive 
power or is mounted on or drawn by another vehicle. The 
basic entities are travel trailer, camping trailer, truck 
camper, and motor home. 

Recreational Vehicle Park. A plot of land upon which 
two or more recreational vehicle sites are located, 
established, or maintained for occupancy by recreational 
vehicles of the general public as temporary living quarters 
for recreation or vacation purposes. 

Recreational Vehicle Site. A plot of ground within a 
recreational vehicle park set aside for the accommodation 
of a recreational vehicle on a temporary basis. It can be 
used as either a recreational vehicle site or as a camping 
unit site. 

Recreational Vehicle Site Feeder Circuit Conductors. 
The conductors from the park service equipment to the 
recreational vehicle site supply equipment. 
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Recreational Vehicle Site Supply Equipment. The 
necessary equipment, usually a power outlet, consisting of 
a circuit breaker or switch and fuse and their accessories, 
located near the point of entrance of supply conductors to 
a recreational vehicle site and intended to constitute the 
disconnecting means for the supply to that site. 

Recreational Vehicle Stand. That area of a recreational 
vehicle site intended for the placement of a recreational 
vehicle. 

Travel Trailer. A vehicular unit, mounted on wheels, 
designed to provide temporary living quarters for 
recreational, camping, or travel use, of such size or weight 
as not to require special highway movement permits when 
towed by a motorized vehicle, and of gross trailer area 
less than 30 m2 (320 ft2). (See Recreational Vehicle.) 

Truck Camper. A portable unit constructed to provide 
temporary living quarters for recreational, travel, or 
camping use, consisting of a roof, floor, and sides, 
designed to be loaded onto and unloaded from the bed of 
a pickup truck. (See Recreational Vehicle.) 

551.4 General Requirements. 

(A) Not Covered. A recreational vehicle not used for the 
purposes as defined in 551.2 shall not be required to meet the 
provisions of Part IV pertaining to the number or capacity of 
circuits required. It shall, however, meet all other applicable 
requirements of this article if the recreational vehicle is 
provided with an electrical installation intended to be 
energized from a 120-volt, 208Y/120-volt, or 120/240-volt, 
nominal, ac power-supply system. 

(B) Systems. This article covers combination electrical 
systems, generator installations, and 120-volt, 208Y/120-
volt, or 120/240-volt, nominal, systems. 

Informational Note: For information on low-voltage 
systems, refer to NFPA 1192-2008, Standard on 
Recreational Vehicles, and ANSI/RVIA 12V-2005, 
Standard for Low Voltage Systems in Conversion and 
Recreational Vehicles. 

U. Combination Electrical Systems 

551.20 Combination Electrical Systems. 

(A) General. Vehicle wiring suitable for connection to a 
battery or dc supply source shall be permitted to be 
connected to a 120-volt source, provided the entire wiring 
system and equipment are rated and installed in full 
conformity with Parts I, II, III, IV, and V requirements of 
this article covering 120-volt electrical systems. Circuits 
fed from ac transformers shall not supply dc appliances. 

(B) Voltage Converters (120-Volt Alternating Current 
to Low-Voltage Direct Current). The 120-volt ac side of 
the voltage converter shall be wired in full conformity 
with Parts I, II, III, IV, and V requirements of this aI1icle for 
120-volt electrical systems. 
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Exception: Converters supplied as an integral part of a listed 
appliance shall not be subject to 551.20(B). 

All converters and transformers shall be listed for use in 
recreational vehicles and designed or equipped to provide 
overtemperature protection. To detennine the converter rating, 
the following percentages shall be applied to the total 
connected load, including average battery-charging rate, of all 
12-volt equipment: 

The first 20 amperes of load at 100 percent plus 

The second 20 amperes ofload at 50 percent plus 

All load above 40 amperes at 25 percent 

Exception: A low-voltage appliance that is controlled by a 
momentalY switch (normally open) that has no means for 
holding in the closed position or refrigerators with a 120-volt 
function shall not be considered as a connected load when 
determining the reqUired converter rating. Momentarily 
energized appliances shall be limited to those used to prepare 
the vehicle jar occupancy or travel. 

(C) Bonding Voltage Converter Enclosures. The nOl1-
current-carrying metal enclosure of the voltage converter shall 
be connected to the frame of the vehicle with a minimum 8 
A WG copper conductor. The voltage converter shall be 
provided with a separate chassis bonding conductor that shall 
not be used as a current-carrying conductor. 

(D) Dual-Voltage Fixtures, Including Luminaires Olr 

Appliances. Fixtures, including luminaires, or appliances 
having both 120-volt and low-voltage connections shall be 
listed for dual voltage. 

(E) Autotransformers. Autotransfonners shall not be used. 

(F) Receptacles and Plug Caps. Where a recreational vehicle 
is equipped with an ac system, a low-voltage system, or both, 
receptacles and plug caps of the low-voltage system sha11 
differ in configuration fiom those of the ac system. Where a 
vehicle equipped with a battery or other low-voltage system 
has an external connection for low-voltage power, the 
connector shall have a configuration that will not accept ac 
power. 

III. Other Power Sources 

551.30 Generator Installations. 

(A) Mounting. Generators shall be mounted in such a manner 
as to be effectively bonded to the recreational vehicle chassis. 

(B) Generator Protection. Equipment shall be installed to 
ensure that the current -carrying conductors from the engine 
generator and from an outside source are not connected to a 
vehicle circuit at the same time. Automatic transfer switches in 
such applications shall be listed for use in one ofthe following: 

(1) Em rgency systems 

(2) Optional standby systems 
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Receptacles used as disconnecting means shall be 
accessible (as applied to wiring methods) and capable of 
interrupting their rated current without hazard to the 
operator. 

(C) Installation of Storage Batteries and Generators. 
Storage batteries and internal-combustion-driven generator 
units (subject to the provisions of this Code) shall be 
secured in place to avoid displacement from vibration and 
road shock. 

(D) Ventilation of Generator Compartments. 
Compartments accommodating internal-combustion-driven 
generator units shall be provided with ventilation in 
accordance with instructions provided by the manufacturer of 
the generator unit. 

Informational Note: For generator compartment construction 
requirements, see NFP A 1192-2008, Standard on 
Recreational Vehicles. 

(E) Supply Conductors. The supply conductors from the 
engine generator to the first termination on the vehicle shall be 
of the stranded type and be installed in listed flexible conduit 
or listed liquidtight flexible conduit. The point of first 
termination shall be in one of the following: 

(1 ) Panelboard 

(2) Junction box with a blank cover 

(3) Junction box with a receptacle 

(4) Enclosed transfer switch 

(5) Receptacle assembly listed in conjunction with the 
generator 

The panel board or junction box with a receptacle 
shall be installed within the vehicle's interior and within 
450 mm (18 in.) of the compartment wall but not inside 
the compartment. If the generator is below the noor 
level and not in a compartment, the panelboard or 
junction box with receptacle shall be installed within the 
vehicle interior within 450 mm (18 in.) of the point of 
entry into the vehicle. A junction box with a blank cover 
shall be mounted on the compartment wall and shall be 
permitted inside or outside the compartment. A 
receptacle assembly listed in conjunction with the 
generator shall be mounted in accordance with its 
listing. If the generator is below floor level and not in a 
compartment, the junction box with blank cover shall be 
mounted either to any part of the generator supporting 
structure (but not to the generator) or to the vehicle floor 
within 450 mm (18 in.) of any point directly above the 
generator on either the inside or outside of the floor 
surface. Overcurrent protection in accordance with 240.4 
shall be provided for supply conductors as an integral 
part of a listed generator or shall be located within 450 
mm (18 in.) of their point of entry into the vehicle. 
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551.31 Multiple Supply Source. 

(A) Multiple Supply Sources. Where a multiple supply 
system consisting of an alternate power source and a power
supply cord is installed, the feeder from the alternate power 
source shall be protected by an overcurrent protective device. 
Installation shall be in accordance with 55IJO(A), 
551.30(B), and 551.40. 

(B) Multiple Supply Sources Capacity. The multiple 
supply sources shall not be required to be of the same 
capacity. 

(C) Alternate Power Sources Exceeding 30 Amperes. If 
an alternate power source exceeds 30 amperes, 120 volts, 
nominal, it shall be permissible to wire it as a 120-volt, 
nominal, system, a 208Y/120-volt, nominal, system, or a 
120/240-volt, nominal, system, provided an overcurrent 
protective device of the proper rating is installed in the 
feeder. 

(D) Power-Supply Assembly Not Less Than 30 Amperes. 
The external power-supply assembly shall be permitted to be 
less than the calculated load but not less than 30 amperes and 
shall have overcurrent protection not greater than the 
capacity ofthe external power-supply assembly. 

551.32 Other Sources. Other sources of ac power, such as 
inverters, motor generators, or engine generators, shall be 
listed for use in recreational vehicles and shall be installed in 
accordance with the terms of the listing. Other sources of ac 
power shall be wired in fu 11 conformity with the 
requirements in Parts I, II, III, IV, and V of this article 
covering 120-volt electrical systems. 

551.33 Alternate Source Restrictions. Transfer equipment, 
if not integral with the listed power source, shall be installed 
to ensure that the current-carrying conductors from other 
sources of ac power and from an outside soW'ce are not 
connected to the vehicle circuit at the same time. ulomatic 
transtcr switches in such applications shall be li l d for use 
~()fle of the following: 

(1) Emcrg ney systems 

(2) Optional tandby systems 

IV. Nominal 120-Volt or 120/240-Volt Systems 

551.40 120-Volt or 120/240-Volt, Nominal, Systems. 

(A) General Requirements. The electrical equipment and 
material of recreational vehicles indicated for connection to a 
wiring system rated 120 volts, nominal, 2-wire with 
equipment grounding conductor, or a wiring system rated 
120/240 volts, nominal, 3-wire with equipment grounding 
conductor, shall be listed and installed in accordance with the 
requirements of Parts I, II, III, IV, and V of this article. 
Electrical equipment cOimected line-to-line shall have a 
voltage rating of 208-230 volts. 
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(B) Materials and Equipment. Electrical materials, 
devices, appliances, fittings, and other equipment installed 
in, intended for use in, or attached to the recreational 
vehicle shall be listed. All products shall be used only in 
the manner in which they have been tested and found 
suitable for the intended use. 

(C) Ground-Fault Circuit-Interrupter Protection. The 
internal wiring of a recreational vehicle having only one 
15- or 20-ampere branch circuit as permitted in 551.42(A) 
and (B) shall have ground-fault circuit-interrupter 
protection for personnel. The ground-fault circuit 
interrupter shall be installed at the point where the power 
supply assembly terminates within the recreational vehicle. 
Where a separable cord set is not employed, the ground
fault circuit interrupter shall be permitted to be an integral 
part of the attachment plug of the power supply assembly. 
The ground-fault circuit intelTupter shall provide protection 
also under the conditions of an open grounded circuit 
conductor, interchanged circuit conductors, or both. 

551.41 Receptacle Outlets Required. 

(A) Spacing. Receptacle outlets shall be installed at wall 
spaces 600 mm (2 ft) wide or more so that no point along 
the floor line is more than 1.8 m (6 ft), measured 
horizontally, from an outlet in that space. 

Exception No.1: Bath and hal/way areas. 

Exception No.2: Wall spaces occupied by kitchen 
cabinets, wardrobe cabinets, built-in furniture, behind 
doors that may open fully against a wall swjace, or 
similar facilities. 

(B) Location. Receptacle outlets shall be installed as 
follows: 

(1) Adjacent to countertops in the kitchen [at least one on 
each side of the sink if countertops are on each side 
and are 300 mm (12 in.) or over in width] 

(2) Adjacent to the refrigerator and gas range space, 
except where a gas-fired refrigerator or cooking 
appliance, requiring no external electrical connection, 
is factory installed 

(3) Adjacent to countertop spaces of 300 mm (12 in.) or 
more in width that cannot be reached from a receptacle 
required in 551.41(B)(1) by a cord of 1.8 m (6 ft) 
without crossing a traffic area, cooking appliance, or 
sink 

(C) Ground-Fault Circuit-Interrupter Protection. 
Where provided, each 125-volt, single-phase, 15- or 20-
ampere receptacle outlet shall have ground-fault circuit
interrupter protection for personnel in the following 
locations: 
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(1) Adj acent to a bathroom lavatory 

(2) Where the receptacles are installed to serve the 
countertop surfaces and are within 1.8 m (6 ft) of any 
lavatory or sink 

Exception No.1: Receptacles ins tailed for appliances in 
dedicated spaces, such as for dishwashers, disposals, 
refrigerators, jf'eezers, and laundry equipment. 

Exception No.2: Single receptacles for interior 
connections of expandable room sections. 

Exception No.3: De-energized receptacles that are 
within 1.8 m (6 ft) of any sink or lavatory due to the 
retraction of the expandable room section. 

(3) In the area occupied by a toilet, shower, tub, or any 
combination thereof 

(4) On the exterior of the vehicle 

Exception: Receptacles that are located inside of an 
access panel that is installed on the exterior of the vehicle 
to supp~V power for an installed appliance shall not be 
required to have ground-fault circuit-interrupter 
protection. 

The receptacle outlet shall be permitted in a listed 
luminaire. A receptacle outlet shall not be installed in a 
tub or combination tub-shower compartment. 

(D) Face-Up Position. A receptacle shaH not be installed 
in a face-up position in any countertop or similar 
horizontal surfaces within the living area. 

551.42 Branch Circuits Required. Each recreational 
vehicle containing an ac electrical system shall contain 
one of the circuit arrangements in 551.42(A) through (D). 

(A) One IS-Ampere Circuit. One I5-ampere circuit to 
supply lights, receptacle outlets, and fixed appliances. 
Such recreational vehicles shaH be equipped with one 15-
ampere switch and fuse or one I5-ampere circuit breaker. 

(B) One 20-Ampere Circuit. One 20-ampere circuit to 
supply lights, receptacle outlets, and fixed appliances. 
Such recreational vehicles shall be equipped with one 20-
ampere switch and fuse or one 20-ampere circuit breaker. 

(C) Two to Five 15- or 20-Ampere Circuits. A 
maximum of five 1 5- or 20-ampere circuits to supply 
lights, receptacle outlets, and fixed appliances shall be 
permitted. Such recreational vehicles shall be permitted to 
be equipped with distribution panelboards rated 120 volts 
maximum or 120/240 volts maximum and listed for 30-
ampere application supplied by the appropriate power
supply assemblies. Not more than two 120-volt 
thermostatically controlled appliances (e.g., air 
conditioner and water heater) shall be installed in such 
systems unless appliance isolation switching, energy 
management systems, or similar methods are used. 
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Exception: Additional /5- or 20-ampere circuits shall be 
permitted where a listed energy management system rated 
at 30-ampere maximum is employed 'Yvithin the system. 

Informational Note: See 21 O.23(A) for permissible loads. 
See 551.45(C) for main disconnect and overcurrent 
protection requirements. 

(D) More Than Five Circuits Without a Listed Energy 
Management System. A 50-ampere, 120/208-240-volt 
power-supply assembly and a minimum 50-ampere-rated 
distribution panelboard shan be used where six or more 
circuits are employed. The load distribution shall ensure a 
reasonable current balance between phases. 

551.43 Branch-Circuit Protection. 

(A) Rating. The branch-circuit overcurrent devices shall be 
rated as follows: 

(1) Not more than the circuit conductors, and 

(2) Not more than 150 percent of the rating of a single 
appliance rated 13.3 amperes or more and supplied by 
an individual branch circuit, but 

(3) Not more than the overcurrent protection size marked 
on an air conditioner or other motor-operated 
appJiances 

(B) Protection for Smaller Conductors. A 20-ampere 
fuse or circuit breaker shall be permitted for protection for 
fixtures, including luminaires, leads, cords, or small 
appliances, and 14 AWG tap conductors, not over 1.8 m (6 
ft) long for recessed luminaires. 

(C) Fifteen-Ampere Receptacle Considered Protected 
by 20 Amperes. If more than one receptacle or load is on a 
branch circuit, a 15-ampere receptacle shall be permitted to 
be protected by a 20-ampere fuse or circuit breaker. 

551.44 Power-Supply Assembly. 

Each recreational vehicle shall have only one of the main 
power-supply assemblies covered in 551.44(A) through (0). 

(A) Fifteen-Ampere Main Power-Supply Assembly. 
Recreational vehicles wired in accordance with 551.42(A) 
shall use a listed I5-ampere or larger main power-supply 
assembly. 

(8) Twenty-Ampere Main Power-Supply Assembly. 
Recreational vehicles wired in accordance with 551.42(B) 
shal1 use a listed 20-ampere or larger main power-supply 
assembly. 

(C) Thirty-Ampere Main Power-Supply Assembly. 
Recreational vehicles wired in accordance with 551.42(C) 
shall use a listed 30-ampere or larger main power-supply 
assembly. 

(D) Fifty-Ampere Power-Supply Assembly. Recreational 
vehicles wired in accordance with 551.42(D) shall use a 
listed 50-ampere, ] 20/208-240-volt main power-supply 
assembly. 
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551.45 Distribution Panelboard. 

(A) Listed and Appropriately Rated. A listed and 
appropriately rated distribution panelboard or other 
equipment specifically listed for this purpose shall be used. 
The grounded conductor temlination bar shall be insulated 
from the enclosure as provided in 551.54(C). An equipment 
grounding tenninal bar shall be attached inside the enclosure 
of the panelboard. 

(B) Location. The distribution panelboard shall be installed 
in a readily accessible location with the RV in the setup 
mode. Working clearance for the panel board with the RV in 
the setup mode shall be not less than 600 mm (24 in.) wide 
and 750 mm (30 in.) deep. 

Exception No.1: U'here the panelboard cover is exposed to 
the inside aisle space, one of the working clearance 
dimensions shall be permitted to be reduced to a minimum of 
550 mm (22 in.). A panelboard is considered exposed where 
the panelboard cover is within 50 mm (2 in.) of the aisle's 
finished surface. 

Exception No.2: Compartment doors used for access to a 
generator shall be permitted to be equipped with a locking 
system. 

(C) Dead-Front Type. The distribution panel board shall be 
ofthe dead-front type and shall consist of one or more circuit 
breakers or Type S fuseholders. A main disconnecting means 
shall be provided where fuses are used or where more than 
two circuit breakers are employed. A main overcurrent 
protective device not exceeding the power-supply assembly 
rating shall be provided where more than two branch circuits 
are employed. 

551.46 Means for Connecting to Power Supply. 

(A) Assembly. The power-supply assembly or assemblies 
shall be factory supplied or factory installed and be of one of 
the types specified herein. 

(1) Separable. Where a separable power-supply assembly 
consisting of a cord with a female connector and molded 
attachment plug cap is provided, the vehicle shall be 
equipped with a permanently mounted, flanged surface inlet 
(male, recessed-type motor-base attachment plug) wired 
directly to the distribution panelboard by an approved wiring 
method. The attachment plug cap shall be of a listed type. 

(2) Permanently Connected. Each power-supply assembly 
shall be connected directly to the terminals of the distribution 
panelboard or conductors within a junction box and provided 
with means to prevent strain from being transmitted to the 
telminals. The ampacity of the conductors between each 
junction box and the terminals of each distribution 
panelboard shall be at least equal to the ampacity of the 
power-supply cord. The supply end of the assembly shall be 
equipped with an attachment plug of the type described in 
551.46(C). Where the cord passes through the walls or 
floors, it shaH be protected by means of conduit and bushings 
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or equivalent. The cord assembly shall have permanent 
provisions for protection against corrosion and mechanical 
damage while the vehicle is in transit, 

(B) Cord. The cord exposed usable length shall be measured 
from the point of entrance to the recreational vehicle or the 
face of the flanged surface inlet (motor-base attachment 
plug) to the face ofthe attachment plug at the supply end. 

The cord exposed usable Jength, measured to the point of 
entry on the vehicle exterior, shall be a minimum of 7.5 m 
(25 ft) where the point of entrance is at the side ofthe vehicle 
or shall be a minimum 9.0 m (30 ft) where the point of 
entrance is at the rear of the vehic1e. 

Where the cord entrance into the vehicle is more than 900 
mm (3 ft) above the ground, the minimum cord lengths 
above shall be increased by the vertical distance of the cord 
entrance heights above 900 mm (3 ft). 

fnfonnational Note: See 551.46(E). 

(C) Attachment Plugs. 

(1) Units with One I5-Ampere Branch Circuit. 
Recreational vehicles having only one I5-ampere branch 
circuit as permitted by 551.42(A) shall have an attachment 
plug that shall be 2-pole, 3-wire grounding type, rated 15 
amperes, 125 volts, conforming to the configuration shown 
in Figure 551.46(C) . 

Infonnational Note: Complete details of this configuration 
can be fOlmd in ANSlfNEMA WD 6-2002, National 
Electrical Manufacturers Association's Standard for 
Dimensions of Attachment Plugs and Receptacle, Figure 
5.15. 

(2) Units with One 20-Ampere Branch Circuit. 
Recreational vehicles having only one 20-ampere branch 
circuit as permitted in 551.42(8) shall have an attachment 
plug that shall be 2-pole, 3-wire grounding type, rated 20 
amperes, 125 volts, conforming to the confIguration shown 
in Figure 551.46(C). 

Infonnational Note: Complete details of this configuration 
can be found in ANSIINEMA WD 6-2002, National 
Electrical Manufacturers Association's Standard for 
Dimensions of Attachment Plugs and Receptacles, Figure 
5.20. 

(3) Units with Two to Five 15- or 20-Ampere Branch 
Circuits. Recreational vehicles wired in accordance with 
551.42(C) shall have an attachment plug that shall be 2-pole, 
.3-wire grounding type, rated 30 amperes, 125 volts, 
conforming to the configuration shown in Figure 551.46(C) , 
intended for use with units rated at 30 amperes, 125 volts. 

Informational Note: Complete details of this 
configuration can be found in ANSIINEMA WD 6-
2002, National Electrical Manufacturers Association's 
Standard for Dimensions of Attachment Plugs and 
Receptacles, Figure TT. 
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20-A, 125-V, 
2-pole, 3~wire, 
grounding type 
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w 
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~ 125-V. 20-A, 2-pole. 3-wire, 
~ grounding type 

@9GI125-V'15-A.2-pole'3-wire, 
W II grounding type 

@G 
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w 

3D-A, 125-V, 2-pole, 3-wire, grounding type 

@G 
xl Iv 

Iw 

50-A, 125/250-V, 3-po/e, 4-wire, grounding type 

Figure 551.46(C) Configurations for Grounding-Type 
Receptacles and Attachment Plug Caps Used for 
Recreational Vehicle Supply Cords and RecreationaJ VehiclE~ 
Lots. 

(4) Units with 50-Ampere Power-Supply Assembly.. 
Recreational vehicles having a power-supply assembly 
rated 50 amperes as permitted by 551.42(D) shall have a 
3-pole, 4-wire grounding-type attachment plug rated 50 
amperes, 125/250 volts, conforming to the configuration 
shown in Figure 551.46(C) . 

Informational Note: Complete details of this 
configuration can be found in ANSIINEMA 
WD 6-2002, National Electrical Manufacturers 
Association's Standard for Dimensions of 
Attachment Plugs and Receptacles, Figure 14.50. 

(D) Labeling at Electrical Entrance. Each recreational 
vehicle shall have permanently affixed to the exterior 
skin, at or near the point of entrance of the power-supply 
cord(s), a label 75 mmx 45 mm (3 in. x 1 % in.) minimum 
size, made of etched, metal-stamped, or embossed brass, 
stainless steel, or anodized or alclad aluminum not less 
than 0.51 mm (0.020 in.) thick, or other suitable material 
[e.g., 0.13 mm (0.005 in.) thick plastic laminate] that 
reads, as appropriate, either 

or 

THIS CONNECTION IS FOR 1l0-125-VOLT AC, 

60HZ, AMPERE SUPPLY. 

THIS CONNECTION IS FOR 208Y1120-VOLT or 
120/240-VOLT AC, 3-POLE, 4-WIRE, 

60 HZ, AMPERE SUPPLY. 

The correct ampere rating shall be marked in the 
b lank space. 
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(E) Location. The point of entrance of a power-supply 
assembly shall be located within 4.5 m (15 ft) of the rear, 
on the left (road) side or at the rear, left of the 
longitudinal center of the vehicle, within 450 mm (18 in.) 
of the outside wall. 

Exception No.1: A recreational vehicle equipped with 
only a listed flexible drain system or a side-vent drain 
system shall be permitted to have the electrical point of 
entrance located on either side, provided the drain(s) for 
the plumbing system is (are) located on the same side. 

Exception No.2: A recreational vehicle shall be permitted 
to have the electrical pOint of entrance located more than 
4.5 m (15 ft) from the rear. Where this occurs, the distance 
beyond the 4.5-m (15-ft) dimension shall be added to the 
cord's minimum length as specified in 551.46(B). 

Exception No.3: Recreational vehicles designed for 
transporting livestock shall be permitted to have the 
electrical point of entrance located on either side or the 
front. 

551.47 Wiring Methods. 

(A) Wiring Systems. Cables and raceways installed in 
accordance with Articles 320, 322, 330 through 340, 342 
through 362,386, and 388 shall be permitted in accordance 
with their appJicable article, except as otherwise specified 
in this article. An equipment grounding means shall be 
provided in accordance with 250.1 I 8. 

(B) Conduit and Tubing. Where rigid metal conduit or 
intermediate metal conduit is terminated at an enclosure 
with a locknut and bushing connection, two locknuts shall 
be provided, one inside and one outside of the enclosure. 
All cut ends of conduit and tubing shall be reamed or 
otherwise finished to remove rough edges. 

(C) Nonmetallic Boxes. Nonmetallic boxes shall be 
acceptable only with nonmetallic-sheathed cable or 
nonmetallic raceways. 

(D) Boxes. In walls and ceilings constructed of wood or 
other combustible material, boxes and fittings shall be 
flush with the finished surface or project therefrom. 

(E) Mounting. Wall and ceiling boxes shall be mounted 
in accordance with Article 314. 

Exception No.1: Snap-tn-type boxes or boxes provided 
with special wall or ceiling brackets that securely fasten 
boxes in walls or ceilings shall be permitted. 

Exception No.2: A wooden plate providing a 38-mm 
(1 %- in.) minimum width backing around the box and of a 
thickness of 13 mm (% in.) or greater (actual) attached 
directly to the wall panel shall be considered as approved 
meansfor mounting outlet boxes. 

(F) Raceway and Cable Continuity. Raceways and 
cable sheaths shall be continuous between boxes and 
other enclosures. 
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(G) Protected. Metal-clad, Type AC, or nonmetallic
sheathed cables and electrical nonmetallic tubing shall 
be permitted to pass through the centers of the wide side 
of 2 by 4 wood studs. However, they shall be protected 
where they pass through 2 by 2 wood studs or at other 
wood studs or frames where the cable or tubing would 
be less than 32 mm (11;4 in.) from the inside or outside 
surface. Steel plates on each side of the cable or tubing 
or a steel tube, with not less than 1.35 mm (0.053 in.) 
wall thickness, shall be installed to protect the cable or 
tubing. These plates or tubes shall be securely held in 
place. Where nonmetallic-sheathed cables pass through 
punched, cut, or drilled slots or holes in metal members, 
the cable shall be protected by bushings or grommets 
securely fastened in the opening prior to installation of 
the cable. 

(H) Bends. No bend shall have a radius of less than five 
times the cable diameter. 

(I) Cable Supports. Where connected with cable 
connectors or clamps, cables shall be supported within 300 
mm (12 in.) of outlet boxes, distribution panelboards, and 
splice boxes on appliances. Supports shall be provided ~t 
intervals not exceeding 1.4 m (4Yz ft) at other places. 

(J) Nonmetallic Box Without Cable Clamps. 
Nonmetallic-sheathed cables shall be supported within 
200 mm (8 in.) of a nonmetallic outlet box without cable 
clamps. Where wiring devices with integral enclosures are 
employed with a loop of extra cable to permit future 
replacement of the device, the cable loop shall be 
considered as an integral portion of the device. 

(K) Physical Damage. Where subject to physical 
damage, exposed nonmetallic cable shall be protected by 
covering boards, guard strips, raceways, or other means. 

(L) Receptacle Faceplates. Metal faceplates shall 
comply with Section 406.5(A). Nonmetallic faceplates 
shall comply with Section 406.5(C). 

(M) Metal Faceplates Grounded. Where metal 
faceplates are used, they shall be grounded. 

(N) Moisture or Physical Damage. Where outdoor or 
under-chassis wiring is 120 volts, nominal, or over and is 
exposed to moisture or physical damage, the wiring shall 
be protected by rigid metal conduit, by intermediate metal 
conduit, or by electrical metallic tubing, rigid nonmetallic 
conduit, or Type MI cable, that is closely routed against 
frames and equipment enclosures or other raceway or 
cable identified for the application. 

(0) Component Interconnections. Fittings and 
connectors that are intended to be concealed at the time of 
assembly shall be listed and identified for the 
interconnection of building components. Such fittings and 
connectors shall be equal to the wiring method employed 
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in insulation, temperature rise, and fault-current 
withstanding and shall be capable of enduring the 
vibration and shock occurring in recreational vehicles. 

(P) Method of Connecting Expandable Units. The 
method of connecting expandable units to the main body 
of the vehicle shall comply with 551.47(P)(1) or (P)(2): 

(1) Cord-and-Plug-Connected. Cord-and-plug 
connections shall comply with ( a) through (d). 

(a) That portion of a branch circuit that is installed 
in an expandable unit shall be permitted to be connected 
to the portion of the branch circuit in the main body of the 
vehicle by means of an attachment plug and cord listed 
for hard usage. The cord and its connections shall comply 
with all provisions of Article 400 and shall be considered 
as a permitted use under 400.7. Where the attachment 
plug and cord are located within the vehicle's interior, use 
of plastic thermoset or elastomer parallel cord Type SPT-
3, SP-3, or SPE shall be permitted. 

(b) Where the receptacle provided for connection of 
the cord to the main circuit is located on the outside of the 
vehicle, it shall be protected with a ground-fault circuit 
interrupter for personnel and be listed for wet locations. A 
cord located on the outside of a vehicle shall be identified 
for outdoor use. 

(c) Unless removable or stored within the vehicle 
interior, the cord assembly shall have permanent 
provIsIons for protection against corrosion and 
mechanical damage while the vehicle is in transit. 

(d) The attachment plug and cord shall be installed 
so as not to permit exposed live attachment plug pins. 

(2) Direct Wired. That portion of a branch circuit that is 
installed in an expandable unit shall be permitted to be 
connected to the portion of the branch circuit in the main 
body of the vehicle by means of flexible cord installed in 
accordance with 551.47(P)(2)(a) through (P)(2)(e) or 
other approved wiring method. 

(a) The flexible cord shall be listed for hard usage 
and for use in wet locations. 

(b) The flexible cord shall be permitted to be 
exposed on the underside of the vehicle. 

(c) The flexible cord shall be permitted to pass 
through the interior of a wall or floor assembly or both a 
maximum concealed length of 600 mrn (24 in.) before 
terminating at an outlet or junction box. 

(d) Where concealed, the flexible cord shall be 
installed in nonflexible conduit or tubing that is 
continuous from the outlet or junction box inside the 
recreational vehicle to a weatherproof outlet box, junction 
box, or strain relief fitting listed for use in wet locations 
that is located on the underside of the recreational vehicle. 

70-497 



551.48 ARTICLE 551 - RECREATIONAL VEHICLES AND RECREATIONAL VEHICLE PARKS 

The outer jacket of the flexible cord shall be continuous into 
the outlet or junction box. 

(e) Where the flexible cord passes through the floor 
to an exposed area inside of the recreational vehicle, it shall 
be protected by means of conduit and bushings or equivalent. 

Where subject to physical damage, the flexible cord 
shall be protected with RMC. IMC Schedule 80 PVC, 
reinforced thennosetting resin conduit (RTRC) Ii. «.'<1 fOT: 
exposure to physical damage, or other approved means and 
shall extend at least 150 mm (6 in.) above the floor. A 
means shall be provided to secure the flexible cord where it 
enters the recreational vehicle. 

(Q) Prewiring for Air-Conditioning Installation. 
Prewiring installed for the purpose of facilitating future air
conditioning installation shall comply with the applicable 
portions of this article and the following: 

(1) An overcurrent protective device with a rating 
compatible with the circuit conductors shall be installed 
in the distribution panelboard and wiring connections 
completed. 

(2) The load end of the circuit shall terminate in a junction 
box with a blank cover or other listed enclosure. Where 
a junction box with a blank cover is used, the free ends 
of the conductors shall be adequately capped or taped. 

(3) A label conforming to 551.46(D) shall be placed on or 
adjacent to the junction box and shall read as follows: 

AIR-CONDITIONING CIRCUIT. 

THIS CONNECTION IS FOR 
AIR COJ\IDITIONERS 

RATED 110-125-VOLT AC, 60 
HZ, 

AMPERES MAXIMUM. 

DO NOT EXCEED CIRCUIT 
RATING. 

An ampere rating, not to exceed 80 percent of 
the circuit rating, shall be legibly marked in the 
blank space. 

(4) The circuit shal1 serve no other purpose. 

(R) Prewiring for Generator Installation. Prewiring 
installed for the purpose of facilitating future generator 
installation shall comply with the other applicable portions of 
this article and the following: 

(1) Circuit conductors shall be appropriately sized in 
relation to the anticipated load as slated on the label 
required in (R)(4). 

(2) Where junction boxes are utilized at either of the circuit 
originating or terminus points, free ends of the 
conductors shall be adequately capped or taped. 
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(3) Where devices such as receptacle outlet, transfer switch, 
and so forth, are installed, the installation shall be 
complete, including circuit conductor connections. All 
devices shall be listed and appropriately rated. 

(4) A label conforming to 551.46(D) shall be placed on the 
cover of each junction box containing incomplete 
circuitry and shall read, as appropriate, either 

or 

G 'NERATOR 
ONLY INSTALL A GENERATOR LISTED 

SPECIFICALLY FOR RV USE 
HA VrNG OVERCURRENT PROTECTION 

RATED 1101125-VOLT AC, 
60 HZ, AMPERES MAXIMUM. 

GENERATOR 
ONLY INSTALL A GENERATOR LISTED 

SPECIFICALL Y FOR RV USE 
HA VI G OVERCURRENT PROTECfION 

RATED 120/240-VOLT AC, 
60 HZ, AMPERES MAXIMUM. 

The correct ampere rating shall be legibly marked in the 
blank space. 

(S) Prewiring for Other Circuits. Pre wiring installed for 
the purpose of installing other appliances or devices shall 
comply with the applicable portions of this article and the 
following: 

(1 ) An overcurrent protection device with a rating 
compatible with the circuit conductors shall be installed 
in the distribution panelboard with wiring connections 
completed. 

(2) The load end of the circuit shall terminate in a junction 
box with a blank cover or a device listed for the 
purpose. Where a junction box with blank cover is 
used, the free ends of the conductors shall be adequately 
capped or taped. 

(3) A label conforming to 551.46(D) shall be placed on or 
adjacent to the junction box or device listed for the 
purpose and shall read as follows: 

THIS CONNECTION IS FOR RATED 
VOLT AC, 60 HZ, AMPERES MAXIMUM. DO 

NOT EXCEED CIRCUIT RATING. 

AN AMPERE RATING NOT TO EXCEED 80 PERCENT 
OF THE CIRCUIT RATING SHALL BE LEGIBLY 

MARKED IN THE BLANK SPACE. 

551.48 Conductors and Boxes. The maximum number of 
conductors permitted in boxes shall be in accordance with 
314.16. 

551.49 Grounded Conductors. The identification of 
grounded conductors shall be in accordance with 200.6. 

551.50 Connection of Terminals and Splices. Conductor 
splices and connections at terminals shall be in 
accordance with 110.14. 
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551.51 Switches. 

(A) Rating. Switches shall be rated in accordance with 
551.51(A)(1) and (A)(2). 

(1) Lighting Circuits. For lighting circuits, switches shall 
be rated not less than 10 amperes, 120-125 volts and in 
no case less than the connected load. 

(2) Motors or Other Loads. Switches for motor or other 
loads shall comply with the provisions of 404.14. 

(B) Location. Switches shall not be installed within wet 
locations in tub or shower spaces unless installed as part 
of a listed tub or shower assembly. 

551.52 Receptacles. All receptacle outlets shall be of the 
grounding type and installed in accordance with 406.4 
and 210.21. 

551.53 Luminaires. 

(A) General. Any combustible wall or ceiling finish 
exposed between the edge of a luminaire canopy, or pan 
and the outlet box, shall be covered with noncombustible 
material or a material identified for the purpose. 

(B) Shower Luminaires. If a luminaire is provided over a 
bathtub or in a shower stall, it shall be of the enclosed and 
gasketed type and listed for the type of installation, and it 
shall be ground-fault circuit-interrupter protected. 

(C) Outdoor Outlets, Luminaires, Air-Cooling 
Equipment, and So On. Outdoor luminaires and other 
equipment shall be listed for outdoor use. 

551.54 Grounding. (See also 551.56 on bonding of 
non-current-carrying metal parts.) 

(A) Power-Supply Grounding. The grounding conductor 
in the supply cord or feeder shall be connected to the 
grounding bus or other approved grounding means in the 
distribution panelboard. 

(B) Distribution Panelboard. The distribution 
panelboard shall have a grounding bus \\lith terminals for 
all grounding conductors or other approved grounding 
means. 

(C) Insulated Grounded Conductor (Neutral 
Conductor)~ The grounded circuit conductor (neutral 
conductor) shall be insulated from the equipment 
grounding conductors and from equipment enclosures and 
other grounded parts. The grounded circuit conductor 
(neutral conductor) terminals in the distribution 
panelboard and in ranges, clothes dryers, counter
mounted cooking units, and wall-mounted ovens shall be 
insulated from the equipment enclosure. Bonding screws, 
straps, or buses in the distribution panelboard or in 
appliances shall be removed and discarded. Connection of 
electric ranges and electric clothes dryers utilizing a 
grounded conductor, if cord-connected, shall be made 
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with 4-conductor cord and 3-pole, 4-wire grounding-type 
plug caps and receptacles. 

551.55 Interior Equipment Grounding. 

(A) Exposed Metal Parts. In the electrical system, all 
exposed metal parts, enclosures, frames, luminaire 
canopies, and so forth, shall be effectively bonded to the 
grounding terminals or enclosure of the distribution 
panelboard. 

(B) Equipment Grounding and Bonding Conductors. 
Bare wires, insulated wire with an outer finish that is 
green or green with one or more yellow stripes, shall be 
used for equipment grounding or bonding conductors 
only. 

(C) Grounding of Electrical Equipment. Grounding of 
electrical equipment shall be accomplished by one or 
more of the following methods: 

(1) Connection of metal raceway, the sheath of Type MC 
and Type MI cable where the sheath is identified for 
grounding, or the armor of Type AC cable to metal 
enclosures. 

(2) A connection between the one or more equipment 
grounding conductors and a metal enclosure by 
means of a grounding screw, which shall be used for 
no other purpose, or a listed grounding device. 

(3) The equipment grounding conductor in nonmetallic
sheathed cable shall be pennitted to be secured under 
a screw threaded into the 1 uminaire canopy other than 
a mounting screw or cover screw, or attached to a 
listed grounding means (plate) in a nonmetallic outlet 
box for luminaire mounting. [Grounding means shall 
also be permitted for luminaire attachment screws.] 

(D) Grounding Connection in Nonmetallic Box. A 
connection between the one or more equipment grounding 
conductors brought into a nonmetallic outlet box shall be 
so arranged that a connection of tlleeq\Ji~~~"~I]! ,"gr~llJ1~j!1g 
~()ll~l.I<.;t(?~ can be made to any fitting or device in that box 
that requires grounding. 

(E) Grounding Continuity. Where more than one 
equipment grounding or bonding conductor of a branch 
circuit enters a box, all such conductors shall be in good 
electrical contact with each other, and the arrangement 
shall be such that the disconnection or removal of a 
receptacle, luminaire, or other device fed from the box 
will not interfere with or interrupt the grounding 
continuity. 

(F) Cord-Connected Appliances. Cord-connected 
appliances, such as washing machines, clothes dryers, 
refrigerators, and the electrical system of gas ranges, and 
so forth, shall be grounded by means of an approved cord 
with equipment grounding conductor and grounding-type 
attachment plug. 
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551.56 Bonding of Non-Current-Carrying Metal Parts. 

(A) Required Bonding. All exposed non~urrent-carrying 
metal parts that are likely to become energized shall be 
effectively bonded to the grounding terminal or enclosure of 
the distribution panelboard. 

(B) Bonding Chassis. A bonding conductor shall be 
connected between any distribution panelboard and an 
accessible terminal on the chassis. Aluminum or copper-clad 
aluminum conductors shall not be used for bonding if such 
conductors or their terminals are exposed to corrosive 
elements. 

Exception: Any recreational vehicle that employs a unitized 
metal chassis-frame construction to which the distribution 
panelboard is securely fastened with a bolt(s) and nut(s) or 
by welding or riveting shall be considered to be bonded. 

(C) Bonding Conductor Requirements. Grounding 
terminals shall be of the solderless type and listed as pressure 
terminal connectors recognized for the wire size used. The 
bonding conductor shall be solid or stranded, insulated or 
bare, and shall be 8 A WG copper minimum, or equal. 

(D) Metallic Roof and Exterior Bonding. The metal roof 
and exterior covering shall be considered bonded where both 
of the following conditions apply: 

(l) The metal panels overlap one another and are securely 
attached to the wood or metal frame parts by metal 
fasteners. 

(2) The lower panel of the metal exterior covering is 
secured by metal fasteners at each cross member of the 
chassis, or the lower panel is connected to the chassis by 
a metal strap. 

(E) Gas, Water, and Waste Pipe Bonding. The gas, water, 
and waste pipes shall be considered grounded if they are 
bonded to the chassis. 

(F) Furnace and Metal Air Duct Bonding. Furnace and 
metal circulating air ducts shall be bonded. 

551.57 Appliance Accessibility and Fastening. Every 
appliance shall be accessible for inspection, service, repair, 
and replacement without removal ofpermanent construction. 
Means shall be provided to securely fasten appliances in 
place when the recreational vehicle is in transit. 

V. Factory Tests 

551.60 Factory Tests (Electrical). Each recreational vehicle 
designed with a 120-volt or a 120/240-volt electrical system 
shall withstand the applied potential without electrical 
breakdown of a I-minute, 900-volt ac or 1280-volt de: 
dielectric strength test, or a I-second, 1080-volt ac or 1530-, 
volt dc dielectric strength test, with all switches closed, 
between ungrounded and grounded conductors and the 
recreational vehicle ground. During the test, all switches and 
other controls shall be in the "on" position. Fixtures, 
including luminaires and permanently installed appliances, 
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shall not be required to withstand this test. The test shall be 
performed after branch circuits are complete prior to 
energizing the system and again after all outer coverings and 
cabinetry have been secured. The dielectric le'S! shan bC 
performed in accordanc with the tcst equip men. 
manufacturer's written instructions. 

Each recreational vehicle shall be subjected to all of the 
following: 

(1) A continuity test to ensure that all metal parts are 
properly bonded 

(2) Operational tests to demonstrate that all equipment is 
properly connected and in working order 

(3) Polarity checks to determine that connections have been 
properly made 

(4) GFCI test to demonstrate that the ground fault 
protection device( s) installed on the recreational vehicle 
are operating properly. 

VI. Recreational Vehicle Parks 

551. 71 Type Receptacles Provided. Every recreational 
vehicle site with electrical supply shall be equipped with at 
least one 20-ampere, 125-volt receptacle. A minimum of 20 
percent of all recreational vehicle sites, with electrical 
supply, shall each be equipped with a 50-ampere, 125/250-
volt receptacle conforming to the configuration as identified 
in Figure 551.46(C) . These electrical supplies shall be 
permitted to include additional receptacles that have 
configurations in accordance with 55l.81. A minimum of70 
percent of all recreational vehicle sites with electrical supply 
shall each be equipped with a 30-ampere, 125-volt receptacle 
conforming to Figure 551.46(C) . This supply shall be 
permitted to include additional receptacle configurations 
conforming to 551.81. The remainder of all recreational 
vehicle sites with electrical supply shall be equipped with 
one or more of the receptacle configurations conforming to 
55l.81. Dedicated tent sites with a 15- or 20-ampere 
electrical supply shall be permitted to be excluded when 
determining the percentage of recreational vehicle sites with 
30- or 50-ampere receptacles. 

Additional receptacles shall be permitted for the 
connection of electrical equipment outside the recreational 
vehicle within the recreational vehicle park. 

All 125-volt, single-phase, 15- and 20-ampere 
receptacles shall have listed ground-fault circuit-interrupter 
protection for personnel. 

lnformational Note: The percentage of 50 ampere sites 
required by 551.71 may be inadequate for seasonal 
recreational vehicle sites serving a higher percentage of 
recreational vehicles with 50 ampere electrical systems. In 
that type of recreational vehicle park, the percentage of 50 
ampere sites could approach 100 percent. 
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551.72 Distribution System. Receptacles rated at 50 
amperes shall be supplied from a branch circuit of the 
voltage class and rating of the receptacle. Other recreational 
vehicle sites with 125-volt, 20- and 30-ampere receptacles 
shall be permitted to be derived from any grounded 
distribution system that supplies 120~volt single-phase 
power. The neutral conductors shall not be reduced in size 
below the size of the ungrounded conductors for the site 
distribution. The neutral conductors shall be permitted to be 
reduced in size below the minimum required size of the 
ungrounded conductors for 240-volt, line-to-line, 
permanently connected loads only. 

551.73 Calculated Load. 

(A) Basis of Calculations. Electrical services and feeders 
shall be calculated on the basis of 110t less than 9600 volt
amperes per site equipped with 50-ampere, 208Y/120 or 
120/240-volt supply facilities; 3600 volt-amperes per site 
equipped with both 20~ampere and 30-ampere supply 
facilities; 2400 volt-amperes per site equipped with only 20-
ampere supply facilities; and 600 volt-amperes per site 
equipped with only 20-ampere supply facilities that are 
dedicated to tent sites. The demand factors set forth in Table 
551.73(A) shall be the minimum allowable demand factors 
that shall be permitted in calculating load for service and 
feeders. Where the electrical supply for a recreational vehicle 
site has more than one receptacle, the calculated load shall be 
calculated only for the highest rated receptacle. 

Where the electrical supply is in a location that serves 
two recreational vehicles, the equipment for both sites shall 
comply with 551.77, and the calculated load sha]] only be 
calcullalc:::d for the two receptacles with the highest rating. 

(8) Transformers and Secondary Distribution 
Panelboards. For the purpose of this Code, where the park 
service exceeds 240 volts, transformers and secondary 
distribution panelboards shall be treated as services. 

(C) Demand Factors. The demand factor for a given 
number of sites shall apply to all sites indicated. For 
example, 20 sites calculated at 45 percent of 3600 volt
amperes results in a permissible demand of 1620 vo1t
amperes per site or a total of 32,400 volt-amperes for 20 
sites. 

[nfonnational Note: These demand tactors may be 
inadequate in areas of extreme hot or cold temperature with 
loaded circuits for heating or air conditioning. 

(D) Feeder-Circuit Capacity. Recreational vehicle site 
feeder-circuit conductors shall have an ampacity not less 
than the loads supplied and shall be rated not less than 30 
amperes. The neutral conductors shall have an ampacity not 
less than the ungrounded conductors. 

Informational Note: Due to the long circuit lengths typical 
in most recreational vehicle parks, feeder conductor sizes 
found in the ampacity tables of Article 310 may be 
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inadequate to maintain the voltage regulation suggested in 
the fine print note to 210.19. Total circuit voltage drop is a 
sum of the voltage drops of each serial circuit segment, 
where the load for each segment is calculated using the load 
that segment sees and the demand tactors of551.73(A). 

Table 551.73 Demand Factol"s for Site Feeders and Service
Entrance Conductors fOI" Park Sites 

Number of Recreational Vehicle Demand Factor 
Sites 

1 100 

2 90 

3 80 
4 75 

5 65 

6 60 

7-9 55 

10-12 50 

13-15 48 

16-18 47 

19-21 45 

22-24 43 

25-35 42 

36 41 

FPN: These demand factors may be inadequate in areas of extreme 
hot or cold temperature with loaded circuits for heating or air 
conditioning. 

Loads for other amenities such as, but not limited to, 
service buildings, recreational buildings, and swimming 
pools shall be calculated separately and then be added to the 
value calculated for the recreational vehicle sites where they 
are all supplied by a common service. 

551.74 Overcurrent Protection. Overcurrent protection 
shall be provided in accordance with Article 240. 

551.75 Grounding. All electrical equipment and 
installations in recreational vehicle parks shall be grounded 
as required by Article 250. 

551.76 Grounding 
Equipment. 

Recreational Vehicle Site Supply 

(A) Exposed Non-Current-Carrying Metal Parts. 
Exposed non-current-carrying metal parts of fixed 
equipment, metal boxes, cabinets, and fittings that are 110t 
electrically connected to grounded equipment shall be 
grounded by an equipment grounding conductor run with the 
circuit conductors from the service equipment or from the 
transformer of a secondary distribution system. Equipment 
grounding conductors shaH be sized in accordance with 
250.122 and shall be permitted to be spliced by listed means. 

The arrangement of equipment grounding connections 
shall be such that the disconnection or removal of a 
receptacle or other device will not interfere with, or intenupt, 
the grounding continuity. 

(B) Secondary Distribution System. Each secondary 
distribution system shall be grounded at the transformer. 
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(C) Grounded Conductor Not to Be Used as an 
Equipment Ground. The grounded conductor shall not be 
used as an equipment grounding conductor for recreational 
vehicles or equipment within the recreational vehicle park. 

(D) No Connection on the Load Side. No connection to a 
grounding electrode shall be made to the grounded conductor 
on the load side of the service disconnecting means except as 
covered in 250.30(A) for separately derived systems, and 
250.32(B) Exception for separate buildings. 

551.77 Recreational Vehicle Site Supply Equipment. 

(A) Location. Where provided on back-in sites, the 
recreational vehicle site electrical supply equipment shall be 
located on the left (road) side of the parked vehicle, on a line 
that is 1.5 m to 2.1 m (5 ft to 7 ft) from the left edge (driver's 
side of the parked RV) of the stand and shall be located at 
any point on this line from the rear of the stand to 4.5 m (15 
ft) forward of the rear of the stand. 

For pull-through sites, the electrical supply equipment 
shall be permitted to be located at any point along the line 
that is 1.5 m to 2.1 m (5 ft to 7 ft) from the left edge (driver's 
side of the parked RV) from 4.9 m (16 ft) forward of the rear 
of the stand to the center point between the two roads that 
gives access to and egress from the pull-through sites. 

The left edge (driver's side of the parked RV) of the 
stand shall be marked. 

(B) Disconnecting Means. A disconnecting switch or circuit 
breaker shall be provided in the site supply equipment for 
disconnecting the power supply to the recreational vehicle. 

(C) Access. All site supply equipment shall be accessible by 
an unobstructed entrance or passageway not less than 600 
mm (2 ft) wide and 2.0 m (6 ft 6 in.) high. 

(D) Mounting Height. Site supply equipment shall be 
located not less than 600 mm (2 ft) or more than 2.0 m (6 ft 6 
in.) above the ground. 

(E) Working Space. Sufficient space shall be provided and 
maintained about all electrical equipment to permit ready and 
safe operation, in accordance with 110.26. 

(F) Marking. Where the site supply equipment contains a 
125/250-volt receptacle, the equipment shall be marked as 
follows: "Turn disconnecting switch or circuit breaker otT 
before inse11ing or removing plug. Plug must be fully 
inserted or removed." The marking shall be located on the 
equipment adjacent to the receptacle outlet. 

551.78 Protection of Outdoor Equipment. 

(A) Wet Locations. All switches, circuit breakers, 
receptacles, control equipment, and metering devices located 
in wet locations shall be weatherproof. 
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(B) Meters. If secondary meters are installed, meter sockets 
without meters installed shall be blanked off with an 
approved blanking plate. 

551.79 Clearance for Overhead Conductors. 

Open conductors of not over 600 volts, nominal, shall have a 
vertical clearance of not less than 5.5 m (18 ft) and a 
horizontal clearance of not less than 900 mm (3 ft) in all 
areas subject to recreational vehicle movement. In all other 
areas, clearances shall conform to 225.18 and 225.l9. 

Informational Note: For clearances of conductors over 600 
volts, nominal, see 225.60 and 225.61. 

551.80 Underground Service, Feeder, Branch-Circuit, and 
Recreational Vehicle Site Feeder-Circuit Conductors. 

(A) General. All direct-burial conductors, including the 
equipment grounding conductor if of aluminum, shall be 
insulated and identified for the use. All conductors shall be 
continuous from equipment to equipment. All splices and 
taps shall be made in approved junction boxes or by use of 
material listed and identified for the purpose. 

(B) Protection Against Physical Damage. Direct-buried 
conductors and cables entering or leaving a trench shall be 
protected by rigid metal conduit, intermediate metal conduit, 
electrical metallic tubing with supplementary corrosion 
protection, rigid polyvinyl chloride conduit (pYC), nonmetallic 
~dcrground conduit with conductors (NUCC). high d it)'. 

polyethylene conduit (HOPE). reinforced thennosctting resin 
.conduit (RTRC), liquidtight flexible nonmetallic conduit, 
liquidtight flexible metal conduit, or other approved raceways or 
enclosures. Where subject to physical damage, the conductors or 
cables shall be protected by rigid metal conduit, intermediate 
metal conduit, Schedule 80 PVC conduit, or RTRC listed fo~ 
e, posllre 10 physicaJ damage. All such protection shall extend at 
least 450 rnm (18 in.) into the trench from finished grade. 

Infonnational Note: See 300.5 and Article 340 for conductors or 
Type UF cable used lllldergrolllld or in direct burial in earth. 

551.81 Receptacles. A receptacle to supply electric 
power to a recreational vehicle shall be one of the 
configurations shown in Figure 551.46(C) in the 
following ratings: 

(1) 50-ampere - 1251250-volt, 50-ampere, 3-pole, 4-wire 
grounding type for 120/240-volt systems 

(2) 30-ampere - 1 25-volt, 30-ampere, 2-pole, 3-wire 
grounding type for 120-volt systems 

(3) 20-ampere - 125-volt, 20-ampere, 2-pole, 3-wire 
grounding type for 120-volt systems 

Informational Note: Complete details of these 
configurations can be found in ANSllNEMA WD 6-2002, 
National Electrical Manufacturers Association's Standard 
for Dimensions of Attachment Plugs and Receptacles, 
Figures 14-50, TT, and 5-20. 
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ARTICLE 552 

Park Trailers 
I. General 

552.1 Scope. The provIsIOns of this article cover the 
electrical conductors and equipment installed within or on 
park trailers not covered fully under Articles 550 and 551. 

552.2 Definition. (See Articles 100, 550, and 551 for 
additional definitions.) 

Park Trailer. A unit that is built on a single chassis 
mounted on wheels and has a gross trailer area not 

exceeding 37 m2 (400 ft2) in the set-up mode. 

552.4 General Requirements. A park trailer as specified 
in 552.2 is intended for seasonal use. It is not intended as 
a permanent dwelling unit or for commercial uses such as 
banks, clinics, offices, or similar. 

II. Low-Voltage Systems 

552.10 Low-Voltage Systems. 

(A) Low-Voltage Circuits. Low-voltage circuits 
furnished and installed by the park trailer manufacturer, 
other than those related to braking, are subject to this 
Code. Circuits supplying lights subject to federal or state 
regulations shall comply with applicable government 
regulations and this Code. 

(B) Low-Voltage Wiring. 

(1) Material. Copper conductors shall be used for low
voltage circuits. 

Exception: A metal chassis orframe shall be permitted as 
the return path to the source of supply. 

(2) Conductor Types. Conductors shall conform to the 
requirements for Type GXL, HDT, SGT, SGR, or Type 
SXL or shall have insulation in accordance with Table 
310.104(A) or the equivalent. Conductor sizes 6 A WG 
through 18 AWG or SAE shall be listed. Single-wire, 
low-voltage conductors shall be of the stranded type. 

Informational Note: See SAE Standard 11128-1995 for 
Types GXL, HDT, and SXL and SAE Standard 11127-
1995 for Types SGT and SGR. 

(3) Marking. All insulated low-voltage conductors shall 
be surface marked at intervals not greater than 1.2 m (4 ft) 
as follows: 

(1) Listed conductors shall be marked as required by the 
listing agency. 

(2) SAE conductors shall be marked with the name or 
logo of the manufacturer, specification designation, 
and wire gauge. 

2013 California Electrical Code 

(3) Other conductors shall be marked with the name or 
logo of the manufacturer, temperature rating, wire 
gauge, conductor material, and insulation thickness. 

(C) Low-Voltage Wiring Methods. 

(1) Physical Protection. Conductors shall be protected 
against physical damage and shall be secured. Where 
insulated conductors are clamped to the structure, the 
conductor insulation shall be supplemented by an 
additional wrap or layer of equivalent material, except 
that jacketed cables shall not be required to be so 
protected. Wiring shall be routed away from sharp edges, 
moving parts, or heat sources. 

(2) Splices. Conductors shall be spliced or joined with 
splicing devices that provide a secure connection or by 
brazing, welding, or soldering with a fusible metal or 
alloy. Soldered splices shall first be spliced or joined to be 
mechanically and electrically secure without solder, and 
then soldered. All splices, joints, and free ends of 
conductors shall be covered with an insulation equivalent 
to that on the conductors. 

(3) Separation. Battery and other low-voltage circuits 
shall be physically separated by at least a 13-mm (liz-in.) 
gap or other approved means from circuits of a different 
power source. Acceptable methods shall be by clamping, 
routing, or equivalent means that ensure permanent total 
separation. Where circuits of different power sources 
cross, the external jacket of the nonmetallic-sheathed 
cables shall be deemed adequate separation. 

(4) Ground Connections. Ground connections to the 
chassis or frame shall be made in an accessible location 
and shall be mechanically secure. Ground connections 
shall be by means of copper conductors and copper or 
copper-alloy terminals of the solderless type identified for 
the size of wire used. The surface on which ground 
terminals make contact shall be cleaned and be free from 
oxide or paint or shall be electrically connected through 
the use of a cadmium, tin, or zinc-plated internal/external
toothed lockwasher or locking terminals. Ground terminal 
attaching screws, rivets or bolts, nuts, and lockwashers 
shall be cadmium, tin, or zinc-plated except rivets shall be 
permitted to be unanodized aluminum where attaching to 
aluminum structures. 

The chassis-grounding terminal of the battery shall be 
connected to the unit chassis with a minimum 8 A WG 
copper conductor. In the event the unbonded lead from 
the battery exceeds 8 A W G, the bonding conductor size 
shall be not less than that of the unbonded lead. 

(D) Battery Installations. Storage batteries subject to the 
provisions of this Code shall be securely attached to the 
unit and installed in an area vaportight to the interior and 
ventilated directly to the exterior of the unit. Where 
batteries are installed in a compartment, the compartment 
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shall be ventilated with openings having a minimum area 
of 11 00 mm2 (1.7 in. 2) at both the top and at the bottom. 
Where compartment doors are equipped for ventilation, 
the openings shall be within 50 mm (2 in.) of the top and 
bottom. Batteries shall not be installed in a compartment 
containing spark- or flame-producing equipment. 

(E) Overcurrent Protection. 

(1) Rating. Low-voltage circuit wiring shall be protected 
by overcurrent protective devices rated not in excess of 
the ampacity of copper conductors, in accordance with 
Table 552.10(E)(1). 

Table 552.10(E)(1) Low-Voltage Overcurrent Protection 

Wire Size (A WG) Ampacity Wire Type 

18 6 Stranded only 

16 8 Stranded only 

14 15 Stranded or solid 

12 20 Stranded or solid 

10 30 Stranded or solid 

(2) Type. Circuit breakers or fuses shall be of an 
approved type, including automotive types. Fuseholders 
shall be clearly marked with maximum fuse size and shall 
be protected against shorting and physical damage by a 
cover or equivalent means. 

Informational Note: For further information, see 
ANSI/SAE J5 54-1987, Standard for Electric Fuses 
(Cartridge Type); SAE J 1284-1988, Standard for Blade 
Type Electric Fuses; and UL 275-1993, Standard for 
Automotive Glass Tube Fuses. 

(3) Appliances. Appliances such as pumps, compressors, 
heater blowers, and similar motor-driven appliances shall 
be instal1ed in accordance with the manufacturer's 
instructions. 

Motors that are controlled by automatic switching or 
by latching-type manual switches shall be protected in 
accordance with 430.32(B). 

(4) Location. The overcurrent protective device shall be 
installed in an accessible location on the unit within 450 
mm (18 in.) of the point where the power supply connects 
to the unit circuits. If located outside the park trailer, the 
device shall be protected against weather and physical 
damage. 

Exception: External low-voltage supply shall be 
permitted to have the overcurrent protective device within 
450 mm (18 in.) after entering the unit or after leaving a 
metal raceway. 

(F) Switches. Switches shall have a dc rating not less than 
the connected load. 
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(G) Luminaires. All low-voltage interior luminaires rated 
more than 4 watts, employing lamps rated more than 1.2 
watts, shall be listed. 

III. Combination Electrical Systems 

552.20 Combination Electrical Systems. 

(A) General. Unit wiring suitable for connection to a battery 
or other low-voltage supply source shall be permitted to be 
cOimected to a l20-volt source, provided that the entire 
wiring system and equipment are rated and installed in full 
conformity with Parts I, Ill, IV, and V requirements of this 
article covering 120-volt electrical systems. Circuits fed from 
ac transformers shall not supply dc appliances. 

(B) Voltage Converters (120-Volt Alternating Current 
to Low-Voltage Direct Current). The 120-volt ac side of 
the voltage converter shall be wired in full conformity 
with Parts I, III, IV, and V requirements of this article for 
120-volt electrical systems. 

Exception: Converters supplied as an integral part of a 
listed appliance shall not be subject to 552.20(8). 

All converters and transformers shall be listed for use 
in recreation units and designed or equipped to provide 
over-temperature protection. To determine the converter 
rating, the following shall be applied to the 
total connected load, including average battery-charging 
rate, of all 12-volt equipment: 

The first 20 amperes of load at 100 percent plus 

The second 20 amperes ofload at 50 percent plus 

All load above 40 amperes at 25 percent 

Exception: A low-voltage appliance that is controlled by 
a momentary switch (normally open) that has no means 
for holding in the closed position shall not be considered 
as a connected load when determining the required 
converter rating. Momentarily energized appliances shall 
be limited to those used to prepare the unit for occupancy 
or travel. 

(C) Bonding Voltage Converter Enclosures. The non
current-carrying metal enclosure of the voltage converter 
shall be connected to the frame of the unit with an 8 
A W G copper conductor minimum. The grounding 
conductor for the battery and the metal enclosure shall be 
permitted to be the same conductor. 

(D) Dual-Voltage Fixtures Including Luminaires or 
Appliances. Fixtures, including luminaires, or appliances 
having both 120-volt and low-voltage connections shall 
be listed for dual voltage. 

(E) Autotransformers. Autotransformers shall not be used. 
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(F) Receptacles and Plug Where a park trailer is 
equipped with a 120-volt or 120/240-volt ac system, a low
vo.ltage or both, receptacles and plug caps of the 
low-voltage system shall differ in configuration from those 
of the 120-volt or 120/240-volt system. Where a unit 
equipped with a battery or dc system has an external 
connection for low-voltage power, the connector shall have a 
configuration that will not accept 120-volt power. 

IV. Nominal 120-Volt or 120/240-Volt Systems 

552.40 120-Volt or 120/240-Volt, Nominal, Systems. 

(A) General Requirements. The electrical equipment and 
material of park trailers indicated for cOIDlection to a wiring 
system rated 120 volts, nominal, 2-wire with an equipment 
grounding conductor, or a wiring system rated 120/240 volts, 
nominal, 3-wire with an equipment grounding conductor, 
shall be listed and installed in accordance with the 
requirements of Pa11s T, III, TV, and V ofthis article. 

(B) M.aterials and Equipment. Electrical materials, devices, 
appliances, fittings, and other equipment installed, intended 
for use in, or attached to the park trailer shall be listed. All 
products shall be used only in the manner in which they have 
been tested and found suitable for the intended use. 

552.41 Receptacle Outlets Required. 

(A) Spacing. Receptacle outlets shall be installed at wall 
spaces 600 mm (2 ft) wide or more so that no point along the 
floor line is more than 1.8 m (6 ft), measured horizontally, 
from an outlet in that space. 

l:-X(~elJlflOn No.1. Bath areas. 

l:,X{~e/JlflOn No.2: Wall spaces occupied by kitchen cabinets, 
wardrobe cabinets, built-in furniture; behind doors that may 
openfitl~y against a wall surface; or similar facilities. 

(B) Location. Receptacle outlets shall be instal1ed as 
follows: 

(I) Adjacent to countertops in the kitchen [at least one on 
each side of the sink if countertops are on each side and 
are 300 mm (12 in.) or over in width] 

(2) Adjacent to the refrigerator and gas range space, except 
where a gas-fired refrigerator or cooking appliance, 
requiring no external electrical connection, is factory
installed 

(3) Adjacent to countertop spaces of 300 rnm (12 in.) or 
more in width that cannot be reached from a receptacle 
required in 552.41 (B)( 1) by a cord of 1.8 m (6 ft) without 
crossing a traffic area, cooking appliance, or sink 

(C) Ground-Fault Circuit-Interrupter Protection. Each 
l25-volt, single-phase, 15- or 20-ampere receptacle shall 
have ground-fault circuit-interrupter protection for personnel 
in the following locations: 

(1 ) Where the receptacles are installed to serve kitchen 
countertop surfaces 

(2) Within 1.8 m (6 ft) of any lavatory or sink 
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Exception: Receptacles installed for appliances in dedicated 
spaces, such as for dishwashers, disposals, refrigerators, 
fi-eezers, and laundry equipment. 

(3) In the area occupied by a toilet, shower, tub, or any 
combination thereof 

(4) On the exterior of the unit 

Receptacles that are located inside of an access 
panel that is installed on the exterior of the unit to supply 
power for an installed appliance shall not be required to 
have ground-fault cin>ttit-internpter protection. 

The receptacle outlet shall be permitted in a listed lumina ire. 
A receptacle outlet shall not be installed in a tub or 
combination tub-shower compartment 

(D) Pipe Heating Cab1e Outlet. Where a pipe heating cable 
outlet is installed, the outlet shall be as follows: 

(1) Located within 600 mm (2 ft) of the cold water inlet 

(2) COlmected to an interior branch circuit, other than a 
small-appliance branch circuit 

(3) On a circuit where all of the outlets are on the load side of 
the ground-fault circuit-interrupter protection for personnel 

(4) Mounted on the underside of the park trailer and shall 
not be considered to be the outdoor receptacle outlet 
required in 552.41 (E) 

(E) Outdoor Receptacle Outlets. At least one receptacle 
outlet shall be installed outdoors. A receptacle outlet located 
in a compartment accessible from the outside of the park 
trailer shall be considered an outdoor receptacle. Outdoor 
receptacle outlets shall be protected as required in 
552Al(C)(4). 

(F) Receptacle Outlets Not Permitted. 

(1) Shower or Bathtub Space. Receptacle outlets shall not 
be installed in or within reach [750 rom (30 in.)] of a shower 
or bathtub space. 

(2) Face-Up Position. A receptacle shal1 not be installed in a 
face-up position in any countertop. 

552.43 Power Supply. 

(A) Feeder. The power supply to the park trailer shall be a 
feeder assembly consisting of not more than one listed 30-
ampere or 50-ampere park trailer power-supply cord, with an 
integrally molded or securely attached cap, or a permanently 
installed feeder. 

(B) Power-Supply Cord. If the park trailer has a power
supply cord, it shall be permanently attached to the 
distribution panelboard or to a junction box permanently 
connected to the distribution panelboard, with the free end 
terminating in a molded-on attachment plug cap. 

Cords with adapters and pigtail ends, extension cords, 
and similar items shall not be attached to, or shipped with, a 
park trailer. 
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A suitable clamp or the equivalent shall be provided at 
the distribution panelboard knockout to afford strain relief 
for the cord to prevent strain from being transmitted to the 
terminals when the power-supply cord is handled in its 
intended manner. 

The cord shall be a listed type with 3-wire, l20-volt or 
4-wire, 120/240-volt conductors, one of which shall be 
identified by a continuous green color or a continuous green 
color with one or more yellow stripes for use as the 
grounding conductor. 

(C) Mast Weatherhead or Raceway. Where the calculated 
load exceeds 50 amperes or where a permanent feeder is 
used, the supply shaH be by means of one of the following: 

(1) One mast weatherhead installation, installed in 
accordance with Article 230, containing four 
continuous, insulated, color-coded feeder conductors, 
one of which shall be an equipment grounding 
conductor 

(2) A metal raceway, rigid nonmetallic conduit, or 
liquidtight flexible nonmeta1lic conduit from the 
disconnecting means in the park trailer to the underside 
of the park trailer, with provisions for the attachment to 
a suitable junction box or fitting to the raceway on the 
underside of the park trailer [with or without conductors 
as in 550.10(1)(1)] 

552.44 Cord. 

(A) Permanently Connected. Each power-supply 
assembly shall be factory supplied or factory installed and 
connected directly to the terminals of the distribution 
panelboard or conductors within a junction box and 
provided with means to prevent strain from being 
transmitted to the terminals. The ampacity of the 
conductors between each junction box and the terminals 
of each distribution panelboard shall be at least equal to 
the ampacity of the power-supply cord. The supply end of 
the assembly shall be equipped with an attachment plug 
of the type described in 552.44(C). Where the cord passes 
through the waJ]s or floors, it shall be protected by means 
of conduit and bushings or equivalent. The cord assembly 
shall have permanent provisions for protection against 
corrosion and mechanical damage while the unit is in 
transit. 

(B) Cord Length. The cord-exposed usable length shall 
be measured from the point of entrance to the park trailer 
or the face of the flanged surface inlet (motor-base 
attachment plug) to the face of the attachment plug at the 
supply end. 

The cord-exposed usable length, measured to the point of 
entry on the unit exterior, shall be a minimum of 7.0 m 
(23 ft) where the point of entrance is at the side of the 
unit, or shall be a minimum 8.5 m (28 ft) where the point 
of entrance is at the rear of the unit. The maximum length 
shall not exceed II m (361;2 ft). 
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Where the cord entrance into the unit is more than 900 
mm (3 ft) above the ground, the minimum cord lengths 
above shall be increased by the vertical distance of the cord 
entrance heights above 900 mm (3 ft). 

(C) Attachment Plugs. 

(1) Units with Two to Five 15- or 20-Ampere Branch 
Circuits. Park trailers wired in accordance with 552,46(A) 
shall have an attachment plug that shall be 2-pole, 3-wire 
grounding-type, rated 30 amperes, 125 volts, conforming to 
the configuration shown in Figure 552,44(C) intended for 
use with units rated at 30 amperes, 125 volts. 

Informational Note: Complete details of this 
configuration can be found in ANSIINEMA WD 6-
1989, National Electrical Manufacturers Association's 
Standard for Dimensions of Attachment Plugs and 
Receptacles, Figure TT. 

(2) Units with 50-Ampere Power Supply Assembly. Park 
trailers having a power-supply assembly rated 50 amperes as 
permitted by 552,43(B) shall have a 3-pole, 4-wire 
grounding-type attachment plug rated 50 amperes, 125/250 
volts, confonning to the configuration shown in Figure 
552.44(C). 

Informational Note: Complete details of this configuration 
can be found in ANSIINEMA WD 6-1989, National 
Electrical Manufacturers Association Standard for 
Dimensions of Attachment Plugs and Receptacles, Figure 
14-50. 

Receptacles Caps 

@G 

\ I 
w @G 

\\ 0 
w 

30-A,125-V, 2-pole, 3-wire, grounding type 

@G 
yU Ox 

Dw @G 
xl Iy 

Iw 

50-A, 125/250-V, 3-pole, 4-wire, grounding type 

Figure 552.44(C) 
Configurations. 

Attachment Cap and Receptacle 

(D) Labeling at Electrical Entrance. Each park trailer 
shall have permanently affixed to the exterior skin, at or 
near the point of entrance of the power-supply assembly, 
a label 75 mm x 45 mm (3 in. x 1 % in.) minimum size, 
made of etched, metal-stamped, or embossed brass, 
stainless steel, or anodized or alclad aluminum not less 
than 0.51 mm (0.020 in.) thick, or other suitable material 
[e.g., 0.13 mm (0.005 in.) thick plastic laminate], that 
reads, as appropriate, either 
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or 

THIS CONNECTION IS FOR 1l0-125-VOLT 
AC, 60 HZ, 30 AMPERE SUPPLY 

TIDS CONNECTION IS FOR 208Y1l20-VOLT 
OR 120/240-VOLT AC, 3-POLE, 4-WIRE, 60 HZ, 

AMPERE SUPPLY. 

The correct ampere rating shall be marked in the blank 
space. 

(E) Location. The point of entrance of a power-supply 
assembly shall be located within 4.5 m (15 ft) of the rear, on 
the left (road) side or at the rear, left of the longitudinal 
center of the unit, within 450 mm (18 in.) of the outside wall. 

Exception: A park trailer shall be permitted to have the 
electrical point of entrance located more than 4.5 m (15 fl) 
from the rear. Where this occurs, the distance beyond the 
4.5-m (15-ft) dimension shall be added to the cord's 
minimum length as spectfied in 551.46(8). 

552.45 Distribution Panelboard. 

(A) Listed and Appropriately Rated. A listed and 
appropriately rated distribution panelboard shall be used. The 
grounded conductor termination bar shall be insulated from 
the enclosure as provided in 552.55(C). An equipment 
grounding terminal bar shall be attached inside the metal 
enclosure of the panelboard. 

(B) Location. The distribution panelboard shall be installed 
in a readily accessible location. Working clearance for the 
panelboard shall be not less than 600 mm (24 in.) wide and 
750 mm (30 in.) deep. 

Exception: Where the panelboard cover is exposed to the 
inside aisle space, one of the working clearance dimensions 
shall be permitted to be reduced to a minimum of 550 mm 
(22 in.). A panelboard shall be considered exposed where the 
panelboard cover is within 50 mm (2 in.) of the aisle's 
. finished surface. 

(C) Dead-Front Type. The distribution panelboard shall be 
of the dead-front type. A main disconnecting means shall be 
provided where fuses are used or where more than two 
circuit breakers are employed. A main overcurrent protective 
device not exceeding the power-supply assembly rating shall 
be provided where more than two branch circuits are 
employed. 

552.46 Branch Circuits. Branch circuits shall be determined 
in accordance with 552.46(A) and (B). 

(A) Two to Five 15- or 20-Ampere Circuits. Two to five 
15- or 20-ampere circuits to supply lights, receptacle outlets, 
and fixed appliances shall be permitted. Such park trailers 
shall be equipped with a distribution panelboard rated at 120 
volts maximum with a 30-ampere rated main power supply 
assembly. Not more than two 120-volt theml0statically 
controlled appliances (i.e., air conditioner and water heater) 
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shall be installed in such systems unless appliance isolation 
switching, energy management systems, or similar methods 
are used. 

Exception: Additional 15- or 20-ampere circuits shall be 
permitted where a listed energy management system rated at 
30 amperes maximum is employed within the system. 

(B) More Than Five Circuits. Where more than five 
circuits are needed, they shall be determined in accordance 
with 552.46(B)(1), (B)(2), and (B)(3). 

(1) Lighting. Based on 33 volt-amperes/m2 (3 V Alft2) 
multiplied by the outside dimensions of the park trailer 
(coupler excluded) divided by 120 volts to determine the 
number of 15- or 20-ampere lighting area circuits, for 
example, 

3 x length x width 

120 x 15 (or 20) 

= No. of 15- (or 20-) ampere circuits 

The lighting circuits shall be permitted to serve listed 
cord-connected kitchen waste disposers and to provide 
power for supplcrnc..>f1tal equipment and lighting on gas-lired 
ranges. ovens, or cowlter-moooted cooking units. 

(2) Small Appliances. Small-appliance branch circuits shall 
be installed in accordance with 210.11(C)(l). 

(3) General Appliances. (including furnace, water heater, 
space heater, range, and central or room air conditioner, etc.) 
An individual branch circuit shall be permitted to supply any 
load for which it is rated. There shall be one or more circuits 
of adequate rating in accordance with (a) through (d). 

Informational Note No. 1: For the laundry branch circuit, 
see 210.11 (C)(2). 

Informational Note No.2: For central air conditioning, see 
Article 440 . 

(a) The total rating of fixed appliances shall not exceed 
50 percent of the circuit rating if lighting outlets, general-use 
receptacles, or both are also supplied. 

(b) For fixed appliances with a motor(s) larger than Ys 
horsepower, the total calculated load shall be based on 125 
percent of the largest motor plus the sum of the other loads. 
Where a branch circuit supplies continuous load(s) or any 
combination of continuous and noncontinuous loads, the 
branch-circuit conductor size shall be in accordance with 
2l0.l9(A). 

(c) The rating of a single cord-and-plug-connected 
appliance supplied by other than an individual branch circuit 
shall not exceed 80 percent of the circuit rating. 

(d) The rating of a range branch circuit shall be based 
on the range demand as specified for ranges in 552.47(B)(5). 
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552.47 Calculations. The following method shall be 
employed in computing the supply-cord and distribution
panelboard load for each feeder assembly for each park 
trailer in lieu of the procedure shown in Article 220 and shall 
be based on a 3-wire, 208Y1120-volt or 120/240-volt supply 
with 120-volt loads balanced between the two phases of the 
3-wire system. 

(A) Lighting and Small-Appliance Load. Lighting Volt
Amperes: Length times width of park trailer floor (outside 

dimensions) times 33 volt-amperes/m2 (3 V Nft2). For 
example, 

Length x width x 3 = lighting volt-amperes 

Small-Appliance Volt-Amperes: Number of circuits 
times 1500 volt-amperes for each 20-ampere appliance 
receptacle circuit (see definition of Appliance, Portable with 
fine print note) including 1500 volt-amperes for laundry 
circuit. For example, 

No. of circuits x 1500 = small-appliance volt-amperes 

Total: Lighting volt-amperes plus small-appliance volt
amperes total volt-amperes 

First 3000 total volt-amperes at 100 percent plus 
remainder at 35 percent = volt-amperes to be divided by 240 
volts to obtain current (amperes) per leg. 

(B) Total Load for Determining Power Supply. Total load 
for determining power supply is the sum of the following: 

(1) Lighting and small-appliance load as calculated in 
552,47(A). 

(2) Nameplate amperes for motors and heater loads 
(exhaust fans, air conditioners, electric, gas, or oil 
heating). Omit smaller of the heating and cooling loads, 
except include blower motor if used as air-conditioner 
evaporator motor. Where an air conditioner is not 
installed and a 50-ampere power-supply cord is 
provided, allow 15 amperes per phase for air 
conditioning. 

(3) Twenty-five percent of current of largest motor in 
(B)(2). 

(4) Total of nameplate amperes for disposal, dishwasher, 
water heater, clothes dryer, wall-mounted oven, cooking 
units. Where the number of these appliances exceeds 
three, use 75 percent oftotal. 

(5) Derive amperes for freestanding range (as distinguished 
from separate ovens and cooking units) by dividing the 
following values by 240 volts: 
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Nameplate Rating 
(watts) 

0-10,000 
Over 10,000-12,500 
Over 12,500-13,500 
Over 13,500-14,500 
Over 14,500-15,500 
Over] 5,500-16,500 

Use (volt-amperes) 
80 percent of rating 

8,000 
8,400 
8,800 
9,200 
9,600 

(6) If outlets or circuits are provided for other than factory
installed appliances, include the anticipated load. 

Informational Note: Refer to Informative Annex D, 
Example D12, for an illustration of the application of this 
calculation. 

(C) Optional Method of Calculation for Lighting and 
Appliance Load. For park trailers, the optional method for 
calculating lighting and appliance load shown in 220.82 shall 
be permitted. 

552.48 Wiring Methods. 

(A) Wiring Systems. Cables and raceways installed in 
accordance with Articles 320, 322, 330 through 340, 342 
through 362, 386, and 388 shall be permitted in accordance 
with their applicable article, except as otherwise specified in 
this article. An equipment grounding means shall be 
provided in accordance with 250.118. 

(B) Conduit and Tubing. Where rigid metal conduit or 
intermediate metal conduit is terminated at an enclosure with 
a locknut and bushing connection, two locknuts shall be 
provided, one inside and one outside of the enclosure. All cut 
ends of conduit and tubing shall be reamed or otherwise 
finished to remove rough edges. 

(C) Nonmetallic Boxes. Nonmetallic boxes shall be 
acceptable only with nonmetallic-sheathed cable or 
nonmetallic raceways. 

(D) Boxes. In walls and ceilings constructed of wood or 
other combustible material, boxes and fittings shall be flush 
with the finished surface or project therefrom. 

(E) Mounting. Wall and ceiling boxes shall be mounted in 
accordance with Article 314. 

Exception No.1: Snap-in-type boxes or boxes provided with 
special wall or ceiling brackets that securely fasten boxes in 
walls or ceilings shall be permitted 

Exception No.2: A wooden plate providing a 38-mm (1 %
in.) minimum width backing around the box and of a 
thickness of 13 mm (% in.) or greater (actual) attached 
directly to the wall panel shall be considered as approved 
means for mounting outlet boxes. 

Sheath. The sheath of nonmetallic-sheathed cable, 
metal-clad Type AC cable, shall 

be continuous between outlet boxes and other enclosures. 

(G) Protected. Metal-clad, Type AC, or nonmetal1ic
sheathed cables and electrical nonmetallic tubing shall be 
permitted to pass through the centers of the wide side of 2 by 
4 wood studs. However, they shall be protected where they 
pass through 2 by 2 wood studs or at other wood studs or 
frames where the cable or tubing would be less than 32 mm 
(11,4 in.) from the inside or outside surface. Steel plates on 
each side of the cable or tubing, or a steel tube, with not less 
than 1.35 mm (0.053 in.) wall thickness, shall be installed to 
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protect the cable or tubing. These plates or tubes shall be 
securely held in place. Where nonmetallic-sheathed cables 
pass through punched, cut, or drilled slots or holes in metal 
members, the cable shall be protected by bushings or 
grommets securely fastened in the opening prior to 
installation of the cable. 

(H) Cable Supports. Where connected with cable 
connectors or clamps, cables shall be supported within 300 
mm (12 in.) of outlet boxes, distribution panelboards, and 
splice boxes on appliances. Supports shall be provided at 
intervals not exceeding 1.4 m (4Y2 ft) at other places. 

(1) Nonmetallic Box Without Cable Clamps. 
Nonmetallic-sheathed cables shall be supported within 200 
mm (8 in.) of a nonmetallic outlet box without cable 
clamps. 

Exception: J¥here wiring devices with integral enclosures 
are employed with a loop of extra cable to permit future 
replacement (if the device, the cable loop shall be 
considered as an integral portion of the device. 

(J) Physical Damage. Where subject to physical damage, 
exposed nonmetallic cable shall be protected by covering 
boards, guard strips, raceways~ or other means. 

(K) Receptacle Faceplates. Metal faceplates shall comply 
with 406.5(A). Nonmetallic faceplates shall comply with 
406.5(C). 

(L) Metal Faceplates Grounded. Where metal faceplates 
are used, they shall be grounded. 

(M) Moisture or Physical Damage. Where outdoor or 
under-chassis wiring is 120 volts, nominal, or over and is 
exposed to moisture or physical damage, the wiring shaH 
be protected by rigid metal conduit, by intermediate metal 
conduit, by electrical metallic tubing, by rigid nonmetallic 
conduit, or by Type MI cable that is closely routed against 
frames and equipment enclosures or other raceway or cable 
identified for the application. 

(N) Component Interconnections. Fittings and connectors 
that are intended to be concealed at the time of assembly 
shall be listed and identified for the interconnection of 
building components. Such fittings and connectors shall be 
equal to the wiring method employed in insulation, 
temperature rise, and fault-current withstanding, and shall 
be capable of enduring the vibration and shock occurring in 
park trailers. 

(0) Method of Connecting Expandable Units. The 
method of connecting expandable units to the main body of 
the vehicle shall comply with the following as applicable: 

(1) That portion of a branch circuit that is installed in an 
expandable unit shall be permitted to be connected to 
the branch circuit in the main body of the vehicle by 
means of a flexible cord or attachment plug and cord 
listed for hard usage. The cord and its connections 
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shall conform to all provisions of A11icle 400 and shall 
be considered as a permitted use under 400.7. 

(2) If the receptacle provided for connection of the cord to 
the main circuit is located on the outside of the unit, it 
shall be protected with a ground-fault circuit 
interrupter for personnel and be listed for wet 
locations. A cord located on the outside of a unit shall 
be identitied for outdoor use. 

(3) Unless removable or stored within the unit interior, the 
cord assembly shall have permanent provisions for 
protection against corrosion and mechanical damage 
while the unit is in transit. 

(4) If an attachment plug and cord is used, it shall be 
installed so as not to permit exposed live attachment 
plug pins. 

(P) Prewiring for Air-Conditioning Installation. 
Prewiring installed for the purpose of facilitating future air
conditioning installation shall comply with the applicable 
portions of this article and the following: 

(1) An overcurrent protective device with a rating 
compatible with the circuit conductors shal1 be 
installed in the distribution panelboard and wiring 
connections completed. 

(2) The load end of the circuit shall terminate in a junction 
box with a blank cover or other listed enclosure. 
Where a junction box with a blank cover is used, the 
free ends of the conductors shall be adequately capped 
or taped. 

(3) A label conforming to 552.44(D) shall be placed on or 
adjacent to the junction box and shall read as follows: 

AIR-CONDITIONING CIRCUIT. 
THIS CONNECTION IS FOR AIR 

CONDITIONERS 
RATED 1l0-125-VOLT AC, 60 HZ, 

AMPERES MAXIMUM. 
DO NOT EXCEED CIRCUIT RATING. 

An ampere rating, not to exceed 80 percent of the 
circuit rating, shall be legibly marked in the blank space. 

(4) The circuit shall serve no other purpose. 

552.491\1.aximum Number of Conductors in Boxes. The 
maximum number of conductors permitted in boxes shall 
be in accordance with 314.16. 

~~52.50 Grounded Conductors. The identification of 
grounded conductors shall be in accordance with 200.6. 

~;52.51 Connection of Terminals and Splices. Conductor 
splices and connections at terminals shall be in accordance 
with 110.14. 
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ARTICLE 552 

552.52 Switches. Switches shall be rated as required by 
552.52(A) and (B). 

(A) Lighting Circuits. For lighting circuits, switches 
shall be rated not less than 10 amperes, 1201125 volts, and 
in no case less than the connected load. 

(B) Motors or Other Loads. For motors or other loads, 
switches shall have ampere or horsepower ratings, or 
both, adequate for loads controlled. (An ac general-use 
snap switch shall be permitted to control a motor 2 hp or 
less with full-load current not over 80 percent of the 
switch ampere rating.) 

552.53 Receptacles. All receptacle outlets shall be of the 
grounding type and installed in accordance with 210.21 
and 

552.54 Luminaires. 

(A) General. Any combustible wall or ceiling finish 
exposed between the edge of a luminaire canopy or pan 
and the outlet box shall be covered with noncombustible 
material or a material identified for the purpose. 

(B) Shower Luminaires. If a luminaire is provided over a 
bathtub or in a shower stall, it shall be of the enclosed and 
gasketed type and listed for the type of installation, and it 
shall be ground-fault circuit-interrupter protected. 

The switch for shower luminaires and exhaust fans, 
located over a tub or in a shower stall, shall be located 
outside the tub or shower space. 

(C) Outdoor Outlets, Luminaires, Air-Cooling 
Equipment, and So On. Outdoor luminaires and other 
equipment shall be listed for outdoor use or wet locations. 

552.55 Grounding. (See also 552.57 on bonding of 
non-current-carrying metal parts.) 

(A) Power-Supply Grounding. The grounding conductor 
in the supply cord or feeder shall be connected to the 
grounding bus or other approved grounding means in the 
distribution panel board. 

(B) Distribution Panelboard. The distribution 
panelboard shall have a grounding bus with sufficient 
terminals for all grounding conductors or other approved 
grounding means. 

(C) Insulated Grounded Conductor. The grounded 
circuit conductor shall be insulated from the equipment 
grounding conductors and from equipment enclosures and 
other grounded parts. The grounded circuit conductor 
terminals in the distribution panelboard and in ranges, 
clothes dryers, counter-mounted cooking units, and wall
mounted ovens shall be insulated from the equipment 
enclosure. Bonding screws, straps, or buses in the 
distribution panelboard or in appliances shall be removed 
and discarded. Connection of electric ranges and electric 
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clothes dryers utilizing a grounded conductor, if cord
connected, shall be made with 4-conductor cord and 3-
pole, 4-wire, grounding-type plug caps and receptacles. 

552.56 Interior Equipment Grounding. 

(A) Exposed Metal Parts. In the electrical system, all 
exposed metal parts, enclosures, frames, luminaire 
canopies, and so forth, shall be effectively bonded to the 
grounding terminals or enclosure of the distribution 
panelboard. 

(B) Equipment Grounding Conductors. Bare 
conductors or conductors with insulation or individual 
covering that is green or green with one or more yellow 
stripes shall be used for equipment grounding conductors 
only. 

(C) Grounding of Electrical Equipment. Where 
grounding of electrical equipment is specified, it shall be 
permitted as follows: 

(1) Connection of metal raceway (conduit or electrical 
metallic tubing), the sheath of Type MC and Type MJ 
cable where the sheath is identified for grounding, or 
the armor of Type AC cable to metal enclosures. 

(2) A connection between the one or more equipment 
grounding conductors and a metal box by means of a 
grounding screw, which shall be used for no other 
purpose, or a listed grounding device. 

(3) The equipment grounding conductor in nonmetallic
sheathed cable shall be permitted to be secured under 
a screw threaded into the luminaire canopy other than 
a mounting screw or cover screw or attached to a 
listed grounding means (plate) in a nonmetallic outlet 
box for luminaire mounting (grounding means shall 
also be permitted for luminaire attachment screws). 

(D) Grounding Connection in Nonmetallic Box. A 
connection between the one or more grounding 
conductors brought into a nonmetallic outlet box shall be 
arranged so that a connection can be made to any fitting 
or device in that box that requires grounding. 

(E) Grounding Continuity. Where more than one 
equipment grounding conductor of a branch circuit enters 
a box, all such conductors shall be in good electrical 
contact with each other, and the arrangement shall be such 
that the disconnection or removal of a receptacle, fixture, 
including a luminaire, or other device fed from the box 
will not interfere with or interrupt the grounding 
continuity. 

(F) Cord-Connected Appliances. Cord-connected 
appliances, such as washing machines, clothes dryers, 
refrigerators, and the electrical system of gas ranges, and 
so on, shall be grounded by means of an approved cord 
with equipment grounding conductor and grounding-type 
attachment plug. 
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ARTICLE 552 - PARK TRAILERS 552.60 

552.57 Bonding of Non-Current-Carrying Metal 
Parts. 

(A) Required Bonding. All exposed non-current
carrying metal parts that iarc likely to become energized 
shall be effectively bonded to the grounding terminal or 
enclosure of the distribution panelboard. 

(B) Bonding Chassis. A bonding conductor shall be 
connected between any distribution panelboard and an 
accessible terminal on the chassis. Aluminum or copper
clad aluminum conductors shall not be used for bonding if 
such conductors or their terminals are exposed to 
corrosive elements. 

Exception: Any park trailer that employs a unitized metal 
chassisjrame construction to which the distribution 
panelboard is securely fastened with a bolt(s) and nut(s) 
or by welding or riveting shall be considered to be 
bonded. 

(C) Bonding Conductor Requirements. Grounding 
terminals shall be of the solderless type and listed as 
pressure terminal connectors recognized for the wire size 
used. The bonding conductor shall be solid or stranded, 
insulated or bare, and shall be 8 A WG copper minimum 
or equivalent. 

(D) Metallic Roof and Exterior Bonding. The metal 
roof and exterior covering shall be considered bonded 
where both ofthe following conditions apply: 

(1) The metal panels overlap one another and are 
securely attached to the wood or metal frame parts by 
metal fasteners. 

(2) The lower panel of the metal exterior covering is 
secured by metal fasteners at each cross member of 
the chassis, or the lower panel is connected to the 
chassis by a metal strap. 

(E) Gas, Water, and Waste Pipe Bonding. The gas, 
water, and waste pipes shall be considered grounded if 
they are bonded to the chassis. 

(F) Furnace and Metal Air Duct Bonding. Furnace and 
metal circulating air ducts shall be bonded. 

552.58 Appliance Accessibility and Fastening. Every 
appliance shall be accessible for inspection, service, 
repair, and replacement without removal of permanent 
construction. Means shall be provided to securely fasten 
appliances in place when the park trailer is in transit. 

552.59 Outdoor Outlets, Fixtures, Including 
Luminaires, Air-Cooling Equipment, and So On. 

(A) Listed for Outdoor Use. Outdoor fixtures, including 
luminaires, and equipment shall be listed for outdoor use. 
Outdoor receptacle outlets shall be in accordance with 
~06. 9(1\) and (8). Switches and circuit breakers installed 
putdoors hall comply with 404.4. 
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(B) Outside Heating Equipment, Air-Conditioning 
Equipment, or Both. A park trailer provided with a branch 
circuit designed to energize outside heating equipment or air
conditioning equipment, or both, located outside the park 
trai ler, other than room air conditioners, shall have such 
branch-circuit conductors tenninate in a listed outlet box or 
disconnecting means located on the outside of the park 
trailer. A label shall be permanently affixed within 150 mm 
(6 in.) from the listed box or disconnecting means and shall 
contain the following information: 

THIS CONNECTION IS FOR HEATING 
AND/OR AIR-CONDITIONING EQUIPMENT. 
THE BRANCH CIRCUIT IS RATED AT NOT 
MORE THAN AMPERES, AT 

VOLTS, 60 HZ, CONDUCTOR 
AMPACITY. 

A DISCONNECTING MEANS SHALL BE 
LOCATED WITHIN SIGHT OF THE 

EQUIPMENT. 

The correct voltage and ampere rating shall be given. 
The tag shall not be less than 0.51 mm (0.020 in.) thick 
etched brass, stainless steel, anodized or alclad aluminum, or 
equivalent. The tag shall not be less than 75 mm x 45 mm (3 
in. x 1 % in.) minimum size. 

V. Factory Tests 

552.60 Factory Tests (Electrical). 
Each park trailer shall be subjected to the tests required by 
552.60(A) and (B). 

(A) Circuits of 120 Volts or 120/240 Volts. Each park 
trailer designed with a 120-volt or a 120/240-volt electrical 
system shall withstand the applied potential without 
electrical breakdown of a I-minute, 900-volt dielectric 
strength test, or a I-second, 1080-volt dielectric strength test, 
with all switches closed, between ungrounded and grounded 
conductors and the park trailer ground. During the test, all 
switches and other controls shall be in the on position. 
Fixtures, including luminaires, and permanently installed 
appliances sha11 not be required to withstand this test. 

Each park trailer shall be subjected to the following: 

(l) A continuity test to ensure that all metal parts are 
properl y bonded 

(2) Operational tests to demonstrate that all equipment is 
properly connected and in working order 

(3) Polarity checks to detennine that connections have been 
properly made 

(4) Receptacles requiring GFCI protection shall be tested 
for correct function by the use of a GFCI testing device 

(B) Low-Voltage Circuits. An operational test of low
voltage circuits shall be conducted to demonstrate that all 
equipment is connected and in electrical working order. This 
test shall be perfonned in the final stages of production after 
all outer coverings and cabinetry have been secured. 
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553.1 ARTICLE 553 - FLOATING BUILDINGS 

ARTICLE 553 III. Grounding 

Floating Building~ 

I. General 

553.1 Scope. This article covers wiring, services, feeders, 
and grounding for floating buildings. 

553.2 Definition. 

Floating Building. A building unit, as defined in Article 
100, that floats on water, is moored in a permanent 
location, and has a premises wiring system served through 
connection by permanent wiring to an electrical supply 
system not located on the premises. 

II. Services and Feeders 

553.4 Location of Service Equipment. The service 
equipment for a floating building shall be located adjacen~ to, 
but not in or on, the building or any floating structure. [The 
main overcurrent protective device that feeds the floating 
stlllCture shall have grOtmd fault protection not exceeding 100 
rnA. GroWld fuult prott.~ion of each individual bmnch()r 
feeder circuit shall be permitted as a suila~le alteJllatiy~. 

553.5 Service Conductors. One set of service conductors 
shall be permitted to serve more than one set of service 
equipment. 

553.6 Feeder Conductors. Each floating building shall 
be supplied by a single set of feeder conductors from its 
service equipment. 

Exception: Where the floating building has multiple 
occupancy, each occupant shall be pennitted to be supplied by 
a single set offeeder conductors extendedfrom the occupant's 
service equipment to the occupant's panelboard 

553.7 Installation of Services and Feeders. 

(A) Flexibility. Flexibility of the wiring system shall be 
maintained between floating buildings and the supply 
conductors. All wiring shall be installed so that motion of 
the water surface and changes in the water level will not 
result in unsafe conditions. 

(B) Wiring Methods. Liquidtight flexible metal conduit 
or liquidtight flexible nonmetallic conduit with approved 
fittings shall be permitted for feeders and where flexible 
connections are required for services. Extra-hard usage 
portable power cable listed for both wet locations and 
sunlight resistance shall be permitted for a feeder to a 
floating building where flexibility is required. Other 
raceways suitable for the location shall be permitted to be 
installed where flexibi lity is not required. 

Informational Note: See 555.l and 555.13. 
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553.8 General Requirements. Grounding at floating 
buildings shall comply with 553.8(A) through (D). 

(A) Grounding of Electrical and Nonelectrical Parts. 
Grounding of both electrical and nonelectrical parts in a 
floating building shall be through connection to a 
grounding bus in the building panelboard. 

(B) Installation and Connection of Equipment 
Grounding Conductor. The equipment grounding 
conductor shall be installed with the feeder conductors 
and connected to a grounding terminal in the service 
equipment. 

(C) Identification of Equipment Grounding 
Conductor. The equipment grounding conductor shall be 
an insulated copper conductor with a continuous outer 
finish that is either green or green with one or more 
yellow stripes. For conductors larger than 6 AWG, or 
where multiconductor cables are used, re-identification of 
conductors as allowed in 250.119(A)(2)(2) and (A)(2)(3) 
or 250.119(B)(2) and (B)(3) shall be permitted. 

(D) Grounding Electrode Conductor Connection. The 
grounding terminal in the service equipment shall be 
grounded by connection through an insulated grounding 
electrode conductor to a grounding electrode on shore. 

553.9 Insulated Neutral. The grounded circuit conductor 
(neutral) shall be an insulated conductor identified in 
compliance with 200.6. The neutral conductor shall be 
connected to the equipment grounding terminal in the 
service equipment, and, except for that connection, it shall 
be insulated from the equipment grounding conductors, 
equipment enclosures, and all other grounded parts. The 
neutral conductor terminals in the panelboard and in 
ranges, clothes dryers, counter-mounted cooking units, 
and the like shall be insulated from the enclosures. 

553.10 Equipment Grounding. 

(A) Electrical Systems. All enclosures and exposed metal 
parts of electrical systems shall be connected to the 
grounding bus. 

(B) Cord-Connected Appliances. Where required to be 
grounded, cord-connected appliances shall be grounded 
by means of an equipment grounding conductor in the 
cord and a grounding-type attachment plug. 

553.11 Bonding of Non-Current-Carrying Metal 
Parts. All metal parts in contact with the water, all me~al 
piping, and all non-current -carrying metal parts that ~i
likely ad; become energized shall be connected to the 
grounding bus in the panelboard. 
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ARTICLE 555 - MARINAS AND BOATYARDS 555.12 

ARTICLE 555 
Marinas and Boatyards 

555.1 Scope. This article covers the installation of wiring 
and equipment in the areas comprising fixed or floating 
piers, wharves, docks, and other areas in marinas, 
boatyards, boat basins, boathouses, yacht clubs, boat 
condominiums, docking facilities associated with 
residential condominiums, any multiple docking facility, 
or similar occupancies, and facilities that are used, or 
intended for use, for the purpose of repair, berthing, 
launching, storage, or fueling of small craft and the 
moorage of floating buildings. 

Private, noncommercial docking facilities constructed 
or occupied for the use of the owner or residents of the 
associated single-family dwelling are not covered by this 
article. 

Informational Note: See NFPA 303-2006, Fire 
Protection Standard for Marinas and Boatyards, for 
additional information. 

555.2 Definitions. 

Electrical Datum Plane. The electrical datum plane is 
defined as follows: 

(1) In land areas subject to tidal fluctuation, the electrical 
datum plane is a horizontal plane 606 mm (2 ft) 
above the highest tide level for the area occurring 
under normal circumstances, that is, highest high 
tide. 

(2) In land areas not subject to tidal fluctuation, the 
electrical datum plane is a horizontal plane 606 mm 
(2 ft) above the highest water level for the area 
occurring under normal circumstances. 

(3) The electrical datum plane for floating piers and 
landing stages that are (a) installed to permit rise and 
fall response to water level, without lateral 
movement, and (b) that are so equipped that they can 
rise to the datum plane established for (1) or (2), is a 
horizontal plane 762 mm (30 in.) above the water 
level at the floating pier or landing stage and a 
minimum of 305 mm (12 in.) above the level of the 
deck. 

Marine Power Outlet. An enclosed assembly that can 
include equipment such as receptacles, circuit breakers. 
fused switches, fuses, watt-hour meter(s), distribulion 
panelboards. and monitoring means approved for marine 
use. 

555.3 Ground Fault Protection. The main ovcrcurrcnt 
rolcctive device that feeds the marina halt have ground 

fault protection not exceeding ) 00 mAo Ground·fault 
prot ction of each indi idua) branch or feeder circuit shall 
be permitted 8S a suitable alternative. 
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555.4 Distribution System. Yard and pier distribution 
systems shall not exceed 600 volts phase to phase. 

555.5 Transformers. Transformers and enclosures shall 
be specifically approved for the intended location. The 
bottom of enclosures for transformers shall not be located 
below the electrical datum plane. 

555.7 Location of Service Equipment. The service 
equipment for floating docks or marinas shall be located 
adjacent to, but not on or in, the floating structure. 

555.9 Electrical Connections. Electrical connections 
shall be located at least 305 mm (12 in.) above the deck of 
a floating pier. Conductor splices, within approved 
junction boxes, utilizing sealed wire connector systems 
listed and identified for submersion shall be permitted 
where located above the waterline but below the electrical 
datum plane for floating piers. 

All electrical connections shal1 be located at least 305 
mm (12 in.) above the deck of a fixed pier but not below 
the electrical datum plane. 

555.10 Electrical Equipment Enclosures. 

(A) Securing and Supporting. Electrical equipment 
enclosures installed on piers above deck level shall be 
securely and substantially supported by structural 
members, independent of any conduit connected to them. 
If enclosures are not attached to mounting surfaces by 
means of external ears or lugs, the internal screw heads 
shall be sealed to prevent seepage of water through 
mounting holes. 

(B) Location. Electrical equipment enclosures on piers 
shall be located so as not to interfere with mooring lines. 

555.11 Circuit Breakers, Switches, Panelboards, and 
Marine Power Outlets. Circuit breakers and switches 
installed in gasketed enclosures shall be arranged to 
permit required manual operation without exposing the 
interior of the enclosure. All such enclosures shall be 
arranged with a weep hole to discharge condensation. 

555.12 Load Calculations for Service and Feeder 
Conductors. General lighting and other loads shall be 
calculated in accordance with Part III of Article 220, and, 
in addition, the demand factors set forth in Table 555.12 
shall be permitted for each service and/or feeder circuit 
supplying receptacles that provide shore power for boats. 
These calculations shall be permitted to be modified as 
indicated in notes (1) and (2) to Table 555.12. Where 
demand factors of Table 555.12 are applied, the demand 
factor specified in 220.61(B) shall not be permitted. 

Informational Note: These demand factors may be 
inadequate in areas of extreme hot or cold temperatures 
with loaded circuits for heating, air-conditioning, or 
refrigerating equipment. 
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555.13 ARTICLE 555 - MARINAS AND BOATYARDS 

Table 555.12 Demand Factors 

Number of Shore Power: 

Notes: 

Receptacles 

1-4 

5-8 

9- 14 

15-30 

31-40 

41-50 

51-70 

71-plus 

Sum of the Rating of the 
Receptacles (%) 

100 

90 

80 

70 

60 

50 

40 

30 

I. Where shore power accommodations provide two receptacles 
specifically for an individual boat slip and these receptacles have 
different voltages (for example, one 30 ampere, 125 volt and one 50 
ampere, 125/250 volt), only the receptacle with the larger kilowatt 
demand shall be required to be calculated. 

2. If the facility being installed includes individual kilowatt-hour 
submeters for each slip and is being calculated using the criteria listed in 
Table 555.12, the total demand amperes may be multiplied by 0.9 to 
achieve the tinal demand amperes. 

555.13 Wiring Methods and Installation. 

(A) Wiring Methods. 

(1) General. Wiring methods of Chapter 3 shall be permitted 
where identified for use in wet locations. 

(2) Portable Power Cables. Extra-hard usage portable 
power cables rated not less than 167°F (75°C), 600 volts; 
listed for both wet locations and sunlight resistance; and 
having an outer jacket rated to be resistant to temperature 
extremes, oil, gasoline, ozone, abrasion, acids, and chemicals 
shall be permitted as follows: 

(1) As permanent wiring on the underside of piers (floating 
or fixed) 

(2) Where flexibility is necessary as on piers composed of 
floating sections 

(3) Temporary Wiring. Temporary wmng, except as 
permitted by Article 590, shall not be used to supply power 
to boats. 

(B) Installation. 

(1) Overhead Wiring. Overhead wiring shall be installed to 
avoid possible contact with masts and other parts of boats 
being moved in the yard. 

Conductors and cables shall be routed to avoid wiring 
closer than 6.0 m (20 ft) from the outer edge or any portion 
of the yard that can be used for moving vessels or stepping or 
unstepping masts. 

(2) Outside Branch Circuits and Feeders. Outside branch 
circuits and feeders shall comply with Article 225 except that 
clearances for overhead wiring in portions of the yard other 
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than those described in 555.13 (B)(1) shall not be less than 
5.49 m (18 ft) abovegrade. 

(3) Wiring Over and Under Navigable Water. Wiring 
over and under navigable water shall be subject to approval 
by the authority having jurisdiction. 

Informational Note: See NFPA 303-2011, Fire Protection 
Standard for Marinas and Boatyards, for warning sign 
requirements. 

(4) Portable Power Cables. 

(a) Where portable power cables are permitted by 
555.13(A)(2), the installation shall comply with the 
following: 

(1) Cables shall be properly supported. 

(2) Cables shall be located on the underside of the pier. 

(3) Cables shall be securely fastened by nonmetallic clips to 
structural members other than the deck planking. 

(4) Cables shall not be installed where subject to physical 
damage. 

(5) Where cables pass through structural members, they 
shall be protected against chafing by a permanently 
installed oversized sleeve of nonmetallic material. 

(b) Where portable power cables are used as 
permitted in 555. 13 (A)(2)(2) , there shall be an approved 
junction box of corrosion-resistant construction with 
permanently installed terminal blocks on each pier section to 
which the feeder and feeder extensions are to be connected. 
A listed niaflllcpO\vcroutTct'cmploYlng'temlmalblockSlbars 
shall be pernlined in lieu of 8 junction box. Metal junction 
boxes and their covers, and metal screws and parts that are 
exposed externally to the boxes, shall be of corrosion
resistant materials or protected by material resistant to 
corrosion. 

(5) Protection. Rigid metal conduit, reinforced 
lhermosetting resin conduit (RTRC) listed for 
abov~ground usc. or .. rigi~ . J?.:>ly" jr:tyl(!hlqrjd~ _ ... py~) 
conduit suitable for the location, shall be installed to 
protect wiring above decks of piers and landing stages 
and below the enclosure that it serves. The conduit shall 
be connected to the enclosure by full standard threads Qr 
!i~tirlgs)i~t~~J~~y~~ in damp or wet locations, as 
applicable. 

555.15 Grounding. Wiring and equipment within the 
scope of this article shall be grounded as specified in 
Article 250 and as required by 555.l5(A) through (E) . 

(A) Equipment to Be Grounded. The following items shall 
be connected to an equipment grounding conductor run with 
the circuit conductors in the same raceway, cable, or trench: 
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ARTICLE 555 MARINAS AND BOATYARDS 555.19 

(1) Metal boxes, metal cabinets, and all other metal 
enclosures 

(2) Metal frames of utilization equipment 

(3) Grounding terminals of grounding-type receptacles 

(B) Type of Equipment Grounding Conductor. The 
equipment grounding conductor shall be an insulated 
copper conductor with a continuous outer finish that is 
either green or green with one or more yellow stripes. The 
equipment grounding conductor of Type MI cable shall be 
permitted to be identified at terminations. For conductors 
larger than 6 AWG, or where multiconductor cables are 
used, re-identification of conductors as allowed in 
250.1 19(A)(2)(b ) and (A)(2)(c) or 250.119(B)(2) and 
(B)(3) shall be permitted. 

(C) Size of Equipment Grounding Conductor. The 
insulated copper equipment grounding conductor shall be 
sized in accordance with 250.122 but not smaller than 12 
AWG. 

(D) Branch-Circuit Equipment Grounding Conductor. 
The insulated equipment grounding conductor for branch 
circuits shall terminate at a grounding terminal in a remote 
panelboard or the grounding terminal in the main service 
equipment. 

(E) Feeder Equipment Grounding Conductors. Where a 
feeder supplies a remote panelboard, an insulated 
equipment grounding conductor shall extend from a 
grounding terminal in the service equipment to a grounding 
terminal in the remote panelboard. 

555.17 Disconnecting Means for Shore Power 
Connection( s). Disconnecting means shall be provided to 
isolate each boat from its supply connection( s). 

(A) Type. The disconnecting means shall consist of a 
circuit breaker, switch, or both, and shall be properly 
identified as to which receptacle it controls. 

(B) Location. The disconnecting means shall be readily 
accessible, located not more than 762 mm (30 in.) from the 
receptacle it controls, and shall be located in the supply 
circuit ahead of the receptacle. Circuit breakers or switches 
located in marine power outlets complying with this section 
shall be permitted as the disconnecting means. 

555.19 Receptacles. Receptacles shall be mounted not less 
than 305 mm (12 in.) above the deck surface of the pier and 
not below the electrical datum plane on a fixed pier. 

(A) Shore Power Receptacles. 

(1) Enclosures. Receptacles intended to supply shore 
power to boats shall be housed in marine power outlets 
listed as marina power outlets or listed for set locations, or 
shall be installed in listed enclosures protected from the 
weather or in listed weatherproof enclosures. The integrity 
of the assembly shall not be affected when the receptacles 
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are in use with any type of booted or nonbooted attachment 
plug/cap inserted. 

(2) Strain Relief. Means shall be provided where necessary 
to reduce the strain on the plug and receptacle caused by 
the weight and catenary angle of the shore power cord. 

(3) Branch Circuits. Each single receptacle that supplies 
shore power to boats shall be supplied from a marine power 
outlet or panelboard by an individual branch circuit of the 
voltage class and rating corresponding to the rating of the 
receptacle. 

Infonnational Note: Supplying receptacles at voltages 
other than the voltages marked on the receptacle may 
cause overheating or malfunctioning of connected 
equipment, for example, supplying single-phase, 120/240-
volt, 3-wire loads from a 208YIl20-volt, 3-wire source. 

(4) Ratings. Shore power for boats shall be provided by 
single receptacles rated not less than 30 amperes. 

Informational Note: For locking- and grounding-type 
receptacles for auxiliary power to boats, see NFPA 303-
2011, Fire Protection Standard for Marinas and 
Boatyards. 

(a) Receptacles rated 30 amperes and 50 amperes shall be 
of the locking and grounding type. 

Informational Note: For various configurations and 
ratings of locking and grounding-type receptacles and 
caps, see ANSIINEMA l8WD 6-1989, National 
Electrical Manufacturers Association's Standard for 
Dimensions of Attachment Plugs and Receptacles. 

(b) Receptacles rated 60 amperes and 100 amperes shall 
be of the pin and sleeve type. 

Informational Note: For various configurations and 
ratings of pin and sleeve receptacles, see ANSIIUL 1686, 
UL Standardfor Safety Pin and Sleeve Configurations. 

(B) Other Than Shore Power. 

(1) Ground-Fault Circuit-Interrupter (GFCI) 
Protection for Personnel. Fifteen- and 20-ampere, single
phase, 125-volt receptacles installed outdoors, in 
boathouses, in buildings used for storage, 
maintenance, or repair where portable electrical hand tools, 
electrical diagnostic equipment, or portable lighting 
equipment are to be used shall be provided with OFCl 
protection for personnel. Receptacles in other locations 
shall be protected in accordance with 210.8(8). 

(2) Marking. Receptacles other than those supplying shore 
power to boats shall be permitted to be housed in marine 
power outlets with the receptacles that provide shore power 
to boats, provided they are marked to clearly indicate that 
they are not to be used to supply power to boats. 
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555.21 ARTICLE 590 - TEMPORARY INSTALLATIONS 

555.21 Motor Fuel Dispensing Stations - Hazardous 
(Classified) Locations. 

(A) General. Electrical wiring and equipment located at 
or serving motor fuel dispensing locations shall comply 
with Article 514 in addition to the requirements of this 
article. All electrical wiring for power and lighting shall 
be installed on the side of the wharf, pier, or dock 
opposite from the liquid piping system. 

Informational Note: For additional information, see 
NFPA 303-2011, Fire Protection Standard for Marinas 
and Boatyard~, and NFPA 30A-2008, Motor Fuel 
Dispensing Facilities andRepair Garages. 

(B) Classification of Class I, Division 1 and 2 Areas. 
The following criteria shall be used for the purposes of 
applying Table 514.3(B)(1) and Table 514.3(B)(2) to 
motor fuel dispensing equipment on floating or fixed 
piers, wharfs, or docks. 

(l) Closed Construction. Where the construction of 
floating docks, piers, or wharfs is closed so that there is 
no space between the bottom of the dock, pier, or wharf 
and the water, such as concrete enclosed expanded foam 
or similar construction, and having integral service boxes 
with supply chases, the following shall apply: 

(a) The space above the surface of the floating dock, 
pier, or wharf shall be a Class I, Division 2 location with 
distances as identified in Table 514.3(B)(I), Dispenser 
and Outdoor. 

(b) The space below the surface of the floating dock, 
pier, or wharf, having areas or enclosures such as tubs, 
voids, pits, vaults, boxes, depressions, fuel piping chases, 
or similar spaces where flammable liquid or vapor can 
accumulate, shall be a Class I, Division I location. 

Exception No.1: Dock, pier, or what:! sections that do 
not support fuel dispensers and abut but are 6.0 m (20 ft) 
or more from dock sections that support fuel dispenser(s) 
shall be permitted to be Class I, Division 2 where 
documented air space is provided between dock sections 
to permit flammable liquids or vapors to dissipate and not 
travel to these dock sections. Such documentation shall 
comply with 500.4(A). 

Exception No.2: Dock, pier, or wharf sections that do 
not support fuel dispensers and do not directly abut 
sections that supportfuel dispensers shall be permitted to 
be unclassified where documented air space is provided 
and where flammable liquids or vapors cannot travel to 
these dock sections. Such documentation shall comply 
with 500.4(A). 

(2) Open Construction. Where the construction of piers, 
wharfs, or docks is open, such as decks built on stringers 
supported by pilings, floats, pontoons, or similar 
construction, the following shall apply: 
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(a) The area 450 mm (18 in) above the surface of the 
dock, pier, or wharf and extending 6.0 m (20 ft) 
horizontally in all directions from the outside edge of the 
dispenser and down to the water level shall be Class 1, 
Division 2. 

(b) Enclosures such as tubs, voids, pits, vaults, 
boxes, depressions, piping chases, or similar spaces where 
flammable liquids or vapors can accumulate within 6.0 m 
(20 ft) of the dispenser shall be a Class I, Division 1 
location. 

555.22 Repair Facilities - Hazardous (Classified) 
Locations. Electrical wiring and equipment located at 
facilities for the repair of marine craft containing 
flammable or combustible liquids or gases shall comply 
with Article 511 in addition to the requirements of this 
article. 

555.23 Marine Hoists, Railways, Cranes, and 
Monorails. Motors and controls for marine hoists, 
railways, cranes, and monorails shal1 not be located below 
the electrical datum plane. Where it is necessary to 
provide electric power to a mobile crane or hoist in the 
yard and a trailing cable is utilized, it shall be a listed 
portable power cable rated for the conditions of use and 
be provided with an outer jacket of distinctive color for 
safety. 

ARTICLE 590 
Temporary Installations 

590.1 Scope. The provisions of this article apply to 
temporary electric power and lighting installations. 

590.2 All Wiring Installations. 

(A) Other Articles. Except as specifical1y modified in 
this article, an other requirements of this Code for 
permanent wiring shall apply to temporary wiring 
installations. 

(B) Approval. Temporary WIfIng methods shall be 
acceptable only if approved based on the conditions of 
use and any special requirements of the temporary 
installation. 

590.3 Time Constraints. 

(A) During the Period of Construction. Temporary 
electric power and lighting installations shall be permitted 
during the period of construction, remodeling, 
maintenance, repair, or demolition of buildings, 
structures, equipment, or similar activities. 

(B) 90 Days. TemporalY electric power and lighting 
installations shall be permitted for a period not to exceed 
90 days for holiday decorative lighting and similar 
purposes. 
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ARTICLE 590 - TEMPORARY INSTALLATIONS 590.4 

(C) Emergencies and Tests. Temporary electric power 
and lighting installations shall be permitted during 
emergencies and for tests, experiments, and 
developmental work. 

(C.l) Emergencies and Tests. (SFM] Temporary 
electrical power and lighting installations shall be 
permitted during emergencies and for tests, experiments, 
and developmental work as approved by the authority 
having jurisdiction. 

(D) Removal. Temporary wiring shall be removed 
immediately upon completion of construction or purpose 
for which the wiring was installed. 

590.4 General. 

(A) Services. Services shall be installed in conformance 
with Parts I through VIII of Article 230, as applicable. 

(B) Feeders. Overcurrent protection shall be provided in 
accordance with 240.4, 240.5 , 240.100, and ~:4QJQJ J, 
Conductors shall be permitted within cable assemblies or 
within multiconductor cords or cables of a type identified 
in Table 400.4 for hard usage or extra-hard usage. For the 
purpose of this section, Type NM and Type NMC cables 
shall be permitted to be used in any dwelling, building, or 
structure without any height limitation or limitation by 
building construction type and without concealment 
within walls, floors, or ceilings. 

Exception: Single insulated conductors shall be 
permitted where installed for the purpose(s) specified in 
590.3(C), where accessible only to qualified persons. 

(C) Branch Circuits. All branch circuits shall originate 
in an approved power outlet, ,Switchboard or panelboard, 
motor control center, or fused switch enclosure. 
Conductors shall be permitted within cable assemblies or 
within multiconductor cord or cable of a type identified in 
Table 400.4 for hard usage or extra-hard usage. 
Conductors shall be protected from overcurrent as 
provided in 240.4, 240.5, and 240.100. For the purposes 
of this section, Type NM and Type NMC cables shall be 
permitted to be used in any dwelling, building, or 
structure without any height limitation or limitation by 
building construction type and without concealment 
within walls, floors, or ceilings. 

Exception: Branch circuits installed for the pwposes 
specified in 590.3(B) or 590.3(C) shall be permitted to be 
run as single insulated conductors. Where the wiring is 
installed in accordance with 590. 3 (B), the voltage to 
ground shall not exceed 150 volts, the wiring shall not be 
su~ject to physical damage, and the conductors shall be 
supported on insulators at intervals of not more than 3.0 
m (10 flY ,· or, for festoon lighting, the conductors shall be 
so arranged that excessive strain is not transmitted to the 
lampholders. 
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(D) Receptacles. 

(I) All Recepta~Jcs. All receptacles shall be of the 
grounding type. Unless installed in a continuous metal 
raceway that qualifies as an equipment grounding conductor 
in accordance with 250.118 or a continuous metal-covered 
cable that qualifies as an equipment grounding conductor in 
accordance with 250.118, all branch circuits shall include a 
separate equipment grounding conductor, and all receptacles 
shall be electrically connected to the equipment grounding 
conductor( s). Receptacles on construction sites shall not be 
installed on any branch~~!~l.li! that supplies temporary 
lighting. 

(2) Receptacles in Wet Locations. All 15· and 20-
ampere, 125- and 250-volt receptacles installed in a wet 
location shall comply with 406.9(8)( I). 

(E) Disconnecting Means. Suitable disconnecting 
switches or plug connectors shall be installed to permit 
the disconnection of aU ungrounded conductors of each 
temporary circuit. Multiwire branch circuits shall be 
provided with a means to disconnect simultaneously all 
ungrounded conductors at the power outlet or panelboard 
where the branch circuit originated. Identified handle ties 
shall be permitted. 

(F) Lamp Protection. All lamps for general illumination 
shall be protected from accidental contact or breakage by 
a suitable luminaire or lampholder with a guard. 

Brass shell, paper-lined sockets, or other metal-cased 
sockets shall not be used unless the shell is grounded. 

(G) Splices. On construction sites, a box shall not be 
required for splices or junction connections where the 
circuit conductors are mu Iticonductor cord or cable 
assemblies, provided that the equipment grounding 
continuity is maintained with or without the box. See 
1l0.14(B) and 400.9. A box, conduit body, or terminal 
fitting having a separately bushed hole for each conductor 
shall be used wherever a change is made to a conduit or 
tubing system or a metal-sheathed cable system. 

(H) Protection from Accidental Damage. Flexible cords 
and cables shall be protected from accidental damage. 
Sharp corners and projections shall be avoided. Where 
passing through doorways or other pinch points, 
protection shall be provided to avoid damage. 

(I) Termination(s) at Devices. Flexible cords and cables 
entering enclosures containing devices requiring termination 
shall be secured to the box with fittings designed for the 
purpose. 

(J) Support. Cable assemblies and flexible cords and 
cables shall be supported in place at intervals that ensure 
that they will be protected from physical damage. Support 
shall be in the form of staples, cable ties, straps, or similar 
type fittings installed so as not to cause damage. 
Vegetation shall not be used for support of overhead 
spans of branch circuits or feeders. 
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590.5 ARTICLE 590 - TEMPORARY INSTALLATIONS 

Exception: For holiday lighting in accordance with 
590.3(B). where the conductors or cables are arranged 
with strain relief devices, tension take-up devices, or other 
approved means to avoid damage from the movement of 
the live vegetation, trees shall be permitted to be used for 
support of overhead spans of branch-circuit conductors 
or cables. 

590.5 Listing of Decorative Lighting. Decorative lighting 
used for holiday lighting and similar purposes, in 
accordance with 590.3(B), shall be listed. 

590.6 Ground-Fault Protection for Personnel. Ground
fault protection for personnel for all temporary wiring 
installations shall be provided to comply with 590.6(A) and 
(B). This section shall apply only to temporary wiring 
installations used to supply temporary power to equipment 
used by personnel during construction, remodeling, 
maintenance, repair, or demolition of buildings, structures, 
equipment, or similar activities. This section shall apply to 
power derived from an electric utility company or from an 
on-site-generated power source. 

(A) Receptacle Outlets. Temporary receptacle installations 
used to supply temporary power to equipment used by 
personnel during construction, remodeling. maintenance, 
repair, or demolition of buiJdings. structures. equipment, or 
similar activities haH comply with the requirements of 
590.6(A)( I) through (A)(3). as applicable. 

Exception: In industrial establishments only, where 
conditions of maintenance and supervision ensure that only 
qualified personnel are involved, an assured equipment 
grounding conductor program as specified in 590.6(B)(2) 
shall be permitted for only those receptacle outlets used to 
supply equipment that would create a greater hazard if 
power were interrupted or having a design that is not 
compatible with GFCI protection. 

(l) Receptacle Outlets Not Part of Permanent ''firing. 
All 125-vol~ singJe-phase. 15-, 20- and 30-ampere 
receptacle outlets that are not a part of the penllanent 
wiring of the building or structure and that arc in use by 
personnel shall have ground-fault circuit-interrupter 
protection for personnel. 

(2) Receptacle Outlets Exi fing or Installed as 
Permanent \\/iring. Ground-fault cirCUit-lOt rrupeer: 
protection for personnel shalt be provided for all 125-voltj 
single-phas I ) 5-, 20-, and 30-ampere receptacle outletS 
installed or existing as part of the penn anent wiring of Ihe 
building or stntcture and u ed for temporary electric power. 
Listed cord sets or devices incorporating IiSLOO ground-fault 
circuit-interrupter protection for personnel identifi d for 
portable use shall be permitted. 

(3) Receptacles 00 15-kW or less Portable Generators. All 
125-volt and 1251250-volt. single--pha c. 15-, 20-. and 30-
ampere receptacle outlets that are a part of a 15-kW or mailer 
portable generator shall have listed ground-fault circuit
interrupter protection for personnel. AU 15- and 20-ampere. 
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125- and 25D-volt receptacles. including those that are part of 
a portable generator. lISed in a damp or wet location shall 
comply with 406.9(A) and (8). Listed cord sets or devices 
incorporating listed ground-fault circuit-interrupter protection 
for personnel identified for portabl use shall be pcnnitted for 
use with) 5-kW or Ie s portable g nerators .J'l'lal111fa~lured or 
remanufactured prior to January I. 20 II. ,., '''- . ,,~, 

(B) Use of Other Outlets. for temporary wiring installations .. 
receptacles, other than those covered by 590.6(A)( I) through 
(A)(3) used to supply temporary power to equipment used by 
personnel during construction. remodeling. maintenance, 
repair, or demolition of buildings. structures, or equipment, or 
similar activiti ,shall have protection in accordance with 
(0)( I) or the assured equipment grounding conductor 
p'.'<?~m in accordance with (8)(2). 

(1) GFCI Protection. Ground-fault circuit-interrupter 
protection for personnel. 

(2) Assured Equipment Grounding Conductor 
Program. A written assured equipment grounding 
conductor program continuously enforced at the site by one 
or more designated persons to ensure that equipment 
grounding conductors for all cord sets, receptacles that are 
not a part of the permanent wiring of the building or 
structure, and equipment connected by cord and plug are 
installed and maintained in accordance with the applicable 
requirements of250.l14, 250.138, 406.4(C), and 590.4(D). 

(a) The following tests shall be performed on all cord 
sets, receptacles that are not part of the permanent wiring of 
the building or structure, and cord-and-plug-connected 
equipment required to be connected to an equipment 
grounding conductor: 

(1) All equipment grounding conductors shall be tested for 
continuity and shall be electrically continuous. 

(2) Each receptacle and attachment plug shall be tested for 
correct attachment of the equipment grounding 
conductor. The equipment grounding conductor shall 
be connected to its proper terminal. 

(3) All required tests shall be perfonned as follows: 

a. Before first use on site 

b. When there is evidence of damage 

c. Before equipment is returned to service following 
any repairs 

d. At intervals not exceeding 3 months 

(b) The tests required in item (2)(a) shall be recorded 
and made available to the authority having jurisdiction. 

590.7 Guarding. For wiring over 600 volts, nominal, 
suitable fencing, barriers, or other effective means shall be 
provided to limit access only to authorized and qualified 
personnel. 
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CHAPTER 6 CALIFORNIA MATRlX ADOPTION TABLES 

ARTICLE 600 - ELECTRIC SIGNS AND OUTLINE LIGHTING 
Adopting Agency 

Adopt Entire Article 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article I Section 

Adopting Agency 

Ado t Entire Article 
Adopt Entire A 
amended sec' 

Adopt only those section 
listed below 

Article I Section 

asc SFM HCD DSA 
1 2 AC SS SS/CC 

X X X X X X 

ARTICLE 604 - MANUFACTURED WIRING SYSTEMS 
esc SFM HCD DSA 

2 AC SS SS/CC 
X X X X 

1 
X 

X 

ARTICLE 605 - OFFICE FURNISHINGS (CONSISTING OF LIGHTING 
ACCESSORIES AND WIRED PARTITIONS) 

Adopting Agency B HCD DSA 
1 2 AC SS SS/CC 1 

Adopt Entire Article X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 610 - CRANES AND HOISTS 
Adopting Agency esc SFM ~~H~CrD~~ ____ ~D~S~A~ 

1 2 AC SS 

OSHPD 
2 3 4 
X X X 

OSHPD 
2 3 4 
X X X 

4 
Ado t Entire Article X X X X X X X X 

Adopt Entire Article as amended 
amended sections listed below 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 620 - ELEVATORS, DUMBWAITERS, ESCALATORS, MOVING 
WALKS, WHEELCHAIR LIFTS, AND STAIRWAY CHAIR LIFTS 

Adopting Agency BSC SFM HCD DSA 
1 :~ AC SS SS/CC 1 

Adopt Entire Article X I X X X X X 
Adopt Entire Article as amended X 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article I Section 
620.21 (A)(5) X 
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OSHPD 
2 3 4 
X X X 

DPH 

DPH 

i DPH 

DPH 
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CHAPTER 6 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 625 - ELECTRIC VEHICLE CHARGII~G SYSTEM 
Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC 55 SS/CC 1 2 3 4 
Adopt Entire Article X X X X X X 
Adopt Entire Article as amended Xl Xl Xl 

(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article / Section 
625.29 (D) t t t 
625.29 (E) X • • 

1. This state agency adopts the entire article as amended except for those sections Indicated by the following symbol: t 

ARTICLE 626 - ELECTRIFIED TRUCK PARKING SPACES 
Adopting Agency SSC SFM .iCD DSA OSHPD DPH 

1 2 AC 55 SS/CC 1 2 3 4 
Adopt Entire Article X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article / Section 

ARTICLE 630 - ELECTRIC WELDERS 
Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC 55 SS/CC 1 2 3 4 
Adopt Entire Article X X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article / Section 

ARTICLE 640 - AUDIO SIGNAL PROCESSING, AMPLIFICATION, AND REPRODUCTION EQUIPMENT 
Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC 55 SS/CC 1 2 3 4 
Adopt Entire Article X X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article / Section 

ARTICLE 645 -INFORMATION TECHNOLOGY EQUIPMENT 
Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC 55 SS/CC 1 2 3 4 
Adopt Entire Article X X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
I isted below 

Article / Section 
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CHAPTER 6 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 647 - SENSITIVE ELECTRONiC EQUIPMENT 
Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 
Adopt Entire Article X X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 650 - PIPE ORGANS 
Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 
Adopt Entire Article X X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article / Section 

ARTICLE 660 - X·RAY EQUIPMENT 
Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 
Adopt Entire Article X X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 665 -INDUCTION AND DIELECTRIC HEATING EQUIPMENT 
Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 
Adopt Entire Article X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

only those sections that are 

I"""""""""""""""~:"": 
below 

Article I Section 

ARTICLE 668 - ELEC'TROL YTIC CELLS 
Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 
Adopt Entire Article X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article I Section 
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CHAPTER 6 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 669 - ELECTROPLATING 
Adopting Agency BSC SFM ~CD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 
Adopt Entire Article X X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article / Section 

ARTICLE 670 -INDUSTRIAL MACHINERY 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 
Adopt Entire Article X X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article / Section 

ARTICLE 675 - ELECTRICALLY DRIVEN OR CONTROLLED IRRIGATION MACHINES 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 
Adopt Entire Article X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article / Section 

ARTICLE 680 - SWIMMING POOLS, FOUNTAINS, AND SIMILAR INSTALLATIONS 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 
Adopt Entire Article X X X X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are X 
listed below 

Article / Section 
680.13 X 
680.14 X 

ARTICLE 682 - NATURALLY AND ARTIFICIALLY MADE BODIES OF WATER 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 
Adopt Entire Aliicle X X X X X X X X X X 
Adopt Entire Article as amended 
(amended sections listed below) 
Adopt only those sections that are 
listed below 

Article / Section 
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CHAPTER 6 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 685 - INTEGRATED ELECTRICAL SYSTEMS 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC 55 SS/CC 1 2 4 
Adopt Entire Article X X I X X X X X X 
Adopt Entire Article as amended 
{amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 690 - SOLAR PHOTOVOl TAlC SYSTEMS 
Adopting Agency BSC SFM HCD DSA OSHPD 

I DPH 
1 2 A~SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 
Adopt Entire Article as amended 

I (amended sections listed below) 
Adopt only those sections that are 
listed below 

I Article I Section 

ARTICLE 692 FUEL CELL SYSTEMS 
A~utitill~ Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 
Adopt Entire Article X X X X X X X X I X X 
Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

i 

ARTICLE 694 - SMALL WIND ELECTRICAL SYSTEMS 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC 55 SS/CC 1 2 3 4 
Ado~t Entire Article X X X X X X X X 
Adopt Entire Article as amended 
(CIIIICIIUCU ;)CL-lIUII;) listed below) 

Adopt only those sections are 
listed below 

Article I Section I 

ARTICLE 695 - FIRE PUMPS 

~ Adopting Agency esc SFMHCD
2 

DSA OSHPD 
AC 55 SS/CC 1 2 3 4 

Adopt Entire Article. X X I X X X X X X 
i Adopt Entire Article as amended 

(amended sections listed below) 
Adopt only those sections that are 

I listed below 
Article I Section I 

I 
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ARTICLE 600 - ELECTRIC SIGNS AND OUTLINE LIGHTING 600.5 

Chapter 6 Special Equipment 

ARTICLE 600 
Electric Signs and Outline Lighting 

I. General 

600.1 Scope. This article covers the installation of 
conductors!! equipment, and field wiring for electric signs 
and outline lighting, regardl S5 of voltage. All 
installations and equipment using neon tubing, such as 
signs, decorative elements, skeleton tubing, or art forms, 
are covered by this article. 

Informational Note: SlgJi M" andouifirle lighting 
illumination systems include. but ar not Iimit~ to. cold 
cathode neon tubing. high-iot nsity dlscharge lamp 
tHID), fluorescent or incand cent lamps, li~ht-emilting 
diode (LEDs). and clcctToluminc cent ond inductance 
lighttng. 

600.2 Definitions. 

Electric-Discharge Lighting. Systems of illumination 
utilizing fluorescent Lamps, high-intensity discharge 
(HID) lamps, or neon tubing. 

i:..ED"· S·ignlll~IDiDationSYstenl. A complete lighting 
system for use in signs and outline lighting con iSling o~ 
light-emitting diode (LED) light sources. power suppli sJ 
wire, and connectors to compl~teJhe installation. 

Neon Tubing. Electric-discharge luminous tubing ~hat is 
manufactured into shapes 10 illuminate signs~ form letters, 
palis of letters, skeleton tubing, outline lighting, other 
decorative elements, or art forms and filled with various 
inert gases. 

Informational Note: Where used in ilIuminalion system 
for signs. outline lighting or kel\!ton tubing. decorative 
lements. or art fonn .• cold cathod luminous tubes are 

neon tubing as definc!d by thi anicle~ 

Section Sign. A sign or outline lighting system, shipped 
as subassemblies, that requires field-installed wiring 
between the subassemblies to complete the overall sign. 
The subassemblies are either physically joined to form a 
single sign unit or are installed as separate remote parts of 
an overall sign. 

Sign Body. A portion of a sign that may provide protection 
from the weather but is not an electrical enclosure. 

Skeleton Tubing. Neon tubing that is itself the sign or outline 
lighting and is not attached to an enclosure or sign body. 

600.3 Listing. Electric signs, section signs, and outline 
lighting, fixed, mobile, or portable, regar~!~~~~r\,~lt~g~~ 
shall be listed and installed in conformance with that 
listing, unless otherwise approved by special permission. 
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(A) Field-Installed Skeleton Tubing. Field-installed 
skeleton tubing shall not be required to be listed where 
installed in conformance with this Code. 

(B) Outline Lighting. Outline lighting shall not be 
required to be listed as a system when it consists of listed 
luminaires wired in accordance with Chapter 3. 

600.4 Markings. 

(A) Signs and Outline Lighting Systems. Signs and 
outline lighting systems shall be marked with the 
manufacturer's name, trademark, or other means of 
identification; and input voltage and current rating. 

(B) Signs with Lampholders for Incandescent Lamps. 
Signs and outline lighting systems with lampholders for 
incandescent lamps shall be marked to indicate the 
maximum allowable lamp wattage per lampholder. The 
markings shall be permanently installed, in letters at least 
6 mm (l;4 in.) high, and shall be located where visible 
during relamping. 

(e) Vi ibUity. The markings required in 600.4(A) and 
listing labels shaJl not be required to be isible after 
inslalJation but shall be pem18n ntly applied in 8 location 

isible during servicing. 

(D) Durabilitjt: Marking '--Iabels shall be permanent, 
durable and. when in wei locations, shall be weatherproof. 

(El) Section Signs. Section signs shall be marked to 
indicate that field-wiring and installation instructions are 
required. 

600.5 Branch Circuits. 

(A) Required Branch Circuit. Each commercial 
building and each commercial occupancy accessible to 
pedestrians shall be provided with at Least one outlet in an 
accessible location at each entrance to each tenant space 
for sign or outline lighting system use. The outlet( s) shall 
be supplied by a branch circuit rated at least 20 amperes 
that supplies no other load. Service hallways or corridors 
shall not be considered accessible to pedestrians. 

(B) Rating. Branch circuits that supply signs shall be 
rated in accordance with 600.5(B)(l) or (B)(2) ~nd shall 
be considered to be continuous loads lor the P~I.rP0~(:~M ~X 
calculat ions. 

(1) Neon Signs. Branch circuits that supply neon tubing 
installations shall not be rated in excess of 30 amperes. 

(2) All Otber Signs. Branch circuits that supply ~ir"otller 
signs and outline Lighting syst~ms shall be rated not to 
exceed 20 amperes. 
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600.6 ARTICLE 600 - ELECTRlC SIGNS AND OUTLINE LIGHTING 

(C) Wiring Methods. Wiring methods used to supply 
signs shall comply with 600.5(C)(1), (C)(2), and (C)(3). 

(1) Supply. The wiring method used to supply signs and 
outline lighting systems shall terminate within a sign, an 
outline lighting system enclosure, a suitable box, or a 
conduit body. 

(2) Enclosures as Pull Boxes. Signs and transformer 
enclosures shall be permitted to be used as pull or 
junction boxes for conductors supplying other adjacent 
signs, outline lighting systems, or floodlights that are part 
of a sign and shall be permitted to contain both branch 
and secondary circuit conductors. 

(3) Metal or Nonmetallic Poles. Metal or nonmetallic 
poles used to support signs shall be permitted to enclose 
supply conductors, provided the poles and conductors are 
installed in accordance with 410.30(B). 

600.6 Disconnects. Each sign and outline lighting system. 
feeder, circuit or branch circuit supplying a sign~ outline 
lighting system, Qr~~e)eton tubing shall be controlled by 
an externally operable switch or circuit breaker fhat op ns 
all ungrounded conductors and controls no other load. 
The switch or circuit breaker hall open all ungrounded 
conductors simultaneously on multi-wire branch circui 
in accordance witb 21 O.4( B)~, Signs and outline lighting 
systems located within fountains shaH have the disconnect 
located in accordance with 680.12. 

Exception No.1: A disconnecting means shall not be 
requiredfor an exit directional sign located within a building. 

Exception No, 2: A disconnecting means shall not be 
requiredfor cord-connected signs with an attachment plug. 

(A) Location. 

(l) Within Sight of the Sign. The disconnecting means 
shaH be within sight of the sign or outline lighting system 
that it controls. Where the disconnecting means is out of 
the line of sight from any section that is able to be 
energized, the disconnecting means shall be capable of 
being locked in the open position. The provision for 
locking or adding a lock to the disconnecting means must 
remain in place at the switch or circuit breaker whether the 
lock is installed or not. Portable means for adding a lock to 
the switch or circuit breaker shall not be permitted. 

(2) Within Sight of the Controller. The following shall 
apply for signs or outline lighting systems operated by 
electronic or electromechanical controllers located 
external to the sign or outline lighting system: 

(1) The disconnecting means shaH be permitted to be 
located within sight of the controller or in the same 
enclosure with the controller. 

(2) The disconnecting means shall disconnect the sign 
or outline lighting system and the controller from all 
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ungrounded supply conductors. 

(3) The disconnecting means shall be designed such that 
no pole can be operated independently and shall be 
capable of being locked in the open position. The 
provisions for locking or adding a lock to the 
disconnecting means must remain in place at the 
switch or circuit breaker whether the lock is 
installed or not. Portable means for adding a lock to 
the switch or circuit breaker shall not be permitted. 

(B) Control Switch Rating. Switches, flashers, and 
similar devices controlling transformers and electronic 
power supplies shall be rated for controlling inductive 
loads or have a current rating not less than twice the 
current rating of the transformer. 

Infonnational Note: See 404.14 for rating of snap switches. 

600.7 Grounding and Bonding. 

(A) Grounding. 

(1 ) Equipment Grounding. Signs and metal equipment 
of outline lighting systems shall be grounded by 
connection to the equipment grounding conductor of the 
supply branch circuit(s) or feeder using the types of 
equipment grounding conductors specified in 250.118. 

Exception: Portable cord-connected signs shall not be 
required to be connected to the equipment grounding 
conductor where protected by a system of double 
insulation or its equivalent. Double insulated equipment 
shall be distinctively marked. 

(2) Size of Equipment Grounding Conductor. The 
equipment grounding conductor size shall be in 
accordance with 250.122 based on the rating of the 
overcurrent device protecting the branch circuit or feeder 
conductors supplying the sign or equipment. 

(3) Connections. Equipment grounding conductor 
connections shall be made in accordance with 250.130 
and in a method specified in 250.8. 

(4) Auxiliary Grounding Electrode. Auxiliary 
grounding electrode(s) shall be permitted for electric 
signs and outline lighting systems covered by this article 
and shall meet the requirements of 250.54. 

(5) Metal Building Parts. Metal parts of a building shall 
not be permitted as a secondary return conductor or an 
equipment grounding conductor. 

(B) Bonding. 

(1) Bonding of Metal Parts. Metal parts and equipment 
of signs and outline lighting systems shaH be bonded 
together and to the associated transformer or power
supply equipment grounding conductor of the branch 
circuit or feeder supplying the sign or outline lighting 
system and shall meet the requirements of 250.90. 
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ARTICLE 600 - ELECTRIC SIGNS AND OUTLINE LIGHTING 600.10 

Exception: ~emole me/al parts Qj a sec/ion sign or ou/line 
Vighlillg .system only slipplied by a remote Class 2 POWCI; 

supply shall not be required 10 be handed to an equipment 
'grounding conductor.] 

(2) Bonding Connections. Bonding connections shall be 
made in accordance with 250.8. 

(3) Metal Building Parts. Metal parts of a building shall 
not be permitted to be used as a means for bonding metal 
parts and equipment of signs or outline lighting systems 
together or to the transformer or power-supply equipment 
grounding conductor of the supply circuit. 

(4) Flexible Metal Conduit Length. Listed flexible metal 
conduit or listed liquidtight flexible metal conduit that 
encloses the secondary circuit conductor from a 
transformer or power supply for use with neon tubing 
shall be permitted as a bonding means if the total 
accumulative length of the conduit in the secondary 
circuit does not exceed 30 m (100 ft). 

(5) Small Metal Parts. Small metal parts · not exceeding 
50 mm (2 in.) in any dimension, not likely to be 
energized, and spaced at least 19 mm (% in.) from neon 
tubing, shall not require bonding. 

(6) Nonmetallic Conduit. Where listed nonmetallic 
conduit is used to enclose the secondary circuit conductor 
from a transformer or power supply and a bonding 
conductor is required, the bonding conductor shall be 
installed separate and remote from the nonmetallic conduit 
and be spaced at least 38 mm (1 Y2 in.) from the conduit 
when the circuit is operated at 100 Hz or less or 45 mm 
(l % in.) when the circuit is operated at over 100 Hz. 

(7) Bonding Conductors. Bonding conductors shall 
comply with ( I ) and (2). 

(1) Bonding conductors shall be copper and not smaller 
than 14 AWG. 

(2) Bonding conductors installed externally of a sign or 
raceway shall be protected from physical damage. 

(8) Signs in Fountains. Signs or outline lighting installed 
inside a fountain shall have all metal parts bonded to the 
equipment grounding conductor of the branch circuit for 
the fountain recirculating system. The bonding connection 
shall be as near as practicable to the fountain and shall be 
permitted to be made to metal piping systems that are 
bonded in accordance with 680.53. 

Infonnational Note: Refer to 600.32(J) for restrictions 
on length of high-voltage secondary conductors. 

600.8 Enclosures. Live parts, other than lamps, and neon 
tubing shall be enclosed. Transformers and power 
supplies provided with an integral enclosure, including a 
primary and secondary circuit splice enclosure, shall not 
require an additional enclosure. 
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(A) Strength. Enclosures shall have ample structural 
strength and rigidity. 

(B) Material. Sign and outline lighting system enclosures 
shall be constructed of metal or shall be listed. 

(C) Minimum Thickness of Enclosure Metal. Sheet 
copper or aluminum shall be at least 0.51 mm (0.020 in.) 
thick. Sheet steel shall be at least 0.41 mm (0.016 in.) 
thick. 

(D) Protection of Metal. Metal parts of equipment shall 
be protected from corrosion. 

600.9 Location. 

(A) Vehicles. Sign or outline lighting system equipment 
shall be at least 4.3 m (14 ft) above areas accessible to 
vehicl.es unless protected from physical damage. 

(B) Pedestrians. Neon tubing, other than dry-location 
portable signs, readily accessible to pedestrians shall be 
protected from physical damage. 

Informational Note: See 600.41(D) for additional 
requirements. 

(C) Adjacent to Combustible Materials. Signs and 
outline lighting systems shall be installed so that adjacent 
combustible materials are not subjected to temperatures in 
excess of 90°C (194 OF). 

The spacing between wood or other combustible materials 
and an incandescent or HID lamp or lampholder shall not 
be less than 50 mm (2 in.). 

(D) Wet Location. Signs and outline lighting system 
equipment for wet location use, other than listed 
watertight type, shall be weatherproof and have drain 
holes, as necessary, in accordance with the following: 

(1) Drain holes shall not be larger than 13 mm (Y2 in.) or 
smaller than 6 mm (14 in.). 

(2) Every low point or isolated section of the equipment 
shall have at least one drain hole. 

(3) Drain holes shall be positioned such that there will be 
no external obstructions. 

600.10 Portable or Mobile Signs. 

(A) Support. Portable or mobile signs shaH be adequately 
supported and readily movable without the use of tools. 

(B) Attachment Plug. An attachment plug shall be 
provided for each portable or mobile sign. 

(e) Wet or Damp Location. Portable or mobile signs in 
wet or damp locations shall comply with 600.10(C)(l) 
and (C)(2). 
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600.12 ARTICLE 600 - ELECTRIC SIGNS AND OUTLINE LIGHTING 

(1) Cords. All cords shall be junior hard-service or hard
service types as designated in Table 400.4 and have an 
equipment grounding conductor. 

(2) Ground-Fault Circuit Interrupter. Portable or 
mobile signs shall be provided with factory-installed 
ground-fault circuit-interrupter protection for personnel. 
The ground-fault circuit interrupter shall be an integral 
part of the attachment plug or shall be located in the 
power-supply cord within 300 mm (12 in.) of the 
attachment plug. 

(D) Dry Location. Portable or mobile signs in dry 
locations shall meet the following: 

(1) Cords shall be SP-2, SPE-2, SPT-2, or heavier, as 
designated in Table 400.4. 

(2) The cord shall not exceed 4.5 m (15 ft) in length. 

600.12 Field-Installed Secondary Wiring. Field
installed secondary circui!wiEing J()!~le~tri~sign~? 
outline lighting systems, ancfskeieion tubing" system 
shall be in accordance witb their in. tallation instructions 
anq 600. 12(A), (B), or (C). 

(A) 1000 Volts or Less. Secondary circuit wiring of 1000 
volts or less shall comply with 600.31. 

(B) Over 1000 Volts. Secondary circuit wiring of over 
1000 volts shall comply with 600.32. 

(C) Class 2. Where the installation complies with 600.33 
and the power source pro id~s a Class 2 output that 
compl1 s with 600.24. either of the following wiring 
methods shall be permitted as determined by the 
installation conditions. 

(1) Wiring methods identined in Chapter 3 

(2) Class 2 cable complying with Part III of Article 725 

600.21 Ballasts, Transformers, and Electronic Power 
Supplies. 

(A) Accessibility. Ballasts, transformers, and electronic 
power supplies shall be located where accessible and shall 
be securely fastened in place. 

(B) Location. Ballasts, transformers, and electronic 
power supplies shall be installed as near to the lamps or 
neon tubing as practicable to keep the secondary 
conductors as short as possible. 

(C) Wet Location. Ballasts, transformers, and electronic 
power supplies used in wet locations shall be of the 
weatherproof type or be of the outdoor type and protected 
from the weather by placement in a sign body or separate 
enclosure. 

(D) Working Space. A working space at least 900 mm (3 
ft) high, 900 mm (3 ft) wide, by 900 mm (3 ft) deep shall 
be provided at each ballast, transformer, and electronic 
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power supply or at its enclosure where not installed in a 
sign. 

(E) Attic and Soffit Locations. Ballasts, transformers, 
and electronic power supplies shall be permitted to be 
located in attics and soffits, provided there is an access 
door at least 900 mm by 562.5 mm (36 in. by 22Y2 in.) 
and a passageway of at least 900 mm (3 ft) high by 600 
mm (2 ft) wide with a suitable permanent walkway at 
least 300 mm (12 in.) wide extending from the point of 
entry to each component. At least one lighting outlet 
containing a switch or controlled by a wall switch shall be 
installed in such spaces. At least one point of control shall 
be at the usual point of entry to these spaces. The lighting 
outlet shall be provided at or near the equipment requiring 
servicing. 

(F) Suspended Ceilings. Ballasts, transformers, and 
electronic power supplies shall be permitted to be located 
above suspended ceilings, provided their enclosures are 
securely fastened in place and not dependent on the 
suspended ceiling grid for support. Ballasts, transformers, 
and electronic power supplies installed in suspended 
ceilings shall not be connected to the branch circuit by 
flexible cord. 

600.22 Ballasts. 

(A) Type. Ballasts shall be identified for the use and shall 
be listed. 

(B) Thermal Protection. Ballasts shall be thermally 
protected. 

600.23 Transformers and Electronic Power Supplies. 

(A) Type. Transformers and electronic power supplies 
shall be identified for the use and shall be listed. 

(B) Secondary-Circuit Ground-Fault Protection. 
Transformers and electronic power supplies other than the 
following shall have secondary-circuit ground-fault 
protection: 

(1) Transformers with isolated ungrounded secondaries 
and with a maximum open circuit voltage of 7500 
volts or less 

(2) Transformers with integral porcelain or glass 
secondary housing for the neon tubing and requiring 
no field wiring of the secondary circuit 

(C) Voltage. Secondary-circuit voltage shall not exceed 
15,000 vo1ts, nominal, under any load condition. The 
voltage to ground of any output terminals of the 
secondary circuit shall not exceed 7500 volts, under any 
load condition. 

(D) Rating. Transformers and electronic power supplies 
shall have a secondary-circuit current rating of not more 
than 300 rnA. 
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ARTICLE 600 - ELECTRIC SIGNS AND OUTLINE LIGHTING 600.32 

(E) Secondary Connections. Secondary circuit outputs 
shall not be connected in parallel or in series. 

(F) Marking. rrransformers and electronic power supplies 
that arc equipped with secondary-circuit ground-fault 
protection shall be so marked. 

600.24 Class 2 Power Sources. Signs and outline lighting 
systems supplied by Class 2 transformers, power supplies, 
and power sources shall comply with the requirements of 
Clas 2 circuits and 600.24(A), (B), (~)~~~(I?l~ 

(A) Listing. Class 2 power supplies and power sources 
shall be listed for use with electric signs and outline 
lighting system or shall b~ a component in a listed 
electric si n. 

(B) Grounding. Metal parts of signs and outline lighting 
systems shall be grounded and bonded in accordance with 
600.7. 

(C) \Viring Methods on tbe Supply Side of the Class 2 
Power Supply. Conductors and equipment on the supply 
side of the power source hall be in tailed in accordance 
with the appropriate requirements of Chapter 3. 

(0) Secondary Wiring. Secondary wiring from Class 2 
power sources shall comply with 600.l2(C) and 600.33. 

II. Field-Installed Skeleton Tubing, Outline Lighting. 
and Secondary Wiring 

600.30 Applicability. 

Part II of this article shall apply to all of the following: 

(I) Field-installed skeleton tubing 

(2) Field-installed secondary circuits 

(3) putlinc liglltillC 

These requirements are in addition to the 
requirements of Part 1. 

600.31 Neon Secondary-Circuit Wiring, 1000 Volts or 
Less, Nominal. 

(A) Wiring Method. Conductors shall be installed using 
any wiring method included in Chapter 3 suitable for the 
conditions. 

(B) Insulation and Size. Conductors shall be listed, 
insulated, and not smaller than 18 AWG. 

(C) Number of Conductors in Raceway. The number of 
conductors in a raceway shall be in accordance with Table 
1 of Chapter 9. 

(D) Installation. Conductors shall be installed so they are 
not subject to physical damage. 

(E) Protection of Leads. Bushings shall be used to 
protect wires passing through an opening in metal. 
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600.32 Neon Secondary-Circuit Wiring, over 1000 
Volts, Nominal. 

(A) Wiring Methods. 

(1) Installation. Conductors shall be installed in rigid 
metal conduit, intermediate metal conduit, PVC conduit, 
RTRC, liquidtight flexible nonmetalJic conduit, flexible 
metal conduit, liquidtight flexible metal conduit, electrical 
metallic tubing, metal enclosures, on insulators in metal 
raceways, or other equipment listed for use with neon 
secondary circuits over 1000 volts. 

(2) Number of Conductors. Conduit or tubing shall 
contain only one conductor. 

(3) Size. Conduit or tubing shall be a minimum of metric 
designator] 6 (trade size Y2). 

(4) Spacing from Grounded Parts. Other than at the 
location of connection to a metal enclosure or sign body, 
nonmetallic conduit or flexible nonmetallic conduit shall 
be spaced no less than 38 mm (1 ~ in.) from grounded or 
bonded parts when the conduit contains a conductor 
operating at 100 Hz or less, and shall be spaced no less 
than 45 mm (1% in.) from grounded or bonded parts when 
the conduit contains a conductor operating at more than 
100 Hz. 

(5) Metal Building Parts. Metal parts of a building shall 
not be permitted as a secondary return conductor or an 
equipment grounding conductor. 

(B) Insulation and Size. Conductors shall be insulated, 
listed as gas tube sign and ignition cable type GTO, rated 
for 5, 10, or 15 kV, not smaller than 18 AWG, and have a 
minimum temperature rating of 105°C (221 °F). 

(C) Installation. Conductors shall be so installed that 
they are not subject to physical damage. 

(D) Bends in Conductors. Sharp bends in insulated 
conductors shall be avoided. 

(E) Spacing. Secondary conductors shall be separated 
from each other and from all objects other than insulators 
or neon tubing by a spacing of not less than 38 mm (l Yi 
in.). GTO cable instalJed in metal conduit or tubing 
requires no spacing between the cable insulation and the 
conduit or tubing. 

(F) Insulators and Bushings. Insulators and bushings for 
conductors shall be listed for use with neon secondary 
circuits over 1000 volts. 

(G) Conductors in Raceways. The insulation on all 
conductors shall extend not less than 65 mm (2 Yi in.) 
beyond the metal conduit or tubing. 
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600.G3 ARTICLE 600 - ELECTRlC SIGNS AND OUTLINE LIGHTING 

(H) Between Neon Tubing and Midpoint Return. 
Conductors shall be permitted to run between the ends of 
neon tubing or to the secondary circuit midpoint return of 
listed transformers or listed electronic power supplies and 
provided with terminals or leads at the midpoint. 

(I) Dwelling Occupancies. Equipment having an open 
circuit voltage exceeding 1000 volts shall not be installed 
in or on dwelling occupancies. 

(J) Length of Secondary Circuit Conductors. 

(1) Secondary Conductor to the First Electrode. The 
length of secondary circuit conductors from a high
voltage terminal or lead of a transformer or electronic 
power supply to the first neon tube electrode shall not 
exceed the following: 

(1) 6 m (20 ft) where installed in metal conduit or tubing 

(2) 15 m (50 ft) where installed in nonmetallic conduit 

(2) Other Secondary Circuit Conductors. All other 
sections of secondary circuit conductor in a neon tube 
circuit shall be as short as practicable. 

(K) Splices. Splices in high-voltage secondary circuit 
conductors shall be made in listed enclosures rated over 
1000 volts. Splice enclosures shall be accessible after 
installation and listed for the location where they are 
installed. 

600.33 LED Sign Illumination System. Secoodal') 
Wiring. The wiring methods and materials shall be 
installed in accordance with the sign manufacturer' 
jinstallation instructions using any applicable wiring 
methods from Chapter 3 and the requirements for Cia s 2 
circuits contained in Part III of Article 725. 

(A) Insulation and Sizin of Class 2 Conductors. Listed 
Class 2 cable that complies with Table 725.1S4(G) shan 

e installed on the load side of the Class 2 power oure • 
IT"he conductors shall have an ampacity not less than the 
load to ... ~~ .. ~.l1ppli~~n~~htlll~«?~~t!~i:Z:~~~r1'ltlllert 11all~~ 
k\~Q~. . . .. ,.. . -~ . ." .. 

(1) 'Vet Location. elas 2 cable used in a w t location 
hall be identified for use in wet locations or have a 
oi. ture-impervious metal sheath. . 

(2) Other Locations. In other locations. any applicable 
able pennit1ed in Table 725.1 54(G) shall be permitted td 
e used. 

(8) Installation. Secondary wiring shall be installed in 
accordance with (8)( I) and (9)(2). 

( I) Support ,~irjngshaH 'biI1staftedln''"a '' neat 'and 
workmanlike manner. Cables and conductors 
installed exposed on the surface of cei lings and 
sidewalls shall be supported by the building structure 
in such 8!11~llner thtlJthe cable.i~I~Qt~e<laJl1aged by: 
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ilormarbui'fdlnguse.·Such·cabIe .. ···hall be supported 
by straps, staples, hanger, cable ti s, or 'imilar 
fittings designed and in tailed so a not to damage the 
cable. The installation shall also comply with 
300.4(D). 

(2) Connections in cable and conductors shalrbc made 
with listed insulating devices and be accessible after 
installation. Where made in a wall. connection shall 
~~J:!Il<:IQ. t!clillaJ isted box. 

(C) Protection Against Physical Damage. Wbere 
ubject to physical damage, the conductors shall b 

protccteQ .. !l,~~ .. t~, ~11~5!j!t~~~2r.~~,n~.~ ... ~ith .. ~Q9·4: 
(D) Grounding and BOl1ding. Grounding and bonding 
shall be in accordance with 600.7. 

600.41 Neon Tubing. 

(A) Design. The length and design of the tubing shall not 
cause a continuous overcurrent beyond the design loading 
of the transformer or electronic power supply. 

(B) Support. Tubing shall be supported by listed tube 
supports. The neon tubing shall be supported within ] 50 
mm (6 in.) from the electrode connection. 

(C) Spacing. A spacing of not less than 6 mm (~ in.) 
shall be maintained between the tubing and the nearest 
surface, other than its support. 

(D) Protection. Field-installed skeleton tubing shall not 
be subject to physical damage. Where the tubing is readily 
accessible to other than qualified persons, field-installed 
skeleton tubing shall be provided with suitable guards or 
protected by other approved means. 

600.42 Electrode Connections. 

(A) Points of Transition. Where the high-voltage 
secondary circuit conductors emerge from the wiring 
methods specified in 600.32(A), they shall be enclosed in 
a listed assembly. 

(B) Accessibility. Terminals of the electrode shall not be 
accessible to unqualified persons. 

(C) Electrode Connections. Connections shall be made 
by use of a connection device, twisting of the wires 
together, or use of an electrode receptacle. Connections 
shall be electrically and mechanically secure and shall be 
in an enclosure listed for the purpose. 

(D) Support. Neon secondary conductor(s) shall be 
supported not more than 150 mm (6 in.) from the 
electrode connection to the tubing. 

(E) Receptacles. Electrode receptacles shall be listed. 

(F) Bushings. Where electrodes penetrate an enclosure, 
bushings listed for the purpose shall be used unless 
receptacles are provided. 
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ARTICLE 604 - MANUF ACTUREDWIRING SYSTEMS 604.6 

(G) Wet Locations. A listed cap shall be used to close 
the opening between neon tubing and a receptacle where 
the receptacle penetrates a building. Where a bushing or 
neon tubing penetrates a building, the opening between 
neon tubing and the bushing shaH be sealed. 

(H) Electrode Enclosures. Electrode enclosures shall be 
listed. 

(1) Dry Locations. Electrode enclosures that are listed for 
use in dry, damp, or wet locations shall be permitted to be 
installed and used in such locations. 

(2) Damp and Wet Locations. Electrode enclosures 
installed in damp and wet locations shall be specifically 
listed and identified for use in such locations. 

Informational Note: See 110.3(B) covering installation 
and use of electrical equipment. 

ARTICLE 604 
Manufactured Wiring System ........ . s ........ .. ........ .. _ ......... .. .. . 

604.1 Scope. The provisions of this article apply to field
installed wiring using off-site manufactured 
subassemblies for branch circuits, remote-control circuits, 
signaling circuits, and communications circuits in 
accessible areas. 

604.2 Definition. 

Manufactured Wiring System. A system containing 
component parts that are assembled in the process of 
manufacture and cannot be inspected at the building site 
without damage or destruction to the assembly and used 
for the connection of luminaires, utilization equipment, 
continuous p1ug-in type busways, and other devices. 

604.4 Uses Permitted. Manufactured wiring systems 
shall be permitted in accessible and dry locations and in 
ducts, plenums, and other air-handling spaces where listed 
for this application and installed in accordance with 
300.22. 

Exception No.1: In concealed spaces, one end of tapped 
cable shall be permitted to extend into hollow walls for 
direct termination at switch and outlet points. 

Exception No.2: Manufactured wiring system assemblies 
installed outdoors shall be listed for use in outdoor 
locations. 

604.5 Uses Not Permitted. Manufactured wiring system 
types shal1 not be permitted where limited by the 
applicable article in Chapter 3 for the wiring method used 
in its construction. 
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604.6 Construction. 

(A) Cable or Conduit Types. 

(1) Cables. Cable shaH be one of the following: 

(1) Listed Type AC cable containing nominaI600-volt, 8 
to 12 AWG insulated copper conductors with a bare 
or insulated copper equipment grounding conductor 
equivalent in size to the ungrounded conductor. 

(2) Listed Type MC cable containing nominal 600-volt, 
8 to 12 AWG insulated copper conductors with a bare 
or insu1ated copper equipment grounding conductor 
equivalent in size to the ungrounded conductor. 

(3) Listed Type MC cable containing nominal 600-volt, 
8 to 12 AWG insu1ated copper conductors with a 
grounding conductor and armor assembly listed and 
identified for grounding in accordance with 
250.118(10). The combined metallic sheath and 
grounding conductor shall have a current-carrying 
capacity equivalent to that of the ungrounded copper 
conductor. 

Other cables as listed in 725.154, 800.113, 820.113, 
and 830.179 shall be permitted in manufactured wiring 
systems for wiring of equipment within the scope of their 
respective articles. 

(2) Conduits. Conduit shall be 1isted flexible metal 
conduit or listed liquidtight flexible conduit containing 
nomina1 600-volt, 8 to 12 AWG insulated copper 
conductors with a bare or insulated copper equipment 
grounding conductor equivalent in size to the ungrounded 
conductor. 

Exception No. 1 to (1) and (2): A luminaire tap, no 
longer than 1.8 m (6ft) and intended for connection to a 
single luminaire, shall be permitted to contain conductors 
smaller than 12 A WG but not smaller than 18 A we. 
Exception No. 2 to (1) and (2): Listed manufactured 
wiring assemblies containing conductors smaller than 12 
AWe shall be permitted for remote-control, signaling, or 
communication circuits. 

Exception No. 3 to (2): Listed mllflu/aclured \ iring 
systems cOllIaining IInlisted .flexible metal conduit of 
nOllcirClilar cros~ sec/ion or trode sizes smaller than 
permilled by 348.20(A). or both, provided the wiring 
ystems are supplied wilh jilting and conduclors at the 

time of manufacture. 

(3) Flexible Cord. Flexible cord suitable for hard usage, 
with minimum 12 A WG conductors, shall be permitted as 
part of a listed factory-made assembly not exceeding 1.8 
m (6 ft) in length when making a transition between 
components of a manufactured wiring system and 
utilization equipment not permanently secured to the 
building structure. The cord shall be visible for the entire 
length, shall not be subject to physical damage. and hall 
be provided wlth identified strain relief. 
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Exception: Listed electric-discharge luminaires that 
comply with 410.62 (C) shall be permitted with conductors 
smaller than 12 A WG. 

(4) Busways. Busways shall be listed continuous plug-in 
type containing factory-mounted, bare or insulated 
conductors, which shall be copper or aluminum bars, 
rods, or tubes. The busway shall ~e provided with an 
equipment ground. The busway shall be rated nominal 
600 volts, 20, 30, or 40 amperes. Busways shall be 
installed in accordance with 368.12, 368.17(D), and 
368.30. 

(5) Racewa). Prewired. modular. surface-mounted 
raceways shall be listed for the u e. rated nominal 600 
volts. 20 amperes, and installcd!I1 ,,_~~£or~ance with 
386. 12. 386.30, 386.60, and 386.100.1 

(B) Marking. Each section shall be marked to identify the 
type of cable, flexible cord, or conduit. 

(C) Receptacles and Connectors. Receptacles and 
connectors shall be of the locking type, uniquely 
polarized and identified for the purpose, and shall be part 
of a listed assembly for the appropriate system. All 
connector openings shall be designed to prevent 
inadvertent contact with live parts or capped to effectively 
close the connector openings. 

(D) Other Component Parts. Other component parts 
shall be listed for the appropriate system. 

604.7 Installation. Manufactured wiring systems shall be 
secured and supported in accordance with the applicable 
cable or conduit article for the cable or conduit type 
employed. 

ARTICLE 605 
Office Furnishings (Consisting of Lighting 

Accessories a~(IWired Partitions) 

605.1 Scope. This article covers electrical equipment, 
lighting accessories, and wiring systems used to connect, 
or contained within, or installed on relocatable wired 
partitions. 

605.2 General. Wiring systems shall be identified as 
suitable for providing power for lighting accessories and 
appliances in wired partitions. These partitions shall not 
extend from floor to ceiling. 

Exception: Where permitted by the authority haVing 
jurisdiction, these relocatable wired partitions shall be 
permitted to extend to, but shall not penetrate, the 
ceiling. 
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(A) Use. These assemblies shall be installed and used 
only as provided for by this article. 

(~) Hazardous (Classified) Locations. Where used in 
hazardous (classified) locations, these assemblies shall 
comply with Articles 500 through 517 in addition to this 
article. 

605.3 Wireways. All conductors and connections shall be 
contained within wiring channels of metal or other 
material identified as suitable for the conditions of use. 
Wiring channels shall be free of projections or other 
conditions that may damage conductor insulation. 

605.4 Partition Interconnections. The electrical 
connection between partitions shall be a l1exible assembly 
identified for use with wired partitions or shall be 
permitted to be installed using flexible cord, provided all 
the following conditions are met: 

(1) The cord is extra-hard usage type with 12 AWG or 
larger conductors, with an insulated equipment 
grounding conductor. 

(2) The partitions are mechanically contiguous. 

(3) The cord is not longer than necessary for maximum 
positioning of the partitions but is in no case to 
exceed 600 mm (2 ft). 

(4) The cord is terminated at an attachment plug-and
cord connector with strain relief. 

605.5 Lighting Accessories. Lighting equipment shall be, 
listed and identified for use with wired partitions and shall 
comply with 60S.S(A), (B), and (C). 

(A) Support. A means for secure attachment or support 
shall be provided. 

(B) Connection. Where cord-and-plug connection is 
provided, the cord length shall be suitable for the intended 
application but shall not exceed 2.7 m (9 ft) in length. The 
cord shall not be smaller than 18 A WG, shall contain an 
equipment grounding conductor, and shall be of the hard 
usage type. Connection by other means shall be identified 
as suitable for the condition of use. 

(C) Receptacle Outlet. Receptacles shall not be 
permitted in lighting accessories. 

605.6 Fixed-Type Partitions. Wired partitions that are 
fixed (secured to building surfaces) shall be permanently 
connected to the building electrical system by one of the 
wiring methods of Chapter 3. 

605. 7 Freestanding-Type Partitions. Partitions of the 
freestanding type (not fixed) shall be permitted to be 
connected to the building electrical system by one of the 
wiring methods of Chapter 3. 
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605.8 Freestanding-Type Partitions, Cord-and-Plug
Connected. Individual partitions of the freestanding type, 
or groups of individual partitions that are electrically 
connected, are mechanically contiguous, and do not 
exceed 9.0 m (30 ft) when assembled, shall be permitted 
to be connected to the building electrical system by a 
single flexible cord and plug, provided all of the 
conditions of605.8(A) through (D) are met. 

(A) Flexible Power-Supply Cord. The flexible power
supply cord shall be extra-hard usage type with 12 A WG 
or larger conductors with an insulated equipment 
grounding conductor and shall not exceed 600 mm (2 ft) 
in length. 

(B) Receptacle Supplying Power. The receptacle(s) 
supplying power shall be on a separate circuit serving 
only panels and no other loads and shall be located not 
more than 300 mm (12 in.) from the partition that is 
connected to it. 

(C) Receptacle Outlets, Maximum. Individual partitions 
or groups of interconnected individual partitions shall not 
contain more than thirteen I5-ampere, 125-volt receptacle 
outlets. 

(D) Multiwire Circuits, Not Permitted. Individual 
partitions or groups of interconnected individual partitions 
shall not contain multiwire circuits. 

Informational Note: See 210.4 for circuits supplying 
partitions in 605.6 and 605.7. 

ARTICLE 610 
Cranes and Hoists 

........... .. . ..... .. ..... 

I. General 

610.1 Scope. 

This article covers the installation of electrical equipment 
and wiring used in connection with cranes, monorail 
hoists, hoists, and all runways. 

Informational Note: For further infonnation, see ANSI 
B30, Safety Code for Cranes, Derricks, Hoists, Jacks, 
and Slings. 

610.2 D("tinition~ 

Festoon Cable. Single- and multiple-conductor cable 
intended tor u e and installation in accordance with 
Article 610 whc:rc flexibility is required .. 

Informational Note: iF~stooncabjeoonlsfso{oneor 
more insulated conductors cabled togtther \\i ith an 
O\crall jacket. It is rated 60°C (140 F), 75D

(: (167Q f), 
90°C (194°F). or I05Qr (221 °F) and 600 V. 
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610.3 Special Requirements for Particular Locations. 

(A) Hazardous (Classified) Locations. All equipment 
that operates in a hazardous (classified) location shall 
conform to Article 500. 

(1) Class I Locations. Equipment used in locations that 
are hazardous because of the presence of flammable gases 
or vapors shall conform to Article 501. 

(2) Class II Locations. Equipment used in locations that 
are hazardous because of combustible dust shall conform 
to Article 502. 

(3) Class III Locations. Equipment used in locations that 
are hazardous because of the presence of easily ignitible 
fibers or flyings shall conform to Article 503. 

(B) Combustible Materials. Where a crane, hoist, or 
monorail hoist operates over readily combustible material , 
the resistors shall be located as permitted in the following: 

(1) A well ventilated cabinet composed of noncombustible 
material constructed so that it does not emit flames or 
molten metal 

(2) A cage or cab constructed of noncombustible 
material that encloses the sides of the cage or cab 
from the floor to a point at least 150 mm (6 in.) above 
the top of the resistors 

(C) Electrolytic Cell Lines. See 668.32. 

II. Wiring 

610.11 Wiring Method. Conductors shall be enclosed in 
raceways or be Type AC cable with insulated grounding 
conductor, TypeMC cable, or Type MI cable unless 
otherwise permitted or required in 6I0.11(A) through (E). 

(A) Contact Conductor. Contact conductors shall not be 
required to be enclosed in raceways. 

(B) Exposed Conductors. Short lengths of exposed 
conductors at resistors, collectors, and other equipment 
shall not be required to be enclosed in raceways. 

(C) Flexible Connections to Motors and Similar 
Equipment. Where flexible connections are necessary, 
flexible stranded conductors shall be used. Conductors 
shall be in flexible metal conduit, liquidtight flexible 
metal conduit, liquidtight flexible nonmetallic conduit, 
muIticonductor cable, or an approved nonmetallic flexible 
raceway. 

(D) Pushbutton Station Multiconductor Cable. Where 
multi conductor cable is used with a suspended 
pushbutton station, the station shall be supported in 
some satisfactory manner that protects the electrical 
conductors against strain. 
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ARTICLE 610 CRANES AND HOISTS 

(E) Flexibility to Moving Parts. Where flexibility is 
required for power or control to moving parts, 

or a cord suitable for the purpose shall be 
permitted, provided the following apply: 

(1) Suitable strain relief and protection from physical 
damage is provided. 

(2) In Class I, Division 2 locations, the cord is approved 
for extra-hard usage. 

610.12 Raceway or Cable Terminal Fittings. 
Conductors leaving raceways or cables shall comply 
with either 610.12(A) or (B). 

(A) Separately Bushed Hole. A box or terminal fitting 
that has a separately bushed hole for each conductor shall 
be used wherever a change is made from a raceway or 
cable to exposed wiring. A fitting used for this purpose 
shall not contain taps or splices and shall not be used at 
luminaire outlets. 

(B) Bushing in Lieu of a Box. A bushing shall be 
permitted to be used in lieu of a box at the end of a rigid 
metal conduit, intermediate metal conduit, or electrical 
metallic tubing where the raceway terminates at 
unenclosed controls or similar equipment, including 
contact conductors, collectors, resistors, brakes, power
circuit limit switches, and dc split-frame motors. 

610.13 Types of Conductors. Conductors shall comply 
with Table 310. unless otherwise permitted in 
610.13(A) through (D). 

(A) Exposed to External Heat or Connected to 
Resistors. A conductor(s) exposed to external heat or 
connected to resistors shall have a flame-resistant outer 
covering or be covered with flame-resistant tape 
individually or as a group. 

(B) Contact Conductors. Contact conductors along 
runways, crane bridges, and monorails shall be permitted 
to be bare and shall be copper, aluminum, steel, or other 
alloys or combinations thereof in the form of hard-drawn 
wire, tees, angles, tee rails, or other stiff shapes. 

(C) Flexibility. Where 
flexible cord or cable, 
permitted to be used and, where necessary, 
take-up devices shall be used. 

reels or 

(D) Class 1, Class 2, and Class 3 Circuits. Conductors 
for Class 1, Class 2, and Class 3 remole-control, 
signaling, and power-limited circuits, installed in 
accordance with Article 725, shall be permitted. 

610.14 Rating and Size of Conductors. 

(A) Ampacity. The al10wable ampacities of conductors 
shall be as shown in Table 610.14(A). 
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Informational Note: For the ampacities of conductors 
between controllers and resistors, see 430.23. 

(B) Secondary Resistor Conductors. Where the 
secondary resistor is separate from the controller, the 
minimum size of the conductors between controller and 
resistor shall be calculated by multiplying the motor 
secondary current by the appropriate factor from Table 
610.14(8) and selecting a wire from Table 6l0.l4(A). 

(C) Minimum Size. Conductors external to motors and 
controls shall be not smaller than 16 A WG unless 
otherwise permitted in (1) or (2): 

(l) 18 A WG wire in multiconductor cord shall be 
permitted for control circuits not exceeding 7 
amperes. 

(2) Wires not smaller than 20 AWG shall be permitted 
for electronic circuits. 

(D) Contact Conductors. Contact wires shall have an 
ampacity not less than that required by Table 610.l4(A) 
for 75°C (167°F) wire, and in no case shall they be 
smaller than as shown in Table 610.14(0). 

(E) Calculation of Motor Load. 

(1) Single Motor. For one motor, 100 percent of motor 
nameplate full-load ampere rating shall be used. 

(2) Multiple Motors on Single Crane or Hoist. For 
multiple motors on a single crane or hoist, the minimum 
ampacity of the power supply conductors shall be the 
nameplate full-load ampere rating of the largest motor or 
group of motors for any single crane motion, plus 50 
percent of the nameplate ful1-load ampere rating of the 
next largest motor or group of motors, using that column 
of Table 610.l4(A) that applies to the longest time-rated 
motor. 

(3) Multiple Cranes or Hoists on a Common 
Conductor System. For multiple cranes, hoists, or both, 
supplied by a common conductor system, calculate the 
motor minimum ampacity for each crane as defined in 
610.14(£), add them together, and multiply the sum by 
the appropriate demand factor from Table 610.14(E). 

(F) Other Loads. Additional loads, such as heating, 
lighting, and air conditioning, shall be provided for by 
application of the appropriate sections of this Code. 

(G) Nameplate. Each crane, monorail, or hoist shall be 
provided with a visible nameplate marked with the 
manufacturer's name, rating in volts, frequency, number of 
phases, and circuit amperes as calculated in 61 0.14(E) and (F). 

610.15 Common Return. Where a crane or hoist is 
operated by more than one motor, a common-return 
conductor of proper ampacity shall be permitted. 
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Table 610.14(A) Ampacities of Insulated Copper Conductors Used with Short-Time Rated Crane and Hoist Motors. Based on 
Ambient Temperature of 30°C (86°F). 

Up to Three ac2 or Four dc· 
Simultaneously Energized 
Conductors in Raceway 

Up to Four Simultaneously Energized Conductors in Raceway or Cable' or Cable 

Maximum Maximum 
Operating Operating 

Temperature 75°C (167°F) 90°C (194°F) 12SoC (2S7°F) Temperature 

Types MTW, RHW, TRW, THWN, Types T A, TBS, SA, SIS, PFA, FEP, Types FEP, FEPB, PFA, PFAH, 
XHHW, USE, ZW FEPB, RHH, THHN, XHHW, Z, ZW SA, TFE, Z, ZW 

Size Size 
(AWe (AWGor 

or kcmil) 60 Min 30Min 60 Min 30 Min 60 Min 30 Min kcmil) 

16 10 12 - - - 16 

14 25 26 31 32 38 40 14 

12 30 33 36 40 45 50 12 

10 40 43 49 52 60 65 10 

8 55 60 63 69 73 80 8 

6 76 86 83 94 101 119 6 

5 85 95 95 ]06 115 134 5 

4 100 117 111 130 133 157 4 

3 120 141 131 153 153 183 3 

2 137 160 148 173 178 214 2 

1 143 175 158 192 210 253 1 

1/0 190 233 211 259 253 304 1/0 

2/0 222 267 245 294 303 369 2/0 

3/0 280 34\ 305 372 370 452 3/0 

4/0 300 369 319 399 451 555 4/0 

250 364 420 400 461 510 635 250 

300 455 582 497 636 587 737 300 

350 486 646 542 7]6 663 837 350 

400 538 688 593 760 742 941 400 

450 600 765 660 836 818 1042 450 

500 660 847 726 914 896 1143 500 

AMP ACHY CORRECTION FACTORS 

Ambient For ambient temperatures other than 30°C (86°F), multiply the ampacities shown above by the appropriate Ambient 
Temperature factor shown below. Temperature 

eC) eF) 

21-25 1.05 1.05 1.04 1.04 1.02 1.02 70-77 

26-30 1.00 1.00 1.00 1.00 1.00 1.00 79-86 

31-35 0.94 0.94 0.96 0.96 0.97 0.97 88-95 

36-40 0.88 0.88 0.91 0.91 0.95 0.95 97-104 

41-45 0.82 0.82 0.87 0.87 0.92 0.92 106-113 

46-50 0.75 0.75 0.82 0.82 0.89 0.89 115-122 

51-55 0.67 0.67 0.76 0.76 0.86 0.86 124--131 

56-60 0.58 0.58 0.71 0.71 0.83 0.83 133-140 

61-70 0.33 0.33 0.58 0.58 0.76 0.76 142-158 

71-80 - 0.41 0.41 0.69 0.69 160-176 

81-90 - - 0.61 0.61 177-194 

91-100 - - - 0.51 0.51 195-212 

101-120 - 0.40 0.40 213-248 

Note: Other insulatIOns shown In Table 310.13(A) and approved for the temperature and locatiOn shall be permitted to be substituted for those shown 10 

Table 61 0.14(A). The allowable ampacities of conductors used with I5-minute motors shall be the 30-minute ratings increased by 12 percent. 
I For 5 to 8 simultaneously energized power conductors in raceway or cable, the ampacity of each power conductor shall be reduced to a value of80 percent 
of that shown in this table. 
2 For 4 to 6 simultaneously ellf~rglzea 125°C (257°F) ac power conductors in raceway or cable, the ampacity of each power conductor shall be reduced to a 
value of 80 percent of that shown this table. 
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Table Factors 

Time in Seconds Ampacity of Wire in 

On Off Percent of Full-Load 

Secondary Current 

5 75 35 

10 70 45 

15 75 55 

15 45 65 

15 30 75 

15 15 85 

Continuous 110 

Table 610.14(D) Minimum Contact Conductor Size Based 
on Distance Between "";'Ilr .. "" .. ·t., 

Minimum Size of Wire 
(A\VG) 

6 

4 

2 

Maximum Distance Between 
End Strain Insulators or 

Clamp-Type Intermediate 
Supports 

9.0 m (30 ft) or less 

18 m (60 ft) or less 

Over 18 m 

Table Demand Factors 

Number of Demand 

Cranes or Hoists Factor 

2 0.95 

3 0.91 

4 0.87 

5 0.84 

6 0.81 

7 0.78 

III. Contact Conductors 

610.21 Installation of Contact Conductors. Contact 
conductors shall comply with 610.21(A) through (H). 

(A) Locating or Guarding Contact Conductors. 
Runway contact conductors shal1 be guarded, and bridge 
contact conductors shall be located or guarded in such a 
manner that persons cannot inadvertently touch energized 
current-carrying patts. 

(B) Contact Wires. Wires that are used as contact 
conductors shall be secured at the ends by means of 
approved strain insulators and shall be mounted on 
approved insulators so that the extreme limit of 
displacement of the wire does not bring the latter within 
less than 38 mm (1 Yz in.) from the surface wired over. 

(C) Supports Along Runways. Main contact conductors 
carried along runways shall be supported on insulating 
SUPPOltS placed at intervals not exceeding 6.0 m (20 ft) 
unless otherwise permitted in 610.21 (F). 
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Such conductors shall be separated at not less than 
150 mm (6 in.), other than for monorail hoists where a 
spacing of not less than 75 mm (3 in.) shall be permitted. 
Where necessary, intervals between insulating supports 
shall be permitted to be increased up to 12 m (40 ft), the 
separation between conductors being increased 
proportionately. 

(D) Supports on Bridges. Bridge wire contact conductors 
shall be kept at least 65 mm (2Y; in.) apart, and, where the 
span exceeds 25 m (80 ft), insulating saddles shall be 
placed at intervals not exceeding 15 m (50 ft). 

(E) Supports for Rigid Conductors. Conductors along 
runways and crane bridges, that are of the rigid type 
specified in 610.13(B) and not contained within an 
approved enclosed assembly, shall be carried on 
insulating supports spaced at intervals of not more than 80 
times the vertical dimension of the conductor, but in no 
case greater than 4.5 m (15 ft), and spaced apart 
sufficient1y to give a clear electrical separation of 
conductors or adjacent collectors of not less than 25 mm 
(1 in.). 

(F) Track as Circuit Conductor. Monorail, tram rail, or 
crane runway tracks shall be permitted as a conductor of 
current for one phase of a 3-phase, ac system furnishing 
power to the carrier, crane, or trolley, provided all of the 
following conditions are met: 

(1) The conductors supplying the other two phases of the 
power supply are insulated. 

(2) The power for all phases is obtained from an 
insulating transformer. 

(3) The voltage does not exceed 300 volts. 

(4) The rail serving as a conductor shall be bonded to the 
equipment grounding conductor at the transformer 
and also shall be permitted to be grounded by the 
fittings used for the suspension or attachment of the 
rail to a building or stmcture. 

(G) Electrical Continuity of Contact Conductors. All 
sections of contact conductors shall be mechanically 
joined to provide a continuous electrical connection. 

(H) Not to Supply Other Equipment. Contact conductors 
shall not be used as feeders for any equipment other than the 
crane(s) or hoist(s) that they are primarily designed to serve. 

610.22 Collectors. Collectors shall be designed so as to 
reduce to a minimum sparking between them and the 
contact conductor; and, where operated in rooms used for 
the storage of easily ignitible combustible fibers and 
materials, they shall comply with 503.155. 
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IV. Disconnecting Means 

610.31 Runway Conductor Disconnecting Means. 

A discOlmecting means that has a continuous ampere rating 
not less than that calculated in 610.14(E) and (F) shall be 
provided between the runway contact conductors and the 
power supply. Such disconnecting means shall consist of a 
motor-circuit switch, circuit breaker, or molded-case switch. 
This disconnecting means shall be as follows: 

(1) Readily accessible and operable from the ground or 
floor level. 

(2) Capable of being locked in the open position. The 
provision for locking or adding a lock to the 
disconnecting means shall be installed on or at the 
switch or circuit breaker used as the disconnecting 
means and shall remain in place with or without the lock 
installed. Portable means for adding a lock to the switch 
or circuit breaker shall not be permitted as the means 
required to be installed at and remain with the 
equipment. 

(3) Open all ungrounded conductors simultaneously. 

(4) Placed within view of the runway contact conductors. 

610.32 Disconnecting Means for Cranes and Monorail 
Hoists. A motor-circuit switch, molded-case switch, or 
circuit breaker shall be provided in the leads from the 
runway contact conductors or other power supply on a11 
cranes and monorail hoists. The disconnecting means shall 
be capable of being locked in the open position. The 
provision for locking or adding a lock to the disconnecting 
means shall be installed on or at the switch or circuit breaker 
used as the disconnecting means and shall remain in place 
with or without the lock installed. Portable means for adding 
a lock to the switch or circuit breaker shall not be permitted. 

Where a monorail hoist or hand-propelled crane bridge 
installation meets all of the following, the disconnecting 
means shall be permitted to be omitted: 

(1) The unit is controlled from the ground or floor level. 

(2) The unit is within view of the power supply 
disconnecting means. 

(3) No fixed work platform has been provided for servicing 
the unit. 

Where the disconnecting means is not readily accessible 
from the crane or monorail hoist operating station, means 
shall be provided at the operating station to open the power 
circuit to all motors of the crane or monorail hoist. 

610.33 Rating of Disconnecting Means. The continuous 
ampere rating of the switch or circuit breaker required by 
610.32 shall not be less than 50 percent of the combined 
short-time ampere rating of the motors or less than 75 
percent of the sum of the short-time ampere rating of the 
motors required for any single motion. 

2013 California Electrical Code 

V. Overcurrent Protection 

610.41 Feeders, Runway Conductors. 

(A) Single Feeder. The runway supply conductors and 
main contact conductors of a crane or monorail shall be 
protected by an overcurrent device(s) that shaH not be 
greater than the largest rating or setting of any branch
circuit protective device plus the sum of the nameplate 
ratings of all the other loads with application of the 
demand factors from Table 61 0.14(E). 

(B) More Than One Feeder Circuit. Where more than 
one feeder circuit is installed to supply runway 
conductors, each feeder circuit shall be sized and 
protected in compliance with 610,41(A). 

610.42 Branch-Circuit Short-Circuit and Ground
Fault Protection. Branch circuits shall be protected in 
accordance with 610,42(A). Branch-circuit taps, where 
made, shall comply with 610,42(B). 

(A) Fuse or Circuit Breaker Rating. Crane, hoist, and 
monorail hoist motor branch circuits shall be protected by 
fuses or inverse-time circuit breakers that have a rating in 
accordance with Table 430.52. Where two or more motors 
operate a single motion, the sum of their nameplate 
current ratings shall be considered as that of a single 
motor. 

(B) Taps. 

(1) Multiple Motors. Where two or more motors are 
connected to the same branch circuit, each tap conductor 
to an individual motor shall have an ampacity not less 
than one-third that of the branch circuit. Each motor shall 
be protected from overload according to 610,43. 

(2) Control Circuits. Where taps to control circuits 
originate on the load side of a branch-circuit protective 
device, each tap and piece of equipment shall be protected 
in accordance with 430.72. 

(3) Brake Coils. Taps without separate overcurrent 
protection shall be permitted to brake coils. 

610.43 Overload Protection. 

(A) Motor and Branch-Circuit Overload Protection. 
Each motor, motor controller, and branch-circuit 
conductor shall be protected from overload by one of the 
following means: 

(I) A single motor shall be considered as protected 
where the branch-circuit overcurrent device meets the 
rating requirements of 610,42. 

(2) Overload relay elements in each ungrounded circuit 
conductor, with all relay elements protected from 
short circuit by the branch-circuit protection. 

(3) Thermal sensing devices, senSItIve to motor 
temperature or to temperature and current, that are 
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thermally in contact with the motor winding( s). A 
hoist or trolley shall be considered to be protected if 
the sensing device is connected in the hoist's upper 
limit switch circuit so as to prevent further hoisting 
during an overload condition of either motor. 

(B) Manually Controlled Motor. If the motor is 
manually controlled, with spring return controls, the 
overload protective device shall not be required to protect 
the motor against stalled rotor conditions. 

(C) Multimotor. Where two or more motors drive a 
single trolley, truck, or bridge and are controlled as a unit 
and protected by a single set of overload devices with a 
rating equal to the sum of their rated full-load currents, a 
hoist or trolley shall be considered to be protected if the 
sensing device is connected in the hoist's upper limit 
switch circuit so as to prevent further hoisting during an 
overtemperature condition of either motor. 

(D) Hoists and Monorail Hoists. Hoists and monorail 
hoists and their trolleys that are not used as part of an 
overhead traveling crane shall not require individual 
motor overload protection, provided the largest motor 
does not exceed 7!f2 hp and all motors are under manual 
control of the operator. 

VI. Control 

610.51 Separate Controllers. Each motor shall be 
provided with an individual controller unless otherwise 
permitted in 610.51 (A) or (B). 

(A) Motions with More Than One Motor. Where two or 
more motors drive a single hoist, carriage, truck, or 
bridge, they shall be permitted to be controlled by a single 
controller. 

(B) Multiple Motion Controller. One controller shall be 
permitted to be switched between motors, under the 
following conditions: 

(1) The controller has a horsepower rating that is not 
lower than the horsepower rating of the largest motor. 

(2) Only one motor is operated at one time. 

610.53 Overcurrent Protection. Conductors of control 
circuits shall be protected against overcurrent. Control 
circuits shall be considered as protected by overcurrent 
devices that are rated or set at not more than 300 percent 
of the ampacity of the control conductors, unless 
otherwise permitted in 61 0.53(A) or (B). 

(A) Taps to Control Transformers. Taps to control 
transformers shall be considered as protected where the 
secondary circuit is protected by a device rated or set at 
not more than 200 percent of the rated secondary current 
of the transformer and not more than 200 percent of the 
ampacity of the control circuit conductors. 

(B) Continuity of Power. Where the opening of the 
control circuit would create a hazard, as for example, the 
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control circuit of a hot metal crane, the control circuit 
conductors shall be considered as being properly 
protected by the branch-circuit overcurrent devices. 

610.55 Limit Switch. A limit switch or other device shall 
be provided to prevent the load block from passing the 
safe upper limit of travel of all hoisting mechanisms. 

610.57 Clearance. The dimension of the working space 
in the direction of access to live parts that are likely to 
require examination, adjustment, servlcmg, or 
maintenance while energized shall be a minimum of 750 
mm (2!f2 ft).Where controls are enclosed in cabinets, the 
door( s) shall either open at least 90 degrees or be 
removable. 

VII. Grounding 

610.61 Grounding. All exposed non-current-carrying 
metal parts of cranes, monorail hoists, hoists, and 
accessories, including pendant controls, shall be bonded 
either by mechanical connections or bonding jumpers, 
where applicable, so that the entire crane or hoist is a 
ground-fault current path as required or permitted by 
Article 250, Parts V and VII. 

Moving parts, other than removable accessories, or 
attachments that have metal-to-metal bearing surfaces, 
shall be considered to be electrically bonded to each other 
through bearing surfaces for grounding purposes. The 
trolley frame and bridge frame shall not be considered as 
electrically grounded through the bridge and trolley 
wheels and its respective tracks. A separate bonding 
conductor shall be provided. 

ARTICLE 620 
Elevators, Dumbwaiters, Escalators, Moving 

Walks, Platform Lifts, and Stair\vay 
Chairlifts 

I. General 

620.1 Scope. This article covers the installation of 
electrical equipment and wiring used in connection with 
elevators, dumbwaiters, escalators, moving walks, 
platform lifts, and stairway chairlifts. 

Informational Note No.1: For further information, see 
ASME A17.1-2007/CSAB44-o7, Safety Code for 
Elevators and Escalators. 

Informational Note No.2: For further information, see 
CSA B44.1-04/ASME-AI7.5-2004, Elevator and 
Escalator Electrical Equipment Certification Standard. 

Informational Note NO.3 : The term wheelchair lift has 
been changed to platform lift. For further information, 
see AS ME A18.1-2008, Safety Standard for Platform 
Lifts and Stairway Lifts. 
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ARTICLE 

620.2 Definitions. 

Control Room (for Elevator, Dumbwaiter). An 
enclosed control space outside the hoistway, intended for 
full bodily entry, that contains the elevator motor 
controller. The room could also contain electrical and/or 
mechanical equipment used directly in connection with 
the elevator or dumbwaiter but not the electric driving 
machine or the hydraulic machine. 

Control Space (for Elevator, Dumbwaiter). A space 
inside or outside the hoistway, intended to be accessed 
with or without full bodily entry, that contains the 
elevator motor controller. This space could also contain 
electrical and/or mechanical equipment used directly in 
connection with the elevator or dumbwaiter but not the 
electrical driving machine or the hydraulic machine. 

Control System. The overall system governing the 
starting, stopping, direction of motion, acceleration, 
speed, and retardation of the moving member. 

Controller, Motion. The electrical device(s) for that part 
of the control system that governs the acceleration, speed, 
retardation, and stopping of the moving member. 

Controller, Motor. The operative units of the control 
system comprised of the starter device(s) and power 
conversion equipment used to drive an electric motor, or 
the pumping unit used to power hydraulic control 
equipment. 

Controller, Operation. The electrical device(s) for that 
part of the control system that initiates the starting, 
stopping, and direction of motion in response to a signal 
from an operating device. 

Machine Room (for Elevator, Dumbwaiter). An 
enclosed machinery space outside the hoistway, intended 
for full bodily entry, that contains the electrical driving 
machine or the hydraulic machine. The room could also 
contain electrical and/or mechanical equipment used 
directly in connection with the elevator or dumbwaiter. 

Machinery Space (for Elevator, Dumbwaiter). A space 
inside or outside the hoistway, intended to be accessed 
with or without full bodily entry, that contains elevator or 
dumbwaiter mechanical equipment, and could also 
contain electrical equipment used directly in connection 
with the elevator or dumbwaiter. This space could also 
contain the electrical driving machine or the hydraulic 
machine. 

Operating Device. The car switch, pushbuttons, key or 
toggle switch(s), or other devices used to activate the 
operation controller. 
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Remote Machine Room and Control Room (for 
Elevator, Dumbwaiter). A machine room or control 
room that is not attached to the outside perimeter or 
surface of the walls, ceiling, or floor of the hoistway. 

Remote Machinery Space and Control Space (for 
Elevator, Dumbwaiter). A machinery space or control 
space that is not within the hoistway, machine room, or 
control room and that is not attached to the outside perimeter 
or surface of the walls, ceiling, or floor of the hoistway. 

Signal Equipment. Includes audible and visual 
equipment such as chimes, gongs, lights, and displays that 
convey information to the user. 

Informational Note No.1: The motor controller, motion 
controller, and operation controller may be located in a 
single enclosure or a combination of enclosures. 

Informational Note No.2: Informational Note Figure 
620.2 is for information only. 

620.3 Voltage Limitations. The supply voltage shall not 
exceed 300 volts between conductors unless otherwise 
permitted in 620.3(A) through (C). 

(A) Power Circuits. Branch circuits to door operator 
controllers and door motors and branch circuits and 
feeders to motor controllers, driving machine motors, 
machine brakes, and motor-generator sets shall not have a 
circuit voltage in excess of 600 volts. Internal voltages of 
power conversion equipment and functionally associated 
equipment, and the operating voltages of wiring 
interconnecting the equipment, shall be permitted to be 
higher, provided that all such equipment and wiring shall 
be listed for the higher voltages. Where the voltage 
exceeds 600 volts, warning labels or signs that read 
"DANGER HIGH VOLTAGE" shall be attached to 
the equipment and shall be plainly visible. 

(B) Lighting Circuits. Lighting circuits shall comply 
with the requirements of Article 410. 

(C) Heating and Air-Conditioning Circuits. Branch 
circuits for heating and air-conditioning equipment 
located on the elevator car shall not have a circuit voltage 
in excess of 600 volts. 

620.4 Live Parts Enclosed. All live parts of electrical 
apparatus in the hoistways, at the landings, in or on the 
cars of elevators and dumbwaiters, in the well ways or the 
landings of escalators or moving walks, or in the runways 
and machinery spaces of platform lifts and stairway 
chairlifts shall be enclosed to protect against accidental 
contact. 

Informational Note: See 110.27 for guarding of live 
parts (600 volts, nominal, or less). 
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FPN Figure 620.2 Control System. 

620.5 Working Clearances. Working space shall be 
provided about controllers, disconnecting means, and other 
electrical equipment. The minimum working space shall be 
not less than that specified in 110.26(A). 

Where conditions of maintenance and supervision 
ensure that only qualified persons examine, adjust, service, 
and maintain the equipment, the clearance requirements of 
110.26(A) shall be waived as permitted in 620.5(A) 
through (D). 
(A) Flexible Connections to Equipment. Electrical 
equipment in (A)(1) through (A)(4) shall be permitted to be 
provided with flexible leads to aU external connections so 
that it can be repositioned to meet the clear working space 
requirements of 11 0.26(A): 
(1 ) Controllers and disconnecting means for dumbwaiters, 

escalators, moving walks, platform lifts, and stairway 
chairlifts installed in the same space with the driving machine 

(2) Controllers and disconnecting means for elevators 
installed in the hoistway or on the car 

(3) Controllers for door operators 
(4) Other electrical equipment installed in the hoistway or 

on the car 
(B) Guards. Live parts of the electrical equipment are 
suitably guarded, isolated, or insulated, and the equipment 
can be examined, adj usted, serviced, or maintained while 
energized without removal of this protection. 

Informational Note: See definition of Exposed in 
Article 100. 
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(C) Examination, Adjusting, and Servicing. Electrical 
equipment is not required to be examined, adjusted, serviced, 
or maintained while energized. 

(D) Low Voltage. Uninsulated parts are at a voltage not 
greater than 30 volts rms, 42 volts peak, or 60 volts dc. 

IL Conductors 

620.11 Insulation of Conductors. The insulation of 
conductors shall comply with 620.1 1 (A) through (D). 

Informational Note: One method of determining that 
conductors are flame retardant is by testing the conductors 
to the VW-l (Vertical-Wire) Flame Test in ANSIIUL 1581-
2001, Reference Standardfor Electrical Wires, Cables, and 
Flexible Cords. 

(A) Hoistway Door Interlock Wiring. The conductors to 
the hoistway door interlocks from the hoistway riser shall 
be flame retardant and suitable for a temperature of not 
less than 200°C (392°F). Conductors shall be Type SF or 
equivalent. 

(B) Traveling Cables. Traveling cables used as flexible 
connections between the elevator or dumbwaiter car or 
counterweight and the raceway shall be of the types of 
elevator cable listed in Table 400.4 or other approved 
types. 

(C) Other Wiring. All conductors in raceways shall have 
flame-retardant insulation. 
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Conductors shall be Type MTW, TFF~ TFN, TFFN, 
THHN, THW, THWN, TW, XHHW, hoistway cable, or any 
other conductor with insulation designated as flame 
retardant. Shielded conductors shall be permitted if such 
conductors are insulated for the maximum nominal circuit 
voltage applied to any conductor within the cable or raceway 
system. 

(D) Insulation. All conductors shall have an insulation 
voltage rating equal to at least the maximum nominal circuit 
voltage applied to any conductor within the enclosure, cable, 
or raceway. Insulations and outer coverings that are marked 
for limited smoke and are so listed shall be permitted. 

620.12 Minimum Size of Conductors. The minimum size 
of conductors, other than conductors that form an integral 
part of control equipment, shall be in accordance with 
620. 12(A) and (8). 

(A) Traveling Cables. 

(1) Lighting Circuits. For lighting circuits, 14 AWG copper, 
20 A W G copper or larger conductors shall be permitted in 
parallel, provided the ampacity is equivalent to at least that of 
14 A WG copper. 

(2) Other Circuits. For other circuits, 20 A WG copper. 

(B) Other Wiring. 24 AWG copper. Smaller size listed 
conductors shall be permitted. 

620.13 Feeder and Branch-Circuit Conductors. 
Conductors shall have an ampacity in accordance with 
620.l3(A) through (D). With generator field control, the 
conductor ampacity shall be based on the nameplate current 
rating of the driving motor of the motor-generator set that 
supplies power to the elevator motor. 

Informational Note No. I: The heating of conductors 
depends on root-mean-square current values, which, with 
generator field control, are reflected by the nameplate 
current rating of the motor-generator driving motor rather 
than by the rating of the elevator motor, which represents 
actual but short-time and intermittent full-load current 
values. 

Infonnational Note No.2: See Figure 620.13. 

(A) Conductors Supplying Single Motor. Conductors 
supplying a single motor shal1 have an ampacity not less than 
the percentage of motor nameplate current determined from 
430.22(A) and (E). 

Informational Note: Elevator motor currents, or those of 
similar functions, may exceed the nameplate value, but 
because they are inherently intermittent duty and the 
heating of the motor and conductors is dependent on the 
root-mean-square (nns) current value, conductors are sized 
for duty cycle service as shown in Table 430.22(E). 

(B) Conductors Supplying a Sing]e Motor Controller. 
Conductors supplying a single motor controller shall have an 
ampacity not less than the motor controller nameplate current 
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Figure 620.13 Single-Line Diagram. 

rating, plus all other connected loads. 

620.13 

620.14 

620.61 (C) 

620.13,620.15 

620.61 (A) 

620.61 (8) 

620.13 

Article 430, Part I 

Article 430, Part III 

Informational Note: Motor controller nameplate current 
rating may be derived based on the rrns value of the motor 
current using an intermittent duty cyc1e and other control 
system loads, ifapplicable. 

(C) Conductors Supplying a Single Power Transformer. 
Conductors supplying a single power transformer shall have 
an ampacity not less than the nameplate current rating of the 
power transformer p]us all other connected loads. 

Informational Note No.1: The nameplate current rating of a 
power transformer supplying a motor controller reflects the 
nameplate current rating of the motor controller at line 
voltage (transformer primary). 

Informational Note No.2: See Intormative Annex D, 
Example No. D 1 O. 

(D) Conductors Supplying More Than One Motor, 
Motor Controller, or Power Transformer. Conductors 
supplying more than one motor, motor controller, or power 
transformer shall have an ampacity not less than the sum of 
the nameplate current ratings of the equipment plus all other 
connected loads. The ampere ratings of motors to be used in 
the summation shall be determined from Table 430.22(E), 
430.24 and 430.24, Exception No. 1. 
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Informational Note: See Infonnative Annex D, Example 
Nos. D9 and 010. 

620.14 .Feeder Demand Factor. Feeder conductors of less 
ampacity than required by 620.13 shall be permitted, subject 
to the requirements of Table 620.14. 

Table 620.14 Feeder Demand Factors for Elevators 

Number of Elevators Demand 

on a Single Feeder Factor 

1.00 

2 0.95 

3 0.90 

4 0.85 

0.82 

6 0.79 

7 0.77 

8 0.75 

9 0.73 

10 or more 0.72 

InfoD11ational Note: Demand factors are based on 50 
percent duty cycle (i .e., halftime on and halftime off). 

620.15 Motor Controller Rating. The motor controller 
rating shall comply with 430.83. The rating shall be 
permitted to be less than the nominal rating of the elevator 
motor, when the controller inherently limits the available 
power to the motor and is marked as power limited. 

Informational Note: For controller markings, see 430.8. 

III. Wiring 

620.21 Wiring Methods. Conductors and optical fibers 
located in hoistways, in escalator and moving walk 
wellways, in platform lifts, stairway chairlift runways, 
machinery spaces, control spaces, in or on cars, in 
machine rooms and control rooms, not including the 
traveling cables connecting the car or counterweight and 
hoistway wiring, shall be installed in rigid metal conduit, 
intermediate metal conduit, electrical metallic tubing, 
rigid nonmetallic conduit, or wireways, or shall be Type 
MC, .MI, or AC cable unless otherwise permitted in 
620.21(A) through (C). 

(A) Elevators. 

(1) Hoistways. 

(a) Cables used in Class 2 power-limited circuits 
shall be permitted to be installed between risers and signal 
equipment and operating devices, provided the cables are 
supported and protected from physical damage and are of 
a jacketed and flame-retardant type. 
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(~) Flexible cords and cables that are components of 
listed equipment and used in circuits operating at 30 volts 
rms or less or 42 volts dc or less shall be permitted in 
lengths not to exceed 1.8 m (6 ft), provided the cords and 
cables are supported and protected from physical damage 
and are of a jacketed and flame-retardant type. 

(c:) The following wiring methods shall be 
permitted in the hoistway in lengths not to exceed 1.8 m (6 
ft): 

(1) Flexible metal conduit 

(2) Liquidtight flexible metal conduit 

(3) Liquidtight flexible nonmetallic conduit 

(4) Flexible cords and cables, or conductors grouped 
together and taped or corded, shall be permitted to be 
installed without a raceway. They shall be located to 
be protected from physical damage and shall be of a 
flame-retardant type and shall be part of the following: 

a. Listed equipment 

b. A driving machine, or 

c. A driving machine brake 

Exception 10 620.2/(A)(J){c)(/). (2), and (3): The conduit 
lenglh shall 1101 be required 10 be limited between risers 
alld limit . witches. inter/ocks. operating bu/l.vns, and 

~i!!!Hf!! :J!el!i£(!s~ 
(~) A sump pump or oil recovery pump located in the 

pit shall be permitted to be cord connected. The cord shall 
be a hard usage oil-resistant type, of a length not to exceed 
1.8 m (6 ft), and shall be located to be protected from 
physical damage. 

(2) Cars. 

(a) Flexible metal conduit, liquidtight flexible metal 
conduit, or liquidtight t1exible nonmetallic conduit of 
metric designator 12 (trade size 3/8), or larger, not 
exceeding 1.8 m (6 ft) in length, shall be permitted on cars 
where so located as to be free from oil and if securely 
fastened in place. 

Exception: Liquidtight flexible nonmetallic conduit of 
metric designator 12 (trade size 3 /~), or larger, as defined 
by 356.2(2), shall be permitted in lengths in excess of 1.8 m 
(6ft)· 

(b) Hard-service cords and junior hard-service cords 
that conform to the requirements of Article 400 (Table 
400.4) shall be permitted as flexible connections between 
the fixed wiring on the car and devices on the car doors or 
gates. Hard-service cords only shall be permitted as flexible 
connections for the top-of-car operating device or the car
top work light. Devices or luminaires shall be grounded by 
means of an equipment grounding conductor run with the 
circuit conductors. Cables with smaller conductors and 
other types and thicknesses of insulation and jackets shall 
be permitted as flexible connections between the fixed 
wiring on the car and devices on the car doors or gates, if 
listed for this use. 
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(c) Flexible cords and cables that are components of 
listed equipment and used in circuits operating at 30 volts 
rms or less or 42 volts dc or less shall be permitted in lengths 
not to exceed 1.8 m (6 ft), provided the cords and cables are 
supported and protected from physical damage and are of a 
jacketed and flame-retardant type. 

(d) The following wiring methods shall be permitted 
on the car assembly in lengths not to exceed 1.8 m (6 ft): 

(1) Flexible metal conduit 

(2) Liquidtight flexible metal conduit 

(3) Liquidtight flexible nonmetallic conduit 

(4) Flexible cords and cables, or conductors grouped 
together and taped or corded, shall be permitted to be 
installed without a raceway. They shall be located to be 
protected from physical damage and shall be of a flame
retardant type and shall be part ofthe following: 

a. Listed equipment 

b. A driving machine, or 

c. A driving machine brake 

(3) Within Machine Rooms, Control Rooms, and 
Machinery Spaces and Control Spaces. 

(a) Flexible metal conduit, liquidtight flexible metal 
conduit, or liquidtight flexible nonmetallic conduit of metric 
designator 12 (trade size or larger, not exceeding 1.8 m 
(6 ft) in length, shall be permitted between control panels and 
machine motors, machine brakes, motor-generator sets, 
disconnecting means, and pumping unit motors and valves. 

Exception: Liquidtight flexible nonmetallic conduit 
metric designator 12 (trade size or larger, as defined in 
356.2(2), shall be permitted to be installed in lengths in 
excess of 1.8 m (6ft). 

(b) Where motor-generators, machine motors, or 
pumping unit motors and valves are located adjacent to or 
underneath control equipment and are provided with extra
length temlinal leads not exceeding 1.8 m (6 ft) in length, 
such leads shall be permitted to be extended to connect 
directly to controller terminal studs without regard to the 
carrying-capacity requirements of Articles 430 and 445. 
Auxiliary gutters shall be pernlitted in machine and control 
rooms between controllers, starters, and similar apparatus. 

(c) Flexible cords and cables that are components of 
listed equipment and used in circuits operating at 30 volts 
rnlS or less or 42 volts dc or less shall be permitted in lengths 
not to exceed 1.8 m (6 ft), provided the cords and cables are 
supported and protected from physical damage and are of a 
jacketed and flame-retardant type. 

(d) On existing or listed equipment, conductors shall 
also be pernlitted to be grouped together and taped or corded 
without being installed in a raceway. Such cable groups shall 
be supported at intervals not over 900 mm (3 ft) and located 
so as to be protected from physical damage. 

( e) Flexible cords and cables in lengths not to exceed 
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1.8 m (6 ft) that are of a flame-retardant type and located to 
be protected from physical damage shall be permitted in 
these rooms and spaces without being installed in a raceway. 
They shall be paIi of the following: 

(1) Listed equipment 

(2) A driving machine, or 

(3) A driving machine brake 

(4) Counterweight. The following wiring methods shall be 
permitted on the counterweight assembly in lengths not to 
exceed 1.8 m (6 ft): 

(1) Flexible metal conduit 

(2) Liquidtight flexible metal conduit 

(3) Liquidtight flexible nonmetallic conduit 

(4) Flexible cords and cables, or conductors grouped 
together and taped or corded, shall be permitted to be 
installed without a raceway. They shall be located to be 
protected from physical damage, shall be of a flame
retardant type, and shall be part of the following: 

a. Listed equipment 

b. A driving machine, or 

c. A driving machine brake 

(5) [OSHPD 1J Seismic Switches. Cord-and-plug C 
connections for seismic switches shall not be used. A 

(B) Escalators. 

(1) Wiring Methods. Flexible metal conduit, liquidtight 
flexible metal conduit, or liquidtight flexible nonmetallic 
conduit shall be permitted in escalator and moving walk 
wellways. Flexible metal conduit or liquidtight flexible 
conduit of metric designator 12 (trade size 3/8) shall be 
permitted in lengths not in excess of 1.8 m (6 ft). 

Exception: Metric designator 12 (trade size 318), nominal, or 
larger liquidtight flexible nonmetallic conduit, as defined in 
356.2(2), shall be permitted to be installed in lengths in 
excess of 1.8 m (6ft). 

(2) Class 2 Circuit Cables. Cables used in Class 2 power
limited circuits shall be permitted to be installed within 
escalators and moving walkways, provided the cables are 
supported and protected from physical damage and are of a 
jacketed and flame-retardant type. 

(3) Flexible Cords. Hard-service cords that conform to the 
requirements of Article 400 (Table 400.4) shall be permitted 
as flexible connections on escalators and moving walk 
control panels and disconnecting means where the entire 
control panel and disconnecting means are arranged for 
removal from machine spaces as permitted in 620.5. 

(C) Platform Lifts and Stairway Chairlift Raceways. 

(1) Wiring M.ethods. Flexible metal conduit or liquidtight 
flexible metal conduit shall be permitted in platform lifts and 
stairway chairlift runways and machinery spaces. Flexible 
metal conduit or liquidtight flexible conduit of metric 
designator 12 (trade size shall be permitted in lengths not 
in excess of 1.8 m (6 ft). 
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l:!.XICeVi{lO,n.· l'vietric designator 12 (trade size .3/8) or 
liquidtight flexible nonmetallic conduit, as defined in 
356.2(2), shall be permitted to be installed in lengths in 
excess of 1.8 m (6ft). 

(2) Class 2 Circuit Cables. Cables used in Class 2 
power-limited circuits shall be permitted to be installed 
within platform lifts and stairway chairlift runways and 
machinery spaces, provided the cables are supported and 
protected from physical damage and are of a jacketed and 
flame-retardant type. 

(3) Flexible Cords and Cables. Flexible cords and cables 
that are components of listed equipment and used in 
circuits operating at 30 volts rms or less or 42 volts dc or 
less shall be permitted in lengths not to exceed 1.8 m (6 
ft), provided the cords and cables are supported and 
protected from physical damage and are of a jacketed and 
flame-retardant type. 

620.22 Branch Circuits 
Receptacle(s), Ventilation, 
Conditioning. 

for Car Lighting, 
Heating, and Air-

(A) Car Light Source. A separate branch circuit shall 
supply the car lights, receptacle(s), auxiliary lighting power 
source, and ventilation on each elevator car. The 
overcurrent device protecting the branch circuit shall be 
located in the elevator machine room or control 
room/machinery space or control space. 

Required lighting shall not be connected to the load side 
of a ground-fault circuit interrupter. 

(8) Air-Conditioning and Heating Source. A dedicated 
branch circuit shall supply the air-conditioning and heating 
units on each elevator car. The overcurrent device protecting 
the branch circuit shall be located in the elevator machine 
room or control room/machinery space or control space. 

620.23 Branch Circuits for Machine Room or Control 
Room/Machinery Space or Control Space Lighting 
and Receptacle(s). 

(A) Separate Branch Circuit. A separate branch circuit 
shall supply the machine room or control roorn/machinery 
space or control space lighting and receptac1e(s). 

Required lighting shall not be connected to the load side 
of a ground-fault circuit interrupter. 

(B) Lighting Switch. The machine room or control 
room/machinery space or control space lighting switch 
shall be located at the point of entry. 

(C) Duplex Receptacle. At least one 125-volt, single
phase, 15- or 20-ampere dupJex receptacle shall be 
provided in each machine room or control room and 
machinery space or control space. 
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Informational Note: See ASME A17.1-
Safety Code for Elevators 

and Escalators, for illumination levels. 

620.24 Branch Circuit for Hoistway Pit Lighting and 
Receptacle( s). 

(A) Separate Branch Circuit. A separate branch circuit 
shall supply the hoistway pit lighting and receptacle(s). 

Required lighting shall not be connected to the load side 
of a ground-fault circuit interrupter. 

(B) Lighting Switch. The lighting switch shall be so 
located as to be readily accessible from the pit access 
door. 

(C) Duplex Receptacle. At least one 125-volt, single
phase, 15- or 20-ampere duplex receptacle shall be 
provided in the hoistway pit. 

Informational Note: See ASME 
Safety Code for Elevators 

illumination levels. 

620.25 Branch Circuits for Other Utilization 
Equipment. 

(A) Additional Branch Circuits. Additional branch 
circuit(s) shall supply utilization equipment not identified 
in 620.22, 620.23, and 620.24. Other utilization 
equipment shall be restricted to that equipment identified 
in 620.1. 

(B) Overcurrent Devices. The overcurrent devices 
protecting the branch circuit(s) shall be located in the 
elevator machinery room or control roorn/machinery 
space or control space. 

IV. Installation of Conductors 

620.32 Metal Wireways and Nonmetallic Wireways. 
The sum of the cross-sectional area of the individual 
conductors in a wireway shall not be more than 50 percent 
of the interior cross-sectional area of the wireway. 

Vertical runs of wireways shall be securely supported at 
intervals not exceeding 4.5 m (15 ft) and shall have not 
more than one joint between supports. Adjoining wireway 
sections shall be securely fastened together to provide a 
rigid joint. 

620.33 Number of Conductors in Raceways. The sum 
of the cross-sectional area of the individual conductors in 
raceways shall not exceed 40 percent of the interior cross
sectional area of the raceway, except as permitted in 
620.32 for wireways. 
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620.34 Supports. Supports for cables or raceways in a 
hoistway or in an escalator or moving walk weUway or 
platform lift and stairway chairlift runway shall be securely 
fastened to the guide rail; escalator or moving walk truss; or 
to the hoistway, wellway, or runway construction. 

620.35 Auxiliary Gutters. Auxiliary gutters shall not be 
subject to the restrictions of 366.12(2) covering length or of 
366.22 covering number of conductors. 

620.36 Different Systems in One Raceway or Traveling 
Cable. Optical fiber cables and conductors for operating 
devices, operation and motion control, power, signaling, fire 
alarm, lighting, heating, and air-conditioning circuits of 600 
volts or less shall be permitted to be run in the same traveling 
cable or raceway system if all conductors are insulated for 
the maximum voltage applied to any conductor within the 
cables or raceway system and if all live parts of the 
equipment are insulated from ground for this maximum 
voltage. Such a traveling cable or raceway shall also be 
pennitted to include shielded conductors and/or one or more 
coaxial cables if such conductors are insulated for the 
maximum voltage applied to any conductor within the cable 
or raceway system. Conductors shall be pennitted to be 
covered with suitable shielding for telephone, audio, video, 
or higher frequency communications circuits. 

620.37 Wiring in Hoistways, Machine Rooms, Control 
Rooms, Machinery Spaces, and Control Spaces. 

(A) Uses Permitted. Only such electrical wiring, raceways, 
and cables used directly in connection with the elevator or 
dumbwaiter, including wiring for signals, for communication 
with the car, for lighting, heating, air conditioning, and 
ventilating the elevator car, for fire detecting systems, for pit 
sump pumps, and for heating, lighting, and ventilating the 
hoistway, shall be permitted inside the hoistway, machine 
rooms, control rooms, machinery spaces, and control spaces. 

(8) Lightning Protection. Bonding of elevator rails (car 
and/or counterweight) to a lightning protection system 
grounding down conductor( s) shall be pennitted. The 
lightning protection system grounding down conductor( s) 
shall not be located within the hoistway. Elevator rails or 
other hoistway equipment shall not be used as the grounding 
down conductor for lightning protection systems. 

Informational Note: See 250.106 for bonding requirements. 
For further information, see NFPA 780-2011, Standard for 
the Installation of Lightning Protection Systems. 

(C) Main Feeders. Main feeders for supplying power to 
elevators and dumbwaiters shall be installed outside the 
hoistway unless as follows: 

(1) By special pennission, feeders tor elevators shall be 
permitted within an existing hoistway if no conductors 
are spliced within the hoistway. 
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(2) Feeders shall be permitted inside the hoistway for 
elevators with driving machine motors located in the 
hoistway or on the car or counterweight. 

620.38 Electrical Equipment in Garages and Similar 
Occupancies. Electrical equipment and wiring used for 
elevators, dumbwaiters, escalators, moving walks, and 
platform lifts and stairway chairlifts in garages shaH comply 
with the requirements of Article 511. 

Informational Note: Garages used for parking or storage 
and where no repair work is done in accordance with 511.3 
are not classified. 

V. Traveling Cables 

620.41 Suspension of Traveling Cables. Traveling cables 
shall be suspended at the car and hoistways' ends, or 
counterweight end where applicable, so as to reduce the 
strain on the individual copper conductors to a minimum. 

Traveling cables shall be supported by one of the following 
means: 

(1) By their steel supporting member( s) 

(2) By looping the cables around supports for unsupported 
lengths less than 30 m (l00 ft) 

(3) By suspending from the supports by a means that 
automatically tightens around the cable when tension is 
increased for unsupported lengths up to 60 m (200 ft) 

Informational Note: Unsupported length for the hoistway 
suspension means is that length of cable as measured from 
the point of suspension in the hoistway to the bottom of the 
loop, with the elevator car located at the bottom landing. 
Unsupported length for the car suspension means is that 
length of cable as measured from the point of suspension on 
the car to the bottom of the loop, with the elevator car 
located at the top landing. 

620.42 Hazardous (Classified) Locations. In hazardous 
(classified) locations, traveling cables shall be of a type 
approved for hazardous (classified) locations and shall 
comply with 501.140, 502.140, or 503.140, as applicable. 

620.43 Location of and Protection for Cables. Traveling 
cable supports shall be located so as to reduce to a minimum 
the possibility of damage due to the cables coming in contact 
with the hoistway construction or equipment in the hoistway. 
Where necessary, suitable guards shall be provided to protect 
the cables against damage. 

620.44 Installation of Traveling Cables. Traveling cables 
that are suitably supported and protected from physical 
damage shall be pennitted to be run without the use of a 
raceway in either or both ofthe following: 

(a) When used inside the hoistway, on the elevator car, 
hoistway wall, counterweight, or controllers and machinery 
that are located inside the hoistway, provided the cables are in 
the original sheath. 
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(b) From inside the hoistway, to elevator controller 
enclosures and to elevator car and machine room, control 
room, machinery space, and control space connections that are 
located outside the hoistway for a distance not exceeding 1.8 
m (6 ft) in length as measured from the fIrst point of support 
on the elevator car or hoistway wall, or counterweight where 
applicable, provided the conductors are grouped together and 
taped or corded, or in the original sheath. These traveling 
cables shall be permitted to be continued to this equipment. 

VI. Disconnecting Means and Control 

620.51 Disconnecting Means. A single means for 
discomlecting all ungrounded main power supply conductors 
for each unit shall be provided and be designed so that no pole 
can be operated independently. Where mUltiple driving 
machines are connected to a single elevator, escalator, moving 
walk, or pumping unit, there shall be one disconnecting means 
to disconnect the motor(s) and control valve operating 
magnets. 

The disconnecting means for the main power supply 
conductors shall not disconnect the branch circuit required in 
620.22,620.23, and 620.24. 

(A) Type. The disconnecting means shall be an enclosed 
externally operable fused motor circuit switch or circuit 
breaker capable of being locked in the open position. The 
provision for locking or adding a lock to the disconnecting 
means shall be installed on or at the switch or circuit breaker 
used as the disconnecting means and shall remain in place 
with or without the lock installed. Portable means for adding a 
lock to the switch or circuit breaker shall not be permitted as 
the means required to be installed at and remain with the 
equipment. 

The disconnecting means shall be a listed device. 

Informational Note: For additional information, see ASME 
Safety Code for Elevators and 

Escalators. 

Exception No.1. Where an individual branch circuit supplies 
a platform lift, the disconnecting means required by 
620.51(C)(4) shall be permitted to comply with 430.109(C). 
This disconnecting means shall be listed and shall be capable 
of being locked in the open position. The provision for locking 
or adding a lock to the disconnecting means shall be installed 
on or at the switch or circuit breaker used as the disconnecting 
means and shall remain in place with or without the lock 
installed. Portable means for adding a lock to the switch or 
circuit breaker shall not be permitted as the means required to 
be installed at and remain with the equipment. 

Exception No.2: Where an individual branch circuit supplies 
a stailway chairlift, the stairway chair lift shall be permitted to 
be cord-and-plug-connected, provided it complies with 
422.16(A) and the cord does not exceed 1.8 m (6ft) in length. 
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(B) Operation. No provision shaH be made to open or close 
this disconnecting means from any other part of the premises. 
If sprinklers are installed in hoistways, machine rooms, control 
rooms, machinery spaces, or control spaces, the disconnecting 
means shall be permitted to automatically open the power 
supply to the affected elevator(s) prior to the application of 
water. No provision shall be made to automatically close this 
disconnecting means. Power shall only be restored by manual 
means. 

Informational Note: To reduce hazards associated with water 
on live elevator electrical equipment. 

(C) Location. The disconnecting means shall be located 
where it is readily accessible to qualifIed persons. 

(1) On Elevators Without Generator Field Control. On 
elevators without generator fIeld control, the disconnecting 
means shall be located within sight of the motor controller. 
Where the motor controller is located in the elevator hoistway, 
the disconnecting means required by 620.51(A) shall be 
located in a machinery space, machine room, control space or 
control room outside the hoistway; and an additional, non
fhsed enclosed externally operable motor circuit switch 
capable of being locked in the open position to disconnect all 
ungrounded main power-supply conductors shall be located 
within sight of the motor controller. The additional switch 
shall be a listed device and shall comply with 620.91(C). 

The provision for locking or adding a lock to the 
disconnecting means, required by this section, shall be 
installed on or at the switch or circuit breaker used as the 
disconnecting means and shall remain in place with or without 
the lock installed. Portable means for adding a lock to the 
switch or circuit breaker shall not be permitted. 

Driving machines or motion and operation controllers not 
within sight of the disconnecting means shall be provided with 
a manually operated switch installed in the control circuit to 
prevent starting. The manually operated switch( es) shall be 
installed adjacent to this equipment. 

Where the driving machine of an electric elevator or the 
hydraulic machine of a hydraulic elevator is located in a 
remote machine room or remote machinery space, a single 
means for disconnecting all ungrounded main power-supply 
conductors shaI1 be provided and be capable of being locked in 
the open position. 

(2) On Elevators with Generator Field Control. On 
elevators with generator field control, the disconnecting 
means shall be located within sight of the motor controller 
for the driving motor of the motor-generator set. Driving 
machines, motor-generator sets, or motion and operation 
controllers not within sight of the disconnecting means shall 
be provided with a manually operated switch installed in the 
control circuit to prevent starting. The manually operated 
switch( es) shall be installed adjacent to this equipment. 
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Where the driving machine or the motor-generator set is 
located in a remote machine room or remote machinery 
space, a single means for disconnecting all ungrounded main 
power-supply conductors shall be provided and be capable of 
being locked in the open position. 

(3) On Escalators and Moving Walks. On escalators and 
moving walks, the disconnecting means shall be installed in 
the space where the controller is located. 

(4) On Platform Lifts and Stairway Chairlifts. On 
platform lifts and stairway chairlifts, the disconnecting 
means shall be located within sight of the motor controller. 

(D) Identification and Signs. Where there is more than one 
driving machine in a machine room, the disconnecting 
means shall be numbered to correspond to the identifying 
number of the driving machine that they control. 

The disconnecting means shall be provided with a sign 
to identify the location of the supply side overcurrent 
protective device. 

620.52 Power from More Than One Source. 

(A) Single-Car and MuIticar Installations. On single
car and multicar installations, equipment receiving 
electrical power from more than one source shall be 
provided with a disconnecting means for each source of 
electrical power. The disconnecting means shall be within 
sight of the equipment served. 

(B) Warning Sign for Multiple Disconnecting Means. 
Where multiple disconnecting means are used and parts of 
the controllers remain energized from a source other than 
the one disconnected, a warning sign shall be mounted on 
or next to the disconnecting means. The sign shall be 
clearly legible and shall read as follows: 

WARNING 
PARTS OF THE CONTROLLER ARE NOT 

DE-ENERGIZED BY THIS SWITCH. 

(C) Interconnection Multicar Controllers. Where 
interconnections between controllers are necessary for the 
operation of the system on multicar installations that 
remain energized from a source other than the one 
disconnected, a warning sign in accordance with 620.52(B) 
shall be mounted on or next to the disconnecting means. 

620.53 Car Light, Receptacle(s), and Ventilation 
Disconnecting Means. Elevators shall have a single 
means for disconnecting all ungrounded car light, 
receptacle(s), and ventilation power-supply conductors for 
that elevator car. 

The disconnecting means shall be an enclosed 
externally operable fused motor circuit switch or circuit 
breaker capable of being locked in the open position and 
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shall be located in the machine room or control room for 
that elevator car. The provision for locking or adding a 
lock to the disconnecting means shall be installed on or at 
the switch or circuit breaker used as the disconnecting 
means and shall remain in place with or without the lock 
installed. Portable means for adding a lock to the switch 
or circuit breaker shall not be permitted as the means 
required to be installed at and remain with the equipment. 
Where there is no machine room or control room, the 
disconnecting means shall be located in a machinery 
space or control space outside the hoistway that is readily 
accessible to only qualified persons. 

Disconnecting means shall be numbered to correspond 
to the identifying number of the elevator car whose light 
source they control. 

The disconnecting means shall be provided with a sign 
to identify the location of the supply side overcurrent 
protective device. 

Exception: Where' an individual brallch circllii :;'~ppiie 
cariigl7ling. a rel:eptacle(s). lind a ventilation motor not 
exceeding 2 hp. the disconnecti" means required by 
620.53 . hall h(! permifled ({) comp~}' with 430.I09(C). 
This disconnecTing means .!thall be listed und jhall be 
capable of being locked in the open po ilion. The 
provision }or locking or addi"g a lock to the 
discunnecting means. hall be instaJ/ed on or al the witch 
0,. circuit breaker u eel as Ihe disconnecting means and 
shall remai1l in place with or witholll Ihe lock installed. 
Portable meuns for adding a lock 10 the swilch or circuil 
b,.eakcr shall nol be permillcd as Ihe means required 10 
be in tailed al the disconnt:cling meall and shall remain 
with 'he equipment. 

620.54 Heating and Air-Conditioning Disconnecting 
Means. Elevators shall have a single means for 
disconnecting all ungrounded car heating and air
conditioning power-supply conductors for that elevator car. 

The disconnecting means shall be an enclosed 
externally operable fused motor circuit switch or circuit 
breaker capable of being locked in the open position and 
shall be located in the machine room or control room for 
that elevator car. The provision for locking or adding a 
lock to the disconnecting means shall be installed on or at 
the switch or circuit breaker used as the disconnecting 
means and shall remain in place with or without the lock 
installed. Portable means for adding a lock to the switch 
or circuit breaker shall not be permitted as the means 
required to be installed at and remain with the equipment. 
'Where there is no machine room or control room, the 
disconnecting means shall be located in a machinery 
space or control space outside the hoistway that is readily 
accessible to only qualified persons. 
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Where there is equipment for more than one elevator car 
in the machine room, the disconnecting means shall be 
numbered to correspond to the identifying number of the 
elevator car whose heating and air-conditioning source they 
control. 

The disconnecting means shall be provided with a sign 
to identify the location of the supply side overcurrent 
protective device. 

620.55 Utilization Equipment Disconnecting Means. Each 
branch circuit for other utilization equipment shall have a 
single means for disconnecting all ungrounded conductors. 
The disconnecting means shall be capable of being locked in 
the open position and shall be located in the machine room 
or control room/machine space or control space. The 
provision for locking or adding a lock to the disconnecting 
means shall be installed on or at the switch or circuit breaker 
used as the disconnecting means and shall remain in place 
with or without the lock installed. Portable means for adding 
a lock to the switch or circuit breaker shall not be permitted 
as the means required to be installed at and remain with the 
equipment. 

Where there is more than one branch circuit for other 
utilization equipment, the disconnecting means shall be 
numbered to correspond to the identifying number of the 
equipment served. The disconnecting means shall be 
provided with a sign to identifY the location of the supply 
side overcurrent protective device. 

VII. Overcurrent Protection 

620.61 Overcurrent Protection. Overcurrent protection 
shall be provided in accordance with 620.61(A) through (D) 

(A) Operating Devices and Control and Signaling 
Circuits. Operating devices and control and signaling 
circuits shaH be protected against overcurrent in accordance 
with the requirements of725.43 and 725.45. 

Class 2 power-limited circuits shall be protected against 
overcurrent in accordance with the requirements of Chapter 
9, Notes to Tables Il(A) and 11(B). 

(B) Overload Protection for Motors. Motor and branch
circuit overload protection shall conform to Article 430, Part 
III, and (8)( 1) through (8)(4). 

(1) Duty Rating on Elevator, Dumbwaiter, and Motor
Generator Sets Driving Motors. Duty on elevator and 
dumbwaiter driving machine motors and driving motors of 
motor-generators used with generator field control shall be 
rated as intermittent. Such motors shall be pennitted to be 
protected against overload in accordance with 430.33. 

(2) Duty Rating on Escalator Motors. Duty on escalator 
and moving walk driving machine motors shall be rated as 
continuous. Such motors shall be protected against overload 
in accordance with 430.32. 
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(3) Overload Protection. Escalator and moving walk 
driving machine motors and driving motors of motor
generator sets shall be protected against running overload as 
provided in Table 430.37. 

(4) Duty Rating and Overload Protection on Platform 
Lift and Stairway Chairlift Motors. Duty on platform lift 
and stairway chairlift driving machine motors shall be rated 
as intermittent. Such motors shall be permitted to be 
protected against overload in accordance with 430.33. 

Informational Note: For further information, see 430.44 for 
orderly shutdown. 

(C) Motor Feeder Short-Circuit and Ground-Fault 
Protection. Motor feeder short-circuit and ground-fault 
protection shall be as required in Article 430, Part V. 

(D) Motor Branch-Circuit Short-Circuit and Ground
Fault Protection. Motor branch-circuit short-circuit and 
ground-fault protection shall be as required in Article 430, 
Part IV. 

620.62 Selective Coordination. Where more than one 
driving machine disconnecting means is supplied by a single 
feeder, the overcurrent protective devices in each 
disconnecting means shall be selectively coordinated with 
any other supply side overcurrent protective devices. 

VIII. Machine Rooms, Control Rooms, Machinery 
Spaces, and Control Spaces 

620.71 Guarding Equipment. Elevator, dumbwaiter, 
escalator, and moving walk driving machines; motor
generator sets; motor controllers; and disconnecting means 
shall be installed in a room or space set aside for that purpose 
unless otherwise permitted in 620.7 1 (A) or (B). The room or 
space shall be secured against unauthorized access. 

(A) Motor Controllers. Motor controllers shall be 
permitted outside the spaces herein specified, provided they 
are in enclosures with doors or removable panels that are 
capable of being locked in the closed position and the 
disconnecting means is located adjacent to or is an integral 
part of the motor controller. Motor controller enclosures for 
escalator or moving wa1ks shall be permitted in the 
balustrade on the side located away from the moving steps 
or moving treadway. If the disconnecting means is an 
integral part of the motor controller, it shall be operable 
without opening the enclosure. 

(B) Driving Machines. Elevators with driving machines 
located on the car, on the counterweight, or in the hoistway, 
and driving machines for dumbwaiters, platform lifts, and 
stairway lifts, shall be permitted outside the spaces herein 
specified. 
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IX. Grounding 

620.81 Metal Raceways Attached to Cars. Metal 
raceways, Type MC cable, Type MI cable, or Type AC 
cable attached to elevator cars shall be bonded to metal 
parts of the car that are bonded to the equipment 
grounding conductor. 

620.82 Electric Elevators. For electric elevators, the 
frames of all motors, elevator machines, controllers, and 
the metal enclosures for all electrical equipment in or on 
the car or in the hoistway shall be honded in accordance 
with Article 250, Parts V and VII. 

620.83 Nonelectric Elevators. For elevators other than 
electric having any electrical conductors attached to the 
car, the metal frame of the car, where normally accessible 
to persons, shall be bonded in accordance with Article 
250, Parts V and VII. 

620.84 Escalators, Moving Walks, Platform Lifts, and 
Stairway Chairlifts. Escalators, moving walks, platform 
lifts, and stairway chairlifts shall comply with Article 250. 

620.85 Ground-Fault Circuit-Interrupter Protection 
for Personnel. Each 125-volt, single-phase, 15- and 20-
ampere receptacle installed in pits, in hoistways, on 
elevator car tops, and in escalator and moving walk 
wellways shall be of the ground-fault circuit-interrupter 
type. 

All l25-volt, single-phase, 15- and 20-ampere 
receptacles installed in machine rooms and machinery 
spaces shall have ground-fault circuit-interrupter 
protection for personnel. 

A single receptacle supplying a permanently installed 
sump pump shall not require ground-fault circuit
interrupter protection. 

X. Emergency and Standby Power Systems 

620.91 Emergency and Standby Power Systems. An 
elevator(s) shall be permitted to be powered by an 
emergency or standby power system. 

Informational Note: See ASME A17.1-2007/CSA 844.., 
07 , Safety Code/or Elevators and Escalator , 2.27.2, for 
additional information. 

(A) Regenerative Power. For elevator systems that 
regenerate power back into the power source that is 
unable to absorb the regenerative power under 
overhauling elevator load conditions, a means shall be 
provided to absorb this power. 

(B) Other Building Loads. Other building loads, such as 
power and lighting, shall be permitted as the energy 
absorption means required in 620.91(A), provided that 
such loads are automatically connected to the emergency 
or standby power system operating the elevators and are 
large enough to absorb the elevator regenerative power. 
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(C) Disconnecting Means. The disconnecting means 
required by 620.51 shall disconnect the elevator from 
both the emergency or standby power system and the 
normal power system. 

Where an additional power source is connected to the 
load side of the disconnecting means, \vhiCilaflo\ys 
automatic movement of the car to pennit evacuation of 
Pliss~~ge~s. the disconnecting means required in 620.51 
shall be provided with an auxiliary contact that is 
positively opened mechanically, and the opening shall not 
be solely dependent on springs. This contact shall cause 
the additional power source to be disconnected from its 
load when the disconnecting means is in the open 
position. 

ARTICLE 625 

~1~.~ri~Y~~i~I~~ItJlrgi ng Sy~t~m 

I. General 

625.1 Scope. The prOVISIOns of this article cover the 
electrical conductors and equipment external to an electric 
vehicle that connect an electric vehicle to a supply of 
electricity by conductive or inductive means, and the 
installation of equipment and devices related to electric 
vehicle charging. 

Informational Note: For industrial trucks, see NFPA 
505-2011, Fire Safety Standard for Powered Industrial 
Trucks Including Type Designations, Areas of Use, 
Conversions, Maintenance, and Operation. 

625.2 Definitions. 

Electric Vehicle. An automotive-type vehicle for on-road 
use, such as passenger automobiles, buses. trucks vans, 
neighborhood electric vehicles, eleC1ric motorcycles~ and 
the like, primarily powered by an electric motor that 
draws current from a rechargeable storage battery, fuel 
cell, photovoltaic array, or other source of electric current. 
Plug-in hybrid electric vehicles (PHEV) arc considered 
~Icctric vehicles. For the purpose of this article, orr-road. 
self-propelled electric vehicles, such as industrial trucks, 
hoists, lifts, transports, golf carts, airline ground support 
equipment, tractors, boats, and the like, are not included. 

Electric Vehicle Connector. A device that, by insertion 
into an electric vehicle inlet, establishes an electrical 
connection to the electric vehicle for the purpose of power 
transfer and information exchange. This device is part of 
the electric vehicle coupler. 

Informational Note: For further infonnation, sec 625.26 
lor ml~ractive system~. 

Electric Vehicle Coupler. A mating electric vehicle inlet 
and electric vehicle connector set. 
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Electric Vehicle Inlet. The device on the electric vehicle 
into which the electric vehicle connector is inserted for 
po~ertransfer and information exchange. This device is part 
of the electric vehicle coupler. For the purposes of this Code, 
the electric vehicle inlet is considered to be part of the 
electric vehicle and not part of the electric vehicle supply 
equipment. 

Informational Note: For further information, see 625.26 for 
interactive systems. 

Electric Vehicle Nonvented Storage Battery. A 
hermetically sealed battery, comprised of one or more 
rechargeable electrochemical cells, that has no provision for 
the release of excessive gas pressure, or for the addition of 
water or electrolyte, or for external measurements of 
electrolyte specific gravity. 

Electric Vehicle Supply Equipment. The conductors, 
including the ungrounded, grounded, and equipment 
grounding conductors and the electric vehicle cOlmectors, 
attachment plugs, and all other fittings, devices, power 
outlets, or apparatus installed specifically for the purp()se of 
transferring energy between the premises wiring and the 
electric vehicle. 

Informational Note: For further infonnation, see 625.26 for 
interactive systems. 

Personnel Protection System. A system of personnel 
protection devices and constructional features that when used 
together provide protection against electric shock of 
personnel. 

Plug-In Hybrid Electric Vehicle (pUEV). A type of el,-'Cbic 
vehicle rntendoo for on-road use with the ability to store and 
use ofT-vehicle electrical energy in the rechargeable energy 
. torage systcm~ and having a second source of motive power. 

Rechargeable Energy Storage System. Any power source 
tl~~tll~lt~~~ClP~~iJil:yt()~~,?hargcd and discharged. 

Informational Note: Batterle • capacitors, and 
~Iectromechanical f1)"\hecl~ are t!xamples of r~hargcabh= 
~nergy Morage system . 

625.4 Voltages. Unless other voltages are specified, the 
nominal ac system voltages of 120, 120/240, 208Y/120, 240, 
480Y/277, 480, 600Y/347, and 600 volts shall be used to 
supply equipment covered by this article. 

625.5 Listed or Labeled. All electrical materials, devices, 
fittings, and associated equipment shall be listed or labeled. 

II. Wiring Methods 

625.9 Electric Vehicle Coupler. The electric vehicle 
coupler shall comply with 625.9(A) through (F). 

(A) Polarization. The electric vehicle coupler shall be 
polarized unless part of a system identified and listed as 
suitable for the purpose. 
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(B) Noninterchangeability. The electric vehicle coupler 
shall have a configuration that is noninterchangeable with 
wiring devices in other electrical systems. Nongrounding
type electric vehicle couplers shall not be interchangeable 
with grounding-type electric vehicle couplers. 

(C) Construction and Installation. The electric vehicle 
coupler shall be constructed and installed so as to guard 
against inadvertent contact by persons with parts made live 
from the electric vehicle supply equipment or the electric 
vehicle battery. 

(D) Unintentional Disconnection. The electric vehicle 
coupler shall be provided with a positive means to prevent 
unintentional discOlmection. 

(E) Grounding Pole. The electric vehicle coupler shall be 
provided with a grounding pole, unless part of a system 
identified and listed as suitable for the purpose in accordance 
with Article 250. 

(F) Grounding Pole Requirements. If a grounding pole is 
provided, the electric vehicle coupler shall be so designed 
that the grounding pole cOlmection is the first to make and 
the last to break contact. 

ill. Equipment Construction 

625.13 Electric Vehicle Supply Equipment. Electric 
vehicle supply equipment rated at 125 volts, single phase, 
15 or 20 amperes or part of a system identified and listed 
as suitable for the purpose and meeting the requirements 
of 625.18, 625.19, and 625.29 shall be permitted to be 
cord-and-plug-connected. All other electric vehicle supply 
equipment shall be permanently connected and fastened 
in place. This equipment shall have no exposed live parts. 

625.14 Rating. Electric vehicle supply equipment shall 
have sufficient rating to supply the load served. For the 
purposes of this article, electric vehicle charging loads 
shall be considered to be continuous loads. 

625.15 Markings. The electric vehicle supply equipment 
shall comply with 625.15(A) through (C). 

(A) General. All electric vehicle supply equipment shall be 
marked by the manufacturer as follows: 

FOR USE WITH ELECTRIC VEHICLES 

(B) Ventilation Not Required. Where marking is required 
by 625.29(C), the electric vehicle supply equipment shall be 
clearly marked by the manufacturer as follows: 

VENTILATION NOT REQUIRED 

The marking shall be located so as to be clearly visible 
after installation. 
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(C) Ventilation Required. Where marking is required by 
62S.29(D), the electric vehicle supply equipment shall be 
clearly marked by the manufacturer, "Ventilation 
Required." The marking shall be located so as to be 
clearly visible after installation. 

625.16 Means of Coupling. The means of coupling to the 
electric vehicle shall be either conductive or inductive. 
Attachment plugs, electric vehicle connectors, and electric 
vehicle inlets shall be listed or labeled for the purpose. 

625.17 Cable. The electric vehicle supply equipment 
cable shall be Type EV, EVJ, EVE, EVJE, EVT, or EVJT 
flexible cable as specified in Article 400 and Table 400.4. 
Ampacities shall be as specified in Table 400.S(A)( I j for 
lOA WG and smaller, and in Table 400.5(A)(2) for 8 
A WG and larger. The overall length of the cable shall not 
exceed 7.5 m (25 ft) unless equipped with a cable 
management system that is listed as suitable for the 
purpose. Other cable types and assemblies listed as being 
suitable for the purpose, including optional hybrid 
communications, signal, and composite optical fiber 
cables, shall be permitted. 

625.18 Interlock. Electric vehicle supply equipment shall 
be provided with an interlock that de-energizes the 
electric vehicle connector and its cable whenever the 
electrical connector is uncoupled from the electric 
vehicle. An interlock shall not be required for portable 
cord-and-plug-connected electric vehicle supply 
equipment intended for connection to receptacle outlets 
rated at 125 volts, single phase, 15 and 20 amperes. 

625.19 Automatic De-Energization of Cable. The electric 
vehicle supply equipment or the cable-connector 
combination of the equipment shall be provided with an 
automatic means to de-energize the cable conductors and 
electric vehicle connector upon exposure to strain that 
could result in either cable rupture or separation of the 
cable from the electric connector and exposure oflive parts. 
Automatic means to de-energize the cable conductors and 
electric vehicle connector shall not be required for portable 
cord-and-plug-connected electric vehicle supply equipment 
intended for connection to receptacle outlets rated at 125 
volts, single phase, 15 and 20 amperes. 

IV. Control and Protection 

625.21 Overcurrent Protection. Overcurrent protection 
for feeders and branch circuits supplying electric vehicle 
supply equipment shall be sized for continuous duty and 
shall have a rating of not less than 125 percent of the 
maximum load of the electric vehicle supply equipment. 
Where noncontinuous loads are supplied from the same 
feeder or branch circuit, the overcurrent device shall have 
a rating of not less than the sum of the noncontinuous 
loads plus 125 percent of the continuous loads. 
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625.22 Personnel Protection System. The electric 
vehicle supply equipment shall have a listed system of 
protection against electric shock of personnel. The 
personnel protection system shall be composed of listed 
personnel protection devices and constructional features. 
Where cord-and-plug-connected electric vehicle supply 
equipment is used, the interrupting device of a listed 
personnel protection system shall be provided and shall be 
an integral part of the attachment plug or shall be located 
in the power supply cable not more than 300 mm (12 in.) 
from the attachment plug. 

625.23 Disconnecting Means. For electric vehicle supply 
equipment rated more than 60 amperes or more than 150 
volts to ground, the disconnecting means shall be 
provided and installed in a readily accessible location. 
The disconnecting means shall be capable of being locked 
in the open position. The provision for locking or adding 
a lock to the disconnecting means shall be installed on or 
at the switch or circuit breaker used as the disconnecting 
means and shall remain in place with or without the lock 
installed. Portable means for adding a lock to the switch 
or circuit breaker shall not be permitted. 

625.25 Loss of Primary Source. Means shall be provided 
such that, upon loss of voltage from the utility or other 
electrical system(s), energy cannot be back fed through 
the electric vehicle and the supply equipment to the 
premises wiring system unless permitted by 625.26. 

625.26 Interactive Systems. Electric vehicle supply 
equipment and other parts of a system, either on-board or 
off-board the vehicle, that are identified for and intended to 
be interconnected to a vehicle and also serve as an optional 
standby system or an electric power production source or 
provide for bi-directional power feed shall be listed as 
suitable for that purpose. When used as an optional standby 
system, the requirements of Article 702 shall apply, and 
when used as an electric power production source, the 
requirements of Article 705 shall apply. 

V. Electric Vehicle Supply Equipment Locations 

625.28 Hazardous (Classified) Locations. Where 
electric vehicle supply equipment or wiring is installed in 
a hazardous (classified) location, the requirements of 
Articles 500 through 516 shall apply. 

625.29 Indoor Sites. Indoor sites shall include, but not be 
limited to, integral, attached, and detached residential garages; 
enclosed and underground parking structures; repair and 
nonrepair commercial garages; and agricultural buildings. 

(A) Location. The electric vehicle supply equipment shall be 
located to pennit direct connection to the electric vehicle. 

(8) Height Unless specifically listed for the plU}JOse and location, 
the coupling means of the electric vehicle supply equipment shall 
be stored or located at a height of not less than 450 rom (18 in.) 
and not more than 1.2 m (4 ft) above the floor level. 
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(C) Ventilation Not Required. Where electric vehicle 
nonvented storage batteries are used or where the electric 
vehicle supply equipment is listed or labeled as suitable for 
charging electric vehicles indoors without ventilation and 
marked in accordance with 625.l5(B), mechanical ventilation 
shall not be required. 

(D) Ventilation Required. Where the electric vehicle supply 
equipment is listed or labeled as suitable for charging electric 
vehicles that require ventilation for indoor charging, and is 
marked in accordance with 625.l5(C), mechanical ventilation, 
such as a fan, shall be provided. The ventilation shall include 
both supply and exhaust equipment and shall be permanently 
installed and located to intake from, and vent directly to, the 
outdoors. Positive pressure ventilation systems shall be 
permitted only in buildings or areas that have been specifically 
designed and approved for that application. Mechanical 
ventilation requirements shall be determined by one of the 
methods specified in 625.29(D)(l) through (D)(4). 

(E) Ventilation Required. [SFM] Where the electric 
vehicle supply equipment listed or labeled as suitable for 
charging electric vehicles that require ventilation for 
indoor charging and marked in accordance with Section 
625.15(C), mechanical ventilation, such as fans, shall be 
provided as specified in the California Building Code. 

(1) Table Values. For supply voltages and currents specified 
in Table 625.29(D)(1) or Table 625.29(D)(2), the minimum 
ventilation requirements shall be as specified in Table 
625.29(D)(1) or Table 625.29(D)(2) for each of the total 
number of electric vehicles that can be charged at one time. 

(2) Other Values. For supply voltages and currents other than 
specified in Table 625.29(D)(1) or Table 625.29(D)(2), the 
minimum ventilation requirements shall be calculated by 
means of the following general formulas, as applicable: 

(1) Single phase: Ventilation single phase in cubic meters per 
minute (m3/min) = 

(volts)(amperes) 
1718 

Ventilation single phase in cubic feet per minute (cfm) 

(volts )( amperes) 
48.7 

(2)Three phase: Ventilation three phase in cubic meters per 
minute (m3/min) 

1.732 (volts)(amperes) 
1718 

Ventilation three phase in cubic feet per minute (cfm) 

1. 732 (volts)( amperes) 
48.7 

(3) Engineered Systems. For an electric vehicle supply 
equipment ventilation system designed by a person 
qualified to perform such calculations as an integral part 
of a building's total ventilation system, the minimum 
ventilation requirements shall be permitted to be 
determined calculations specified in 
the engineering study. 

(4) Supply Circuits. The supply circuit to the mechanical 
ventilation equipment shall be electrically interlocked 
with the electric vehicle supply equipment and shall 
remain energized during the entire electric vehicle 
charging cycle. Electric vehicle supply equipment shall be 

Table 625.29(0)(1) Minimum Ventilation Required in Cubic Meters per Minute (m3/min) for Each of the Total Number of Electric 
Vehicles That Can Be at One Time 

Branch-Circuit 

Phase 3 Phase 

Branch- Circuit 240 Vor 208 Vor 480 Vor 600 Vor 
Ampere Rating 120 V 208V 120/240 V 208YI120 V 240 V 480Y/277 V V 

15 1.1 1.8 2.1 

20 1.4 2.4 2.8 4.2 4.8 9.7 12 
30 2.1 3.6 4.2 6.3 7.2 15 18 
40 2.8 4.8 5.6 8.4 9.7 19 24 
50 3.5 6.1 7.0 10 12 24 30 
60 4.2 7.3 8.4 13 15 29 36 
100 7.0 12 14 21 24 48 60 
150 31 36 73 91 
200 42 48 97 120 
250 52 60 120 150 
300 63 73 145 180 
350 73 85 170 210 
400 84 97 195 240 
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Table 625.29(D)(2) Minimum Ventilation Required in Cubic Feet per Minute (cfm) for Each of the Total Number of Electric 
Vehicles That Can Be Charged at One Time 

Branch-Circuit Voltage 
Single Phase 

Branch-Circuit 240 V or 
Ampere Rating 120 V 208V 120/240 V 

15 37 64 
20 49 85 
30 74 128 
40 99 171 
50 123 214 
60 148 256 
100 246 427 
150 
200 
250 
300 
350 
400 

marked in accordance with 625.15. Electric vehicle supply 
equipment receptacles rated at 125 volts, single phase, 15 
and 20 amperes shall be marked in accordance with 
625.l5(C) and shall be switched, and the mechanical 
ventilation system shall be electrically interlocked through 
the switch supply power to the receptacle. 

625.30 Outdoor Sites. Outdoor sites shall include but not 
be limited to residential carports and driveways, curbside, 
open parking structures, parking lots, and commercial 
charging facilities. 

(A) Location. The electric vehicle supply equipment shall 
be located to permit direct connection to the electric 
vehicle. 

(B) Height. Unless specifically listed for the purpose and 
location, the coupling means of electric vehicle supply 
equipment shall be stored or located at a height of not less 
than 600 mm (24 in.) and not more than 1.2 m (4 ft) 
above the parking surface. 

ARTICLE 626 
ElectrifiedT~~~.~ ,~;trking Spaces 

I. General 

626.1 Scope. The provisions of this atiicle cover the 
electrical conductors and equipment external to the truck 
or transpOli refrigerated unit that connect trucks or 
transport refrigerated units to a supply of electricity, and 
the installation of equipment and devices related to 
electrical installations within an electrified truck parking 
space. 
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74 
99 
148 
197 
246 
296 
493 

3 Phase 

208 Vor 480 Vor 600 V or 
208Y/120 V 240 V 480Y!277 V 600Y/347 V 

148 171 342 427 
222 256 512 641 
296 342 683 854 
370 427 854 1066 
444 512 1025 1281 
740 854 1708 2135 
1110 1281 2562 3203 
1480 1708 3416 4270 
1850 2135 4270 5338 
2221 2562 5125 6406 
2591 2989 5979 7473 
2961 3416 6832 8541 

626.2 Definitions. 

Cable Management System. An apparatus designed to 
control and organize unused lengths of cable or cord at 
electrified truck parking spaces. 

Cord Connector. A device that, by inserting it into a 
truck flanged surface inlet, establishes an electrical 
connection to the tmck for the purpose of providing 
power for the on-board electric loads and may provide a 
means for information exchange. This device is part of the 
truck coupler. 

Disconnecting Means, Parking Space. The necessary 
equipment usually consisting of a circuit breaker or 
switch and fuses, and their accessories, located near the 
point of entrance of supply conductors in an electrified 
truck parking space and intended to constitute the means 
of cutoff for the supply to that truck. 

Electrified Truck Parking Space. A truck parking space 
that has been provided with an electrical system that 
allows truck operators to connect their vehicles while 
stopped and to use off-board power sources in order to 
operate on-board systems such as air conditioning, 
heating, and appliances, without any engine idling. 

Informational Note: An electrified truck parking space 
also includes dedicated parking areas for heavy-duty 
trucks at travel plazas, warehouses, shipper and 
consignee yards, depot facilities, and border crossings. It 
does not include areas such as the shoulders of highway 
ramps and access roads, camping and recreational 
vehicle sites, residential and commercial parking areas 
used for automotive parking or other areas where ac 
power is provided solely for the purpose of connecting 
automotive and other light electrical loads, such as 
engine block heaters, and at private residences. 
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Electrified Truck Parking Space Wiring Systems. All 
of the electrical wiring, equipment, and appurtenances 
related to electrical installations within an electrified truck 
parking space, including the electrified parking space 
supply equipment. 

Overhead Gantry. A structure consisting of horizontal 
framework, supported by vertical columns spanning 
above electrified truck parking spaces, that supports 
equipment, appliances, raceway, and other necessary 
components for the purpose of supplying electrical, 
HV AC, internet, communications, and other services to 
the spaces. 

Separable Power Supply Cable Assembly. A flexible 
cord or cable, including ungrounded, grounded, and 
equipment grounding conductors, provided with a cord 
connector, an attachment plug, and all other fittings, 
grommets, or devices installed for the purpose of 
delivering energy from the source of electrical supply to 
the truck or TRU flanged surface inlet. 

Transport Refrigerated Unit (TRU). A trailer or 
container, with integrated cooling or heating, or both, 
used for the purpose of maintaining the desired 
environment of temperature-sensitive goods or products. 

Truck. A motor vehicle designed for the transportation of 
goods, services, and equipment. 

Truck Coupler. A truck flanged surface inlet and mating 
cord connector. 

Truck Flanged Surface Inlet. The device(s) on the truck 
into which the connector(s) is inserted to provide electric 
energy and other services. This device is part of the truck 
coupler. For the purposes of this article, the truck flanged 
surface inlet is considered to be part of the truck and not 
part of the electrified truck parking space supply 
equipment. 

626.3 Other Articles. Wherever the requirements of 
other articles of this Code and Article 626 differ, the 
requirements of Article 626 shall apply. Unless electrified 
truck parking space wiring systems are supported or 
arranged in such a manner that they cannot be used in or 
above locations classified in 511.3 or 514.3, or both, they 
shall comply with 626.3(A) and (B) in addition to the 
requirements of this article. 

(A) Vehicle Repair and Storage Facilities. Electrified 
truck parking space electrical wiring systems located at 
facilities for the repair or storage of self-propelled 
vehicles that use volatile flammable liquids or flammable 
gases for fuel or power shall comply with Article 511. 

(B) Motor Fuel Dispensing Stations. Electrified truck 
parking space electrical wiring systems located at or 
serving motor fuel dispensing stations shall comply with 
Article 514. 
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Infonnational Note: For additional information, see 
NFPA 88A-20ll, Standard for Parking Structures, and 
NFPA 30A-2008, Code for Fuel Dispensing Facilities 
and Repair Garages. 

626.4 General Requirements. 

(A) Not Covered. The provisions of this article shall not 
apply to that portion of other equipment in residential, 
commercial, or industrial facilities thilt reqllires electric 
power u ed to load and unload ~arg~. operate-"conveyors. 
and for other equipment used on the site or truck. 

(B) Distribution System Voltages. Unless other voltages 
are specified, the nominal ac system voltages of 120, 
1201240, 208Y1120, 240, or 480Y/277 shall be used to 
supply equipment covered by this article. 

(C) Connection to Wiring System. The provisions of 
this article shall apply to the electrified truck parking 
space supply equipment intended for connection to a 
wiring system as defined in 626.4(B). 

II. Electrified Truck Parking Space Electrical Wiring 
Systems 

626.10 Branch Circuits. Electrified truck parking space 
single-phase branch circuits shall be derived from a 
208Y 1120-volt, 3-phase, 4-wire system or a 120/240-volt, 
single-phase, 3-wire system. 

Exception: A 120-volt distribution system shall be 
permitted to supply existing electr(fied truck parking 
spaces. 

626.11 Feeder and Service Load Calculations. 

(A) Parking Space Load. The calculated load of a feeder 
or service shall be not less than the sum of the loads on 
the branch circuits. Electrical service and feeders shall be 
calculated on the basis of not less than II kV A per 
electrified truck parking space. 

(B) Demand Factors. Electrified truck parking space 
electrical wiring system demand factors shall be based 
upon the climatic temperature zone in which the 
equipment is installed. The demand factors set forth in 
Table 626.11 (B) shall be the minimum allowable demand 
factors that shall be permitted for calculating load for 
service and feeders. No demand factor shall be allowed 
for any other load, except as provided in this article. 

Infonnationa1 Note: The U.S. Department of Agriculture 
(USDA) has developed a commonly used "Plant 
Hardiness Zone" map that is publicly available. The map 
provides guidance for detennining the Climatic 
Temperature Zone. Data indicate that the HVAC has the 
highest power requirement in cold climates, with the 
heating demand representing the greatest load, which in 
tum is dependent on outside temperature. In very warm 
climates, where no heating load is necessary, the cooling 
load increases as the outdoor temperature rises. 
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Table 626.1l(B) Demand Factors for Services and Feeders 

Climatic Temperature Zone 

(USDA Hardiness Zone) Demand Factor 

See Note (%) 

70% 

2a 67% 

2b 62% 

3a 59% 

3b 57% 

4a 55% 

4b 51% 

5a 47% 

5b 43% 

6a 39% 

6b 34% 

7a 29% 

7b 24% 

8a 21% 

8b 20% 

9a 20% 

9b 20% 

lOa 21% 

lOb 23% 

11 24% 

Note: The climatic temperature zones shown in Table 626.11(B) 
correlate with those found on the "USDA Plant Hardiness Zone Map," 
and the climatic temperature zone selected for use with the table shall 
be determined through the use of this map based on the installation 
location. 

(C) Two or More Electrified Truck Parking Spaces. 
Where the electrified truck parking space wiring system is in 
a location that serves two or more electrified truck parking 
spaces, the equipment for each space shall comply with 
626.11 (A), and the calculated load shall be t-alculated on the 
basis of each parking space. 

(D) COI1<l:~ctor Rating. Truck space branch-circuit supplied 
loads shall be considered to be cont inUOllS. .- ... . . --- -_ . ... ....•.. ,.,," -" ...... . _---

III. Electrified Truck Parking Space Supply Equipment 

626.22 Wiring Methods and Materials. 

(A) Electrified Truck Parking Space Supply Equipment 
Type. The electrified truck parking space supply equipment 
shall be provided in one of the following forms: 

(1 ) Pedestal 

(2) Overhead gantry 

(3) Raised concrete pad 
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(B) Mounting Height. Post, pedestal, and raised concrete 
pad types of electrified truck parking space supply 
equipment shall be not less than 600 mm (2 ft) aboveground 
or above the point identified as the prevailing highest water 
level mark or an equivalent benchmark based on seasonal or 
storm-driven flooding from the authority having jurisdiction. 

(C) Access ,0 Working Space. All electrified truck parking 
space supply equipment shall be accessible by an 
unobstructed entrance or passageway not less than 600 mm 
(2 ft) wide and not less than 2.0 m (6 ft 6 in.) high. 

(D) Disconnecting Means. A disconnecting switch or circuit 
breaker shall be provided to disconnect one or more 
electrified truck parking space supply equipment sites from a 
remote location. The disconnecting means shall be provided 
and installed in a readily accessible location and shall be 
capable of being locked in the open position. Portable means 
for adding a lock to the switch or circuit breaker shall not be 
permitted as the means required to be installed at and remain 
with the equipment. 

626.23 Overhead Gantry or Cable Management System. 

(A) Cable Management. Electrified truck parking space 
equipment provided from either overhead gantry or cable 
management systems shall utilize a permanently attached 
power supply cable in electrified truck parking space supply 
equipment. Other cable types and assemblies listed as being 
suitable for the purpose, including optional hybrid 
communications, signal, and composite optical fiber cables, 
shall be permitted. 

(B) Strain Relief. Means to prevent strain from being 
transmitted to the wiring terminals shall be provided. 
Permanently attached power supply cable(s) shall be 
provided with a means to de-energize the cable conductors 
and power service delivery device upon exposure to strain 
that could result in either cable damage or separation from 
the power service delivery device and exposure oflive parts. 

626.24 Electrified Truck Parking Space Supply Equipment 
Connection Means. 

(A) General. Each truck shall be supplied from electrified 
truck parking space supply equipment through suitable extra
hard service cables or cords. Each connection to the 
equipment shall be by a single separable power supply cable 
assembly. 

(B) Receptacle. All receptacles shall be listed and of the 
grounding type. Every truck parking space with electrical 
supply shall be equipped with (B)(1) and (B)(2). 

(l) n,~,imumor three receptacles. each 2-polet 3-wire 
grOlmding type and rated 20 amperes, 125 vol . and two 
of the three connected to two separate branch ciJ'(!lJi!S. 

Informational Note: For the nonlocking-type and 
grounding-type 20-ampere receptacle configuration, see 
ANSIINEMA WD6-2002, Standard for Dimensions of 
Attachment Plugs and Receptacles, Figure 5-20. 
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(2) One single receptacle, 3-pole, 4-wire grounding type, 
single phase rated either 30 amperes 208YI120 volts 
or 125/250 volts. The 125/250-volt receptacle shall 
be permitted to be used on a 208YI120-volt, single
phase circuit. 

Infonnational Note: For various configurations of 30-
ampere pin and sleeve receptacles, see ANSI/ULl686, 
Standard jar Pin and Sleeve Configurations, Figure 
C2.9 or Part C3. 

Exception: Where electrified truck parking space supply 
equipment provides the air-conditioning, and 
comfort-cooling function without requiring a direct 
electrical connection at the truck, only the two 
receptacles identified in 626.24(B)(l) shall be required. 

(C) Disconnecting Means, Parking Space. The 
electrified truck parking space supply equipment shall be 
provided with a switch or circuit breaker for 
disconnecting the power supply to the electrified truck 
parking space. A disconnecting means shall be provided 
and installed in a readily accessible location and shall be 
capable of being locked in the open position. Portable 
means for adding a lock to the switch or circuit breaker 
shall not be permitted as the means required to be 
installed at and remain with the equipment. 

(D) Ground-Fault Circuit-Interrupter Protection for 
Personnel. The electrified truck parking space equipment 
shall be designed and constructed such that all receptacle 
outlets in 626.24 are provided with ground-fault circuit
interrupter protection for personnel. 

626.25 Separable Power-Supply Cable Assembly. A 
separable power-supply cable assembly, consisting of a 
power-supply cord, a cord connector, and an attachment 
plug intended for connection with a truck flanged surface 
inlet, shall be of a listed type. The power-supply cable 
assembly or assemblies shall be identified and be one of 
the types and ratings specified in 626.25(A) and (B). 
Cords with adapters and pigtail ends, extension cords, and 
similar items shall not be used. 

(A) Rating(s). 

(1) Twenty-Ampere Power-Supply Cable Assembly. 
Equipment with a 20-ampere, 125-volt receptacle, in 
accordance with 626.24(B)(1), shall use a listed 20-
ampere power-supply cable assembly. 

Exception: It shall be permitted to use a listed separable 
power-supply cable assembly, either hard service or 
extra-hard service and rated 15 125 volts, for 

vehicles. 

(2) Thirty-Ampere Power-Supply Cable Assembly. 
Equipment with a 30-ampere, 208Y1120-volt or 125/250-
volt receptacle, in accordance with 626.24(B)(2), shall use 
a listed 30-ampere main power-supply cable assembly. 
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(B) Power-Supply Cord. 

(1) Conductors. The cord shall be a listed type with three 
or four conductors, for single-phase connection, one 
conductor of which shall be identified in accordance with 
400.23. 

Exception: It shall be permitted to use a separate listed 
three-conductor separable power-supply cable assembly, 
one conductor of which shall be ident!fied in accordance 
with 400.23 and rated 15 amperes, 125 volts for connection 
to an engine block heaterfor existing vehicles. 

(2) Cord. Extra-hard usage flexible cords and cables rated 
not less than 90°C (194°F), 600 volts; listed for both wet 
locations and sunlight resistance; and having an outer 
jacket rated to be resistant to temperature extremes, oil, 
gasoline, ozone, abrasion, acids, and chemicals shall be 
permitted where flexibility is necessary between the 
electrified truck parking space supply equipment, the panel 
board and flanged surface inlet(s) on the truck. 

Exception: Cords for the separable power supply cable 
assembly for 15- and 20-ampere connections shall be 
permitted to be a hard service type. 

(3) Cord Overall Length. The exposed cord length shall 
be measured from the face of the attachment plug to the 
point of entrance to the truck or the face of the flanged 
surface inlet or to the point where the cord enters the truck. 
The overall length of the cable shall not exceed 7.5 m (25 
ft) unless equipped with a cable management system that is 
listed as suitable for the purpose. 

(4) Attachment Plug. The attachment plug(s) shall be listed, 
by itself or as part of a cord set, for the purpose and shall be 
molded to or installed on the flexible cord so that it is 
secured tightly to the cord at the point where the cord enters 
the attachment plug. If a right-angle cap is used, the 
configuration shall be oriented so that the grounding member 
is farthest from the cord. Where a flexible cord is provided, 
the attachment plug shall comply with 250.1 38(A). 

(a) Connection to a 20-Ampere Receptacle. A 
separable power-supply cable assembly for connection to a 
truck flanged surface inlet, rated at 20 amperes, shall have a 
nonlocking-type attachment plug that shall be 2-pole, 3-
wire grounding type rated 20 amperes, 125 volts and 
intended for use with the 20-ampere, 125-volt receptacle. 

Exception: A separable power-supply cable assembly, rated 
15 amperes, provided for the connection of an engine block 
heater, only, shall have an attachment plug that shall be 2-
pole, 3-wire grounding type rated 15 amperes. 125 volts. 

Informational Note: For nonlocking- and grounding-type 
15- or 20-ampere plug and receptacle configurations, see 
ANSIINEMA WD6-2002, Standard for Dimensions (:if 
Attachment Plugs and Receptacles, Figure 5-15 or 5-20. 
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(b) Connection to a 30-Ampere Receptacle. A 
separable power-supply cable assembly for connection to a 
truck flanged surface inlet, rated at 30 amperes, shall have an 
attachment plug that shall be 3-pole, 4-wire grounding type 
rated 30-amperes, 208Y/120 volts or 1251250 volts, and 
intended for use with the receptacle in accordance with 
626.24(B)(2). The 125/250-volt attachment plug shall be 
permitted to be used on a 208YI120-volt, single-phase 
circuit. 

Informational Note: For various configurations of 30-
ampere pin and sleeve see ANSI/UL1686, Standard 
for Pin and Sleeve Configurations, Figure C2.1 0 or Part C3. 

(5) Cord Connector. The cord connector for a separable 
power-supply cable assembly, as specified in 626.25(A)(1), 
shall be a 2-pole, 3-wire grounding type rated 20 amperes, 
125 volts. The cord connector for a separable power-supply 
cable assembly, as specified in 626.25(A)(2), shall be a 3-
pole, 4-wire grounding type rated 30 amperes, 208YI120 
volts or 125/250 volts. The 125/250-volt cord comlector 
shall be permitted to be used on a 208Y 1120-volt, 
phase circuit. 

Exception: The cord connector for a separable power 
supply cable rated 15 amperes, provided for the 
connection of an engine block heater for existing vehicles, 
shall have an attachment plug that shall be 2-pole, 3-wire 
grounding type rated 15 amperes, 125 volts. 

Informational Note: For various configurations of 30-
ampere cord connectors, see ANSlIUL1686 Standard jar 
Pin and Sleeve Corifigurations, C2.9 or Part C3. 

626.26 Loss of Primary Power. Means shall be provided 
such that, upon loss of voltage from the utility or other 
electric supply system(s), energy cannot be back-fed through 
the truck and the truck supply equipment to the electrified 
truck parking space wiring system unless permitted by 
626.27. 

626.27 Interactive Systems. Electrified truck parking space 
supply equipment and other parts of a system, either on
board or off-board the vehicle, that are identified for and 
intended to be interconnected to a vehicle and also serve as 
an optional standby system or an electric power production 
source or provide for bi-directional power feed shall be listed 
as suitable for that purpose. When used as an optional 
standby system, the requirements of Article 702 shall apply, 
and when used as an electric power production source, the 
requirements of Article 705 shall apply. 

IV. Transport Refrigerated Units (TRUs) 

626.30 Transport Refrigerated Units. Electrified truck 
parking spaces intended to supply transport refrigerated units 
(TRUs) shall include an individual branch circuit and 
receptacle for operation of the refrigeration/heating units. 
The receptacle associated with the TRU s shall be provided in 
addition to the receptacles required in 626.24(B). 
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(A) Branch Circuits. TRU spaces shall be supplied from 
208-volt, 3-phase or 480-volt, branch circuits and 
with an equipment grounding COIxluiCtolr. 

(B) Electrified Truck Parking Space Supply Equipment. 
The electrified truck parking space supply equipment, or 
portion thereof, providing electric power for the operation of 
TRUs shall be independent of the loads in Part III of Article 
626. 

626.31 Disconnecting Means and Receptacles. 

(A) Disconnecting Means. Disconnecting means shall be 
provided to isolate each refrigerated unit from its supply 
coooection. A disconnecting means shall be provided and 
installed in a readily accessible location and shall be capable 
of being locked in the open position. Portable means for 
adding a lock to the switch or circuit breaker shall not be 
permitted as the means required to be installed at and remain 
with the equipment. 

(B) Location. The disconnecting means shall be readily 
accessible, located not more than 750 mm (30 in.) from the 
receptacle it controls, and located in the supply circuit ahead 
of the receptacle. Circuit breakers or switches located in 
power outlets complying with this section shall be permitted 
as the disconnecting means. 

(C) Receptacles. All receptacles shall be listed and of the 
grounding type. Every electrified truck parking space 
intended to provide an electrical supply for transport 
refrigerated units shall be equipped with one or both of the 
following: 

(1) 

(2) 

A 30-ampere, 480-volt, 3-phase, 3-pole, 4-wire 
receptacle 

A 60-ampere, 208-volt, 3-phase, 3-pole, 4-wire 
receptacle 

Infoffi1ational Note: Complete detai1s of the 30-ampere pin 
and sleeve receptacle configuration for refrigerated 
containers (transport refrigerated units) can be found in 
ANSltUL1686, Standard for Pin and Sleeve 
Configurations, Figure C2.11. For various configurations 
of 6O-ampere pin and sleeve receptacles, see 
ANSl1UL1686. 

626.32 Separable Power Supply Cable Assembly. A 
separable power supply cable assembly, consisting of a cord 
with an attachment plug and cord coooector, shall be one of 
the types and ratings specified in 62632(A), (B), and (C). 
Cords with adapters and pigtail ends, extension cords, and 
similar items shall not be used. 

(A) Rating(s). The power supply cable assembly shall be 
listed and be rated in accordance with (l) or (2). 

(1) 30 ampere, 480-volt, 3-phase 

(2) 60 ampere, 208-volt, 3-phase 
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(B) Cord Assemblies. The cord shall be a listed type with 
four conductors, for 3-phase connection, one of which shall 
be identified in accordance with 400.23 for use as the 
equipment grounding conductor. Extra-hard usage cables 
rated not less than 90°C (1 94°P), 600 volts, listed for both 
wet locations and sunlight resistance, and having an outer 
jacket rated to be resistant to temperature extremes, oil, 
gasoline, ozone, abrasion, acids, and chemicals, shall be 
permitted where flexibility is necessary between the 
electrified truck parking space supply equipment and the 
inlet(s) on the TRU. 

(C) Attachment PJug(s) and Cord Connector(s). Where 
a flexible cord is provided with an attachment plug and 
cord connector, they shall comply with 250.138(A). The 
attachment plug(s) and cord connector(s) shall be listed, 
by itself or as part of the power-supply cable assembly, 
for the purpose and shall be molded to or installed on the 
flexible cord so that it is secured tightly to the cord at the 
point where the cord enters the attachment plug or cord 
connector. If a right-angle cap is used, the configuration 
shall be oriented so that the grounding member is farthest 
from the cord. An attachment plug and cord connector for 
the connection of a truck or trailer shall be rated in 
accordance with (1) or (2) as follows: 

(1) 30-ampere, 480-volt, 3-phase, 3-pole, 4-wire and 
intended for use with a 30-ampere 480-volt, 3-phase, 
3-pole, 4-wire receptacles and inlets, respectively, or 

(2) 60-ampere, 208-volt, 3-phase, 3-pole, 4-wire and 
intended for use with a 60-ampere, 208-volt, 3-phase, 
3-pole, 4-wire receptacles and inlets, respectively. 

Informational Note: Complete details of the 30-ampere 
pin and sleeve attachment plug and cord connector 
configurations for refrigerated containers (transport 
refrigerated units) can be found in ANSIfULI686, 
Standard for Pin and Sleeve Configurations, Figures 
C2.12 and C2.1!. For various configurations of 60-
ampere pin and sleeve attachment plugs and cord 
connectors, see ANSIIULI686. 

ARTICLE 630 
Electric Welders 

I. General 

630.1 Scope. This article covers apparatus for electric arc 
welding, resistance welding, plasma cutting, and other 
similar welding and cutting process equipment that is 
connected to an electrical supply system. 

II. Arc Welders 

630.11 Ampacity of Supply Conductors. 

The ampacity of conductors for arc welders shall be in 
accordance with 630.11(A) and (B). 
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(A) Individual Welders. The ampacity of the supply 
conductors shall be not less than the I} eff value on the 

rating plate. Alternatively, if the 11 eff is not given, the 

ampacity of the supply conductors shall not be less than 
the current value determined by multiplying the rated 
primary current in amperes given on the welder rating 
plate by the factor shown in Table 630.11(A) based on the 
duty cycle of the welder. 

Table 630.11(A) Duty Cycle Multiplication Factors for Arc 
Welders 

Multiplier for Arc Welders 

Nonmotor Motor 

Duty Cycle Generator Generator 

100 l.00 1.00 

90 0.95 0.96 

80 0.89 0.91 

70 0.84 0.86 

60 0.78 0.81 

50 0.71 0.75 

40 0.63 0.69 

30 0.55 0.62 

20 or less 0.45 0.55 

(B) Group of Welders. Minimum conductor ampacity 
shall be based on the individual currents determined in 
630.11(A) as the sum of 100 percent of the two largest 
welders, plus 85 percent of the third largest welder, plus 70 
percent of the fourth largest welder, plus 60 percent of all 
remaining welders. 

Exception: Percentage values lower than those given in 
630.11 (B) shall be permitted in cases where the work is 
such that a high-operating duty cycle for individual welders 
is impossible. 

Informational Note: Duty cycle considers welder loading 
based on the use to be made of each welder and the 
number of welders supplied by the conductors that will be 
in use at the same time. The load value used for each 
welder considers both the magnitude and the duration of 
the load while the welder is in use. 

630.12 Overcurrent Protection. Overcurrent protection 
for arc welders shall be as provided in 630.12(A) and (B). 
Where the values as determined by this section do not 
correspond to the standard ampere ratings provided in 
240.6 or where the rating or setting specified results in 
unnecessary opening of the overcurrent device, the next 
higher standard rating or setting shall be permitted. 

(A) For Welders. Each welder shall have overcurrent 
protection rated or set at not more than 200 percent of 
11 max' Alternatively, if the Ilmax is not given, the 

overcurrent protection shall be rated or set at not more than 
200 percent of the rated primary current of the welder. 
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An overcurrent device shall not be required for a welder 
that has supply conductors protected by an overcurrent 
device rated or set at not more than 200 percent of 11 max or 

at the rated primary current of the welder. 

If the supply conductors for a welder are protected by an 
overcunent device rated or set at not more than 200 percent 
of Il max or at the rated primary current of the welder, a 

separate overcurrent device shall not be required. 

(B) For Conductors. Conductors that supply one or more 
welders shall be protected by an overcurrent device rated or 
set at not more than 200 percent of the conductor ampacity. 

Informational Note: f 1 max is the maximum value of the 

rated supply CWTent at maximum rated output. fleff is the 

maximum value of the effective supply current, calculated 
from the rated supply current (/1), the corresponding duty 

cycle (duty factor) (X), and the supply current at no-load 
(10) by the following equation: 

630.13 Disconnecting Means. t\lli~erl~i~~4 disconnecting 
means shall be provided in the supply circuit for each arc 
welder that is not equipped with a disconnect mounted as an 
integral patt of the welder. 

The disconnecting means shall be a switch or circuit breaker, 
and its rating shall be not less than that necessary to 
accommodate overcurrent protection as specified under 
630.12. 

630.14 Marking. A rating plate shall be provided for arc 
welders giving the following information: 

(1) Name of manufacturer 
(2) Frequency 
(3) Number of phases 
(4) Primary voltage 
(5) II max and J 1 eff, or rated primary current 

(6) Maximum open-circuit voltage 
(7) Rated secondary current 
(8) Basis of rating, such as the duty cycle 

630.15 Grounding of Welder Secondary Circuit. The 
secondary circuit conductors of an arc welder, consisting 
of the electrode conductor and the work conductor, shall 
not be considered as premises wiring for the purpose of 
applying Article 250. 

Informational Note: Connecting welder secondary circuits 
to grounded objects can create parallel paths and can cause 
objectionable current over equipment grounding 
conductors. 

III. Resistance Welders 

630.31 Ampacity of Supply Conductors. The ampacity of 
the supply conductors for resistance welders necessary to 
limit the voltage drop to a value permissible for the 
satisfactory performance of the welder is usually greater than 
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that required to prevent overheating as covered in 630.31(A) 
and (8). 

(A) Individual Welders. The rated ampacity for conductors 
for individual welders shall comply with the following: 

(1) The ampacity of the supply conductors for a welder that 
may be operated at different times at different values of 
primary current or duty cycle shal1 not be less than 70 
percent of the rated primary current for seam and 
automatically fed welders, and 50 percent of the rated 
primary current for manually operated nonautomatic 
welders. 

(2) The ampacity of the supply conductors for a welder 
wired for a specific operation for which the actual 
primary current and duty cycle are known and remain 
unchanged shall not be less than the product of the 
actual primary current and the multiplier specified in 
Table 630.31(A)(2) for the duty cycle at which the 
welder will be operated. 

Table 630.31(A)(2) Duty Cycle Multiplication Factors for 
Resistance Welders 

Duty Cycle (%) Multiplier 

50 0.71 

40 0.63 

30 0.55 

25 0.50 

20 0.45 

15 0.39 

10 0.32 

7.5 0.27 

5 or less 0.22 

(B) Groups of Welders. The ampacity of conductors that 
supply two or more welders shall not be less than the sum 
of the value obtained in accordance with 630.31(A) for 
the largest welder supplied and 60 percent of the values 
obtained for all the other welders supplied. 

Informational Note: Explanation of Terms 

(1) The rated primary current is the rated kilovolt
amperes (kVA) multiplied by 1000 and divided by the 
rated primary voltage, using values given on the 
nameplate. 

(2) The actual primmy current is the current drawn from 
the supply circuit during each welder operation at the 
particular heat tap and control setting used. 

(3) The duty cycle is the percentage of the time during 
which the welder is loaded. For instance, a spot welder 
supplied by (l ?9-Hz system (216,000 cycles per hour) 
and making ~Jl,g 15-cycle welds per hour would have a 
duty cycle of 2.8 percent (400 multiplied by 15, 
divided by 216,000, mUltiplied by 100). A seam 
welder operating 2 cycles "on" and 2 cycles "off' 
would have a duty cycle of 50 percent. 
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630.32 Overcurrent Protection. Overcurrent protection for 
resistance welders shall be as provided in 630.32(A) and (B). 
Where the values as determined by this section do not 
correspond with the standard ampere ratings provided in 
240.6 or where the rating or setting specified results in 
unnecessary opening of the overcurrent device, a higher 
rating or setting that does not exceed the next higher standard 
ampere rating shall be permitted. 

(A) For Welders. Each welder shall have an overcurrent 
device rated or set at not more than 300 percent of the rated 
primary current of the welder. If the supply conductors for a 
welder are protected by an overcurrent device rated or set at 
not more than 200 percent of the rated primary current of the 
welder, a separate overcurrent device shall not be required. 

(B) For Conductors. Conductors that supply one or more 
welders shall be protected by an overcurrent device rated or 
set at not more than 300 percent of the conductor ampacity{ 

630.33 Disconnecting Means. A switch or circuit breaker 
shall be provided by which each resistance welder and its 
control equipment can be disconnected from the supply 
circuit. The ampere rating of this disconnecting means shall 
not be less than the supply conductor ampacity determined in 
accordance with 630.31. The supply circuit switch shall be 
permitted as the welder disconnecting means where the 
circuit supplies only one welder. 

630.34 Marking. A nameplate shall be provided for each 
resistance welder, giving the following information: 

(1) Name of manufacturer 

(2) Frequency 

(3) Primary voltage 

(4) Rated kilovolt-amperes (kVA) at 50 percent duty cycle 

(5) Maximum and minimum open-circuit secondary voltage 

(6) Short-circuit secondary current at maximum secondary 
voltage 

(7) Specified throat and gap setting 

IV. Welding Cable 

630.41 Conductors. Insulation of conductors intended for 
use in the secondary circuit of electric welders shall be 
flame retardant. 

630.42 Installation. Cables shall be permitted to be 
installed in a dedicated cable tray as provided 10 

630.42(A), (B), and (C). 

(A) Cable Support. The cable tray shall provide support at 
not greater than 150-mm (6-in.) intervals. 

(B) Spread of Fire and Products of Combustion. The 
installation shall comply with 300.21. 
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(C) Signs. A permanent sign shall be attached to the cable 
tray at intervals not greater than 6.0 m (20 ft). The sign shall 
read as follows: 

CABLE TRAY FOR WELDING CABLES ONLY 

ARTICLE 640 
Audio Signal Processing, Amplification, and 

Reproduction Equipment 

I. General 

640.1 Scope. This article covers equipment and wiring for 
audio signal generation, recording, processing, amplification 
and reproduction; distribution of sound; public address; 
speech input systems; temporary audio system installations; 
and electronic organs or other electronic musical 
instruments. This also includes audio systems subject to 
Article 517, Part VI, and Articles 518, 520, 525, and 530. 

Informational Note No.1: Examples of permanently 
installed distributed audio system locations include, but are 
not limited to, restaurant, hotel, business office, commercial 
and retail sales environments, churches, and schools. Both 
portable and permanently installed equipment locations 
include, but are not limited to, residences, auditoriums, 
theaters, stadiums, and movie and television studios. 
Temporary installations include, but are not limited to, 
auditoriums, theaters, stadiums (which use both temporary 
and permanently installed systems), and outdoor events 
such as fairs, festivals, circuses, public events, and concerts. 

Informational Note No.2: Fire and burglary alann signaling 
devices are specifically not encompassed by this article. 

640.2 Definitions. For purposes of this article, the following 
definitions apply. 

Abandoned Audio Distribution Cable. Installed audio 
distribution cable that is not terminated at equipment and not 
identified for future use with a tag. 

Audio Amplifier or Pre-Amplifier. Electronic equipment 
that increases the current or voltage, or both, potential of an 
audio signal intended for use by another piece of audio 
equipment. Amplifier is the term used to denote an audio 
amplifier within this article. 

Audio Autotransformer. A transformer with a single 
winding and multiple taps intended for use with an amplifier 
loudspeaker signal output. 

Audio Signal Processing Equipment. Electrically 
operated equipment that produces, processes, or both, 
electronic signals that, when appropriately amplified and 
reproduced by a loudspeaker, produce an acoustic signal 
within the range of normal human hearing (typically 20-20 
kHz). Within this article, the terms equipment and audio 
equipment are assumed to be equivalent to audio signal 
processing equipment. 
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lnfonnational Note: This equipment includes, but is not 
limited to, loudspeakers; headphones; pre-amplifiers; 
microphones and their power supplies; mixers; MIDI 
(musical instrument digital interface) equipment or other 
digital control systems; equalizers, compressors, and other 
audio signal processing equipment; and audio media 
recording and playback equipment, including turntables, 
tape decks and disk players (audio and multimedia), 
synthesizers, tone generators, and electronic organs. 
Electronic organs and synthesizers may have integral or 
separate amplification and loudspeakers. With the 
exception of amplifier outputs, virtually all such equipment 
is used to process signals (utilizing analog or digital 
techniques) that have nonhazardous levels of voltage or 
current potential. 

Audio System. Within this article, the totality of all 
equipment and interconnecting wiring used to fabricate a 
fully functional audio signal processing, amplification, and 
reproduction system. 

Audio Transformer. A transformer with two or more 
electrically isolated windings and multiple taps intended for 
use with an amplifier loudspeaker signal output. 

Equipment Rack. A framework for the support, enclosure, 
or both, of equipment; may be portable or stationary. See 
ANSIlEIAl310-D-1992, Cabinets, Racks, Panels and 
Associated Equipment. 

Loudspeaker. Equipment that converts an ac electric signal 
into an acoustic signal. The term speaker is commonly used 
to mean loudspeaker. 

Maximum Output Power. The maximum output power 
delivered by an amplifier into its rated load as determined 
under specified test conditions. This may exceed the 
manufacturer's rated output power for the same amplifier. 

Mixer. Equipment used to combine and level match a 
multiplicity of electronic signals, such as from microphones, 
electronic instruments, and recorded audio. 

Mixer-Amplifier. Equipment that combines the functions of 
a mixer and amplifier within a single enclosure. 

Portable Equipment. Equipment fed with portable cords or 
cables intended to be moved from one place to another. 

Powered Loudspeaker. Equipment that consists of a 
loudspeaker and amplifier within the same enclosure. Other 
signal processing may also be included. 

Rated Load Impedance. The amplifier manufacturer's 
stated or marked speaker impedance into which an amplifier 
will deliver its rated output power; 2n, 4n, and 8n are 
typical ratings. 

Rated Output Power. The amplifier manufacturer's stated 
or marked output power capability into its rated load. 

2013 California Electrical Code 
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Rated Output Voltage. For audio amplifiers ofthe constant
voltage type, the nominal output voltage when the amplifier 
is delivering full rated power. Rated output voltage is used 
for determining approximate acoustic output in distributed 
speaker systems that typically employ impedance matching 
transformers. Typical ratings are 25 volts, 70.7 volts, and 100 
volts. 

Technical Power System. An electrical distribution system 
with grounding in accordance with 250.l46(D), where the 
equipment grounding conductor is isolated from the premises 
grounded conductor except at a single grounded termination 
point within a branch-circuit panelboard, at the originating 
(main breaker) branch-circuit panelboard, or at the premises 
grounding electrode. 

Temporary Equipment. Portable wiring and equipment 
intended for use with events of a transient or temporary 
nature where all equipment is presumed to be removed at the 
conclusion ofthe event. 

640.3 Locations and Other Articles. Circuits and 
equipment shall comply with 640.3(A) through (M), as 
applicable. 

(A) Spread of Fire or Products of Combustion. Section 
300.21 shall apply. 

(B) Ducts, Plenums, and Other Air-Handling Spaces. See 
300.22 for circuits and equipment installed in ducts or 
plenums or other space used for environmental air. 

Informational Note: NFPA 90A-2009, Standard jar the 
Installation of Air Conditioning and Ventilation Systems, 
Section 4.3.10.2.6.5, permits loudspeakers, loudspeaker 
assemblies, and their accessories listed in accordance with 
UL 2043-1996, Fire Test jar Heat and Visible Smoke 
Release jar Discrete Products and Their Accessories 
Installed in Air-Handling Spaces, to be installed in other 
spaces used for environmental air (ceiling cavity plenums). 

(C) Cable Trays. Cable trays shall be used in accordance 
with Article 392. 

Infonnational Note: See 725. 1 54(C) for the use of Class 2, 
Class 3, and Type PLTC cable in cable trays. 

(D) Hazardous (Classified) Locations. Equipment used in 
hazardous (classified) locations shall comply with the 
applicable requirements of Chapter 5. 

(E) Assembly Occupancies. Equipment used in assembly 
occupancies shall comply with Article 518. 

(F) Theaters, Audience Areas of Motion Picture and 
Television Studios, and Similar Locations. Equipment 
used in theaters, audience areas of motion picture and 
television studios, and similar locations shall comply with 
Article 520. 

(G) Carnivals, Circuses,Fairs, and Similar Events. 
Equipment used in carnivals, circuses, fairs, and similar 
events shall comply with Article 525. 
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(H) Motion Picture and Television Studios. Equipment 
used in motion picture and television studios shall comply 
with Article 530. 

(I) Swimming Pools, Fountains, and Similar Locations. 
Audio equipment used in or near swimming pools, 
fountains, and similar locations shall comply with Article 
680. 

(J) Combination Systems. Where the authority having 
jurisdiction permits audio systems for paging or music, or 
both, to be combined with fire alarm systems, the wiring 
shall comply with Article 760. 

Informational Note: For installation requirements for 
such combination systems, refer to NFPA 72-2010, 
National Fire Alarm and Signaling Code, and NFPA 
10]-2009, Life Safety Code. 

(K) Antennas. Equipment used in audio systems that 
contain an audio or video tuner and an antenna input shall 
comply with Article 810. Wiring other than antenna 
wiring that connects such equipment to other audio 
equipment shall comply with this article. 

(L) Generators. Generators shall be installed in 
accordance with 445.10 through 445.12,445.14 through 
445.16, and 445.18. Grounding of portable and vehicle
mounted generators shall be in accordance with 250.34. 

(M) Organ Pipes. Additions of pipe organ pipe to an 
electronic organ shall be in accordance with 650.4 
through 650.8. 

640.4 Protection of Electrical Equipment. Amplifiers, 
loudspeakers, and other equipment shall be so located or 
protected as to guard against environmental exposure or 
physical damage, such as might result in fire, shock, or 
personal hazard. 

640.5 Access to Electrical Equipment Behind Panels 
Designed to Allow Access. Access to equipment shall not 
be denied by an accumulation of wires and cables that 
prevents removal of panels, including suspended ceiling 
panels. 

640.6 Mechanical Execution of Work. 

(A) Neat and Workmanlike Manner. Audio signal 
processing, amplification, and reproduction equipment, 
cables, and circuits shall be installed in a neat 
workmanlike manner. 

(B) Installation of Audio Distribution Cables. Cables 
installed exposed on the surface of ceilings and sidewalls 
shall be supported in such a manner that the audio 
distribution cables will not be damaged by normal 
building use. Such cables shall be secured by straps, 
staples, cable ties, hangers, or similar fittings designed 
and installed so as not to damage the cable. The 
installation shall conform to 300.4 and 300.11(A). 
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(C) Abandoned Audio Distribution Cables. The 
accessible portion of abandoned audio distribution cables 
shall be removed. 

(D) Installed Audio Distribution Cable Identified for 
Future Use. 

(1) Cables identified for future use shall be marked with 
a tag of sufficient durability to withstand the environment 
involved. 

(2) Cable tags shall have the following information: 

(1) Date cable was identified for future use 

(2) Date of intended use 

(3) Information related to the intended future use of 
cable 

640.7 Grounding. 

(A) General. Wireways and auxiliary gutters shall be 
connected to an equipment grounding conductor( s), to an 
equipment bonding jumper, or to the grounded conductor 
where permitted or required by 250.92(B)(l) or 250.142. 
Where the wireway or auxiliary gutter does not contain 
power-supply wires, the equipment grounding conductor 
shall not be required to be larger than 14 AWG copper or 
its equivalent. Where the wireway or auxiliary gutter 
contains power-supply wires, the equipment grounding 
conductor shall not be smaller than specified in 250 .122. 

(B) Separately Derived Systems with 60 Volts to 
Ground. Grounding of separately derived systems with 
60 volts to ground shall be in accordance with 647.6. 

(C) Isolated Ground Receptacles. Isolated grounding
type receptacles shall be permitted as described in 
250. 146(D), and for the implementation of other technical 
power systems in compliance with Article 250. For 
separately derived systems with 60 volts to ground, the 
branch-circuit equipment grounding conductor shall be 
terminated as required in 647.6(B). 

Informational Note: See 406.3(D) for grounding-type 
receptacles and required identification. 

640.8 Grouping of Conductors. Insulated conductors of 
different systems grouped or bundled so as to be in close 
physical contact with each other in the same raceway or 
other enclosure, or in portable cords or cables, shall 
comply with 300.3(C)(1). 

640.9 Wiring Methods. 

(A) Wiring to and Between Audio Equipment. 

(1) Power Wiring. Wiring and equipment from source of 
power to and between devices connected to the premises 
wiring systems shall comply with the requirements of 
Chapters 1 through 4, except as modified by this article. 
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(2) Separately Derived Power Systems. Separately derived 
systems shall comply with the applicable articles of this 
Code, except as modified by this article. Separately derived 
systems with 60 volts to ground shall be permitted for use in 
audio system installations as specified in Article 647. 

(3) Other Wiring. All wiring not connected to the premises 
wiring system or to a wiring system separately derived from 
the premises wiring system shall comply with Article 725. 

(B) Auxiliary Power Supply Wiring. Equipment that has a 
separate input for an auxiliary power supply shall be wired in 
compliance with Article 725. Battery installation shall be in 
accordance with Article 480. This section shall not apply to 
the use of uninteffilptible pow~r supply (UPS) equipment, or 
other sources of supply. that are intended to act as a dir ct 
r~placemcnt for the primary circuit power source and are 
coooected to the primary circuit input. 

Infonnational Note: Refer to NFPA 72-2010, National Fire 
Alarm and Signaling Code, where equipment is used for a 
fire alann system. 

(C) Output Wiring and Listing of Amplifiers. 
Amplifiers with output circuits carrying audio program 
signals shall be permitted to employ Class I , Class 2, or 
Class 3 wiring where the amplifier is listed and marked 
for use with the specific class of wiring method. Such 
listing shall ensure the energy output is equivalent to the 
shock and fire risk of the same class as stated in Article 
725. Overcurrent protection shall be provided and shall be 
permitted to be inherent in the amplifier. 

Audio amplifier output circuits wired using Class I 
wiring methods shall be considered equivalent to Class 1 
circuits and shall be installed in accordance with 725.46, 
where applicable. 

Audio amplifier output circuits wired using Class 2 or 
Class 3 wiring methods shall be considered equivalent to 
Class 2 or Class 3 circuits, respectively. They shall use 
conductors insulated at not less than the requirements of 
725.179 and shall be installed in accordance with 725.133 
and 725.154. 

Infomlational Note No.1: ANSTIUL 1711-1994, Amplifiers 
for Fire Protective Signaling Systems, contains 
requirements for the listing of amplifiers used for fire alann 
systems in compliance with NFPA 72-2010, National Fire 
ALarm and Signaling Code. 

Informational Note No. 2: Examples of requirements for 
listing amplifiers used in residential, commercial, and 
professional use are found in ANSIIUL 813-1996, 
CommerciaL Audio Equipment; ANSIIUL 1419-1997, 
ProfessionaL Video and Audio Equipment; ANSTIUL 
1492-1996, Audio-Video Products and Accessories; and 
ANSI/UL 6500-1996, Audio/Video and Musical 
Instrument Apparatus for Household, Commercial, and 
Similar Use. 
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(D) Use of Audio Transformers and Autotransformers. 
Audio transformers and autotransformers shall be used only 
for audio signals in a manner so as not to exceed the 
manufacturer's stated input or output voltage, impedance, or 
power limitations. The input or output wires of an audio 
transformer or autotransformer shall be allowed to connect 
directly to the amplifier or loudspeaker terminals. No 
electrical terminal or lead shall be required to be grounded or 
bonded. 

640.10 Audio Systems Near Bodies of Water. Audio 
systems near bodies of water, either natural or artificial, shall 
be subject to the restrictions specified in 640.10(A) and (B). 

Exception: This section does not include audio systems 
intended for use on boats, yachts, or other forms of land or 
water transportation used near bodies of wate;~ whether or 
not supplied by branch-circuit power. 

Infonnational Note: See 680.27(A) for installation of 
underwater audio equipment. 

(A) Equipment Supplied by Branch-Circuit Power. 
Audio system equipment supplied by branch-circuit 
power shall not be placed laterally within l.5 m (5 ft) of 
the inside wall of a pool, spa, hot tub, or fountain, or 
within l.5 m (5 ft) of the prevailing or tidal high water 
mark. The equipment shall be provided with branch
circuit power protected by a ground-fault circuit 
interrupter where required by other articles. 

(B) Equipment Not Supplied by Branch-Circuit Power. 
Audio system equipment powered by a listed Class 2 power 
supply or by the output of an amplifier listed as permitting 
the use of Class 2 wiring shall be restricted in placement only 
by the manufacturer's recommendations. 

Informational Note: Placement of the power supply or 
amplifier, if supplied by branch-circuit power, is still 
subject to 640.1 O(A). 

II. Permanent Audio System InstaHations 

640.21 Use of Flexible Cords and Cables. 

(A) Between Equipment and Branch-Circuit Power. 
Power supply cords for audio equipment shall be suitable for 
the use and shall be permitted to be used where the 
interchange, maintenance, or repair of such equipment is 
facilitated through the use of a power-supply cord. 

(B) Between Loudspeakers and Amplifiers or Between 
Loudspeakers. Cables used to connect loudspeakers to 
each other or to an amplifier shall comply with Article 
725. Other listed cable types and assemblies, including 
optional hybrid communications, signal, and c:oll1P2~i!~ 
optical fiber cables, shall be permitted. 

(C) Between Equipment. Cables used for the distribution 
of audio signals between equipment shall comply with 
Article 725. Other listed cable types and assemblies, 
including optional hybrid communications, signal, and 
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COIDPIJSllte· optical fiber cables, shall be permitted. Other 
cable types and assemblies specified by the equipment 
manufacturer as acceptable for the use shall be permitted 
in accordance with 110.3(B). 

(D) Between Equipment and Power Supplies Other 
Than Branch-Circuit Power. The following power 
supplies, other than branch-circuit power supplies, shall 
be installed and wired between equipment in accordance 
with the requirements of this Code for the voltage and 
power delivered: 

(1) Storage batteries 

(2) Transformers 

(3) Transformer rectifiers 

(4) Other ac or dc power supplies 

Informational Note: For some equipment, these sources 
such as in items (1) and serve as the only source of 
power. These could, in tum, be supplied with 
intermittent or continuous branch-circuit power. 

(E) Between Equipment Racks and Premises Wiring 
System. Flexible cords and cables shall be permitted for 
the electrical connection of permanently installed 
equipment racks to the premises wiring system to 
facilitate access to equipment or for the purpose of 
isolating the technical power system of the rack from the 
premises ground. Connection shall be made either by 
using approved plugs and receptacles or by direct 
connection within an approved enclosure. Flexible cords 
and cables shall not be subjected to physical manipulation 
or abuse while the rack is in use. 

640.22 Wiring of Equipment Racks and Enclosures. 

Metal equipment racks and enclosures shall be grounded. 
Bonding shall not be required if the rack is connected to a 
technical power ground. 

Equipment racks shall be wired in a neat and 
workmanlike manner. Wires, cables, structural 
components, or other equipment shall not be placed in 
such a manner as to prevent reasonable access to 
equipment power switches and resettable or replaceable 
circuit overcurrent protection devices. 

Supply cords or cables, ifused, shall terminate within 
the equipment rack enclosure in an identified connector 
assembly. The supply cords or cable (and connector 
assembly if used) shall have sufficient ampacity to carry 
the total load connected to the equipment rack and shall 
be protected by overcurrent devices. 

640.23 Conduit or Tubing. 

(A) Number of Conductors. The number of conductors 
permitted in a single conduit or tubing shall not exceed 
the percentage fill specified in Table 1, Chapter 9. 
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(B) Nonmetallic Conduit or Tubing and Insulating 
Bushings. The use of nonmetallic conduit or tubing and 
insulating bushings shall be permitted where a technical 
power system is employed and shall comply with 
applicable articles. 

640.24 Wireways, Gutters, and Auxiliary Gutters. The 
use of metallic and nonmetallic wireways, gutters, and 
auxiliary gutters shall be permitted for use with audio 
signal conductors and shall comply with applicable 
articles with respect to permitted locations, construction, 
and fil1. 

640.25 Loudspeaker Installation in Fire Resistance
Rated Partitions, Walls, and Ceilings. Loudspeakers 
installed in a fire resistance-rated partition, wall, or 
ceiling shall be listed for that purpose or installed in an 
enclosure or recess that maintains the fire resistance 
rating. 

Informational Note: Fire-rated construction is the fire
resistive classification used in building codes. One 
method of determining fire rating is testing in 
accordance with NFPA 256-2003, Standard Methods 0/ 
Fire Tests 0/ Roo/Coverings. 

III. Portable and Temporary Audio System 
Installations 

640.41 Multipole Branch-Circuit Cable Connectors. 
Multipole branch-circuit cable connectors, male and 
female, for power-supply cords and cables shall be so 
constructed that tension on the cord or cable is not 
transmitted to the connections. The female half shall be 
attached to the load end of the power supply cord or 
cable. The connector shall be rated in amperes and 
designed so that differently rated devices cannot be 
connected together. Alternating-current multipole 
connectors shall be polarized and comply with 406.7(A) 
and (B) and Alternating-current or direct-current 
multipole connectors utilized for connection between 
loudspeakers and amplifiers, or between loudspeakers, 
shall not be compatible with nonlocking 15- or 20-ampere 
rated connectors intended for branch-circuit power or 
with connectors rated 250 volts or greater and of either 
the locking or nonlocking type. Signal cabling not 
intended for such loudspeaker and amplifier 
interconnection shall not be permitted to be compatible 
with multipole branch-circuit cable connectors of any 
accepted configuration. 

Informational Note: See 400.10 for pull at terminals. 

640.42 Use of Flexible Cords and Cables. 

(A) Between Equipment and Branch-Circuit Power. 
Power supply cords for audio equipment shall be listed 
and shall be permitted to be used where the interchange, 
maintenance, or repair of such equipment is facilitated 
through the use of a power-supply cord. 
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(B) Between Loudspeakers and Amplifiers, or 
Between Loudspeakers. Flexible cords and cables used 
to connect loudspeakers to each other or to an amplifier 
shall comply with Article 400 and Article 725, 
respectively. Cords and cables listed for portable use, 
either hard or extra-hard usage as defined by Article 400, 
shall also be permitted. Other listed cable types and 
assemblies, including optional hybrid communications, 
signal, and optical fiber cables, shall be permitted. 

(C) Between Equipment and/or Between Equipment 
Racks. Flexible cords and cables used for the distribution 
of audio signals between equipment shall comply with 
Article 400 and A11ic1e 725, respectively. Cords and 
cables listed for portable use, either hard or extra-hard 
service as defined by Article 400, shall also be permitted. 
Other listed cable types and assemblies, including 
optional hybrid communications, signal, and optical fiber 
cables, shall be permitted. 

(D) Between Equipment, Equipment Racks, and 
Power Supplies Other Than Branch-Circuit Power. 
Wiring between the following power supplies, other than 
branch-circuit power supplies, shall be installed, 
connected, or wired in accordance with the requirements 
of this Code for the voltage and power required: 

(1) Storage batteries 

(2) Transformers 

(3) Transformer rectifiers 

(4) Other ac or dc power supplies 

(E) Between Equipment Racks and Branch-Circuit 
Power. The supply to a portable equipment rack shall be 
by means of listed extra-hard usage cords or cables, as 
defined in Table 400.4. For outdoor portable or temporary 
use, the cords or cables shall be further listed as being 
suitable for wet locations and sunlight resistant. Sections 
520.5, 520.10, and 525.3 shall apply as appropriate when 
the following conditions exist: 

(I) Where equipment racks include audio and lighting 
and/or power equipment 

(2) When using or constructing cable extensions, 
adapters, and breakout assemblies 

640.43 Wiring of Equipment Racks. Equipment racks 
fabricated of metal I be grounded. Nonmetallic racks with 
covers (if provided) removed shall not allow access to 
Class 1, Class 3, or primary circuit power without the 
removal of covers over terminals or the use of tools. 

Equipment racks shall be wired in a neat and 
workmanlike manner. Wires, cables, structural 
components, or other equipment shall not be placed in 
such a manner as to prevent reasonable access to 
equipment power switches and resettable or replaceable 
circuit overcurrent protection devices. 
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Wiring that exits the equipment rack for connection 
to other equipment or to a power supply shall be relieved 
of strain or otherwise suitably terminated such that a pull 
on the flexible cord or cable will not increase the risk of 
damage to the cable or connected equipment such as to 
cause an unreasonable risk of fire or electric shock. 

640.44 Environmental Protection of Equipment. 
Portable equipment not listed for outdoor use shall be 
permitted only where appropriate protection of such 
equipment from adverse weather conditions is provided to 
prevent risk of fire or electric shock. Where the system is 
intended to remain operable during adverse weather, 
arrangements shall be made for maintaining operation and 
ventilation of heat-dissipating equipment. 

640.45 Protection of Wiring. Where accessible to the 
public, flexible cords and cables laid or run on the ground 
or on the floor shall be covered with approved 
nonconductive mats. Cables and mats shall be arranged so 
as not to present a tripping hazard. The cove~ 
requirements of 300.5 shall not apply to wiring p'ro~ct~~ 
by burial.! 

640.46 Equipment Access. Equipment likely to present a 
risk of fire, electric shock, or physical injury to the public 
shall be protected by barriers or supervised by qualified 
personnel so as to prevent public access. 

ARTICLE 645 

". , lg[9rm~tj9n Te~~,~.Q19gyJ~~q~Jp.!!l~!lt 
Informational Note: Text that is follow d by a ref~rence 
in brnckets has been tmeted from NFPA 75-2009, 
Swndard for the Proteclion vf InformatiQn Teclmologv 
Equ;pment. Only editorial change~ re made to 'he 
e~tracted tc:"<.t to male it con istcnl with this Code. 

645.1 Scope. This article covers equipment, power-supply 
wiring, equipment interconnecting wiring, and grounding 
of information technology equipment and system in an 
information technology equipment room. 

Informational Note: For further information, see NFP A 
75-2009, Standard for the Protection of Information 
Tec:,hnology Equipment, which covers the requirements 
'for (hI! prot(.'Ction of information technology equipment 
and infonnalioD technology equipment areas. 

645.2 Definitions. 

Abandoned Supply Circuits and Interconnecting Cables. 
Installed supply circuits and interconnecting cables that are 
not terminated at equipment and not identified for future use 
with a tag. 
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Critical Operation Data Sy tem. An informatio~ 
technology equipment system that requires continuou~ 
operation. For reasons of public safety, emergency 
m.~~~gement. national security. or bu i,!c;~,£Q,~ttn~.ilY~ 

Information Tecbnology Equipment (lTE). Equipm nt 

and systems rated 600 volts or les . normally found in 
offic s or other bu~iness establishments and similar 
environments classified as ordinary locations, that arc 
used for creation and manipuJation of data. v-oice video, 
and similar signals that are not communications 
equipment as defined in Part I of Article 100 and do not 
process communications circuits as defined in 800.2. 

Infonnational Note: for intonnation on listing I\.'quire~n 
for both information technology equipment and 
corrunwlications equipment. see UL 60Q50-1-2007. 
/ufonllalion Technulogy EqUipment - Safil{)' - Pm1 I: 
Gel'k'ral Reqll;n'm{'",.~. 

Information Technology Equipment Room. A room 
within Ule infonnation technology equipml!nl area that 
contain the infonnation technolo~'Y equipment. [75:3.3.9] 

Remote Di connect Control. An electric device and circuit 
tJ181 controls a disconnecting n1\?ans through a rclay or 
equivalent device. 

Zone. A physical1y identifiable area (such as barriers or 
separation by di lance) within an infonnation technology 
equipment room, with dedicated power and cooling ystems 
for the infonnation technology equipment or systems. 

645.3 Other Articles. Circuits and equipment shall 
comply with 645.3(A) through (G), as applicable. 

(A) Spread of Fire or Products of Combustion. Sections 
300.21, 770.26, 800.26, and 820.26 shall apply to 
penetrations of the fire-resistant room boundary. 

(B) Plenums. Sections 300.22(C)(l), 725.154(A), 
760.53(B)(2), 760.1 54(A), 770.113(C), 800.113(C), and 
820. 11 3 (G) and Tables 770. 154(A), 800.154(A) and 
820.154(A) shall apply to wiring and cabling in a plenum 
(other space used for environmental air) above an 
information technology equipment room. 

(C) Grounding. The non-current-canying conductive 
members of optical fiber cables in an information technology 
equipment room shall be grounded in accordance with 
ti70.fI4: 
(D) Electrical Classification of Data Circuits. Section 
725.121(A)(4) shall apply to the electrical classification 
of listed information technology equipment signaling 
circuits. Section 725.139(D)(l) and 800. 133(A)(1)(b) 
shall apply to the electrical classification of Class 2 and 
Class 3 circuits in the same cable with communications 
circuits. 
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(E) Fire Alarm Equipment. Parts I, II, and III of Article 
760 shall apply to fire alann systems equipment installed in 
an information technology equipment room. 

(F) Communications Equipment. Parts I, II, Ill, IV, and V 
of Article 800 shall apply to communications equipment 
installed in an information technology equipment room. 
Article 645 shall apply to the powering of communications 
equipment in an infOlmation technology equipment room. 

Infonnational Note: See Part I of Article 100, Definitions, for a 
definition of communications equipment. 

(G) Community Antenna Television and Radio 
Distribution Systems Equipment. Parts I, II, III, IV, and V 
of Article 820 shall apply to community antenna television 
and radio distribution systems equipment installed in an 
information technology equipment room. Article 645 shall 
apply to the powering of community antenna television and 
radio distribution systems equipment installed in an 
information technology equipment room. 

645.4 Special Requirements for Infor~ation Technology 
Equipmeot ~o()m.T~is article shallbc'pcmlitted to provide 
alt mate wiring methods to the ' provision of Chapters I 
Jhrough 4 for power wiring. 725.154 for signaHng wiring, 
~d 770.113 C) and Table 770.154(a) foropt!~al fiber 
~abling whe~ all of the following conditions are met: 

(1) Disconnecting means complying with 645.10 are provided. 

(2) A separate heatinglventilatinglair-conditioning (HV AC) 
system is provided that is dedicated for information 
technology equipment use and is separated from other 
areas of occupancy. Any HVAC system that serves 
other occupancies shall be permitted to also serve the 
information technology equipment room if fire/smoke 
dampers are provided at the point of penetration of the 
room boundary. Such dampers shall operate on 
activation of smoke detectors and by operation of the 
disconnecting means required by 645.10. 

Infonnational Note: For further infonnation, see NFPA 75-
2009, Standard for the Protection of InfOfmation Technology 
Equipment, Chapter 10, 10.1, 10.1.1 , 10.1.2, and 10.1.3. 

(3) All information technology and c()lnfl'mnicalio~ 
equipment instal1cd in the room i. I}~~~. - --", , .... 

(4) The room is occupied by, and accessible to, only those 
personnel needed for the maintenance and functional 
operation of the installed information technology 
equipment. 

(5) The room is separated from other occupancies by fire
resistant-rated walls, floors, and ceilings with protected 
openings. 

Infonnational Note: For further infonnation on room 
construction requirements, see NFPA 75-2009, Standard 
for the Protection of In/ormation Technology Equipment, 
Chapter 5. 
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(6) Only cI ctrical equipnlentandwiTillga ' 'ociatCd\vitll 
the operation of the infonnation technology room is 
installed in the room. 

Informational Note: HV AC systems, communications 
systems, and monitoring systems such as telephone, fire 
alann systems, security systems, water detection systems, 
and other related protective equipment are examples of 
equipment associated with the operation of the information 
technology room. 

645.5 Supply Circuits and Interconnecting Cables. 

(A) Branch-Circuit Conductors. The branch-circuit 
~()I?:~uctors supplying one or more units of ,iIlf()1'J.11f1ti()[l 
technology equipment shall have an ampacity not less than 
125 percent of the total connected load. 

(8) Power-Supply Cords. Infonnation te~bnology 
,~~ipmcn( shall be permitted to be connected to a branch 
circuit by a power-supply cord. 

(1) Power-supply cords shall not exceed 4.5 m (15 ft). 

(2) Power cords shall be listed and a type pennined for usc 
on listed iofonnation technology equipmenl or shall be 
constructed of listed flexible cord and Ii ted attachment 
plugs and coni connectors of a type pennitted for 
information technology equipment 
I nformalional ote: One m lhod of determmmglfrofdSare 
of a type permitt~ for the purpose is found in UL 60950·1-
2007, S'ifety of lnji)nnaljofl TeclulU/ogy l:.'qllipmem - Safety 
- Part I: Genera/ R quiremen . 

(C) Interconnecting Cables. Separate infonnation 
technology equipment units shall be permitted to be 
interconnected by means of listed cables and cable 
assemblies. The 4.5 m (15 fi) limitation in 645.5(BX I ) shal~ 
nol apply to intercOImecting cable ~ 

(D) Physical Protection. Where exposed to physical 
damage, supply circuits and interconnecting cables shall be 
protected. 

(E) Under Raised Floors. Power cables, communications 
cables, connecting cables, interconnecting cables, cord-and
plug connections, and receptacles associated with the 
information technology equipment shall be permitted under a 
raised floor, provided the following conditions are met: 

(1) The raised floor is of approved construction, and the 
area under the floor is accessible. 

(2) The branch-circuit supply conductors to receptacles or 
field-wired equipment are in rigid metal conduit, rigid 
nonmetallic conduit, intermediate metal conduit, 
electrical metallic tubing, electrical nonmetallic tubing, 
metal wireway, nonmetallic wireway, surface metal 
raceway with metal cover, nonmetallic surface raceway, 
flexible metal conduit, liquid tight flexible metal conduit, 
or liquidtight flexible nonmetallic conduit, Type MI 
cable, Type MC cable, or Type AC cable and associat~ 
metallic and nonmetallic boxes or enclo uteS. These 
supply conductors shall be installed in accordance with 
the requirements of 300.11. 
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(3) Supply cords of listed infonnation technology 
equipment in accordance with 645.5(B). 

(4) Ventilation in the underfloor area is used for the 
information technology equipment room only, except as 
provided in 645.4(2). The ventilation system shall be so 
arranged, with approved smoke detection devices, that 
upon the detection of fire or products of combustion in 
the underfloor space, the circulation of air will cease. 

(5) Openings in raised floors for cords and cables protect 
cords and cables against abrasion and minimize the 
entrance of debris beneath the floor. 

(6) Cables, other than those covered in (EX2) alld (E}(3).; 

and those complying with (~)(6)(a) pr((;:)(6)(b) , ~~J;l~" 
be listed as Type DP cable having adequate fire-resistant 
characteristics suitable for use under raised floors of an 
information technology equipment room. 

a. Interconnecting cables enclosed in a raceway. 

b. Cable type designations shown in Table 645.5 shall 
be permitted. Green, or green with one or more 
yellow stripes, insulated single-conductor cables, 4 
AWG and larger, marked "for use in cable trays" or 
"for CT use" shall be permitted for equipment 
grounding. 

Informational Note: One method of defini ng fire resistance 
is by establishing that the cables do not spread fire to the top 
of the tray in the "UL Flame Exposure, Vertical Tray Flame 
Test" in UL 1685-2000, Standard for Safety for Vertical
Tray Fire-Propagation and Smoke-Release Test for 
Electrical and Optical-Fiber Cables. The smoke 
measurements in the test method are not applicable. 

Another method of defining fire resistance is for the 
damage (char length) not to exceed 1.5 m (4 ft 11 in.) when 
performing the CSA "Vertical Flame Test - Cables in 
Cable Trays," as described in CSA C22.2 No. 0.3-M-2001, 
Test Methodsfor Electrical Wires and Cables. 

(F) Securing in Place. Power cables; communications 
cables; connecting cables; interconnecting cables; and 
associated boxes, connectors, plugs, and receptacles that are 
listed as part of, or for, information technology equipment 
shall not be required to be secured in place. 

(G) Abandoned Supply Circuits and Interconnecting 
Cables. The accessible portion of abandoned supply circuits 
and interconnecting cables shall be removed unless 
contained in !a raceway. 

Table 645.5 Cable Types Permitted Under Raised Floors 

Article Plenum Riser General Purpose 

336 TC 

725 CL2P & CL3P CL2R&CL3R CL2, CL3 & PL TC 

727 ITC 

760 NPLFP & FPLP NPLFR&FPLR NPLF &FPL 

770 OFNP & OFCP OFNR&OFCR OFN &OFC 

800 CMP CMR CM&CMG 

820 CATVP CATVR CATV 
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(H) Installed Supply Circuits and Interconnecting 
Cables Identified for Future Use. 

(l) Supply circuits and interconnecting cables identified 
for future use shal1 be marked with a tag of sufficient 
durability to withstand the environment involved. 

(2) Supply circuit tags and interconnecting cable tags shall 
have the fol1owing information: 

a. Date identified for future use 

b. Date of intended use 

c. Information relating to the intended future use 

645.6 Cables Not in Information Technology 
Equipment Room. Cables extending beyond the 
information technology equipment room shall be subject to 
the applicable requirements of this Code. 

Informational Note: For signaling circuits, refer to Article 
725; for optical fiber cables and raceways, refer to Article 
770; fo[ communications circuits, refer to Article 800; for 
fire alarm systems, refer to Article 760; and for 
community antelUl8 leI vision (CATV) circuits. refer 10 
Article 820. 

645.10 Disconnecting Means. An approved means shall be 
provided to disconnect power to all electronic equipment in 
the information technology equipment room or in 
designated zones within the room. There shall also be a 
similar approved means to disconnect the power to all 
dedicated HVAC systems serving the room or designated 
zones and shall cause all required. " fJr~/~I1:l()l<:~4C:lI!lp~r~~() 
close. The discol~_~~t~l1gl!1~~lls shall .beirllplernented hy 
~i~~~rJA)()r (B). 

Exception: Installations qual?lYing under the provisions of 
Article 685. 

(A) Remote DiscoDoect Controls. 

(1) Remote disconnect controls shall b located at 
approved locations readily ace sible in case of fire to 
authorized personnel and emergency re ponders. 

(2) The remoJe disconnect controls for the control of 
electronic quipm nt power and H V AC systems shall be 
grouped and identified. A single mean to control both 
systems shall be permitted. 

(3) Where multiple zones are created, eaci'l zo"ne shaH have 
an approved means to confine fire or producl~ of 
combu tion to within the zone. 

(4) Additional means to prevent unintentional operation of 

~"~()~~~J~£()I)r1~t ".~().~f!t?I~" ." """" ~1.1~p~~it~C!~~ 
Informational Note: For funh r infonn lion, see NFPA 
75-2009. Standard for lite PrOIf:clioll of biformalion 
Technology Equipment. 
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(8) Critical Operations Data Systems. Remote 
disconnecting controls hall not be required for critical 
operations data systems when all of the following 
conditions are met: 
(I) An approved procedure has been stablished and 

maintained for removing power and arr movement 
within the room or z.one. 

(2) Qualified persotmcl are continuously available to meet 
emergency re ponders and to advi them of 
disconnecting methods. 

(3) A smoke~sensing fIre detection system is in place. 
Informational Note: For further information, St."'C NFPA 72-
20 10. Ntltional Fire Alarm alld Signaling Code. 

(4) An approved fire suppression system suitabl for th 
application is in place. 

(5) Cables in"talled under a raised floor, other than 
branch-circuit wiring and power cord installed in 
compliance with 645.5(0)(2) or (D)(3). or in 
compliance with 300.22(C). 725. I 54(A), 770.113(C) 
and Table 770. 1 54(a), 80Q,113(C) and Table 
800. I 54{a). or &20.113(C) and Table 820. 1 54(a). 

645.11 Un interruptible Power Supplies (UPSs). Except for 
installations and constructions covered in 645.11(1) or (2), 
UPS systems installed within the infonnation technology 
equipment room, and their supply and output circuits, shall 
comply with 645.10. The disconnecting means shall also 
disconnect the battery from its load. 

(1) Installations qualifying under the provisions of Article 
685 

(2) Power sources limited to 750 volt-amperes or less 
derived either from UPS equipment or from battery 
circuits integral to electronic equipment 

645.15 Grounding. All exposed non-current-carrying 
metal parts of an information technology system shall be 
bonded to the equipment grounding conductor in 
accordance with Article 250 or shall be double insulated. 
Power systems derived within listed information 
technology equipment that supply information technology 
systems through receptacles or cable assemblies supplied as 
part of this equipment shall not be considered separately 
derived for the purpose of applying 250.30. Where signal 
reference structures are installed, they shall be bonded to 
the equipment grounding conductor provided for the 
information technology equipment. 

Informational Note No. 1: The bonding requirements in 
the product standards governing this listed equipment 
ensure that it complies with Article 250. 
Informational Note No.2: Where isolated grounding
type receptacles are used, see 250.146(D) and 406.3(D). 

645.16 Marking. Each unit of an information technology 
system supplied by a branch circuit shall be provided with 
a manufacturer's nameplate, which shall also include the 
input power requirements for voltage, frequency, and 
maximum rated load in amperes. 
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ARTICLE 647 - SENSITIVE ELECTRONIC EQUIPMENT 647.6 

645.17 Power Distribution Units. Power distribution 
units that are used for information technology equipment 
shall be permitted to have multiple panelboards within a 
single cabinet, if the power distribution unit is utilization 
equipment listed for information technology application. 

645.25 Engineering Supervi ion.A'S'anah.crnaiJ~eto the 
feeder and service load calculations required by Parts III 
and IV of Ar'icl~ 220. ~ eder and service load calculations 
for new or existing loads shall be permitted to be u d if 
performed by qualified persons under engineering 
supervision. 

ARTICLE 647 

Sensitive Electronic Equipment 

647.1 Scope. This article covers the installation and 
wiring of separately derived systems operating at 120 
volts line-to-line and 60 volts to ground for sensitive 
electronic equipment. 

647.3 General. Use of a separately derived 120-volt 
single-phase 3-wire system with 60 volts on each of two 
ungrounded conductors to a grounded neutral conductor 
shall be permitted for the purpose of reducing 
objectionable noise in sensitive electronic equipment 
locations, provided the following conditions apply: 

(1) The system is installed only in commercial or 
industrial occupancies. 

(2) The system's use is restricted to areas under close 
supervision by qualified personnel. 

(3) All of the requirements in 647.4 through 647.8 are 
met. 

647.4 Wiring Methods. 

(A) Panelboards and Overcurrent Protection. Use of 
standard single-phase panelboards and distribution 
equipment with a higher voltage rating shall be permitted. 
The system shall be clearly marked on the face of the 
panel or on the inside of the panel doors. Common trip 
two-pole circuit breakers or a combination two-pole fused 
disconnecting means that are identified for use at the 
system voltage shall be provided for both ungrounded 
conductors in all feeders and branch circuits. Branch 
circuits and feeders shall be provided with a means to 
simultaneously disconnect all ungrounded conductors. 

(B) Junction Boxes. All junction box covers shall be 
clearly marked to indicate the distribution panel and the 
system voltage. 

(C) Conductor Identification. All feeders and branch
circuit conductors installed under this section shall be 
identified as to system at all splices and terminations by 
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color, marking, tagging, or equally effective means. The 
means of identification shall be posted at each branch
circuit panelboard and at the disconnecting means for the 
building. 

(D) Voltage Drop. The voltage drop on any branch 
circuit shall not exceed 1.5 percent. The combined voltage 
drop of feeder and branch-circuit conductors shall not 
exceed 2.5 percent. 

(1) Fixed Equipment. The voltage drop on branch 
circuits supplying equipment connected using wiring 
methods in Chapter 3 shall not exceed 1.5 percent. The 
combined voltage drop of feeder and branch-circuit 
conductors shall not exceed 2.5 percent. 

(2) Cord-Connected Equipment. The voltage drop on 
branch circuits supplying receptacles shall not exceed 1 
percent. For the purposes of making this calculation, the 
load connected to the receptacle outlet shall be considered 
to be 50 percent of the branch-circuit rating. The 
combined voltage drop of feeder and branch-circuit 
conductors shall not exceed 2.0 percent. 

Informational Note: The purpose of this provision is to 
limit voltage drop to 1.5 percent where portable cords 
may be used as a means of connecting equipment. 

647.5 Three-Phase Systems. Where 3-phase power is 
supplied, a separately derived 6-phase "wye" system with 
60 volts to ground installed under this article shall be 
configured as three separately derived 120-volt single
phase systems having a combined total of no more than 
six disconnects. 

647.6 Grounding. 

(A) General. The system shall be grounded as provided 
in 250.30 as a separately derived single-phase, 3-wire 
system. 

(B) Grounding Conductors Required. Permanently 
wired utilization equipment and receptacles shall be 
grounded by means of an equipment grounding conductor 
run with the circuit conductors to an equipment grounding 
bus prominently marked "Technical Equipment Ground" 
in the originating branch-circuit panelboard. The 
grounding bus shall be connected to the grounded 
conductor on the line side of the separately derived 
system's disconnecting means. The grounding conductor 
shall not be smaller than that specified in Table 250.122 
and run with the feeder conductors. The technical 
equipment grounding bus need not be bonded to the 
panelboard enclosure. Other grounding methods 
authorized elsewhere in this Code shall be permitted 
where the impedance of the grounding return path does 
not exceed the impedance of equipment grounding 
conductors sized and installed in accordance with this 
article 
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647.7 ARTICLE 650 - PIPE ORGANS 

Informational Note No.1: See 250.122 for equipment 
grounding conductor sizing requirements where circuit 
conductors are adjusted in size to compensate for 
voltage drop. 

Infonnational Note No.2: These requirements limit the 
impedance of the ground fault path where only 60 volts 
apply to a fault condition instead of the usual 120 volts. 

647.7 Receptacles. 

(A) General. Where receptacles are used as a means of 
connecting equipment, the following conditions shall be 
met: 

(1) All 15- and 20-ampere receptacles shall be GFCI 
protected. 

(2) All receptacle outlet strips, adapters, receptacle 
covers, and faceplates shall be marked with the 
following words or equivalent: 

WARNING - TECHNICAL POWER 
Do not connect to lighting equipment. 

For electronic equipment use only. 
601120 V. 1 cI>ac 
GFCI protected 

(3) A ] 25-v01t, single-phase, 15- or 20-ampere-rated 
receptacle having one of its current-carrying poles 
connected to a grounded circuit conductor shall be 
located within 1.8 m (6 ft) of all pennanently installed 
15- or 20-ampere-rated 601120-volt technical power
system receptacles. 

(4) All 125-volt receptacles used for 601120-volt 
technical power shall have a unique configuration 
and be identitied for use with this class of system. 

Exception: lJt:ceptucles and allaehme,,' plugs rated 125-
volt, single-phase, 15- or 20-amperes, and that are 
identified for use with grounded circuit conductors", shall 
be permitted in machine rooms, control rooms, equipment 
rooms, equipment racks, and other similar locations that 
are restricted to use by qualified personnel. 

(B) Isolated Ground Receptacles. Isolated ground 
receptacles shall be permitted as described in 250. 146(D); 
however, the branch-circuit equipment grounding 
conductor shall be terminated as required in 647.6(B). 

647.8 Lighting Equipment. Lighting equipment installed 
under this article for the purpose of reducing electrical 
noise originating from lighting equipment shall meet the 
conditions of 647.8(A) through (C). 

(A) Disconnecting Means. All luminaires connected to 
separately derived systems operating at 60 volts to 
ground, and associated control equipment if provided, 
shall have a disconnecting means that simultaneously 
opens all ungrounded conductors. The disconnecting 
means shall be located within sight of the luminaire or be 
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capable of being locked in the open position. The 
provision for locking or adding a lock to the 
disconnecting means shall be installed on or at the switch 
or circuit breaker used as the disconnecting means and 
shall remain in place with or without the lock installed. 
Portable means for adding a lock to the switch or circuit 
breaker shall not be permitted. 

(B) Luminaires. All luminaires shall be permanently 
installed and listed for connection to a separately derived 
system at 120 volts line-to-line and 60 volts to ground. 

(C) Screw Shell. Luminaires installed under this section 
shall not have an exposed lamp screw shell. 

ARTICLE 650 

Pipe Organs 

650.1 Scope. This article covers those electrical circuits 
and parts of electrically operated pipe organs that are 
employed for the control of the sounding apparatus and 
keyboards. 

650.3 Other Articles. 

(A) Electronic Organ Equipment. Installations of 
digital/analog- sampled sound production technology and 
a ociated audio signal processing. amplification. 
reproduction equipment, and wiring in tailed as part of a 
pipe organ shall be in accordance with Article 640. 

(8) Optical Fiber Cable. Installations of optical fibell 
cables shall b in accordance with Parts I and V of 
j\rt iele 770 . "~"'-" " , 0 ...• 

650.4 Source of Energy. The source of power shall be a 
transformer-type rectifier, the dc potential of which shall 
not exceed 30 volts dc. 

650.5 Grounding. The rectifier shall be bonded to the 
equipment grounding conductor according to the 
provisions in Article 250, Parts V, VI, VII, and VIII. 

650.6 Conductors. Conductors shall comply with 
650.6(A) through (D). 

(A) Size. Conductors shall be not less than 28 AWG for 
electronic signal circuits and not less than 26 A WO for 
electromagnetic valve supply and the like. A main 
common-return conductor in the electromagnetic supply 
shall not be less than 14 A WO. 

(B) Insulation. Conductors shall have thermoplastic or 
thermosetting insulation. 
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ARTICLE 660 - X-RAY EQUIPMENT 660.4 

(C) Conductors to Be Cabled. Except for the common
return conductor and conductors inside the organ proper, 
the organ sections and the organ console conductors 
shall be cabled. The common-return conductors shall be 
permitted under an additional covering enclosing both 
cable and return conductor, or they shall be permitted as 
a separate conductor and shall be permitted to be in 
contact with the cable. 

(D) Cable Covering. Each cable shall be provided with 
an outer covering, either overall or on each of any 
subassemblies of grouped conductors. Tape shall be 
permitted in place of a covering. Where not installed in 
metal raceway, the covering shall be resistant to flame 
spread, or the cable or each cable subassembly shall be 
covered with a closely wound listed fireproof tape. 

Informational Note: One method of determining that 
cable is resistant to flame spread is by testing the cable 
to the VW-1 (vertical-wire) flame test in the ANSI/UL 
1581-2001, Reference Standard for Electrical Wires, 
Cables and Flexible Cords. 

650.7 Installation of Conductors. Cables shall be 
securely fastened in place and shall be permitted to be 
attached directly to the organ structure without 
insulating supports. Cables shall not be placed in contact 
with other conductors. Abandoned cables that are not 
lCflllinaiecI'at 'eq,iipment shall be identified with a tag. 

650.8 Overcurrent Protection. Circuits shall be so 
arranged that 26 A WG and 28 A WG conductors shall be 
protected by an overcurrent device rated at not more 
than 6 amperes. Other conductor sizes shall be protected 
in accordance with their ampacity. A common return 
conductor shall not require overcurrent protection. 

ARTICLE 660 

.... , ....... .................... ... , X, -Ray~quipment 

I. General 

660.1 Scope. This article covers all X-ray equipment 
operating at any frequency or voltage for industrial or 
other nonmedical or nondental use. 

Informational Note: See Article 517, Part V, for X-ray 
installations in health care facilities. 

Nothing in this article shall be construed as 
specifying safeguards against the useful beam or stray X
ray radiation. 

Informational Note No.1: Radiation safety and 
performance requirements of several classes of X-ray 
equipment are regulated under Public Law 90-602 and are 
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enforced by the Department of Health and Human 
Services. 

Informational Note No.2: In addition, information on 
radiation protection by the National Council on Radiation 
Protection and Measurements is published as Reports of 
the National Council on Radiation Protection and 
Measurement. These reports can be obtained from NCRP 
Publications, 7910 Woodmont Ave., Suite 1016, 
Bethesda, MD 20814. 

660.2 Definitions. 

Long-Time Rating. A rating based on an operating 
interval of 5 minutes or longer. 

Mobile. X-ray equipment mounted on a permanent base 
with wheels and/or casters for moving while completely 
assembled. 

Momentary Rating. A rating based on an operating 
interval that does not exceed 5 seconds. 

Portable. X-ray equipment designed to be hand-carried. 

Transportable. X-ray equipment that is to be installed 
in a vehicle or that may be readily disassembled for 
transport in a vehicle. 

660.3 Hazardous (Classified) Locations. Unless 
identified for the location, X-ray and related equipment 
shall not be installed or operated in hazardous 
(classified) locations. 

Informational Note: See Article 517, Part IV. 

660.4 Connection to Supply Circuit. 

(A) Fixed and Stationary Equipment. Fixed and 
stationary X-ray equipment shall be connected to the 
power supply by means of a wiring method meeting the 
general requirements of this Code. Equipment properly 
supplied by a branch circuit rated at not over 30 amperes 
shall be permitted to be supplied through a suitable 
attachment plug cap and hard-service cable or cord . 

(B) Portable, Mobile, and Transportable Equipment. 
Individual branch circuits shall not be required for 
portable, mobile, and transportable X-ray equipment 
requiring a capacity of not over 60 amperes. Portable 
and mobile types of X-ray equipment of any capacity 
shall be supplied through a suitable hard-service cable or 
cord. Transportable X-ray equipment of any capacity 
shall be permitted to be connected to its power supply by 
suitable connections and hard-service cable or cord. 

(C) Over 600 Volts, Nominal. Circuits and equipment 
operated at more than 600 volts, nominal, shall comply 
with Article 490. 
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ARTICLE 660 X-RAY 

660.5 Disconnecting Means. A disconnecting means of 
adequate capacity for at least 50 percent of the input 
required for the momentary rating, or 100 percent of the 
input required for the long-time rating, of the X-ray 
equipment, whichever is greater, shall be provided in the 
supply circuit. The disconnecting means shall be operable 
from a location readily accessible from the X-ray control. 
For equipment connected to a 120-volt, nominal, branch 
circuit of 30 amperes or a grounding-type attachment 
plug cap and receptac1e of proper rating shall be permitted 
to serve as a disconnecting means. 

660.6 Rating of Supply Conductors and Overcurrent 
Protection. 

(A) Branch-Circuit Conductors. The ampacity of 
supply branch-circuit conductors and the overcurrent 
protective devices shaH not be less than 50 percent of the 
momentary rating or 100 percent of the long-time rating, 
whichever is greater. 

(B) Feeder Conductors. The rated ampacity of 
conductors and overcurrent devices of a feeder for two or 
more branch circuits supplying X-ray units shall not be 
less than 100 percent of the momentary demand rating [as 
determined by 660.6(A)] of the two largest X-ray 
apparatus plus 20 percent of the momentary ratings of 
other X-ray apparatus. 

Infonnational Note: The minimum conductor size for 
branch and feeder circuits is also by voltage 
regulation requirements. For a specific installation, the 
manufacturer usually specifies minimum distribution 
transformer and conductor rating of disconnect 
means, and overcurrent protection. 

660.7 Wiring Terminals. X-ray equipment not provided 
with a permanently attached cord or cord set shall be 
provided with suitable wiring terminals or leads for the 
connection of power-supply conductors of the size 
required by the rating of the branch circuit for the 
equipment. 

660.9 Minimum Size of Conductors. Size 18 AWG or 16 
A WG fixture wires, as specified in 725.49, and flexible 
cords shal1 be permitted for the control and operating 
circuits of X-ray and auxiliary equipment where protected 
by not larger than 20-ampere overcurrent devices. 

660.10 Equipment Installations. All equipment for new 
X-ray installations and all used or reconditioned X-ray 
equipment moved to and reinstalled at a new location 
shall be of an approved type. 

H. Control 

660.20 Fixed and Stationary Equipment. 

(A) Separate Control Device. A separate control device, in 
addition to the disconnecting means, shall be incorporated in 
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the X-ray control supply or in the primary circuit to the 
high-vo1tage transformer. This device shall be a part of the 
X-ray equipment but shall be permitted in a separate 
enc10sure immediately adjacent to the X-ray control unit. 

(B) Protective Device. A protective device, which shall 
be permitted to be incorporated into the separate control 
device, shall be provided to control the load resulting 
from failures in the high-voltage circuit. 

660.21 Portable and Mobile Equipment. Portable and 
mobile equipment shall comply with 660.20, but the 
manually controlled device shall be located in or on the 
equipment. 

660.23 Industrial and Commercial Laboratory 
Equipment. 

(A) Radiographic and Fluoroscopic Types. All 
radiographic- and fluoroscopic-type equipment shall be 
effectively enclosed or shall have interlocks that de
energize the equipment automatically to prevent ready 
access to live current-carrying parts. 

(B) Diffraction and Irradiation Types. Diffraction- and 
irradiation-type equipment or instal1ations not effectively 
enclosed or not provided with interlocks to prevent access 
to during operation shall be 
~ .. r",,,,rlart with a positive means to indicate when they are 
energized. The indicator shall be a pilot light, readable 
meter deflection, or equivalent means. 

660.24 Independent Control. Where more than one 
piece of equipment is operated from the same high
voltage circuit, each piece or each group of equipment as 
a unit shal1 be provided with a high-voltage switch or 
equivalent disconnecting means. This disconnecting 
means shall be constructed, enclosed, or located so as to 
avoid contact by persons with its live parts. 

III. Transformers and Capacitors 

660.35 General. Transformers and capacitors that are part 
of an X-ray equipment shall not be required to comply 
with Articles 450 and 460. 

660.36 Capacitors. Capacitors shall be mounted within 
enclosures of insulating material or grounded meta1. 

IV. Guarding and Grounding 

660.47 General. 

(A) High-Voltage Parts. All high-voltage parts, including 
X-ray tubes, shall be mounted within grounded enclosures. 
Air, oil, gas, or other suitable insulating media shall be used 
to insulate the high voltage from the grounded enc1osure. 
The connection from the high-voltage equipment to X-ray 
tubes and other high-voltage components shall be made 
with high-voltage shielded cables. 
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ARTICLE 665 - INDUCTION AND DIELECTRIC HEATING EQUIPMENT 665.11 

(B) Low-Voltage Cables. Low-voltage cables connecting 
to oil-filled units that are not completely sealed, such as 
transformers, condensers, oil coolers, and high-voltage 
switches, shall have insulation of the oil-resistant type. 

660.48 Grounding. Non-current-carrying metal parts of 
X-ray and associated equipment (controls, tables, X-ray 
tube supports, transformer tanks, shielded cables, X-ray 
tube heads, and so forth) shall be grounded in the manner 
specified in Article 250. Portable and mobile equipment 
shall be provided with an approved grounding-type 
attachment plug cap. 

Exception: Battely-operated equipment. 

ARTICLE 665 
Induction and Dielectric 

!:If?LtJ~!!g ,,~q1!ipment 

I. General 

665.1 Scope. This article covers the construction and 
installation of dielectric heating, induction heating, 
induction melting, and induction welding equipment and 
accessories for industrial and scientific applications. 
Medical or dental applications, appliances, or line 
frequency pipeline and vessel heating are not covered in 
this article. 

Informational Note: See Article 427, Part V, for line 
frequency induction heating of pipelines and vessels. 

665.2 Definitions. 

Converting Device. That part of the heating equipment 
that converts input mechanical or electrical energy to the 
voltage, current, and frequency suitable for the heating 
applicator. A converting device shall consist of equipment 
using mains frequency, all static multipliers, oscillator
type units using vacuum tubes, inverters using solid-state 
devices, or motor generator equipment. 

Dielectric Heating. Heating of a nominally insulating 
material due to its own dielectric losses when the material 
is placed in a varying electric field. 

Heating Equipment. As used in this article, any 
equipment that is used for heating purposes and whose 
heat is generated by induction or dielectric methods. 

Heating Equipment Applicator. The device used to 
transfer energy between the output circuit and the object 
or mass to be heated. 

Induction Heating, Melting, and Welding. The heating, 
melting, or welding of a nominally conductive material 

due to its own I2R losses when the material is placed in a 
varying electromagnetic field. 
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665.4 Hazardous (Classified) Locations. Heating 
equipment shall not be installed in hazardous (classified) 
locations as defined in Article 500 unless the equipment 
and wiring are designed and approved for the hazardous 
(classified) locations. 

665.5 Output Circuit. The output circuit shall include all 
output components external to the converting device, 
including contactors, switches, busbars, and other 
conductors. The current flow from the output circuit to 
ground under operating and ground-fault conditions shall 
be limited to a value that does not cause 50 volts or more 
to ground to appear on any accessible part of the heating 
equipment and its load. The output circuit shall be 
permitted to be isolated from ground. 

665.7 Remote Control. 

(A) Multiple Control Points. Where multiple control 
points are used for applicator energization, a means shall 
be provided and interlocked so that the applicator can be 
energized from only one control point at a time. A means 
for de-energizing the applicator shall be provided at each 
control point. 

(B) Foot Switches. Switches operated by foot pressure 
shall be provided with a shield over the contact button to 
avoid accidental closing of a foot switch. 

665.10 Ampacity of Supply Conductors. The ampacity 
of supply conductors shall be determined by 665.10(A) 
or (B). 

(A) Nameplate Rating. The ampacity of conductors 
supplying one or more pieces of equipment shall be not 
less than the sum of the nameplate ratings for the largest 
group of machines capable of simultaneous operation, 
plus 100 percent of the standby currents of the remaining 
machines. Where standby currents are not given on the 
nameplate, the nameplate rating shall be used as the 
standby current. 

(B) Motor-Generator Equipment. The ampacity of 
supply conductors for motor-generator equipment shall be 
determined in accordance with Article 430, Part II. 

665.11 Overcurrent Protection. Overcurrent protection 
for the heating equipment shall be provided as specified 
in Article 240. This overcurrent protection shall be 
permitted to be provided separately or as a part of the 
equipment. 
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665.12 ARTICLE 668 - ELECTROLYTIC CELLS 

665.12 Disconnecting Means. A readily accessible 
disconnecting means shall be provided to disconnect each 
heating equipment from its supply circuit. The 
disconnecting means shall be located within sight from 
the controller or be capable of being locked in the open 
position. The provision for locking or adding a lock to the 
disconnecting means shall be installed on or at the switch 
or circuit breaker used as the disconnecting means and 
shall remain in place with or without the lock installed. 
Portable means for adding a lock to the switch or circuit 
breaker shall not be permitted. 

The rating of this disconnecting means shall not be 
less than the nameplate rating of the heating equipment. 
Motor-generator equipment shall comply with Article 
430, Part IX. The supply circuit disconnecting means 
shall be permitted to serve as the heating equipment 
disconnecting means where only one heating equipment is 
supplied. 

II. Guarding, Grounding, and Labeling 

665.19 Component Interconnection. The 
interconnection components required for a complete 
heating equipment installation shall be guarded. 

665.20 Enclosures. The converting device (excluding the 
component interconnections) shall be completely 
contained within an enclosure(s) of noncombustible 
material. 

665.21 Control Panels. All control panels shall be of 
dead-front construction. 

665.22 Access to Internal Equipment. Access doors or 
detachable access panels shall be employed for internal 
access to heating equipment. Access doors to internal 
compartments containing equipment employing voltages 
from 150 volts to 1000 volts ac or dc shall be capable of 
being locked closed or shall be interlocked to prevent the 
supply circuit from being energized while the door(s) is 
open. The provision for locking or adding a lock to the 
access doors shall be installed on or at the access door and 
shall remain in place with or without the lock installed. 

Access doors to internal compartments containing 
equipment employing voltages exceeding 1000 volts ac or 
dc shall be provided with a disconnecting means equipped 
with mechanical lockouts to prevent access while the 
heating equipment is energized, or the access doors shall 
be capable of being locked closed and interlocked to 
prevent the supply circuit from being energized while the 
door(s) is open. Detachable panels not normally used for 
access to such parts shall be fastened in a manner that 
makes them inconvenient to remove. 

665.23 Warning Labels or Signs. Warning labels or 
signs that read "DANGER - HIGH VOLTAGE -
KEEP OUT" shall be attached to the equipment and shall 
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be plainly visible where persons might come in contact 
with energized parts when doors are open or closed or 
when panels are removed from compartments containing 
over 150 volts ac or dc. 

665.24 Capacitors. The time and means of discharge 
shall be in accordance with 460.6 for capacitors rated 600 
volts, nominal, and under. The time and means of 
discharge shall be in accordance with 460.28 for 
capacitors rated over 600 volts, nominal. Capacitor 
internal pressure switches connected to a circuit
interrupter device shall be permitted for capacitor 
overcurrent protection. 

665.25 Dielectric Heating Applicator Shielding. 
Protective cages or adequate shielding shall be used to 
guard dielectric heating applicators. Interlock switches 
shall be used on all hinged access doors, sliding panels, or 
other easy means of access to the applicator. All interlock 
switches shall be connected in such a manner as to 
remove all power from the applicator when anyone of the 
access doors or panels is open. 

665.26 Grounding and Bonding. Bonding to the 
equipment grounding conductor or inter-unit bonding, or 
both, shall be used wherever required for circuit 
operation, and for limiting to a safe value radio frequency 
voltages between all exposed non-current-carrying parts 
of the equipment and earth ground, between all equipment 
parts and surrounding objects, and between such objects 
and earth ground. Such connection to the equipment 
grounding conductor and bonding shall be installed in 
accordance with Article 250, Parts II and V. 

Informational Note: Under certain conditions, contact 
between the object being heated and the applicator 
results in an unsafe condition, such as eruption of heated 
materials. This unsafe condition may be prevented by 
grounding of the object being heated and ground 
detection. 

665.27 Marking. Each heating equipment shall be provided 
with a nameplate giving the manufacturer's name and model 
identification and the following input data: line volts, frequency, 
number of phases, maximum current, full-load kilovolt-amperes 
(kVA), and full-load power factor. Additional data shall be 
permitted. 

ARTICLE 668 

Electrolytic Cells 

668.1 Scope. The provisions of this article apply to the 
installation of the electrical components and accessory 
equipment of electrolytic cells, electrolytic cell lines, and 
process power supply for the production of aluminum, 
cadmium, chlorine, copper, fluorine, hydrogen peroxide, 
magnesium, sodium, sodium chlorate, and zinc. 
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ARTICLE 668 - ELECTROLYTIC CELLS 668.11 

Not covered by this article are cells used as a source of 
electric energy and for electroplating processes and cells 
used for the production of hydrogen. 

Infonnational Note No.1: In general, any cell line or 
group of cell lines operated as a unit for the production 
of a particular metal, gas, or chemical compound may 
differ from any other cell lines producing the same 
product because of variations in the particular raw 
materials used, output capacity, use of proprietary 
methods or process practices, or other modifying factors 
to the extent that detailed Code requirements become 
overly restrictive and do not accomplish the stated 
purpose of this Code. 

Informational Note No.2: For further infonnation, see 
IEEE 463-1993, Standard for Electrical Safety Practices 
in Electrolytic Cell Line Working Zones. 

668.2 Definitions. 

Cell Line. An assembly of electrically interconnected 
electrolytic cells supplied by a source of direct-current 
power. 

Cell Line Attachments and Auxiliary Equipment. As 
applied to this article, a term that includes, but is not 
limited to, auxiliary tanks; process piping; ductwork; 
structural supports; exposed cell line conductors; conduits 
and other raceways; pumps, positioning equipment, and 
cell cutout or bypass electrical devices. Auxiliary 
equipment .includes tools, welding machines, crucibles, 
and other portable equipment used for operation and 
maintenance within the electrolytic cell line working 
zone. 

In the cell line working zone, auxiliary equipment 
includes the exposed conductive surfaces of ungrounded 
cranes and crane-mounted cell-servicing equipment. 

Electrically Connected. A connection capable of 
carrying current as distinguished from connection through 
electromagnetic induction. 

Electrolytic Cell. A tank or vat in which electrochemical 
reactions are caused by applying electric energy for the 
purpose of refining or producing usable materials. 

Electrolytic Cell Line Working Zone. The space 
envelope wherein operation or maintenance is normally 
performed on or in the vicinity of exposed energized 
surfaces of electrolytic cell lines or their attachments. 

668.3 Other Articles. 

(A) Lighting, Ventilating, Material Handling. Chapters 
1 through 4 shall apply to services, feeders, branch 
circuits, and apparatus for supplying lighting, ventilating, 
material handling, and the like that are outside the 
electrolytic cell line working zone. 
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(B) Systems Not Electrically Connected. Those 
elements of a cell line power-supply system that are not 
electrically connected to the cell supply system, such as 
the primary winding of a two-winding transformer, the 
motor of a motor-generator set, feeders, branch circuits, 
disconnecting means, motor controllers, and overload 
protective equipment, shall be required to comply with all 
applicable provisions of this Code. 

(C) Electrolytic Cell Lines. Electrolytic cell lines shall 
comply with the provisions of Chapters 1 through 4 
except as amended in 668.3(C)(1) through (C)( 4). 

(1) Conductors. The electrolytic cell line conductors 
shall not be required to comply with the provisions of 
Articles 110,210,215,220, and 225. See 668.11. 

(2) Overcurrent Protection. Overcurrent protection of 
electrolytic cell dc process power circuits shall not be 
required to comply with the requirements of Article 240. 

(3) Grounding. Equipment located or used within the 
electrolytic cell line working zone or associated with the 
cell line direct-current power circuits shall not be required 
to comply with the provisions of Article 250. 

(4) Working Zone. The electrolytic cells, cell line 
attachments, and the wiring of auxiliary equipment and 
devices within the cell line working zone shall not be 
required to comply with the provisions of Articles 110, 
210,215,220, and 225. See 668.30. 

Infonnational Note: See 668.15 for equipment, 
apparatus, and structural component grounding. 

668.10 Cell Line Working Zone. 

(A) Area Covered. The space envelope of the cell line 
working zone shall encompass spaces that meet any of the 
following conditions: 

(1) Is within 2.5 m (96 in.) above energized surfaces of 
electrolytic cell lines or their energized attachments 

(2) Is below energized surfaces of electrolytic cell lines or 
their energized attachments, provided the headroom in 
the space beneath is less than 2.5 m (96 in.) 

(3) Is within 1.0 m (42 in.) horizontally from energized 
surfaces of electrolytic cell lines or their energized 
attachments or from the space envelope described in 
668.1 O(A)(l) or (A)(2) 

(B) Area Not Covered. The cell line working zone shall 
not be required to extend through or beyond walls, floors, 
roofs, partitions, barriers, or the like. 

668.11 Direct-Current Cell Line Process Power 
Supply. 

(A) Not Grounded. The direct-current cell line process 
power-supply conductors shall not be required to be 
grounded. 
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ARTICLE 668 - ELECTROLYTIC CELLS 

(B) Metal Enclosures Grounded. All metal enclosures 
of power-supply apparatus for the direct-current cell line 
process operating at a power-supply potential between 
terminals of over 50 volts shall be grounded by either of 
the following means: 

(1) Through protective relaying equipment 

(2) By a minimum 2/0 A WG copper grounding conductor 
or a conductor of equal or greater conductance 

(C) Grounding Requirements. The grounding 
connections required by 668.11 (B) shall be installed in 
accordance with 250.8, 250.10, 250.12, 250.68, and 
250.70. 

668.12 Cell Line Conductors. 

(A) Insulation and Material. Cell line conductors shal1 be 
either bare, covered, or insulated and of copper, aluminum, 
copper-clad aluminum, steel, or other suitable material. 

(B) Size. Cell line conductors shall be of such cross
sectional area that the temperature rise under maximum 
load conditions and at maximum ambient shall not exceed 
the safe operating temperature of the conductor insulation 
or the material of the conductor supports. 

(C) Connections. Cell line conductors shall be joined by 
bolted, welded, clamped, or compression connectors. 

668.13 Disconnecting Means. 

(A) More Than One Process Power Supply. Where 
more than one direct-current cell line process power 
supply serves the same cell line, a disconnecting means 
shall be provided on the cell line circuit side of each 
power supply to disconnect it from the cell line circuit. 

(B) Removable Links or Conductors. Removable links 
or removable conductors shall be permitted to be used as 
the disconnecting means. 

668.14 Shunting Means. 

(A) Partial or Total Shunting. Partial or total shunting 
of cell line circuit current around one or more cells shall 
be permitted. 

(B) Shunting One or More Cells. The conductors, 
switches, or combination of conductors and switches used 
for shunting one or more cells shall comply with the 
applicable requirements of 668.12. 

668.15 Grounding. For equipment, apparatus, and 
structural components that are required to be grounded by 
provisions of Article 668, the provisions of Article 250 
shall apply, except a water pipe electrode shall not be 
required to be used. Any electrode or combination of 
electrodes described in 250.52 shall be permitted. 
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668.20 Portable Electrical Equipment. 

(A) Portable Electrical Equipment Not to Be Grounded. 
The frames and enclosures of portable electrical equipment 
used within the cell line working zone shall not be grounded. 

Exception No.1: Where the cell line voltage does not 
exceed 200 volts dc, these frames and enclosures shall be 
permitted to be grounded. 

Exception No.2: These frames and enclosures shall be 
permitted to be grounded where guarded. 

(B) Isolating Transformers. Electrically powered, hand
held, cord-connected portable equipment with ungrounded 
frames or enclosures used within the cell line working zone 
shall be connected to receptacle circuits that have only 
ungrounded conductors such as a branch circuit supplied by 
an isolating transformer with an ungrounded secondary. 

(C) Marking. Ungrounded portable electrical equipment 
shall be distinctively marked and shall employ plugs and 
receptacles of a configuration that prevents connection of 
this equipment to grounding receptacles and that prevents 
inadvertent interchange of ungrounded and grounded 
portable electrical equipments. 

668.21 Power-Supply Circuits and Receptacles for 
Portable Electrical Equipment. 

(A) Isolated Circuits. Circuits supplying power to 
ungrounded receptacles for hand-held, cord-connected 
equipment shall be electrically isolated from any 
distribution system supplying areas other than the cell line 
working zone and shall be ungrounded. Power for these 
circuits shall be supplied through isolating transformers. 
Primaries of such transformers shall operate at not more 
than 600 volts between conductors and shall be provided 
with proper overcurrent protection. The secondary voltage 
of such transformers shall not exceed 300 volts between 
conductors, and all circuits supplied from such secondaries 
shall be ungrounded and shall have an approved 
overcurrent device of proper rating in each conductor. 

(B) Noninterchangeability. Receptacles and their mating 
plugs for ungrounded equipment shall not have provision for 
a grounding conductor and shall be of a configuration that 
prevents their use for equipment required to be grounded. 

(C) Marking. Receptacles on circuits supplied by an 
isolating transformer with an ungrounded secondary shall 
be a distinctive configuration, shall be distinctively marked, 
and shall not be used in any other location in the plant. 

668.30 Fixed and Portable Electrical Equipment. 

(A) Electrical Equipment Not Required to Be 
Grounded. Alternating-current systems supplying fixed 
and portable electrical equipment within the cell line 
wmking zone shaH not be required to be grounded. 
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(B) Exposed Conductive Surfaces Not Required to Be 
Grounded. Exposed conductive surfaces, such as 
electrical equipment housings, cabinets, boxes, motors, 
raceways, and the like, that are within the cell line 
working zone shall not be required to be grounded. 

(C) Wiring Methods. Auxiliary electrical equipment 
such as motors, transducers, sensors, control devices, and 
alarms, mounted on an electrolytic cell or other energized 
surface, shall be connected to premises wiring systems by 
any ofthe following means: 

(1) Multiconductor hard usage cord. 

(2) Wire or cable in suitable raceways or metal or 
nonmetallic cable trays. If metal conduit, cable tray, 
armored cable, or similar metallic systems are used, 
they shall be installed with insulating breaks such 
that they do not cause a potentially hazardous 
electrical condition. 

(D) Circuit Protection. Circuit protection shall not be 
required for control and instrumentation that are totally 
within the cell line working zone. 

(E) Bonding. Bonding of fixed electrical equipment to 
the energized conductive surfaces of the cell line, its 
attachments, or auxiliaries shall be permitted. Where 
fixed electrical equipment is mounted on an energized 
conductive surface, it shall be bonded to that surface. 

668.31 Auxiliary Nonelectrical Connections. 

Auxiliary nonelectrical connections, such as air hoses, 
water hoses, and the like, to an electrolytic cell, its 
attachments, or auxiliary equipment shall not have 
continuous conductive reinforcing wire, armor, braids, 
and the like. Hoses shall be of a non conductive material. 

668.32 Cranes and Hoists. 

(A) Conductive Surfaces to Be Insulated from Ground. 
The conductive surfaces of cranes and hoists that enter the 
cell line working zone shall not be required to be 
grounded. The portion of an overhead crane or hoist that 
contacts an energized electrolytic cell or energized 
attachments shall be insulated from ground. 

(B) Hazardous Electrical Conditions. Remote crane or 
hoist controls that could introduce hazardous electrical 
conditions into the cell line working zone shall employ 
one or more of the following systems: 

(1) Isolated and ungrounded control circuit in accordance 
with 668.21(A) 

(2) Nonconductive rope operator 
(3) Pendant pushbutton with nonconductive supporting 

means and having nonconductive surfaces or 
ungrounded exposed conductive surfaces 

(4) Radio 
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668.40 Enclosures. General-purpose electrical equipment 
enclosures shall be permitted where a natural draft 
ventilation system prevents the accumulation of gases. 

ARTICLE 669 

. ~J~~tr9pla ti Ilg 

669.1 Scope. The provisions of this article apply to the 
installation of the electrical components and accessory 
equipment that supply the power and controls for 
electroplating, anodizing, electropolishing, and 
electrostripping. For purposes of this article, the term 
electroplating shall be used to identify any or all of these 
processes. 

669.3 General. Equipment for use in electroplating 
processes shaH be identified for such service. 

669.5 Branch-Circuit Conductors. Branch-circuit 
conductors supplying one or more units of equipment 
shall have an ampacity of not less than 125 percent of the 
total connected load. The ampacities for busbars shall be 
in accordance with 366.23. 

669.6 Wiring Methods. Conductors connecting the 
electrolyte tank equipment to the conversion equipment 
shall be in accordance with 669.6(A) and (B). 

(A) Systems Not Exceeding 50 Volts Direct Current. 
Insulated conductors shall be permitted to be run without 
insulated support, provided they are protected from 
physical damage. Bare copper or aluminum conductors 
shall be permitted where supported on insulators. 

(B) Systems Exceeding 50 Volts Direct Current. 
Insulated conductors shall be permitted to be run on 
insulated supports, provided they are protected from 
physical damage. Bare copper or aluminum conductors 
shall be permitted where supported on insulators and 
guarded against accidental contact up to the point of 
termination in accordance with 110.27. 

669.7 Warning Signs. Warning signs shall be posted to 
indicate the presence of bare conductors. 

669.8 Disconnecting Means. 

(A) More Than One Power Supply. Where more than 
one power supply serves the same dc system, a 
disconnecting means shall be provided on the dc side of 
each power supply. 

(B) Removable Links or Conductors. Removable links 
or removable conductors shall be permitted to be used as 
the disconnecting means. 
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669.9 ARTICLE 670 - INDUSTRIAL MACHINERY 

669.9 Overcurrent Protection. Direct-current conductors 
shall be protected from overcurrent by one or more of the 
following: 

(1) Fuses or circuit breakers 

(2) A current-sensing device that operates a disconnecting 
means 

(3) Other approved means 

ARTICLE 670 
Industrial Machinery 

670.1 Scope. This article covers the definition of, the 
nameplate data for, and the size and overcurrent 
protection of supply conductors to industrial machinery. 

Informational Note No.1: For further infonnation, see 
NFP A 79-2007, Electrical Standard for industrial 
Machinery. 

Informational Note No. 2: For infonnation on the 
workspace requirements for equipment containing 
supply conductor tenninals, see 110.26. For infonnation 
on the workspace requirements for machine power and 
control equipment, see NFP A 79-2007, Electrical 
Standard for industrial Machinery. 

670.2 Definition. 

Industrial Machinery (Machine). A power-driven 
machine (or a group of machines working together in a 
coordinated manner), not portable by hand while working, 
that is used to process material by cutting; forming; 
pressure; electrical, thermal, or optical techniques; 
lamination; or a combination of these processes. It can 
include associated equipment used to transfer material or 
tooling, including tixtures, to assemble/disassemble, to 
inspect or test, or to package. [The associated electrical 
equipment, including the logic controller(s) and 
associated software or logic together with the machine 
actuators and sensors, are considered as part of the 
industrial machine.] 

670.3 Machine Nameplate Data. 

(A) Permanent Nameplate. A permanent nameplate 
shall be attached to the control equipment enclosure or 
machine and shall be plainly visible after installation. The 
nameplate shall include the following information: 

(1) Supply voltage, number of phases, frequency, and 
full-load current 

(2) Maximum ampere rating of the short-circuit and 
ground-fault protective device 

(3) Ampere rating of largest motor, from the motor 
nameplate, or load 
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(4) Short-circuit current rating of the machine industrial 
control panel based on one of the following: 

a. Short-circuit current rating of a listed and labeled 
machine control enclosure or assembly 

b. Short-circuit current rating established utilizing 
an approved method 

Infonnational Note: UL S08A-200}, Supplement SB, is 
an example of an approved method. 

(5) Electrical diagram number(s) or the number of the 
index to the electrical drawings 

The full-load current shown on the nameplate shall 
not be less than the sum of the full-load currents required 
for all motors and other equipment that may be in 
operation at the same time under normal conditions of 
use. Where unusual type loads, duty cycles, and so forth 
require oversized conductors or permit reduced-size 
conductors, the required capacity shall be included in the 
marked "full-load current." Where more than one 
incoming supply circuit is to be provided, the nameplate 
shall state the preceding information for each circuit. 

Informational Note: See 430.22(E) and 430.26 for duty 
cycle requirements. 

(B) Overcurrent Protection. Where overcurrent 
protection is provided in accordance with 670.4(B), the 
machine shall be marked "overcurrent protection provided 
at machine supply terminals." 

670.4 Supply Conductors and Overcurrent Protection. 

(A) Size. The size of the supply conductor shall be such 
as to have an ampacity not less than 125 percent of the 
full-load current rating of all resistance heating loads plus 
125 percent of the full-load current rating of the highest 
rated motor plus the sum of the full-load current ratings of 
all other connected motors and apparatus, based on their 
duty cycle, that may be in operation at the same time. 

Informational Note No. }: See the 0-2000-volt ampacity 
tables of Article 310 for ampacity of conductors rated 
600 volts and below. 

Informational Note No.2: See 430.22(E) and 430.26 for 
duty cycle requirements. 

(B) Disconnecting Means. A machine shall be considered 
as an individual unit and therefore shall be provided with 
disconnecting means. The disconnecting means shall be 
permitted to be supplied by branch circuits protected by 
either fuses or circuit breakers. The disconnecting means 
shall not be required to incorporate overcurrent protection. 

(C) Overcurrent Protection. Where furnished as part of 
the machine, overcurrent protection for each supply 
circuit shall consist of a single circuit breaker or set of 
fuses, the machine shall bear the marking required in 
670.3, and the supply conductors shall be considered 
either as feeders or as taps as covered by 240.21. 
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The rating or setting of the overcurrent protective 
device for the circuit supplying the machine shall not be 
greater than the sum of the largest rating or setting of the 
branch-circuit short-circuit and ground-fault protective 
device provided with the machine, plus 125 percent of the 
full-load current rating of all resistance heating loads, plus 
the sum of the full-load currents of all other motors and 
apparatus that could be in operation at the same time. 

Exception: Where one or more instantaneous trip circuit 
breakers or motor short-circuit protectors are used for 
motor branch-circuit short-circuit and ground-fault 
protection as permitted by 430. 52 (C), the procedure 
specified in 670.4(C) for determining the maximum rating 
of the protective device for the circuit supplying the 
machine shall apply with the following provision: For the 
purpose of the calculation, each instantaneous trip circuit 
breaker or motor short-circuit protector shall be assumed 
to have a rating not exceeding the maximum percentage 
of motor full-load current permitted by Table 430.52 for 
the type of machine supply circuit protective device 
employed. 

Where no branch-circuit short-circuit and ground
fault protective device is provided with the machine, the 
rating or setting of the overcurrent protective device shall 
be based on 430.52 and 430.53, as applicable. 

670.5 Short-Circuit Current Rating. Industrial 
machinery shall not be installed wh re the available fault 
current exceeds its short-circuit current rating as marked 
in accordance with 670.3(A)( 4). 

ARTICLE 675 
ElectricaJly Driven or Controlled 

Irrigation Machines 
I. General 

675.1 Scope. The proVISIOns of this article apply to 
electrically driven or controlled irrigation machines, and 
to the branch circuits and controllers for such equipment. 

675.2 Definitions. 

Center Pivot Irrigation Machine. A multi motored 
irrigation machine that revolves around a central pivot 
and employs alignment switches or similar devices to 
control individual motors. 

Collector Rings. An assembly of slip rings for 
transferring electric energy from a stationary to a rotating 
member. 

Irrigation Machine. An electrically driven or controlled 
machine, with one or more motors, not hand-portable, and 
used primarily to transport and distribute water for 
agricultural purposes. 
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675.4 Irrigation Cable. 

(A) Construction. The cable used to interconnect 
enclosures on the structure of an irrigation machine shall 
be an assembly of stranded, insulated conductors with 
nonhygroscopic and nonwicking filler in a core of 
moisture- and flame-resistant nonmetallic material 
overlaid with a metallic covering and jacketed with a 
moisture-, corrosion-, and sunlight-resistant nonmetallic 
material. 

The conductor insulation shall be of a type listed in 
Table 310. 1 04(A) for an operating temperature of 75°C 
(167°F) and for use in wet locations. The core insulating 
material thickness shall not be less than 0.76 mm (30 
mils), and the metallic overlay thickness shall be not less 
than 0.20 mm (8 mils) . The jacketing material thickness 
shall be not less than 1.27 mm (50 mils). 

A composite of power, control, and grounding 
conductors in the cable shall be permitted. 

(B) Alternate Wiring Methods. Installation of other 
listed cables complying with the construction 
requirements of675.4(A) shall be permitted. 

(C) Supports. Irrigation cable shall be secured by straps, 
hangers, or similar fittings identified for the purpose and 
so installed as not to damage the cable. Cable shall be 
supported at intervals not exceeding 1.2 m (4 ft). 

(D) Fittings. Fittings shall be used at all points where 
irrigation cable terminates. The fittings shall be designed 
for use with the cable and shall be suitable for the 
conditions of service. 

675.5 More Than Three Conductors in a Raceway or 
Cable. The signal and control conductors of a raceway or 
cable shall not be counted for the purpose of ampacity 
adjustment as required in 310.15(B)(3)(a). 

675.6 Marking on Main Control Panel. The main 
control panel shall be provided with a nameplate that shall 
give the following information: 

(1) The manufacturer' s name, the rated voltage, the 
phase, and the frequency 

(2) The current rating of the machine 

(3) The rating of the main disconnecting means and size 
of overcurrent protection required 

675.7 Equivalent Current Ratings. Where intermittent 
duty is not involved, the provisions of Article 430 shall be 
used for determining ratings for controllers, disconnecting 
means, conductors, and the like. Where irrigation 
machines have inherent intermittent duty, the 
determinations of equivalent current ratings in 675.7(A) 
and (B) shall be used. 
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(A) Continuous-Current Rating. The equivalent 
continuous-current rating for the selection of branch
circuit conductors and overcurrent protection shall be 
equal to 125 percent of the motor nameplate full-load 
current rating of the largest motor, plus a quantity equal to 
the sum of each of the motor nameplate full-load current 
ratings of all remaining motors on the circuit, multiplied 
by the maximum percent duty cycle at which they can 
continuously operate. 

(B) Locked-Rotor Current. The equivalent locked-rotor 
current rating shall be equal to the numerical sum of the 
locked-rotor current of the two largest motors plus 100 
percent of the sum of the motor nameplate full-load 
current ratings of all the remaining motors on the circuit. 

675.8 Disconnecting Means. 

(A) Main Controller. A controller that is used to start 
and stop the complete machine shall meet all of the 
following requirements: 

(1) An equivalent continuous current rating not less than 
specified in 675.7(A) or 675.22(A) 

(2) A horsepower rating not less than the value from 
Table 430.251(A) and Table 430.251(B), based on 
the equivalent locked-rotor current specified in 
675.7(8) or 675.22(B) 

Exception: A listed molded case switch shall not require 
a horsepower rating. 

(8) Main Disconnecting Means. The main disconnecting 
means for the machine shall provide overcurrent 
protection, shall be at the point of connection of electric 
power to the machine, or shall be visible and not more 
than 15 m (50 ft) from the machine, and shall be readily 
accessible and capable of being locked in the open 
position. The provision for locking or adding a lock to the 
disconnecting means shall be installed on or at the switch 
or circuit breaker used as the disconnecting means and 
shall remain in place with or without the lock installed. 
This disconnecting means shall have a horsepower and 
current rating not less than required for the main 
controller. 

Exception No.1: Circuit breakers without marked 
horsepower ratings shall be permitted in accordance with 
430.109. 

Exception No.2: A listed molded case switch without 
marked horsepower ratings shall be permitted. 

(C) Disconnecting Means for Individual Motors and 
Controllers. A disconnecting means shall be provided to 
simultaneously disconnect all ungrounded conductors for 
each motor and controller and shall be located as required 
by Article 430, Part IX. The disconnecting means shall 
not be required to be readily accessible. 
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675.9 Branch-Circuit Conductors. The branch-circuit 
conductors shall have an ampacity not less than specified 
in 675.7(A) or 675.22(A). 

675.10 Severa) Motors on One Branch Circuit. 

(A) Protection Required. Several motors, each not 
exceeding 2 hp rating, shall be permitted to be used on an 
irrigation machine circuit protected at not more than 30 
amperes at 600 volts, nominal, or less, provided all of the 
following conditions are met: 

(1) The full-load rating of any motor in the circuit shall 
not exceed 6 amperes. 

(2) Each motor in the circuit shall have individual 
overload protection in accordance with 430.32. 

(3) Taps to individual motors shall not be smaller than 14 
A WG copper and not more than 7.5 m (25 ft) in 
length. 

(B) Individual Protection Not Required. Individual 
branch-circuit short-circuit protection for motors and 
motor controllers shall not be required where the 
requirements of675.10(A) are met. 

675.11 Collector Rings. 

(A) Transmitting Current for Power Purposes. 
Collector rings shall have a current rating not less than 
125 percent of the full-load current of the largest device 
served plus the full-load current of all other devices 
served, or as determined from 675.7(A) or 675.22(A). 

(B) Control and Signal Purposes. Collector rings for 
control and signal purposes shall have a current rating not 
less than 125 percent of the full-load current of the largest 
device served plus the full-load current of all other 
devices served. 

(C) Grounding. The collector ring used for grounding 
shall have a current rating not less than that sized in 
accordance with 675. 1 l(A). 

(D) Protection. Collector rings shall be protected from 
the expected environment and from accidental contact by 
means of a suitable enclosure. 

675.12 Grounding. The following equipment shall be 
grounded: 

(1) All electrical equipment on the irrigation machine 

(2) All electrical equipment associated with the irrigation 
machine 

(3) Metal junction boxes and enclosures 

(4) Control panels or control equipment that supplies or 
controls electrical equipment to the irrigation machine 

Exception: Grounding shall not be required on machines 
where all of the following provisions are met: 
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ARTICLE 680 - SWIMMING POOLS, FOUNTAINS, AND SIMILAR INSTALLATIONS 680.2 

(a) The machine is electrically controlled but not 
electrically driven. 

(b) The control voltage is 30 volts or less. 

(cj The control or signal circuits are current limited 
as spectfied in Chapter 9, Tables 11 (Aj and 11 (B). 

675.13 Methods of Grounding. Machines that require 
grounding shall have a non-current-carrying equipment 
grounding conductor provided as an integral part of each 
cord, cable, or raceway. This grounding conductor shall 
be sized not less than the largest supply conductor in each 
cord, cable, or raceway. Feeder circuits supplying power 
to irrigation machines shall have an equipment grounding 
conductor sized according to Table 250.122. 

675.14 Bonding. Where electrical grounding is required 
on an irrigation machine, the metallic structure of the 
machine, metallic conduit, or metallic sheath of cable 
shall be connected to the grounding conductor. Metal-to
metal contact with a part that is connected to the 
grounding conductor and the non-current-carrying parts 
of the machine shall be considered as an acceptable 
bonding path. 

675.15 Lightning Protection. If an irrigation machine 
has a stationary point, a grounding electrode system in 
accordance with Article 250, Part III, shall be connected 
to the machine at the stationary point for lightning 
protection. 

675.16 Energy from More Than One Source. 
Equipment within an enclosure receiving electric energy 
from more than one source shall not be required to have a 
disconnecting means for the additional source, provided 
that its voltage is 30 volts or less and it meets the 
requirements of Part In of Article 725. 

675.17 Connectors. External plugs and connectors on the 
equipment shall be of the weatherproof type. Unless 
provided solely for the connection of circuits meeting the 
requirements of Part lIT of Article 725, external plugs and 
connectors shall be constructed as specified III 

250. 124(A). 

II. Center Pivot Irrigation Machines 

675.21 General. The provisions of Part n are intended to 
cover additional special requirements that are peculiar to 
center pivot irrigation machines. See 675.2 for the 
definition of Center Pivot Irrigation Machine. 

675.22 Equivalent Current Ratings. To establish ratings 
of controllers, disconnecting means, conductors, and the 
I ike, for the inherent intermittent duty of center pivot 
irrigation machines, the determinations in 675.22(A) and 
(B) shall be used. 
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(A) Continuous-Current Rating. The equivalent 
continuous-current rating for the selection of branch
circuit conductors and branch-circuit devices shall be 
equal to 125 percent of the motor nameplate full-load 
current rating of the largest motor plus 60 percent of the 
sum of the motor nameplate full-load current ratings of all 
remaining motors on the circuit. 

(B) Locked-Rotor Current. The equivalent locked-rotor 
current rating shall be equal to the numerical sum of two 
times the locked-rotor current of the largest motor plus 80 
percent of the sum of the motor nameplate full-load 
current ratings of all the remaining motors on the circuit. 

ARTICLE 680 

Swimming Pools, Fountains, and Similar 
Installations 

I. General 

680.1 Scope. The provisions of this article apply to the 
construction and installation of electrical wiring for, and 
equipment in or adjacent to, all swimming, wading, 
therapeutic, and decorative pools; fountains; hot tubs; 
spas; and hydromassage bathtubs, whether permanently 
installed or storable, and to metallic auxiliary equipment, 
such as pumps, filters, and similar equipment. The tenn 
body of water used throughout Part I applies to all bodies 
of water covered in this scope unless otherwise amended. 

680.2 Definitions. 

Cord-and-Plug-Connected Lighting Assembly. A 
lighting assembly consisting of a luminaire intended for 
installation in the wall of a spa, hot tub, or storable pool, 
and a cord-and-plug-connected transformer. 

Dry-Niche Luminaire. A luminaire intended for 
installation in the D2.2_~ or wall of a pool. spa. or fountain 
in a niche that is sealed against the entry of water. 

Equipment, Fixed. Equipment that is fastened or 
otherwise secured at a specific location. 

Equipment, Portable. Equipment that is actually moved 
or can easily be moved from one place to another in 
normal use. 

Equipment, Stationary. Equipment that is not easily 
moved from one place to another in normal use. 

Forming Shell. A structure designed to SUppOlt a wet
niche lumina ire assembly and intended for mounting in a 
pool or fountain structure. 
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680.3 ARTICLE 680 - SWIMMING POOLS, FOUNTAINS, AND SIMILAR INSTALLATIONS 

Fountain. Fountains, ornamental pools, display pools, 
and reflection pools. The definition does not include 
drinking fountains. 

Hydromassage Bathtub. A permanently installed 
bathtub equipped with a recirculating piping system, 
pump, and associated equipment. It is designed so it can 
accept, circulate, and discharge water upon each use. 

Low Voltage Contact Limit. A voltage not exceeding 
the following values: 

(1) 15 volts (RMS) for sinu oidal ae 

(2) 21.2 ,.oltspeakfor·nonsinusoidafac 

(3) 30 volts for continuou dc 

(4) 12.4 olts pc~~J()r~~th~!i~jl~t.~I!UPted at a rate of 
10 to 200 Hz 

Maximum Water Level. The highest level that water can 
reach before it spills out. 

No-Niche Luminaire. A luminaire intended for 
installation above or below the water without a niche. 

Packaged Spa or Hot Tub Equipment Assembly. A 
factory-fabricated unit consisting of water-circulating, 
heating, and control equipment mounted on a common 
base, intended to operate a spa or hot tub. Equipment can 
include pumps, air blowers, heaters, lights, controls, 
sanitizer generators, and so forth. 

Packaged Therapeutic Tub or Hydrotherapeutic Tank 
Equipment Assembly. A factory-fabricated unit 
conslstmg of water-circulating, heating, and control 
equipment mounted on a common base, intended to 
operate a therapeutic tub or hydrotherapeutic tank. 
Equipment can include pumps, air blowers, heaters, 
lights, controls, sanitizer generators, and so forth. 

Permanently Installed Decorative Fountains and 
Reflection Pools. Those that are constructed in the ground, 
on the ground, or in a building in such a manner that the 
fountain cannot be readily disassembled for storage, 
whether or not served by electrical circuits of any nature. 
These units are primarily constructed for their aesthetic 
value and are not intended for swimming or wading. 

Permanently Installed Swimming, Wading, 
Immersion, and Therapeutic Pools. Those that are 
constructed in the ground or partially in the ground, and 
all others capable of holding water in a depth greater than 
1.0 m (42 in.), and all pools installed inside of a building, 
regardless of water depth, whether or not served by 
electrical circuits of any nature. 

Pool. Manufactured or field-constructed equipment 
designed to contain water on a permanent or 
semipermanent basis and used for swimming, wading, 
immersion, or therapeutic purposes. 
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Pool Cover, Electrically Operated. Motor-driven 
equipment designed to cover and uncover the water 
surface of a pool by means of a flexible sheet or rigid 
frame. 

Self-Contained Spa or Hot Tub. Factory-fabricated unit 
consisting of a spa or hot tub vessel with all water
circulating, heating, and control equipment integral to the 
unit. Equipment can include pumps, air blowers, heaters, 
lights, controls, sanitizer generators, and so forth. 

Self-Contained Therapeutic Tubs or Hydrotherapeutic 
Tanks. A factory-fabricated unit consisting of a 
therapeutic tub or hydrotherapeutic tank with all water
circulating, heating, and control equipment integral to the 
unit. Equipment may include pumps, air blowers, heaters, 
light controls, sanitizer generators, and so forth. 

Spa or Hot Tub. A hydromassage pool, or tub for 
recreational or therapeutic use, not located in health care 
facilities, designed for immersion of users, and usually 
having a filter, heater, and motor-driven blower. It may be 
installed indoors or outdoors, on the ground or supporting 
structure, or in the ground or supporting structure. 
Generally, a spa or hot tub is not designed or intended to 
have its contents drained or discharged after each use. 

Storable Swimming, Wading, or Immersion Pool. 
Those that are constructed on or above the ground and are 
capable of holding water to a maximum depth of 1.0 m 
(42 in.), or a pool with nonmetallic, molded polymeric 
walls or inflatable fabric walls regardless of dimension. 

Through-Wall Lighting Assembly. A lighting assembly 
intended for installation above grade, on or through the 
wall of a pool, consisting of two interconnected groups of 
components separated by the pool wall. 

Wet-Niche Luminaire. A luminaire intended for 
installation in a forming shell mounted in a pool or 
fountain structure where the luminaire will be completely 
surrounded by water. 

680.3 Other Articles. Except as modified by this article, 
wiring and equipment in or adjacent to pools and fountains 
shall comply with other applicable provisions of this Code, 
including those provisions identified in Table 680.3. 

Table 680.3 Other Articles 

Topic 

Site lighting ~) sIems 
Oper.lting at 30 \ olt or I 

Audio Equipment 

Adjacent to pools and 
fountains 

Underwater speakers * 

Section or Article 

411.4lB) 

Article 640, Parts I and n 
640.10 

* Underwater loudspeakers shall be installed in accordance with 
680.27(A) 
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680.4 Approval of Equipment. All electrical equipment 
installed in the water, walls, or decks of pools, fountains, 
and similar installations shall comply with the provisions 
of this article. 

680.5 Ground-Fault Circuit Interrupters. Ground-fault 
circuit interrupters (GFCls) shall be self-contained units, 
circuit-breaker or receptacle types, or other listed types. 

680.6 Grounding. Electrical equipment shall be grounded 
in accordance with Parts V, VI, and VII of Article 250 
and connected by wiring methods of Chapter 3, except as 
modified by this article. The following equipment shall be 
grounded: 

(l) Through-wall lighting assemblies and underwater 
luminaires, other than those low-voltage lighting 
products listed for the application without a 
grounding conductor 

(2) All electrical equipment located within 1.5 m (5 ft) of 
the inside wall ofthe specified body of water 

(3) All electrical equipment associated with the 
recirculating system of the specified body of water 

(4) Junction boxes 

(5) Transformer enclosures 

(6) Ground-fault circuit interrupters 

(7) Panelboards that are not part of the service equipment 
and that supply any electrical equipment associated 
with the specified body of water 

680.7 Cord-and-Plug-Connected Equipment. Fixed or 
stationary equipment, other than underwater luminaires, 
for a permanently installed pool shall be permitted to be 
connected with a flexible cord and plug to facilitate the 
removal or disconnection for maintenance or repair. 

(A) Length. For other than storable pools, the flexible 
cord shall not exceed 900 mm (3 it) in length. 

(B) Equipment Grounding. The flexible cord shall have 
a copper equipment grounding conductor sized in 
accordance with 250.122 but not smaller than 12 AWG. 
The cord shall terminate in a grounding-type attachment 
plug. 

(C) Construction. The equipment grounding conductors 
shall be connected to a fixed meta] part of the assembly. 
The removable part shall be mounted on or bonded to the 
fixed metal part. 

680.8 Overhead Conductor Clearances. Overhead 
conductors shall meet the clearance requirements in this 
section. Where a minimum clearance from the water level 
is given, the measurement shall be taken from the 
maximum water level of the specified body of water. 
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AND SIMILAR INSTALLATIONS 680.12 

(A) Power. With respect to service drop conductors and 
open overhead wiring, swimming pool and similar 
installations shall comply with the minimum clearances 
given in Table 680.8 and illustrated in Figure 680.8. 

Infonnational Note: Open overhead wiring as used in 
this article typically refers to conductor(s) not in an 
enclosed raceway. 

(B) Communications Systems. Communications, radio, and 
television coaxial cables within the scope of Articles 800 
through 820 shall be permitted at a height of not less than 3.0 
m (lOft) above swimming and wading pools, diving 
structures, and observation stands, towers, or platforms. 

(C) Network-Powered Broadband Communications 
Systems. The minimum clearances for overhead network
powered broadband communications systems conductors 
from pools or fountains shall comply with the provisions in 
Table 680.8 for conductors operating at 0 to 750 volts to 
ground. 

680.9 Electric Pool Water Heaters. All electric pool 
water heaters shall have the heating elements subdivided 
into loads not exceeding 48 amperes and protected at not 
over 60 amperes. The ampacity of the branch-circuit 
conductors and the rating or setting of overcurrent 
protective devices shall not be less than 125 percent of the 
total nameplate-rated load. 

680.10 Underground Wiring Location. Underground 
wiring shall not be permitted under the pool or within the 
area extending 1.5 m (5 ft) horizontally from the inside 
wall of the pool unless this wiring is necessary to supply 
pool equipment permitted by this article. Where space 
limitations prevent wiring from being routed a distance 
1.5 m (5 ft) or more from the pool, such wiring shall be 
permitted where installed in complete raceway systems of 
rigid metal conduit, intermediate metal conduit, or a 
nonmetallic raceway system. All metal conduit shall be 
corrosion resistant and suitable for the location. The 
minimum cover depth shall be as given in Table 680.10. 

680.11 Equipment Rooms and Pits. Electrical equipment 
shall not be installed in rooms or pits that do not have 
drainage that adequately prevents water accumulation during 
normal operation or filter maintenance. 

680.12 Maintenance Disconnecting Means. One or 
more means to simultaneously disconnect all ungrounded 
conductors shall be provided for all utilization equipment 
other than lighting. Each means shall be readily accessible 
and within sight from its equipment and shall be located 
at least 1.5 111 (5 ft) horizontally from the inside walls of a 
pool, spa, or hot tub unless separated from the open water 
by a permanently installed barrier that provides a 1.5 m (5 
ft) reach path or greater. This horizontal distance is to be 
measured from the water!s edge along the shortest path 
required to reach the disconnect. 
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Table 680.8 Overhead Conductor Clearances 

A . 

B. 

C. 

Clearance Parameters 

Clearance in any 
direction to the water 
level, edge of water 
surface, base of diving 
platform, or 
permanently anchored 
raft 

Clearance in any 
direction to the 
observation stand, 
tower, or diving 
platform 

Horizontal limit of 
clearance measured 
from inside wall of the 
pool 

Insulated Cables, 0-750 
Volts to Ground, 
Supported on and 

Cabled Together with a 
Solidly Grounded Bare 
Messenger or Solidly 
Grounded Neutral 

Conductor 

m ft 

6.9 22.5 

4.4 14.5 

All Other Conductors Voltage to Ground 

o through 15 kV Over 15 through 50 kV 

m ft m ft 

7.5 25 8.0 27 

5.2 17 5.5 18 

This limit shall extend to the outer edge of the structures listed in A and 
B of this table but not to less than 3 m (10 ft). 

Table 680.10 Minimum Cover Depths 

Minimum Burial 

Wiring Method 

Rigid metal conduit 

Intermediate metal 
conduit 

Nonmetallic raceways 

mm 

150 

150 

150 

in. 

6 

6 

6 

Figure 680.8 Clearances from Pool Structures. 

Ii ted for direct burial 
under minimum of 102 
mm (4 in.) thick 
concrete exterior slab 
and extending not less 
than 162 mm (6 in.) 
beyond the underground 
insta lIat ion 
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Nonmetallic raceways 
listed for direct burial 
without concrete 
encasement 

Other approved raceways* 

450 18 

450 18 

*Raceways approved for burial only where concrete encased 
shall require a concrete envelope not less than 50 mm (2 in.) 
thick. 

2013 California Electrical Code 



c 

A 
C 
A 
C 
A 

.... , 
A 
C 
A 
C 
A 
C 

ARTICLE 680 - SWIMMING POOLS, FOUNTAINS, AND SIMILAR INSTALLATIONS 680.22 

680.13 Gas Chlorination Equipment Rooms [DPH] 

(A)Switch Location. Switches for the control of mechanical 
ventilation and lighting fIXtures in a room used for gas 
chlorination equipment shall be located acgacent to the entry 
door outside of the room. Each switch shall be clearly 
labeled "Turn On Before Entering. " 

(B)Equipment Interlocks. The gas chlorine feeding devices 
shall be interlocked with the pool recirculating pump so that 
the gas chlorine feeding devices shall not operate when the 
recirculating pump is off or during the jilter backwash cycle. 

680.14 Emergency Switch/or Spa Pools. [DPH] A clearly 
labeled emergency shutoff switch for the control of both the 
recirculation system and the aeration and/or jet system shall 
be installed aq/acent to the spa pool. 

II. Permanently Installed Pools 
680.20 General. Electrical installations at permanently 
installed pools shall comply with the provisions of Part I and 
Part II of this article. 

680.21 Motors. 
(A) Wiring Methods. The wiring to a pool motor shall 
comply with (A)(l) unless modified for specific 
circumstances by (A)(2), (A)(3), (A)(4), or (A)(5). 

(1) General. The branch circuits for pool-associated motors 
shall be installed in rigid metal conduit, intermediate metal 
conduit, rigid polyvinyl chloride conduit, reinforced 
thermosetting resin conduit, or Type MC cable listed for the 
location. Other wiring methods and materials shall be 
permitted in specific locations or applications as covered in 
this section. Any wiring method employed shall contain an 
insulated copper equipment grounding conductor sized in 
accordance with 250.122 but not smaller than 12 AWG. 

(2) On or Within Buildings. Where installed on or within 
buildings, electrical metallic tubing shall be permitted. 

(3) Flexible Connections. Where necessary to employ 
flexible connections at or adjacent to the motor, liquidtight 
flexible metal or liquidtight flexible nonmetallic conduit with 
approved fittings shall be permitted. 

(4) One-Family Dwellings. In the interior of dwelling units, 
or in the interior of accessory buildings associated with a 
dwelling unit, any of the wiring methods recognized in 
Chapter 3 of this Code that comply with the provisions of 
this section shall be permitted. Where run in a cable 
assembly, the equipment grounding conductor shall be 
permitted to be uninsulated, but it shall be enclosed within 
the outer sheath of the cable assembly. 

(5) Cord-and-Plug Connections. Pool-associated motors 
shall be permitted to employ cord-and-plug connections. The 
flexible cord shall not exceed 900 mm (3 ft) in length. The 
flexible cord shall include a copper equipment grounding 
conductor sized in accordance with 250.122 but not smaller 
lhan l2 A WO. The cord shall terminate in a grounding-type 
attachment plug. 

(B) Double Insulated Pool Pumps. A listed cord-and-plug-
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connected pool pump incorporating an approved system of 
double insulation that provides a means for grounding only 
the internal and nonaccessible, non-current-carrying metal 
parts of the pump shall be connected to any wiring method 
recognized in Chapter 3 that is suitable for the location. 
Where the bonding grid is connected to the equipment 
grounding conductor of the motor circuit in accordance with 
the second ~~~~E~ of 680.26(B~(6)(a). the branch-circuit 
wiring shall comply with 680.21(A). 

(CjGFC(protection. Outlets supplying pool pump motors 
colUlccted to single-phase, 120 voh through 240 volt branch 
circuits. rated 15 or 20 amperes, whether by receptacle or by 
direct connection. shall be provided with ground-fault 
circuit-interrupter protection for personnel. 
680.22 Lightin, Receptacles, and Equipment. 
(A) Receptacles. 
(1) Circulation and Sanitation System, Location. 
Receptacles that provide power for water-pump motors or 
for other loads directly related to the circulation and 
sanitation system shall be located at least 3.0 m (10 ft) from 
the inside walls of the pool, or not less than 1.83 m (6 ft) 
from the inside walls of the pool if they meet all of the 
following conditions: 

(1) Consist of single receptacles 

(2) Employ a locking configuration 

(3) Are of the grounding type 

(4) Have GFCI protection 

(2) Other Receptacles, Location. Other receptacles shall be 
not less than 1.83 m (6 ft) from the inside walls of a pool. 

(3) Dwelling Unit(s). Where a permanently installed pool is 
installed at a dwelling unit(s), no fewer than one 125-volt, 
15- or 20-ampere receptacle on a general-purpose branch 
circuit shall be located not less than 1.83 m (6ft) from, and 
not more than 6.0 m (20 ft) from, the inside wall of the pool. 
This receptacle shall be located not more than 2.0 m (6 ft 6 
in.) above the floor, platform, or grade level serving the pool. 

(4) GFCI Protection. All 15- and 20-ampere, single-phase, 
1 25-volt receptacles located within 6.0 m (20 ft) of the inside 
walls of a pool shall be protected by a ground-fault circuit 
interrupter. 

(5) Measurements. In determining the dimensions in this 
section addressing receptacle spacings, the distance to be 
measured shall be the shortest path the supply cord of an 
appliance connected to the receptacle would follow without 
piercing a floor, wall, ceiling, doorway with hinged or 
sliding door, window opening, or other effective permanent 
barrier. 

(~) Luminaires, Lighting Outlets, and Ceiling-Suspended 
(Paddle) Fans. 
(1) New Outdoor Installation Clearances. In outdoor pool 
areas, luminaires, lighting outlets, and ceiling-suspended 
(paddle) fans installed above the pool or the area extending 
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1.5 m (5 ft) horizontally from the inside walls of the pool 
shall be installed at a height not less than 3.7 m (12 ft) above 
the maximum water level ofthe pool. 

(2) Indoor Clearances. For installations in indoor pool 
areas, the clearances shall be the same as for outdoor areas 
unless modified as provided in this paragraph. If the branch 
circuit supplying the equipment is protected by a ground
fault circuit interrupter, the following equipment shall be 
permitted at a height not less than 2.3 m (7 ft 6 in.) above the 
maximum pool water level: 

(1) Totally enclosed luminaires 

(2) Ceiling-suspended (paddle) fans identified for use 
beneath ceiling structures such as provided on porches 
or patios 

(3) Existing Installations. Existing luminaires and lighting 
outlets located less than 1.5 m (5ft) measured horizontally 
from the inside walls of a pool shall be not less than 1.5 m (5 
ft) above the surface of the maximum water level, shall be 
rigidly attached to the existing structure, and shall be 
protected by a ground-fault circuit interrupter. 

(4) GFCI Protection in Adjacent Areas. Luminaires, 
lighting outlets, and ceiling-suspended (paddle) fans installed 
in the area extending between l.5 m (5 ft) and 3.0 m (10 ft) 
horizontally from the inside walls of a pool shall be protected 
by a ground-fault circuit intenupter unless installed not less 
than 1.5 m (5 ft) above the maximum water level and rigidly 
attached to the structure adjacent to or enclosing the pool. 

(5) Cord-and-Plug-Connected Luminaires. Cord-and
plug-connected luminaires shall comply with the 
requirements of680.7 where installed within 4.9 m (16 ft) of 
any point on the water surface, measured radially. 

(C) Switching Devices. Switching devices shall be located 
at least 1.5 m (5 ft) horizontally from the inside walls of a 
pool unless separated from the pool by a solid fence, wall, 
or other permanent barrier. Alternatively, a switch that is 
listed as being acceptable for use within 1.5 m (5 ft) shall 
be permitted. 

(1)) Other Outlets. Other outlets shall be not less than 3.0 m 
(10 ft) from the inside walls of the pool. Measurements shall 
be determined in accordance with 680.22(A)(5). 

Informational Note: Other outlets may include, but are not 
limited to, remote-control, signaling, fire alann, and 
communications circuits. 

680.23 Underwater Luminaires. This section covers all 
luminaires installed below the normal water level of the pool. 

(A) General. 

(1) Luminaire Design, Normal Operation. The design of 
an underwater lumina ire supplied from a branch circuit 
either directly or by way of a transformer pr power supply 
meeting the requirements of this section shall be such that, 
where the luminaire is properly installed without a ground
fault circuit interrupter, there is no shock hazard with any 
likely combination of fault conditions during normal use 
(not relamping). 
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(2) Transformers andp()wer'suppUes. Transformers ami 
powt!r suppli s used for the supply ()! 1.l!1~~rw~t~r luminaires, 
together with the transformer or power 'supplY enclosure, 
shall be listed for swim~ing pool and spa use, The 
transformer or po~ r supply shall incorporate either a 
~!l ...•.. f()~~r of tile isolated winding type, with an ungrounded 
secondary that has a grounded metal barrier between the 
primary and secondary windings, or one that incorporat~s an 
approved system of double in ulation between the primary 
and secondary windings. 

(3) GFCI Protection, Relamping. A ground-fault circuit 
interrupter shall be installed in the branch circuit supplying 
luminaires operating at more than the low voltage CO~!~~! 
limit such that there is no shock hazard during relamping. 
The installation of the ground-fault circuit interrupter shall be 
such that there is no shock hazard with any likely fault
condition combination that involves a person in a conductive 
path from any ungrounded part of the branch circuit or the 
lumina ire to ground. 

(4) Voltage Limitation. No luminaires shall be installed 
for operation on supply circuits over 150 volts between 
conductors. 

(5) Location, Wall-Mounted Luminaires. Luminaires 
mounted in walls shall be installed with the top of the 
luminaire lens not less than 450 mm (18 in.) below the 
normal water level of the pool, unless the luminaire is listed 
and identified for use at lesser depths. No luminaire shall be 
installed less than 100 mm (4 in.) below the norma] water 
level of the pool. 

(6) Bottom-Mounted Luminaires. A luminaire facing 
upward shall comply with either (1) or (2): 

(1) Have the lens adequately guarded to prevent contact by 
any person 

(2) Be listed for use without a guard 

(7) Dependence on Submersion. Luminaires that depend on 
submersion for safe operation shall be inherently protected 
against the hazards of overheating when not submerged. 

(8) Compliance. Compliance with these requirements shall 
be obtained by the use of a I isted underwater luminaire and 
by installation of a listed ground-fault circuit interrupter in 
the branch circuit or a listed transformer or power suppl~ 
for luminaires operating at not more than the low voltag~ 
f.Q,I)t':l~!liln it. 
(B) Wet-Niche Luminaires. 

(1) Forming Shells. Forming shells shall be installed for the 
mounting of all wet-niche underwater luminaires and shall 
be equipped with provisions for conduit entries. Metal parts 
of the lumina ire and forming shell in contact with the pool 
water shall be of brass or other approved corrosion-resistant 
metal. All forming shells used with nonmetallic conduit 
systems, other than those that are part of a listed low-voltage 
lighting system not requiring grounding, shall include 
provisions for terminating an 8 A WG copper conductor. 
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(2) Wiring Extending Directly to the Forming Shell. 
Conduit shall be installed from the forming shell to a 
junction box or other enclosure conforming to the 
requirements in 680.24. Conduit shall be rigid metal, 
intermediate metal, liquidtight flexible nonmetallic, or 
rigid nonmetallic. 

(a) Metal Conduit. Metal conduit shall be approved 
and shall be of brass or other approved corrosion-resistant 
metal. 

(b) Nonmetallic Conduit. Where a nonmetallic 
conduit is used, an 8 A WG insulated solid or stranded 
copper bonding jumper shall be installed in this conduit 
unless a listed low-voltage lighting system not requiring 
grounding is used. The bonding jumper shall be 
terminated in the forming shell, junction box or 
transformer enclosure, or ground-fault circuit-interrupter 
enclosure. The termination of the 8 A WG bonding jumper 
in the forming shell shall be covered with, or encapsulated 
in, a listed potting compound to protect the connection 
from the possible deteriorating effect of pool water. 

(3) Equipment Grounding Provisions for Cords. Other 
than listed low-voltag lighting system not requiring 
grounding wet-niche luminaires that are suppljed by a 
flexible cord or cable shall have all exposed non-current
carrying metal parts grounded by an insulated copper 
equipment grounding conductor that is an integral part of 
the cord or cable. This grounding conductor shall be 
connected to a grounding terminal in the supply junction 
box, transformer enclosure, or other enclosure. The 
grounding conductor shall not be smaller than the supply 
conductors and not smaller than 16 A WG. 

(4) Luminaire Grounding Terminations. The end of the 
flexible-cord jacket and the flexible-cord conductor 
terminations within a luminaire shall be covered with, or 
encapsulated in, a suitable potting compound to prevent 
the entry of water into the luminaire through the cord or 
its conductors. )f present the grounding connection 
within a luminaire shall be similarly treated to protect 
such connection from the deteriorating effect of pool 
water in the event of water entry into the luminaire. 

(5) Luminaire Bonding. The luminaire shall be bonded 
to, and secured to, the forming shell by a positive locking 
device that ensures a low-resistance contact and requires a 
tool to remove the luminaire from the forming shell. 
Bonding shall not be required for luminaires that are 
listed for the application and have no non-current
carrying metal parts. 

(6) Servicing. All wet-niche luminaires shall be 
removable from the water for inspection, relamping, or 
other maintenance. The forming shell .Iocation and length 
of cord in the forming shell shall permit personnel to 
place the removed luminaire on the deck or other dry 
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location for such maintenance. The luminaire 
maintenance location shall be accessible without entering 
or going in the pool water. 

(C) Dry-Niche Luminaires. 

(1) Construction. A dry-niche luminaire shall have 
provision for drainage of water. Other tban list d low 
voltage luminaires not requinng grounding. a dry-ni~~C? 
~uminaire shall ha e means for accommodating one 
equipment grounding conductor for each conduit entry. 

(2) Junction Box. A junction box shall not be required 
but, if used, shall not be required to be elevated or located 
as specified in 680.24(A)(2) if the luminaire is 
specifically identified for the purpose. 

(D) No-Niche Luminaires. A no-niche luminaire shall 
meet the construction requirements of 680.23(B)(3) and 
be installed in accordance with the requirements of 
680.23(B). Where connection to a fonning shell is 
specified, the connection shall be to the mounting bracket. 

(E) Through-Wall Lighting Assembly. A through-wall 
lighting assembly shall be equipped with a threaded entry 
or hub, or a nonmetallic hub, for the purpose of 
accommodating the termination of the supply conduit. A 
through-wall lighting assembly shall meet the 
construction requirements of 680.23(B)(3) and be 
installed in accordance with the requirements of 680.23. 
Where connection to a forming shell is specified, the 
connection shall be to the conduit termination point. 

(F) Branch-Circuit Wiring. 

(1) Wiring Methods. Branch-circuit wiring on the supply 
side of enclosures and junction boxes connected to 
conduits run to wet-niche and no-niche luminaires, and 
the field wiring compartments of dry-niche luminaires, 
shall be installed using rigid metal conduit, intermediate 
metal conduit, liquidtight flexible nonmetallic conduit, 
rigid polyvinyl chloride conduit, or reinforced 
thermosetting resin conduit. Where installed on 
buildings, electrical metallic tubing shall be permitted, 
and where installed within buildings, electrical 
nonmetallic tubing, Type MC cable, electrical metallic 
tubing, or Type AC cable shall be permitted. In all cases, 
an insulated equipment grounding conductor sized in 
accordance with Table 250.122 but not less than 12 AWG 
shall be required. 

Exception: Where connecting to transformers for pool 
lights, liquidtight flexible metal conduit shall be 
permitted. The length shall not exceed 1.8 m (6ft)for any 
one length or exceed 3.0 m (10 ft) in total length ,II. ed.: 

(2) Equipment Grounding. Other than Ii. t~d low-voltag 
~umin8ire not requiring grounding. al~ through-wall 
lighting assemblies, wet-niche, dry-niche, or no-niche 
luminaires shall be connected to an insulated copper 
equipment grounding conductor installed with the circuit 
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conductors. The equipment grounding conductor shall be 
installed without joint or splice except as permitted in 
(F)(2)(a) and (F)(2)(b). The equipment grounding 
conductor shall be sized in accordance with Table 
250.122 but shall not be smaller than 12 A WG. 

Exception: An equipment grounding conductor between 
the wiring chamber of the secondary winding of a 
transformer and a junction box shall be sized in 
accordance with the overcurrent device in this circuit. 

(a) If more than one underwater luminaire is 
supplied by the same branch circuit, the equipment 
grounding conductor, installed between the junction 
boxes, transformer enclosures, or other enclosures in the 
supply circuit to wet-niche luminaires, or between the 
field-wiring compartments of dry-niche luminaires, shall 
be permitted to be terminated on grounding terminals. 

(b) If the underwater luminaire is supplied from a 
transformer, ground-fault circuit interrupter, c1ock
operated switch, or a manual snap switch that is located 
between the panelboard and a junction box connected to 
the conduit that extends directly to the underwater 
luminaire, the equipment grounding conductor shall be 
permitted to terminate on grounding terminals on the 
transformer, ground-fault circuit interrupter, clock
operated switch enclosure, or an outlet box used to 
enclose a snap switch. 

(3) Conductors. Conductors on the load side of a ground
fault circuit interrupter or of a transformer, used to 
comply with the provisions of 680.23(A)(8), shall not 
occupy raceways, boxes, or enclosures containing other 
conductors unless one of the following conditions applies: 

(1) The other conductors are protected by ground-fault 
circuit interrupters. 

(2) The other conductors are grounding conductors. 

(3) The other conductors are supply conductors to a feed
through-type ground-fault circuit interrupter. 

(4) Ground-fault circuit interrupters shall be permitted in 
a panelboard that contains circuits protected by other 
than ground-fault circuit interrupters. 

680.24 Junction Boxes and Electrical Enclosures for 
Transformers or Ground-Fault Circuit Interrupters. 

(A) Junction Boxes. A junction box connected to a 
conduit that extends directly to a forming shell or 
mounting bracket of a no-niche luminaire shall meet the 
requirements of this section. 

(1) Construction. The junction box shall be listed as a 
swimming pool junction box and shaH comply with the 
following conditions: 

(1) Be equipped with threaded entries or hubs or a 
nonmetallic hub 
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(2) Be comprised of copper, brass, suitable plastic, or 
other approved corrosion-resistant material 

(3) Be provided with electrical continuity between every 
connected metal conduit and the grounding terminals 
by means of copper, brass, or other approved 
corrosion-resistant metal that is integral with the box 

(2) Installation. Where the luminaire operates over 
the junction box location shall 

comply with (A)(2)(a) and (A)(2)(b). Where the luminaire 
operates at or less, the 
junction box location shall be to comply with 
(A)(2)(c). 

(a) Vertical Spacing. The junction box shall be 
located not less than 100 mm (4 in.), measured from the 
inside of the bottom of the box, above the ground level, or 
pool deck, or not less than 200 mrn (8 in.) above the 
maximum pool water level, whichever provides the 
greater elevation. 

(b) Horizontal Spacing. The junction box shall be 
located not less than 1.2 m (4 ft) from the inside wall of 
the pool, unless separated from the pool by a solid fence, 
wall, or other permanent barrier. 

(c) Flush Deck Box. If used on a lighting system 
operating at a flush 
deck box shall be permitted if both of the following 

(1) An approved potting compound is used to fill the box 
to prevent the entrance of moisture. 

(2) The flush deck box is located not less than 1.2 m (4 
ft) from the inside wall of the poo1. 

(D) Other Enclosures. An enclosure for a transformer, 
ground-fault circuit interrupter, or a similar device 
connected to a conduit that extends directly to a forming 
shell or mounting bracket of a no-niche luminaire shall 
meet the requirements of this section. 

(1) Construction. The enclosure shall be listed and 
labeled for the purpose and meet the following 
requirements: 

(I) Equipped with threaded entries or hubs or a 
nonmetallic hub 

(2) Comprised of copper, brass, suitable plastic, or other 
approved corrosion-resistant material 

(3) Provided with an approved seal, such as duct seal at 
the conduit connection, that prevents circulation of 
air between the conduit and the enclosures 

(4) Provided with electrical continuity between every 
connected metal conduit and the grounding terminals 
by means of copper, brass, or other approved 
corrosion-resistant metal that is integral with the box 
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(2) Installation. 

(a) Vertical Spacing. The enclosure shall be located 
not less than 100 mm (4 in.), measured from the inside of 
the bottom of the box, above the ground level, or pool deck, 
or not less than 200 mm (8 in.) above the maximum pool 
water level, whichever provides the greater elevation. 

(b) Horizontal Spacing. The enclosure shall be 
located not less than 1.2 m (4 ft) from the inside wall of 
the pool, unless separated from the pool by a solid fence, 
wall, or other permanent barrier. 

(C) Protection. Junction boxes and enclosures mounted 
above the grade of the finished walkway around the pool 
shall not be located in the walkway unless afforded 
additional protection, such as by location under diving 
boards, adj acent to fixed structures, and the like. 

(D) Grounding Terminals. Junction boxes, transformer 
~nd power-supply enclosures, and ground-fault circuit
interrupter enclosures connected to a conduit that extends 
directly to a forming shell or mounting bracket of a no
niche luminaire shall be provided with a number of 
grounding terminals that shall be no fewer than one more 
than the number of conduit entries. 

(E) Strain Relief. The termination of a flexible cord of an 
underwater lumina ire within a junction box, transformer ,9' 
power-SliPply enclosure, ground-fault circuit interrupter, or 
other enclosure shall be provided with a strain relief. 

(F) Grounding. The equipment grounding conductor 
terminals of a junction box, transformer enclosure, or 
other enclosure in the supply circuit to a wet-niche or no
niche luminaire and the field-wiring chamber of a dry
niche lumina ire shall be connected to the equipment 
grounding terminal of the panelboard. This terminal shall 
be directly connected to the panelboard enclosure. 

680.25 Feeders. These provisions shall apply to any 
feeder on the supply side of panelboards supplying branch 
circuits for pool equipment covered in Part II of this 
article and on the load side of the service equipment or 
the source of a separately derived system. 

(A) Wiring Methods. 

(I) Feeders. Feeders shall be installed in rigid In tal conduit 
or inteml~iate m tal conduit. The following wiring methods 
haJl be pennitted if not subject to physical damage: 

(1) Liquidtight flex ible norunetallic condui~ 
(2) Rigid polyvinyl chloride conduit 

(3) Reinforced tJlermosetting resin conduit 

(4) Electrical metallic tubing where installed on or within 
a building 

(5) .E lectrica I nonmeta 11 ic .. t.~!>i ng\"h~~~.i_n~t~II~~ .~H.hi.I1 .~ 
):>uilding 

(6)' Type Me cable where installed within _(lb.lJildill.s~ll~ 
if not subject to corrosive cnyirolll!lent 
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Exception: An existing feeder between an existing remote 
panelboard and service equipment shall be permitted to 
run in flexible metal conduit or an approved cable 
assembly that includes an equipment grounding 
conductor within its outer sheath. The equipment 
grounding conductor shall comply with 250.24(A)(5). 

(2) Aluminum Conduit. Aluminum conduit shall not b 
permitted in the pool area where subject to corrosjon~ 

(B) Grounding. An equipment grounding conductor shall 
be installed with the feeder conductors between the 
grounding terminal of the pool equipment panelboard and 
the grounding terminal of the applicable service 
equipment or source of a separately derived system. For 
other than (1) existing feeders covered in 680.25(A), 
exception, or (2) feeders to separate buildings that do not 
utilize an insulated equipment grounding conductor in 
accordance with 680.25(B)(2), this equipment grounding 
conductor shall be insulated. 

(1) Size. This conductor shall be sized in accordance with 
250.122 but not smaller than 12 AWG. On separately 
derived systems, this conductor shall be sized in 
accordance with 250.JO(A)(8l but not smaller than 8 AWG. 

(2) Separate Buildings. A feeder to a separate building or 
structure shall be permitted to supply swimming pool 
equipment branch circuits, or feeders supplying swimming 
pool equipment branch circuits, if the grounding 
arrangements in the separate building meet the requirements 
in 250.32(B). Where installed in other than existing feeders 
covered in 680.25(A), Exception, a separate equipment 
grounding conductor shall be an insulated conductor. 

680.26 Equipotential Bonding. 

(A) Performance. The equipotential bonding required by 
this section shall be installed to reduce voltage gradients 
in the pool area. 

(B) Bonded Parts. The parts specified in 680.26(B)( 1) 
through (B)(7) shall be bonded together using solid 
copper conductors, insulated covered, or bare, not smaller 
than 8 A WG or with rigid metal conduit of brass or other 
identified corrosion-resistant metal. Connections to 
bonded parts shall be made in accordance with 250.8. An 
8 AWG or larger solid copper bonding conductor 
provided to reduce voltage gradients in the pool area shall 
not be required to be extended or attached to remote 
panelboards, service equipment, or electrodes. 

(1) Conductive Pool Shells. Bonding to conductive pool 
shells shall be provided as specified in 680.26(B)(1 )(a) or 
(B)(l )(b). Poured concrete, pneumatically applied or 
sprayed concrete, and concrete block with painted or 
plastered coatings shall all be considered conductive 
materials due to water permeability and porosity. Vinyl 
liners and fiberglass composite she lis shall be considered 
to be nonconductive materials. 
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(a) Structural Reinforcing Steel. Unencapsulated 
structural reinforcing steel shall be bonded together by 
steel tie wires or the equivalent. Where structural 
reinforcing steel is encapsulated in a nonconductive 
compound, a copper conductor grid shall be installed in 
accordance with 680.26(B)(1)(b). 

(b) Copper Conductor Grid. A copper conductor 
grid shall be provided and shall comply with (b)( 1) 
through (b)(4). 

(1) Be constructed of minimum 8 A WG bare solid 
copper conductors bonded to each other at all points 
of crossing. The bonding shall b in accordance with 
250.8 or other approved means. 

(2) ~O~f()~~lgt}lc~(ltlt(l~rof the J?oof 

(3) Be arranged in a 300-mm (12-in.) by 300-mm (12-
in.) network of conductors in a uniformly spaced 
perpendicular grid pattern with a tolerance of 100 
mm (4 in.) 

(4) Be secured within or under the pool no more than 150 
mm (6 in.) from the outer contour of the pool shell 

(2) Perimeter Surfaces. The perimeter surface shall extend 
for 1 m (3 ft) horizontally beyond the inside walls of the 
pool and shall include unpaved surfaces, as well as poured 
concrete sUrfaces and other types of paving. Perimeter 
surfaces less than l m (3 ft) eparated by a pennanent wall 
or building l. 5 m (5 ft) in height or more shaH require 
equipotential bonding on the pool side of the pennanent 
wall or building~ Bonding to perimeter surfaces shall be 
provided as specified in 680.26(B)(2)(a) or (2)(b) and shall 
be attached to the pool reinforcing steel or copper conductor 
grid at a minimum of four (4) points uniformly spaced 
around the perimeter of the pool. For nonconductive pool 
shells, bonding at four points shall not be required. 

(a) Structural Reiriforcing Steel. Structural 
reinforcing steel shall be bonded in accordance with 
680.26(B)(1)(a). 

(b) Alternate Means. Where structural reinforcing 
steel is not available or is encapsulated in a 
nonconductive compound, a copper conductor(s) shall be 
utilized where the following requirements are met: 

(1) At least one minimum 8 AWG bare solid copper 
conductor shall be provided. 

(2) The conductors shall follow the contour of the 
perimeter surface. 

(3) Only listed splices shall be permitted. 

(4) The required conductor shall be 450 mm to 600 mm 
(18 in. to 24 in.) from the inside walls of the pool. 

(5) The required conductor shall be secured within or 
under the perimeter surface 100 mm to 150 mm (4 in. 
to 6 in.) below the subgrade. 
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(3) Metallic Components. All metallic parts of the pool 
structure, induding reinforcing metal not addressed in 
680.26(B)(1)( a), shall be bonded. Where reinforcing steel 
is encapsulated with a non conductive compound, the 
reinforcing steel shall not be required to be bonded. 

(4) Underwater Lighting. All metal forming shells and 
mounting brackets of no-niche luminaires shall be bonded. 

Exception: Listed low-voltage lighting systems with 
nonmetallic forming shells shall not require bonding. 

(5) Metal Fittings. All metal fittings within or attached to 
the pool structure shall be bonded. Isolated parts that are 
not over 100 mm (4 in.) in any dimension and do not 
penetrate into the pool structure more than 25 mm (1 in.) 
shall not require bonding. 

(6) Electrical Equipment. Metal parts of electrical 
equipment associated with the pool water circulating 
system, including pump motors and metal parts of 
equipment associated with pool covers, induding electric 
motors, shall be bonded. 

Exception: Metal parts of listed equipment incorporating 
an approved system of double insulation shall not be 
bonded. 

(a) Double-Insulated Water Pump Motors. Where a 
double-insulated water pump motor is installed under the 
provisions of this rule, a solid 8 AWG copper conductor of 
sufficient length to make a bonding connection to a 
replacement motor shall be extended from the bonding grid 
to an accessible point in the vicinity of the pool pump motor. 
Where there is no connection between the swimming pool 
bonding grid and the equipment grounding system for the 
premises, this bonding conductor shall be connected to the 
equipment grounding conductor of the motor circuit. 

(b) Pool Water Heaters. For pool water heaters rated 
at more than 50 amperes and having specific instructions 
regarding bonding and grounding, only those parts 
designated to be bonded shall be bonded and only those 
parts designated to be grounded shall be grounded. 

(7) Fixed Metal Parts. All fixed metal parts shall be 
bonded including, but not limited to. metal-sheathed 
cables and raceway. metal piping metal awnings, metal 
fences. and metal door and window frames. 

Exception No.1: Those separated from the pool by a 
permanent barrier (hal prevents colllw.:t hy a pe"son shall 
not be required to be bonded. 

Exception No.2: Those greater than 1.5 m (5 ft) 
horizontally of the inside walls of the pool shall not be 
required to be bonded. 

Exception No.3: Those greater than 3.7 m (12 ft) 
measured vertically above the maximum water level of the 
pool, or as measured vertically above any observation 
stands, towers, or platforms, or any diving structures, 
shall not be required to be bonded. 
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(C) Pool Water. An intentional bond of a mmImum 

conductive surface area of 5800 mm2 (9 In.2) shall be 
installed in contact with the pool water. This bond sha1l be 
pemlitted to consist of parts that are required to be bonded in 
680.26(B). 

680.27 Specialized Pool Equipment. 

(A) Underwater Audio Equipment. All underwater audio 
equipment shall be identified for the purpose. 

(1) Speakers. Each speaker shall be mounted in an approved 
metal forming shell, the front of which is enclosed by a 
captive metal screen, or equivalent, that is bonded to, and 
secured to, the forming shell by a positive locking device that 
ensures a low-resistance contact and requires a tool to open 
for installation or servicing of the speaker. The fonning shell 
sha11 be installed in a recess in the wall or floor ofthe pooL 

(2) Wiring IVlethods. Rigid metal conduit of brass or other 
identified corrosion-resistant metal, liquidtight flexible 
nonmetallic conduit (LFNC-B), rigid polyvinyl chloride 
conduit, or reinforced thermosetting resin conduit shall 
extend from the forming shell to a listed junction box or 
other enclosure as provided in 680.24. Where rigid polyvinyl 
chloride conduit, reinforced thennosetting resin conduit, or 
liquidtight flexible nonmetallic conduit is used, an 8 AWG 
insulated solid or stranded copper bonding jumper shall be 
installed in this conduit. The bonding jumper shall be 
terminated in the forming shell and the junction box. The 
tennination of the 8 AWG bonding jumper in the fonning 
shell shall be covered with, or encapsulated in, a listed 
potting compound to protect such connection from the 
possible deteriorating effect of pool water. 

(3) Forming Shell and Metal Screen. The fonning shell 
and metal screen shall be of brass or other approved 
corrosion-resistant metal. All fonning shells shall include 
provisions for terminating an 8 A WG copper conductor. 

(B) Electrically Operated Pool Covers. 

(1) Motors and Controllers. The electric motors, 
controllers, and wiring shall be located not less than 1.5 m (5 
ft) from the inside wall of the pool unless separated from the 
pool by a wall, cover, or other pennanent barrier. Electric 
motors installed below grade level shall be of the totally 
enclosed type. The device that controls the operation of the 
motor for an electrically operated pool cover shall be located 
such that the operator has full view of the pool. 

Infonnational Note No.1: For cabinets installed in damp 
and wet locations, see 312.2. 

Infomlational Note No.2: For switches or circuit breakers 
installed in wet locations, see 404.4. 

Infonnational Note No.3: For protection against liquids, 
see 430.11. 
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(2) Protection. The electric motor and controller shall be 
connected to a circuit protected by a ground-fault circuit 
interrupter. 

(C) Deck Area Heating. The provisions of this section shall 
apply to all pool deck areas, including a covered pool, where 
electrically operated comfort heating units are installed 
within 6.0 m (20 ft) ofthe inside wall of the pooL 

(1) Unit Heaters. Unit heaters shall be rigidly mounted to 
the structure and shall be of the totally enclosed or guarded 
type. Unit heaters shall not be mounted over the pool or 
within the area extending 1.5 m (5 ft) horizontally from the 
inside walls of a pool. 

(2) Permanently Wired Radiant Heaters. Radiant electric 
heaters shall be suitably guarded and securely fastened to 
their mounting device(s). Heaters shall not be installed over a 
pool or within the area extending 1.5 m (5 ft) horizontally 
from the inside walls of the pool and shall be mounted at 
least 3.7 m (12 ft) vertically above the pool deck unless 
otherwise approved. 

(3) Radiant Heating Cables Not Permitted. Radiant 
heating cables embedded in or below the deck shall not be 
pennitted. 

HI. Storable Pools 

680.30 General. Electrical installations at storable pools 
shall comply with the provisions of Part I and Part In of this 
article. 

680.31 Pumps. A cord-connected pool filter pump shall 
incorporate an approved system of double insulation or its 
equivalent and shaH be provided with means for grounding 
only the internal and nonaccessible non-current-carrying 
metal parts of the appliance. 

The means for grounding shall be an equipment grounding 
conductor run with the power-supply conductors in the 
flexible cord that is properly tenninated in a grounding-type 
attachment plug having a fixed grounding contact member. 

Cord-connected pool filter pumps shall be provided with a 
ground-fault circuit interrupter that is an integral part of the 
attachment plug or located in the power supply cord within 
300 mm (12 in.) ofthe attachment plug. 

680.32 Ground-Fault Circuit Interrupters Required. All 
electrical equipment, including power-supply cords, used 
with storable pools shall be protected by ground-fault circuit 
interrupters. 

All 125-volt, receptacles located 
within 6.0 m (20 ft) of the inside walls of a storable pool 
shaH be protected by a ground-fault circuit interrupter. In 
determining these dimensions, the distance to be measured 
shall be the shortest path the supply cord of an appliance 
connected to the recept.'lcle would follow without piercing a 
floor, wall, ceiling, doorway with hinged or sliding door, 
window opening, or other effective permanent barrier. 

lnformational Note: For flexible cord usage, see 400.4. 
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680.33 Luminaires. An underwater luminaire, if installed, 
shall be installed in or on the wall of the storable pool. It 
shall comply with either 680.33(A) or (B). 

(A) 'Vithin the Low VOltage Contact LlInlt. A lumina ire 
shall be part of a cord-and-plug-connected lighting asseI11bly. 
This assembly shall be listed as an assembly for the purpose 
and have the following construction features: 

(1) No exposed metal parts 

(2) A .1~L.111!naire lamp that is suitable for usc at the supplied 
"oilage 

(3) An impact-resistant polymeric lens, luminaire body, and 
transformer enclosure 

(4) A transformer :t?rpower ····supply meeting the 
requirements of 680.23(A)(2) with a primary rating not 
over 150 volts 

(B) Over tile Low Voltage Contact Limit But Not over 
150 Volts. A lighting assembly without a transformer or 
~;o\,er upply and with the luminaire lamp(s) operating at not 
over 150 volts shall be permitted to be cord-and-plug
connected where the assembly is listed as an assembly for 
the purpose. The installation shall comply with 680.23(A)(5), 
and the assembly shall have the following construction 
features: 

(1) No exposed metal parts 

(2) An impact-resistant polymeric lens and luminaire body 

(3) A ground-fault circuit interrupter with open neutral 
conductor protection as an integral part of the assembly 

(4) The luminaire lamp permanently connected to the 
ground-fault circuit interrupter with open-neutral 
protection 

(5) Compliance with the requirements of680.23(A) 

680.34 Receptacle Locations. Receptacles shall not be 
located less than 1.83 m (6 ft) from the inside walls of a pool. 
In determining these dimensions, the distance to be measured 
shall be the shortest path the supply cord of an appliance 
connected to the receptacle would follow without piercing a 
floor, wall, ceiling, doorway with hinged or sliding door, 
window opening, or other effective permanent barrier. 

IV. Spas and Hot Tubs 

680.40 General. Electrical installations at spas and hot 
tubs shall comply with the provisions of Part I and Part IV 
of this article. 

680.41 Emergency Switch for Spas and Hot Tubs. A 
clearly labeled emergency shutoff or control switch for the 
purpose of stopping the motor(s) that provide power to the 
recirculation system and jet system shall be installed at a 
point readily accessible to the users and not less than 1.5 m 
(5 ft) away, adjacent to, and within sight of the spa or hot 
tub. This requirement shall not apply to single-family 
dwellings. 
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680.42 Outdoor Installations. A spa or hot tub installed 
outdoors shall comply with the provisions of Parts I and II 
of this article, except as permitted in 680.42(A) and (B), 
that would otherwise apply to pools installed outdoors. 

(A) Flexible Connections. Listed packaged spa or hot tub 
equipment assemblies or self-contained spas or hot tubs 
utilizing a factory-installed or assembled control panel or 
panelboard shall be permitted to use flexible connections 
as covered in 680.42(A)(l) and (A)(2). 

(1) Flexible Conduit. Liquidtight flexible metal conduit 
or liquidtight flexible nonmetallic conduit shall be 
permitted in lengths of not more than 1.8 m (6 ft) external 
to the spa or hot tub enclosure in add it iOll to "ihe length 
need d within the enclosure to make the electrical 
conncction~ 

(2) Cord-and-Plug Connections. Cord-and-plug 
connections with a cord not longer than 4.6 m (15 ft) shall 
be permitted where protected by a ground-fault circuit 
interrupter. 

(B) Bonding. Bonding by metal-to-metal mounting on a 
common frame or base shall be permitted. The metal 
bands or hoops used to secure wooden staves shall not be 
required to be bonded as required in 680.26. 

(C) Interior Wiring to Outdoor Installations. In the 
interior of a one-family dwelling or in the interior of 
another building or structure associated with a one-family 
dwelling, any of the wiring methods recognized in 
Chapter 3 of this Code that contain a copper equipment 
grounding conductor that is insulated or enclosed within 
the outer sheath of the wiring method and not smaller than 
12 A WG shall be permitted to be used for the connection 
to motor, heating, and control loads that are part of a self
contained spa or hot tub or a packaged spa or hot tub 
equipment assembly. Wiring to an underwater luminaire 
shall comply with 680.23 or 680.33. 

680.43 Indoor Installations. A spa or hot tub installed 
indoors shall comply with the provisions of Parts I and II 
of this article except as modified by this section and shall 
be connected by the wiring methods of Chapter 3. 

Exception No.1: Listed spa and hot tub packaged units 
rated 20 amperes or less shall be permitted to be cord
and-plug-connected to faCilitate the removal or 
disconnection of the unit for maintenance and repair. 

Exception No.2: The equiputentiul honding requirements 
for perimeter sUlface ill 680.26(8)(2) shall nut app( ... · 10 a 
listed 'elf-colltailled .wn or hOI tuh installed abm'e a 
fin/shed floor. 

2013 California Electrical Code 



ARTICLE 680 - SWIMMING POOLS, FOUNTAINS, AND SINIILAR INSTALLATIONS 680.44 

(A) Receptacles. At least one 1 25-volt, 15- or 20-ampere 
receptacle on a general-purpose branch circuit shall be 
located not less than 1.83 m (6 ft) from, and not exceeding 
3.0 m (10 ft) from, the inside wall of the spa or hot tub. 

(1) Location. Receptacles shall be located at least 1.83 m 
(6 ft) measured horizontally from the inside walls of the 
spa or hot tub. 

(2) Protection, General. Receptacles rated 125 volts and 
30 amperes or less and located within 3.0 m (lOft) of the 
inside walls of a spa or hot tub shall be protected by a 
ground-fault circuit interrupter. 

(3) Protection, Spa or Hot Tub Supply Receptacle. 
Receptacles that provide power for a spa or hot tub shall 
be ground-fault circuit-interrupter protected. 

(4) Measurements. In determining the dimensions in this 
section addressing receptacle spacings, the distance to be 
measured shall be the shortest path the supply cord of an 
appliance connected to the receptacle would follow 
without piercing a floor, wall, ceiling, doorway with 
hinged or sliding door, window opening, or other 
effective permanent barrier. 

(B) Installation of Luminaires, Lighting Outlets, and 
Ceiling-Suspended (Paddle) Fans. 

(1) Elevation. Luminaires, except as covered in 
680.43(B)(2), lighting outlets, and ceiling-suspended 
(paddle) fans located over the spa or hot tub or within 1.5 
m (5 ft) from the inside walls of the spa or hot tub shall 
comply with the clearances specified in (B)(1 )(a), 
(B)(I)(b), and (B)(I)(c) above the maximum water level. 

(a) Without GFCI. Where no GFCI protection is 
provided, the mounting height shall be not less than 3.7 m 
(12 ft). 

(b) With GFCI. Where GFCI protection is provided, 
the mounting height shall be permitted to be not less than 
2.3 m (7 ft 6 in.). 

(c) Below 2.3 m (7 it 6 in.). Luminaires meeting the 
requirements of item (1) or (2) and protected by a ground
fault circuit interrupter shall be permitted to be installed 
less than 2.3 m (7 ft 6 in.) over a spa or hot tub: 

(I) Recessed luminaires with a glass or plastic lens, 
nonmetallic or electrically isolated metal trim, and 
suitable for use in damp locations 

(2) Surface-mounted luminaires with a glass or plastic 
globe, a nonmetallic body, or a metallic body isolated 
from contact, and suitable for use in damp locations 

(2) Underwater Applications. Underwater luminaires 
shall comply with the provisions of 680.23 or 680.33. 

(C) Switches shall be located at least 1.5 m (5 
ft), measured horizontally, from the inside walls of the 
spa or hot tub. 
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(D) Bonding. The following parts shall be bonded together: 

(1) All metal fittings within or attached to the spa or hot 
tub structure 

(2) Metal parts of electrical equipment associated with 
the spa or hot tub water 
pump motors, 

(3) Metal raceway and metal piping that are within 1.5 m 
(5 ft) of the inside walls of the spa or hot tub and that 
are not separated from the spa or hot tub by a 
permanent barrier 

(4) All metal surfaces that are within 1.5 m (5 ft) of the 
inside walls of the spa or hot tub and that are not 
separated from the spa or hot tub area by a permanent 
barrier 

Exception: Small conductive surfaces not likely to 
become energized, such as air and water jets and drain 
.fittings, where not connected to metallic piping, towel 
bars, mirror frames, and similar nonelectrical equipment, 
shall not be required to be bonded. 

(5) Electrical devices and controls that are not associated 
with the spas or hot tubs and that are than 
1.5 m (5 ft) from such units; otherwise, they shall be 
bonded to the spa or hot tub system 

(E) Methods of Bonding. All metal parts associated with 
the spa or hot tub shall be bonded by any of the following 
methods: 

(1) The interconnection of threaded metal piping and fittings 

(2) Metal-to-metal mounting on a common frame or base 

(3) The provisions of a solid copper bonding jumper, 
insulated, covered, or bare, not smaller than 8 AWG 

(F) Grounding. The following equipment shall be grounded: 

(1) All electrical equipment located within 1.5 m (5 ft) of 
the inside wall of the spa or hot tub 

(2) All electrical equipment associated with the 
circulating system of the spa or hot tub 

(G) Underwater Audio Equipment. Underwater audio 
equipment shall comply with the provisions of Part II of 
this article. 

680.44 Protection. Except as otherwise provided in this 
section, the outlet(s) that supplies a self-contained spa or 
hot tub, a packaged spa or hot tub equipment assembly, or 
a field-assembled spa or hot tub shall be protected by a 
ground-fault circuit interrupter. 

(A) Listed Units. If so marked, a listed self-contained unit or 
listed packaged equipment assembly that includes integral 
ground-fault circuit-interrupter protection for all electrical 
parts within the unit or assembly (pumps, air blowers, 
heaters, lights, controls, sanitizer generators, wiring, and so 
forth) shall be permitted without additional GFCI protection. 

70-587 



ARTICLE 680 - SWIMMING 

(B) Other Units. A field-assembled spa or hot tub rated 3 
phase or rated over 250 volts or with a heater load of 
more than 50 amperes shall not require the supply to be 
protected by a ground-fault circuit interrupter. 

Infonnational Note: See 680.2 for definitions of self
contained spa or hot tub and for spa or hot 
tub equipment assemb~y. 

V. Fountains 

680.50 General. The provisions of Part I and Part V of 
this article shall apply to all permanently installed 
fountains as defined in 680.2. Fountains that have water 
common to a pool shall additionally comply with the 
requirements in Part II of this article. Part V does not 
cover self-contained, portable fountains. Portable 
fountains shall comply with Parts II and III of Article 422. 

680.51 Luminaires, Submersible Pumps, and Other 
Submersible Equipment. 

(A) Ground-Fault Circuit Interrupter. Luminaires, 
submersible pumps, and other submersible equipment, 
unless listed for operation at 
less and supplied by a transformer 
complies with 680.23(A)(2), shall be protected 
ground-fault circuit interrupter. 

(B) Operating Voltage. No luminaires shall be installed 
for operation on supply circuits over 150 volts between 
conductors. Submersible pumps and other submersible 
equipment shall operate at 300 volts or less between 
conductors. 

(C) Luminaire Lenses. Luminaires shall be instal1ed with 
the top of the luminaire lens below the normal water level 
of the fountain unless listed for above-water locations. A 
luminaire facing upward shall comply with either (1) or (2): 

(1) Have the lens adequately guarded to prevent contact 
by any person 

(2) Be listed for use without a guard 

(D) Overheating Protection. Electrical equipment that 
depends on submersion for safe operation shall be 
protected against overheating by a low-water cutoff or 
other approved means when not submerged. 

(E) Wiring. Equipment shall be equipped with provisions 
for threaded conduit entries or be provided with a suitable 
flexible cord. The maximum length of each exposed cord 
in the fountain shall be limited to 3.0 m (10 ft). Cords 
extending beyond the fountain perimeter shall be enclosed 
in approved wiring enclosures. Metal parts of equipment 
in contact with water shall be of brass or other approved 
corrosion-resistant metal. 
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(F) Servicing. All equipment shall be removable from the 
water for relamping or normal maintenance. Luminaires 
shall not be permanently embedded into the fountain 
structure such that the water level must be reduced or the 
fountain drained for relamping, maintenance, or inspection. 

(G) Stability. Equipment shall be inherently stable or be 
securely fastened in place. 

680.52 Junction Boxes and Other Enclosures. 

(A) General. Junction boxes and other enclosures used for 
other than underwater installation shall comply with 680.24. 

(B) Underwater Junction Boxes and Other Underwater 
Enclosures. Junction boxes and other underwater enclosures 
shall meet the requirements of 680.52(8)(1) and (8)(2). 

(1) Construction. 

( a) Underwater enclosures shall be equipped with 
provisions for threaded conduit entries or compression 
glands or seals for cord entry. 

(b) Underwater enclosures shall be submersible and 
made of copper, brass, or other approved corrosion
resistant material. 

(2) Installation. Underwater enclosure installations shall 
comply with (a) and (b). 

(a) Underwater enclosures shall be filled with an 
approved potting compound to prevent the entry of moisture. 

(b) Underwater enclosures shall be firmly attached 
to the supports or directly to the fountain surface and 
bonded as required. Where the junction box is supported 
only by conduits in accordance with 314.23(E) and (F), 
the conduits shall be of copper, brass, stainless steel, or 
other approved corrosion-resistant metal. Where the box 
is fed by nonmetallic conduit, it shall have additional 
supports and fasteners of copper, brass, or other approved 
corrosion-resistant material. 

680.53 Bonding. All metal piping systems associated with 
the fountain shall be bonded to the equipment grounding 
conductor of the branch circuit supplying the fountain. 

Infonnational Note: See 250.122 for 
conductors. 

of these 

680.54 Grounding. The following equipment shall be 
grounded: 

(1) 
gnlfUDjjjOJIl. all electrical equipment located within the 
fountain or within 1.5 m (5 ft) of the inside wall of the 
fountain 

(2) All electrical equipment associated with the 
recirculating system of the fountain 

(3) Panelboards that are not part of the service equipment 
and that supply any electrical equipment associated 
with the fountain 
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680.55 Methods of Grounding. 

(A) Applied Provisions. The provisions of 680.21 (A), 
680.23(B)(3), 680.23(F)(1) and (F)(2), 680.24(F), and 
680.25 shall apply. 

(B) Supplied by a Flexible Cord. Electrical equipment 
that is supplied by a flexible cord shall have all exposed 
non-current-carrying metal parts grounded by an 
insulated copper equipment grounding conductor that is 
an integral part of this cord. The equipment grounding 
conductor shall be connected to an equipment 
grounding terminal in the supply box, 
transformer enclosure, or other 
enclosure. 

680.56 Cord-and-Plug-Connected Equipment. 

(A) Ground-Fault Circuit Interrupter. All electrical 
equipment, including power-supply cords, shall be 
protected by ground-fault circuit interrupters. 

(B) Cord Type. Flexible cord immersed in or exposed to 
water shall be of a type for extra-hard usage, as 
designated in Table 400.4, and shall be a listed type with 
a "W" suffix. 

(C) Sealing. The end of the flexible cord jacket and the 
flexible cord conductor termination within equipment 
shall be covered with, or encapsulated in, a suitable 
potting compound to prevent the entry of water into the 
equipment through the cord or its conductors. In 
addition, the ground connection within equipment shall 
be similarly treated to protect such connections from the 
deteriorating effect of water that may enter into the 
equipment. 

(D) Terminations. Connections with flexible cord shall 
be permanent, except that grounding-type attachment 
plugs and receptacles shall be permitted to facilitate 
removal or disconnection for maintenance, repair, or 
storage of fixed or stationary equipment not located in 
any water-containing part of a fountain. 

680.57 Signs. 

(A) General. This section covers electric signs installed 
within a fountain or within 3.0 m (10 ft) of the fountain 
edge. 

(B) Ground-Fault Circuit-Interrupter Protection for 
Personnel. All circuits supplying the sign shall have 
ground-fault circuit-interrupter protection for personnel. 

(C) Location. 

(1) Fixed or Stationary. A fixed or stationary electric 
sign installed within a fountain shall be not less than 1.5 
m (5 ft) inside the fountain measured from the outside 
edges of the fountain. 
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(2) Portable. A portable electric sign shall not be placed 
within a pool or fountain or within 1.5 m (5 ft) measured 
horizontally from the inside walls of the fountain. 

(D) Disconnect. A sign shall have a local disconnecting 
means in accordance with 600.6 and 680.12. 

(E) Bonding and Grounding. A sign shall be grounded 
and bonded in accordance with 600.7. 

680.58 GFCI Protection for Adjacent Receptacle 
Outlets. All 15- or 20-ampere, single-phase 1 25-volt 
through 250-volt receptacles located within 6.0 m (20 ft) of 
a fountain edge shall be provided with GFCI protection. 

VI. Pools and Tubs for Therapeutic Use 

680.60 General. The provisions of Part I and Part VI of 
this article shall apply to pools and tubs for therapeutic 
use in health care facilities, gymnasiums, athletic training 
rooms, and similar areas. Portable therapeutic appliances 
shall comply with Parts II and III of Article 422. 

Informational Note: See 517.2 for definition of 
health care facilities. 

680.61 Permanently Installed Therapeutic Pools. 
Therapeutic pools that are constructed in the ground, on 
the ground, or in a building in such a manner that the pool 
cannot be readily disassembled shall comply with Parts I 
and II of this article. 

Exception: The limitations of 680.22(B)(1) through 
(C)(4) shall not apply where all luminaires are of the 
totally enclosed type. 

680.62 Therapeutic Tubs (Hydrotherapeutic Tanks). 
Therapeutic tubs, used for the submersion and treatment 
of patients, that are not easily moved from one place to 
another in normal use or that are fastened or otherwise 
secured at a specific location, including associated piping 
systems, shall conform to Part VI. 

(A) Protection. Except as otherwise provided in this 
section, the outlet(s) that supplies a self-contained 
therapeutic tub or hydrotherapeutic tank, a packaged 
therapeutic tub or hydrotherapeutic tank, or a field
assembled therapeutic tub or hydrotherapeutic tank shall 
be protected by a ground-fault circuit interrupter. 

(1) Listed Units. If so marked, a listed self-contained 
unit or listed packaged equipment assembly that 
includes integral ground-fault circuit-interrupter 
protection for all electrical parts within the unit or 
assembly (pumps, air blowers, heaters, lights, controls, 
sanitizer generators, wiring, and so forth) shall be 
permitted without additional GFCI protection. 
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(2) Other Units. A therapeutic tub or hydrotherapeutic tank 
rated 3 phase or rated over 2S0 volts or with a heater load of 
more than SO amperes shall not require the supply to be 
protected by a ground-fault circuit intelTUpter. 

(B) Bonding. The following parts shall be bonded together: 

(1) All metal fittings within or attached to the tub structure 

(2) Metal parts of electrical equipment associated with the 
tub water circulating system, including pump motors 

(3) Metal-sheathed cables and raceways and metal piping 
that are within 1.S m (S ft) of the inside walls of the tub 
and not separated from the tub by a permanent barrier 

(4) All metal surfaces that are within 1.S m (S ft) of the 
inside walls of the tub and not separated from the tub 
area by a permanent barrier 

(S) Electrical devices and controls that are not associated 
with the therapeutic tubs and located within 1.S m (S ft) 
from such units. 

Exception: Small conductive sUlface not like(v to become 
energized such (IS air and waleI' jets and drain Jitting nol 
connected 10 melallic piping. alld lowel bars, mirror fi'ame . 
and imiklr nonelectrical equipment nol connected 10 metal 
ji'aming. shall not be required to be bonded. 

(C) Methods of Bonding. All metal parts required to be 
bonded by this section shall be bonded by any of the 
following methods: 

(1 ) The interconnection of threaded metal piping and fittings 

(2) Metal-to-metal mounting on a common frame or base 

(3) Connections by suitable metal clamps 

(4) By the provisions of a solid copper bonding jumper, 
insulated, covered, or bare, not smaller than 8 A WG 

(D) Grounding. 

(1) Fixed or Stationary Equipment. The equipment 
specified in (a) and (b) shall be connected to the equipment 
grounding conductor. 

(a) Location. All electrical equipment located within 
1.S m (S ft) ofthe inside wall of the tub shall be connected to 
the equipment grounding conductor. 

(b) Circulation System. All electrical equipment 
associated with the circulating system of the tub shall be 
connected to the equipment grounding conductor. 

(2) Portable Equipment. Portable therapeutic appliances 
shall meet the grounding requirements in 2S0.114. 

(E) Receptacles. All receptacles within 1.83 m (6 ft) of a 
therapeutic tub shall be protected by a ground-fault circuit 
interrupter. 

(F) Luminaires. All luminaires used in therapeutic tub areas 
shall be ofthe totally enclosed type. 
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VII. Hydromassage Bathtubs 

680.70 General. Hydromassage bathtubs as defined in 680.2 
shall comply with Part VII of this article. They shall not be 
required to comply with other parts of this article. 

680.71 Protection. Hydromassage bathtubs and their 
associated electrical components shall be on an individual 
branch circuit(s) and protected by a readily accessible ground
fault circuit intelTUpter. All 12S-volt, single-phase receptacles 
not exceeding 30 amperes and located within 1.83 m (6 ft) 
measured horizontally of the inside walls of a hydromassage 
tub shall be protected by a ground-fault circuit interrupter. 

680.72 Other Electrical Equipment. Luminaires, switches, 
receptacles, and other electrical equipment located in the 
same room, and not directly associated with a hydromassage 
bathtub, shall be installed in accordance with the 
requirements of Chapters 1 through 4 in this Code covering 
the installation of that equipment in bathrooms. 

680.73 Accessibility. Hydromassage bathtub electrical 
equipment shall be accessible without damaging the building 
structure or building finish. Where the hydromassage bathtub 
is cord- and plug..colID cted with the supply receptacle 
accessible only througb a service access opening the 
receptacle shall be installed so that its face is within direct 
view and not l1)ore than 300 mm (I ft of the openin& 

680.74 Bonding. All metal piping systems and all grounded 
metal parts in contact with the circulating water shall be 
bonded together using a solid copper bonding jumper, 
insulated, covered, or bare, not smaller than 8 AWG. The 
bonding jumper shall be connected to the terminal on the 
circulating pump motor that is intended for this purpose. The 
bonding jumper shall not be required to be connected to a 
double insulated circulating pump motor. The 8 AWG or 
larger solid copper bonding jumper shall be required for 
equipotential bonding in the area of the hydromassage 
bathtub and shall not be required to be extended or attached 
to any remote panelboard, service equipment, or any 
electrode. e 8 AWG or larger solid copper bonding jumper 
shalf be long enough to tcnninate on a replacement noo
double-insulated pump motor and shall be tcnninated to the 
equipment grounding conductor of th branch circuit of the 
motor when a double-iI! _u~l(!~t ~~~!lI~t4~g PLJr:nPI1l2~()!i~ 
Used. 

ARTICLE 682 
Natural and Artificially Made 

Bodies of Water 
I. General 
682.1 Scope. This article applies to the installation of 
electrical wiring for, and equipment in and adjacent to, 
natural or artificially made bodies of water not covered by 
other articles in this Code, such as but not limited to 
aeration ponds, fish farm ponds, storm retention basins, 
treatment ponds, irrigation ( channels) facilities. 
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682.2 Definitions. 

Artificially Made Bodies of Water. Bodies of water that 
have been constructed or modified to fit some decorative 
or commercial purpose such as, but not limited to, 
aeration ponds, fish farm ponds, storm retention basins, 
treatment ponds, and irrigation (channel) facilities. Water 
depths may vary seasonally or be controlled. 

Electrical Datum Plane. The electrical datum plane as 
used in this article is defined as follows: 

(1) In land areas subject to tidal fluctuation, the electrical 
datum plane is a horizontal plane 600 mm (2 ft) 
above the highest tide level for the area occurring 
under normal circumstances, that is, highest high 
tide. 

(2) In land areas not subject to tidal fluctuation, the 
electrical datum plane is a horizontal plane 600 mm 
(2 ft) above the highest water level for the area 
occurring under normal circumstances. 

(3) In land areas subject to flooding, the electrical datum 
plane based on (1) or (2) above is a horizontal plane 
600 mm (2 ft) above the point identified as the 
prevailing high water mark or an equivalent 
benchmark based on seasonal or storm-driven 
flooding from the authority having jurisdiction. 

(4) The electrical datum plane for floating structures and 
landing stages that are (1) installed to permit rise and 
fall response to water level, without lateral 
movement, and (2) that are so equipped that they can 
rise to the datum plane established for (1) or (2) 
above, is a horizontal plane 750 mm (30 in.) above 
the water level at the floating structure or landing 
stage and a minimum of 300 mm (12 in.) above the 
level of the deck. 

Equipotential Plane. An area where wire mesh or other 
conductive elements are on, embedded in, or placed under 
the walk surface within 75 mm (3 in.), bonded to all metal 
structures and fixed nonelectrical equipment that may 
become energized, and connected to the electrical 
grounding system to prevent a difference in voltage from 
developing within the plane. 

Natural Bodies of Water. Bodies of water such as lakes, 
streams, ponds, rivers, and other naturally occurring bodies 
of water, which may vary in depth throughout the year. 

Shoreline. The farthest extent of standing water under the 
applicable conditions that determine the electrical datum 
plane for the specified body of water. 

6~2.}Qthe~ Articles. If the water is subje~t to boat 
traffic the \Viri~g~~an cOI1WIY~Hh???J}f~t 
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II. Installation 

682.10 Electrical Equipment and Transformers. 
Electrical equipment and transformers, including their 
enclosures, shall be specifically approved for the intended 
location. No portion of an enclosure for electrical 
equipment not identified for operation while submerged 
shall be located below the electrical datum plane. 

682.11 Location of Service Equipment. On land, the 
service equipment for floating structures and submersible 
electrical equipment shall be located no closer than 1.5 m 
(5 ft) horizontally from the shoreline and live parts shall 
be elevated a minimum of 300 mm (12 in.) above the 
electrical datum plane. Service equipment shall 
disconnect when the water level reaches the height of the 
established electrical datum plane. 

682.12 Electrical Connections. All electrical connections 
not intended for operation while submerged shall be located 
at least 300 mm (12 in.) above the deck of a floating or fixed 
structure, but not below the electrical datum plane. 

682.13 Wiring Methods and I nstallation. Liquidtight 
flexible metal conduit or liquidtight flexible nonmetallic 
conduit with approved fittings shall be permitted for 
feeders and where flexible connections are required for 
services. Extra-hard usage portable power cable listed for 
both wet locations and sunlight resistance shall be 
permitted for a feeder or a branch circuit where flexibility 
is required. Other wiring methods suitable for the location 
shall be permitted to be installed where flexibility is not 
required. Temporary wiring in accordance with 590.4 
shall be permitted. 

682.14 Submer ible or Floating Equipment Power 
Conoection( ). Submersibl or floating equipment shall 
be cord- and plug-connC!cted, u ing extra·hard usag cord, 
as de ignated in Table 400.4. and listed with a "W" 
sullix. The plug and receptacle combination shall be 
arranged to be suitable lor the location while in use. 
Disconnecting means shall be provided to isolate each 
ubmersible or floating I ctrical equipment from its 

supply connection(s) without requiring the )?1!lg to be 
removed from the receptacle. 

IJxC!€!£t(c:!!:.::,,~ Equipment"jj red .lor direct connection and 
quipment anchored In place and incapable of routine 

movement caused hy waleI' currents or wind shall be 
permitted 10 be connccled using wiring methods covered 
in 682./3. 

(A) Type and Marking. The disconnecting means hall 
consist of a circuit breaker. a switch, or both or a molded 
case switch, and shall be specifically marked to designate 
which receptacle or other outlet it controls. 
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(B) Location. The disconnecting means shall be readily 
accessible on land . located not more than 750 mm (30 in.) 
from the rec~ptacle it controls. and shall be located in the 
supply circuit ahead of th receptacle. The disconnecting 
means shall be located within ight of but not clo er than 
1.5 In (5 ft) from the shoreline and shall be elevated not 
Ie s than 300 mOl (12 in.) above the datum plane. 

682.15 Ground-Fault Circuit-Interrupter (GFCI) 
Protection. Fifteen- and 20-ampere single-phase, 125-
volt through 250-volt receptacles installed outdoors and in 
or on floating buildings or structures within the electrical 
datum plane area that are used for storage, maintenance, 
or repair where portable electric hand tools, electrical 
diagnostic equipment, or portable lighting equipment are 
to be used shall be provided with GFCI protection. The 
GFCI protection device shall be located not less than 300 
mm (12 in.) above the established electrical datum plane. 

III. Grounding and Bonding 

682.30 Grounding. Wiring and equipment within the 
scope of this article shall be grounded as specified in Part 
III of 553, 555.15, and with the requirements in Part III of 
this article. 

682.31 Equipment Grounding Conductors. 

(A) Type. Equipment ground ing conductors shall be 
insulated copper conductors sized in accordance with 
250.122 but not smaller than 12 A WG. 

(B) Feeders. Where a feeder supplies a remote panelboard 
Q~ ... Q.~I.le:r~i~lri~utiQI1~qllipmeny an insulated equipment 
grounding conductor shall extend from a grounding 
terminal in the service to a grounding terminal and busbar 
in the remote panelboard or other distribution equipment. 

(C) Branch Circuits. The insulated equipment grounding 
conductor for branch circuits shall terminate at a 
grounding terminal in a remote panelboard !?I . QtP~! 
distribution equipment or the grounding terminal in the 
main service equipment. 

(D) Cord-and-Plug-Connected Appliances. Where 
grounded, cord-and-plug-connected appliances shall be 
grounded by means of an equipment grounding conductor 
in the cord and a grounding-type attachment plug. 

682.32 Bonding of Non-Current-Carrying Metal 
Parts. All metal parts in contact with the water, all metal 
piping, tanks, and all non-current-carrying metal parts 
that are likely to become energized shall be bonded to the 
grounding terminal in the distribution equipment.l 

682.33 Equipotential Planes and Bonding of 
Equipotential Planes. An equipotential plane shall be 
installed where required in this section to mitigate step 
and touch voltages at electrical equipment. 
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(A) Areas Requiring Equipotential Planes. Equipotential 
planes shall be installed adjacent to all outdoor service 
equipment or disconnecting means that control equipment 
in or on water, that have a metallic enclosure and controls 
accessible to personnel, and that are likely to become 
energized. The equipotential plane shall encompass the area 
around the equipment and shall extend from the area 
directly below the equipment out not less than 900 mm (36 
in.) in all directions from which a person would be able to 
stand and come in contact with the equipment. 

(B) Areas Not Requiring Equipotential Planes. 
Equipotential planes shall not be required for the 
controlled equipment supplied by the service equipment 
or disconnecting means. All circuits rated not more than 
60 amperes at 120 through 250 volts, single phase, shall 
have GFCI protection. 

(C) Bonding. Equipotential planes shall be bonded to the 
electrical grounding system. The bonding conductor shall 
be solid copper, insulated, covered or bare, and not 
smaller than 8 AWG. Connections shall be made by 
exothermic welding or by listed pressure connectors or 
clamps that are labeled as being suitable for the purpose 
and are of stainless steel, brass, copper, or copper alloy. 

ARTICLE 685 
Integrated Electrical Systems 

I. General 

685.1 Scope. This article covers integrated electrical 
systems, other than unit equipment, in which orderly 
shutdown is necessary to ensure safe operation. An 
integrated electrical .system as used in this article is a 
unitized segment of an industrial wiring system where all 
of the following conditions are met: 

(1) An orderly shutdown is required to minimize 
personnel hazard and equipment damage. 

(2) The conditions of maintenance and superVISIOn 
ensure that qualified persons service the system. The 
name(s) of the qualified person(s) shall be kept in a 
permanent record at the office of the establishment in 
charge of the completed installation. 

A person designated as a qualified person shall 
possess the skills and knowledge related to the 
construction and operation of the electrical 
equipment and installation and shall have received 
documented safety training on the hazards involved. 
Documentation of their qualifications shall be on file 
with the office of the establishment in charge of the 
completed installation. 
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(3) Effective safeguards acceptable to the authority 
having jurisdiction are established and maintained. 

685.3 Application of Other Articles. The 
articles/sections in Table 685.3 apply to particular cases 
of installation of conductors and equipment, where there 
are orderly shutdown requirements that are in addition to 
those of this article or are modifications of them. 

Table 685.3 Application of Other Articles 

Conductor/Equipment 

More than one building or 
other stmcture 

Ground-fault protection of 
equipment 

Protection of conductors 

Electrical system coordination 

Ground-fault protection of 
equipment 

Grounding ac systems of 50 
volts to , ~ .,t~~J1J.QQ"Q volts 

Equipment protection 

Orderly shutdown 

Disconnection 

Disconnecting means in sight 
from controller 

Energy from more than one 
source 

Disconnecting means 

Uninterruptible power supplies 
(UPS) 

Point of cOlmection 

II. Orderly Shutdown 

Section 

225, Part II 

230.95, Exception No.1 

240.4 

240.12 

240.13(1) 

250.21 

427.22 

430.44 

430.74, Exception Nos. 1 
and 2 

430.102(A), Exception No. 2 

430.113, Exception Nos. 1 

and 2 

645.10, Exception 

645.11(1) 

70S.l2(A) 

685.10 Location of Overcurrent Devices in or on 
Premises. Location of overcurrent devices that are critical 
to integrated electrical systems shall be permitted to be 
accessible, with mounting heights permitted to ensure 
security from operation by unqualified personnel. 

685.12 Direct-Current System Grounding. Two-wire 
dc circuits shall be permitted to be ungrounded. 

685.14 Ungrounded Control Circuits. Where 
operational continuity is required, control circuits of 150 
volts or less from separately derived systems shall be 
permitted to be ungrounded. 
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ARTICLE 690 

Solar Photovoltaic SY~.t~~~ .... 

I. General 

690.1 Scope. 

The provisions of this article apply to solar photovoltaic 
(PV) electrical energy systems, including the array 
circuit(s), inverter(s), and controller(s) for such systems. 
[See Figure 690.1 (A) and Figure 690.1(8).] Solar 
photovoltaic systems covered by this article may be 
interactive with other electrical power production sources 
or stand-alone, with or without electrical energy storage 
such as batteries. These systems may have ac or dc output 
for utilization. 

Photovoltaic source circuits 

Solar cells 

Module 

Panel 

Photovoltaic 
output circuit 

Array or photovoltaic 
power source 

Dedicated branch circuit 
r---~--r---+---"-\--+ of the electric production 

and distribution network 

Inverter output circuit 

I....-_______ -'~ ae module (includes inverter) 

Array (of ac modules) 

Notes: 
1. These diagrams are intended to be a means of identification for 

photovoltaic system components, circuits, and connections. 
2. Disconnecting means required by Article 690, Part III, are not shown. 
3. System grounding and eqUipment grounding are not shown. 

See Article 690, Part V. 

Figure 690.1(A) Identification of Solar PhotovoJtaic System 
Components. 
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690.2 ARTICLE 690 - SOLAR PHOTOVOLTAIC lev) SYSTEMS 

Photovoltaic source circuits Inverter input circuit 

3-r~
nverteroutPutCirCUit 

Electric production 
and distribution 

Photovoltaic output circuit network connection 

Interactive system I 

Wind, engine-generator, 
micro-hydro-electric, and 
other power sources 

t 
Photovoltaic output 
circuit 

Notes: 

Inverter 

Energy storage, charge controller, 
and system control 

Inverter input circuit 

Inverter output circuit q I . Main supply 
equipment for 

Inverter ac loads 

Main supply equipment 
for dc loads 

, Energy storage 

1. These diagrams are intended to be a means of identification for 
photovoltaic system components, circuits, and connections. 

2. Disconnecting means and overcurrent protection required by 
Article 690 are not shown. 

3. System grounding and equipment grounding are not shown. 
See Article 690, Part V. 

4. Custom designs occur in each configuration, and some components 
are optional. 

Figure 690.1(B) Identification of Solar Photovoltaic System 
Components in Common System Configurations. 

690.2 Definitions. 

Alternating-Current (a c) Module (Alternating-Current 
Photovoltaic Module). A complete, environmentally 
protected unit consisting of solar cells, optics, inverter, and 
other components, exclusive of tracker, designed to 
generate ac power when exposed to sunlight. 

Array. A mechanically integrated assembly of modules 
or panels with a support structure and foundation, tracker, 
and other components, as required, to form a direct
current power-producing unit. 

Bipolar Photovoltaic Array. A photovoltaic array that 
has two outputs, each having opposite polarity to a 
common reference point or center tap. 

Blocking Diode. A diode used to block reverse flow of 
current into a photovoltaic source circuit. 

Building Integrated PhotovoItaics. Photovoltaic cells, 
devices, modules, or modular materials that are integrated 
into the outer surface or structure of a building and serve 
as the outer protective surface of that building. 
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Charge Controller. Equipment that controls dc voltage 
or dc current, or both, used to charge a battery. 

Diversion Charge Controller. Equipment that regulates 
the charging process of a battery by diverting power from 
energy storage to direct-current or alternating-current 
loads or to an interconnected utility service. 

Electrical Production and Distribution Network. A 
power production, distribution, and utilization system, such 
as a utility system and connected loads, that is external to 
and not controlled by the photovoltaic power system. 

Hybrid System. A system comprised of multiple power 
sources. These power sources may include( photovoltaic, 
wind, micro-hydro generators, engine-driven generators, 
and others, but do not include electrical production and 
distribution network systems. Energy storage systems, 
such as batteries, do not constitute a power source for the 
purpose of this definition. 

Interactive System. A solar photovoltaic system that 
operates in parallel with and may deliver power to an 
electrical production and distribution network. For the 
purpose of this definition, an energy storage subsystem of 
a solar photovoltaic system, such as a battery, is not 
another electrical production source. 

Inverter. Equipment that is used to change voltage level 
or waveform, or both, of electrical energy. Commonly, an 
inverter [also known as a power conditioning unit (PCU) 
or power conversion system (PCS)] is a device that 
changes dc input to an ac output. Inverters may also 
function as battery chargers that use alternating current 
from another source and convert it into direct current for 
charging batteries. 

Inverter Input Circuit. Conductors between the inverter 
and the battery in stand-alone systems or the conductors 
between the inverter and the photovoltaic output circuits 
for electrical production and distribution network. 

Inverter Output Circuit. Conductors between the 
inverter and an ac panelboard for stand-alone systems or 
the conductors between the inverter and the service 
equipment or another electric power production source, 
such as a utility, for electrical production and distribution 
network. 

Module. A complete, environmentally protected unit 
consisting of solar cells, optics, and other components, 
exclusive of tracker, designed to generate dc power when 
exposed to sunlight. 

Monopole Slibarray. A PV subarray Ihat has two 
conductors in the output circuit, one positive (+) and one 
n gatjve(~). Two monopole PV subarra:xs are used to form 
a bi ojar PV array. 
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ARTICLE 690 - SOLAR PHOTOVOLTAIC (PV) SYSTEMS 690.4 

Panel. A collection of modules mechanically fastened 
together, wired, and designed to provide a field-installable 
unit. 

Photovoltaic Output Circuit. Circuit conductors 
between the photovoltaic source circuit(s) and the inverter 
or dc utilization equipment. 

Photovoltaic Power Source. An array or aggregate of 
arrays that generates dc power at system voltage and 
current. 

Photovoltaic Source Circuit. Circuits between modules 
and from modules to the common connection point(s) of 
the dc system. 

Photovoltaic System Voltage. The direct current (dc) 
voltage of any photovoltaic source or photovoltaic output 
circuit. For multiwire installations, the photovoltaic 
system voltage is the highest voltage between any two dc 
conductors. 

Solar Cell. The basic photovoltaic device that generates 
electricity when exposed to light. 

Solar Photovoltaic System. The total components and 
subsystems that, in combination, convert solar energy into 
electric energy suitable for connection to a utilization load. 

Stand-Alone System. A solar photovoltaic system that 
supplies power independently of an electrical production 
and distribution network. 

,Subarray. An electrical subset of 8 PY array. 

690.3 Other Articles. 

Wherever the requirements of other articles of this Code 
and Article 690 differ, the requirements of Article 690 
shall apply and, if the system is operated in parallel with a 
primary source(s) of electricity, the requirements in 
705.14,705.16,705.32, and 705.143 shall apply. 

Exception: Solar photovoltaic systems. equipment, or 
wiring installed in a hazardous (classified) location shall 
also comply with the applicable portions of Articles 500 
through 5 J 6. 

690.4 Installation. 

(A) rhotovoltajc Systems. Photovoltaic systems shall be 
permitted to supply a building or other structure in 
addition to any othcI1 electricity supply system(s). 

(B) Identification and Grouping. Photovoltaic source 
circuits and PV output circuits shall not be contained in the 
same raceway, cable tray, cable, outlet box, junction box, 
or similar fitting as ponductors. feeders~ or branch circuits 
of other nOIl-PV systems, unless the conductors of the 
different systems are separated by a partition. Pholovoltaic 
ystcm conductors shall be identified and grouped as 

required by 690.4{B)( I) through (4). The means of 
identification shall be pennitted by separate color coding 
~a.!kingta~. tagging. or other app~Qye411.1 .~Jl~~ 
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iij PhotovoJtaic So~rcc- circu"iti · Photovoltaic ource 
~ircllits shall be identified at all points of te·nnination 
~onnection. and Wlices. 

(2) Photo,'oltaic Output and Inverter Circuit . The 
conductors of PV output circuits and inverter input and 
output circuits . hall ht! identi tied at all po,ints of 
lerm~nation. connection. aJl(~_spttc s. 

(3) Conductors of Multiple System . Where the 
conductor of more than one PV system occupy the sam 
junction box, raceway, or equipment, the conductors of 
each system shall be identified at all lermination, 
conn etion, and splic points. 

Exception: Where 'he identification of the conductors; 
evident by 5pacing or ",./,angement, further identification 
i. not r(!quired. 

(4jcrGuping. Where .... thecorlduCIOr ···()emOre ·thanorle 
PV system occupy the arne junclion box. or raceway with 
a removable cover(s), the ac and dc conductors of each 
ystem shall be grouped s parately by wire ties or similat 

mans at least once. and then shal.]~~grou~~ at inte~'3I_s 

r:tQ.!!2 .. ~~£~~~t .~:~ III (QJ}J~ 
Exception: The requirement for grouping shall nol app(v 
if lilt! circuit enfen from u cable or raCel1 ay unique 10 the 
ci,.cuil thaI mukes the grouping obvious. 

(C) Module Connection Arrangement. The connection 
to a module or panel shall be arranged so that removal of 
a module or panel from a photovoltaic source circuit does 
not interrupt a grounded conductor to :Other PV source 
circuits. 

(D) Equipment. Inverters, motor generators, photovoltaic 
modules, photovoltaic panels, ac photovoltaic modules, 
source-circuit combiners, and charge controllers intended 
for use in photovoltaic power systems shall be identified 
and listed for the application. 

(E) Wiring and Connections. The equipment and 
systems in 690.4(A) through (0) and an associated wiring 
and interconnection shall be installed only by qualified 
persons. 

Informational Note: ~.t:.~ .. M .i<::I __ . I QQ.f<?r. t.~!! _ ~e~!1I~I<?.n "<?.r 
qll(.llifi~d per on. 

(F)-Circuit Routing. Photo\'oitaic source and PV output 
conductors, in and out of conduit. and inside of a buildjng 
or structure, shall be routed a long building structural 
members uch as beams. rafters, lrus es. And columns 
, here the location of those structural members can be 
determined by observation. Where circuits arc imbedded in 
built-up, lam~nate, or membnm roofing materials in roof 
areas not co\'crlO!d by PV modules and associated 
~qlJjp!~ ... n.t, . t~~ J~~HQ!l .Qf.cj:f~~t~~ ... ~~~.~IJ _~~ c I .. ~.~ly. ~~~~,~: 
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(G) Bipolar Photovoltaic Systems. Where the sum. without 
consideration of polarity, of the PV system voltages of the 
two monopole subarrays exceeds the rating of the conductors 
and connected equipment. monopole ubarrays in a bipolar 
PV syst m shall be physically separated, and the electricaJ 
output circuit from each monopole subarray shall be 
insaaU d in separate raceways until connected to the inverter. 
The disconnecting m aAS and overcurrent protective devices 
for each monopole subarray output shall be in separate 
nclosures. All conductors from each separat monopole 

subarray shall be routed in the same raceway. 

Exception: Listed switchgear raled for the maximum 
voltage.! between circuits ami containing (J p/~vsic(ll 

barrie,. separaling the di~connecling mean for each 
monopole subarray shall be permitted 10 he "Jed instead 
of di.«:ollnecting means in scparale enc!osurel. 

(H) Multiple Inverter. A PV system shall be permitted 
to have multiple utility-interactive inverters installed in or 
on a single building or structure. Where the inverters are 
remotely located from each other. a directory in 
accordance \ ... ith 705.10 shall be installed at each de PV 
system disconnect ing means, at each ac discorulecting 
means, and at the main service disconnecting means 
showing the location of all ae and de PV sy tern 
disconnecting means in the building. 

Exception: A directory shall not be reqUired where all 
inverlf!.'I'"S and P V de disconnecting means are g"ouped a/ 
Ihe main service dlscollnecling m~ans. 

690.5 Ground-Fault Protection. Grounded dc photovoltaic 
arrays shall be provided with dc ground-fault protection meeting 
the requirements of 690.5(A) through (C) to reduce fire hazards. 
Ungrounded dc photovoltaic arrays shall comply with 690.35. 

Exception No.1: Ground-mounted or pole-mounted 
photovoltaic arrays with not more than two paralleled 
source circuits and with all dc source and dc output 
circuits isolated from buildings shall be permitted without 
ground-fault protection. 

Exception No. 2: Photovoltaic~ arrays installed at other 
than dwelling units shall be permitted without ground
fault protection if each equipment grounding conductor i 
sized in accordance with 690.45. 

(A) Ground-Fault Detection and Interruption. The 
ground-fault protection device or system shall be capable 
of detecting a ground-fault current, interrupting the flow 
of fault current, and providing an indication of the fault. 

Automatically opening the grounded conductor of the 
faulted circuit to interrupt the ground-fault current path shall 
be permitted. If a grounded conductor is opened to interrupt 
the ground-fault current path, all conductors of the faulted 
circuit shall be automatically and simultaneously opened. 
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Manual operation of the main PV dc disconnect shall 
not activate the ground-fault protection device or result in 
grounded conductors becoming ungrounded. 

(B) Isolating Faulted Circuits. The faulted circuits shall 
be isolated by one of the two following methods: 

(1) The ungrounded conductors of the faulted circuit 
shall be automatically disconnected. 

(2) The inverter or charge controller fed by the faulted 
circuit shall automatically cease to supply power to 
output circuits. 

(C) Labels and Markings. A warning label shall appear 
on the utility-interactive inverter or be applied by the 
installer near the ground-fault indicator at a visible 
location, stating the following: 

WARNING 
ELECTRIC SHOCK HAZARD 

IF A GROUND FAULT IS INDICATED, 
NORMALLY GROUNDED CONDUCTORS 

MAY BE UNGROUNDED AND ENERGIZED 

When the photovoltaic system also has batteries, the 
same warning shall also be applied by the installer in a 
visible location at the batteries. 

690.6 Alternating-Current (ac) Modules. 

(A) Photovoltaic Source Circuits. The requirements of 
Article 690 pertaining to photovoltaic source circuits shall 
not apply to ac modules. The photovoltaic source circuit, 
conductors, and inverters shall be considered as internal 
wiring of an ac module. 

(B) Inverter Output Circuit. The output of an ac module 
shall be considered an inverter output circuit. 

(C) Disconnecting Means. A single disconnecting 
means, in accordance with 690.15 and 690.17, shall be 
permitted for the combined ac output of one or more ac 
modules. Additionally, each ac module in a multiple ac 
module system shall be provided with a connector, bolted, 
or terminal-type disconnecting means. 

(D) Ground-Fault Detection. Alternating-current module 
systems shall be permitted to use a single detection device 
to detect only ac ground faults and to disable the array by 
removing ac power to the ac module(s). 

(E) Overcurrent Protection. The output circuits of ac 
modules shall be permitted to have overcurrent protection 
and conductor sizing in accordance with 240.5(B)(2). 
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II. Circuit Req uirements 

690.7 Maximum Voltage. 

(A) Maximum Photovoltaic System Voltage. In a dc 
photovoltaic source circuit or output circuit, the maximum 
photovoltaic system voltage for that circuit shall be 
calculated as the sum of the rated open-circuit voltage of the 
series-connected photovoltaic modules corrected for the 
lowest expected ambient temperature. For crystalline and 
multi crystalline silicon modules, the rated open-circuit 
voltage shall be multiplied by the correction factor provided 
in Table 690.7. This voltage shall be used to detennine the 
voltage rating of cables, disconnects, overcurrent devices, 
and other equipment. Where the lowest expected ambient 
temperature is below -40°C (-40°F), or where other than 
crystalline or multicrystalline silicon photovoltaic modules 
are used, the system voltage adjustment shall be made in 
accordance with the manufacturer's instructions. 

When open-circuit voltage temperature coefficients 
are supplied in the instructions for listed PV modules, 
they shall be used to calculate the maximum photovoltaic 
system voltage as required by 110.3(B) instead of using 
Table 690.7. 

Informational Note: 6nesou~eforst8tistjcally alid. 
lowest~~pected. ambient temperature de ign data for 

nous locatlon is the Extreme Annual Mc.:an 
Minimum Design Dry Bulb Temperature found in the 
ASHRA E Handbook FlIndaRlt'''/(I/.s. 11 se 
temp rature d ta can be u ed to calculate maximum 
vohage using lhe manufacturer's I,cmperature 
coefficients relative to the rating h!tn rnture of 2S°C. 

(B) Direct-Current Utilization Circuits. The voltage of 
dc utilization circuits shall conform to 2lO.6. 

Table 690.7 Voltage Correction Factors for Crystalline 
and Multicrystalline Silicon Modules 

Correction Factors for Ambient Temperatures Below 25°C (77°F). 
(Multiply the rated open circuit voltage by the appropriate 

correction factor shown below.) 

Ambient Factor Ambient 
Temperature (0C) Temperature (OF) 

24 to 20 1.02 76 to 68 

19 to 15 1.04 67 to 59 

14 to 10 1.06 58 to 50 

9 to 5 1.08 49 to 41 

4 to 0 1.10 40 to 32 

-1 to-5 1.12 31 to 23 

-6 to -10 1.14 22 to 14 

-11 to -15 1.16 13 to 5 

-16 to -20 1.18 4 to-4 

-21 to -25 1.20 -5 to -13 

-26 to -30 1.21 -14 to -22 

-3] to -35 1.23 -23 to -31 

-36 to -40 1.25 -32 to -40 
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(C) Photovoltaic Source and Output Circuits. In one- and 
two-family dwellings, photovoltaic source circuits and 
photovoltaic output circuits that do not include lampholders, 
fixtures, or receptacles shall be permitted to have a 
maximum photovoltaic system voltage up to 600 volts. Other 
installations with a maximum photovoltaic system voltage 
over 600 volts shall comply with Article 690, Part ~ X~ 

(D) Circuits over 150 Volts to Ground. In one- and two
family dwellings, live parts in photovoltaic source circuits and 
photovoltaic output circuits over 150 volts to ground shall not be 
accessible to other than qualified persons while energized. 

Informational Note: See 110.27 for guarding of live parts, 
and 21 0.6 for voltage to ground and between conductors. 

(E) Bipolar Source and Output Circuits. For 2-wire 
circuits connected to bipolar systems, the maximum system 
voltage shall be the highest voltage between the conductors 
of the 2-wire circuit if all ofthe following conditions apply: 

(1) One conductor of each circuit of a bipolar subarray is 
solidly grounded. 

Exception: Th operatiun of '&;ro;;~;ijil~ji -~rar{.'~i~j~ 
devices (abllonnal operation) .~Jl£J1I he permifted '0 ;lIterrup( 
this connection to ground when the enl;nt bipolar an·~).-i 
becomes two tlislinct array' iso/atcdjrom each other and I"_~ 
IIlili=Ulioll equipment. 

(2) Each circuit is connected to a separate subarray. 

(3) The equipment is clearly marked with a label as follows: 

WARNING 

BIPOLAR PHOTOVOLTAIC ARRAY. 
DISCONNECTION OF NEUTRAL OR GROUNDED 

CONDUCTORS MAY RESULT IN OVERVOLTAGE ON 
ARRAY OR INVERTER. 

690.8 Circuit Sizing and Current. 

(A) Calculation of Maximum Circuit Current. The 
maximum current for the specific circuit shall be calculated 
in accordance with 690.8(A)(1) through (A)(4). 

Infonnational Note: Where the requirements of 
690.8(A)(1) and (B)(l) are both applied, the 
resulting multiplication factor is 156 percent. 

(1) Photovoltaic Source Circuit Currents. The maximum 
current shall be the sum of parallel module rated short-circuit 
currents multiplied by 125 percent. 

(2) Photovoltaic Output Circuit Currents. The maximum 
current shall be the sum of parallel source circuit maximum 
currents as calculated in 690.8(A)( 1). 

(3) Inverter Output Circuit Current. The maximum 
current shall be the inverter continuous output current rating. 

(4) Stand-Alone Inverter ]nput Circuit Current. The 
maximum current shall be the stand-alone continuous 
inverter input current rating when the inverter is producing 
rated power at the lowest input voltage. 
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(B) Ampacity and Overcurrent Device Ratings. 
Photovoltaic system currents shall be considered to be 
continuous. 

(1) Overcurrent Devices. Overcurrent devices. where 
required shall be rated as re;guired by' 690.8(8)( I )(a) 
through (I )Cd). 

(a) rro carry not less than 125 percent of th 
rnaximum currents calculated in 690.8(A). 

Exception: Circuits containing an assembly, together 
with its overcurrent device(s), that is listedfor continuous 
operation at 100 percent of its rating shall be permitted to 
be ~sed at 100 percent of its rating. 

(b) Tenninal temperature limits shall be in 
accordanc \ ith 110.3(8) and 11O.14(C). 

(c) V/here op rated at t.emperatures greater than 
40°C (104°F), the manufacturer's temperature correction 
factors shall apply. 

(d) The rating or etting of overcurrent devices shall 
be rmitted in accordance with 240.4(8), (C). and (D . 

(2) Conductor Ampacity. Circuit conductors shall b 
sized to carry not Ie than the larger of 690.8(BX2)(a) or 
(2)(b). 

(a) One hundred and twenty-five percent of the 
maximum currents calculated in 690.8(A) without any 
additional correction factors for conditions of lise. 

(b) The maximum currents calculated in 690.8(A) 
after conditions of use have b en applied. 

(c) The conductor"-'seT" cte<C "after-""appircation of 
conditions of use. shall be protected by the overcurrent 
protective deyic .' where required. 

(C) Systems with Multiple Direct-Current Voltages. 
For a photovoltaic power source that has multiple output 
circuit voltages and employs a common-return conductor, 
the ampacity of the common-return conductor shall not be 
less than the sum of the ampere ratings of the overcurrent 
devices of the individual output circuits. 

(D) Sizing of Module Interconnection Conductors. 
Where a single overcurrent device is used to protect a set 
of two or more parallel-connected module circuits, the 
ampacity of each of the module interconnection 
conductors shall not be less than the sum of the rating of 
the single fuse plus 125 percent of the short-circuit 
current from the other parallel-connected modules. 

690.9 Overcurrent Protection. 

(A) Circuits and Equipment. Photovoltaic source 
circuit, photovoltaic output circuit, inverter output circuit, 
and storage battery circuit conductors and equipment shall 
be protected in accordance with the requirements of 
Article 240. Circuits connected to more than one 
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electrical source shall have overcurrent devices located so 
as to provide overcurrent protection from all sources. 

Exception: An overcurrent device shall not be required 
for PV modules or PV source circuit conductors sized in 
ac;c;9rdance with 69(}.8fB) where one of the following 
a·plies~: 

(a) There are no external sources such as parallel
connected source circuits, batteries, or backfeed from 
inverters. 

(b) The short-circuit currents from all sources do 
not exceed the ampacity of the conductors or the 
maximum overcurrent protective device size pecifil!:~! 011. 
tire PV module nameplate.. -". 

Infonnational Note: Possible backfeed of current from 
any source of supply, including a supply through an 
inverter into the photovoltaic output circuit and 
photovoltaic source circuits, is a consideration in 
determining whether adequate overcurrent protection 
from all sources is provided for conductors and modules. 

(B) Power Transformers. Overcurrent protection for a 
transformer with asource(s) on each side shall be provided 
in accordance with 450.3 by considering first one side of 
the transformer, then the other side of the transformer, as 
the primary. 

Exception: A power transformer with a current rating on 
the side connected toward the utiliry-interactive inverter 
autput,] not less than the rated continuou Olltput current 
of the inverter, shall be permitted without overcurrent 
protection from he inverter. 

(C) Photovoltaic Source Circuits. Branch-circuit or 
supplementary-type overcurrent devices shall be permitted 
to provide overcurrent protection in photo voltaic source 
circuits. The overcurrent devices shall be accessible but 
shall not be required to be readily accessible. 

Standard values of supplementary overcurrent devices 
allowed by this section shall be in one ampere size 
increments, starting at one ampere up to and including 15 
amperes. Higher standard values above 15 amperes for 
supplementary overcurrent devices shall be based on the 
standard sizes provided in 240.6(A). 

(D) Direct-Current Rating. Overcurrent devices, either 
fuses or circuit breakers, used in any de portion of a 
photovoltaic power system shall be listed for use in de 
circuits and shall have the appropriate voltage, current, 
and interrupt ratings. 

(E) Series Overcurrent Protection. In PV source circuits, 
a single overcurrent protection device shall be pennitted to 
protect the PV modules and the interconnecting conductors. 
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690.10 Stand-Alone Systems. The premises wiring 
system shall be adequate to meet the requirements of this 
Code for a similar installation connected to a service. The 
wiring on the supply side of the building or structure 
disconnecting means shall comply with this Code except 
as modified by 690.l O(A) through (E). 

(A) Inverter Output. The ac output from a stand-alone 
inverter(s) shall be permitted to supply ac power to the 
building or structure disconnecting means at current 
levels less than the calculated load connected to that 
disconnect. The inverter output rating or the rating of an 
alternate energy source shall be equal to or greater than 
the load posed by the largest single utilization equipment 
connected to the system. Calculated general lighting loads 
shall not be considered as a single load. 

(B) Sizing and Protection. The circuit conductors between 
the inverter output and the building or structure disconnecting 
means shall be sized based on the output rating of the inverter. 
These conductors shall be protected from overcurrents in 
accordance with Article 240. The overcurrent protection shall 
be located at the output of the inverter. 

(C) Single 120-Volt Supply. The inverter output of a 
stand-alone solar photovoltaic system shall be permitted 
to supply 120 volts to single-phase, 3-wire, 120/240-volt 
service equipment or distribution panels where there are 
no 240-volt outlets and where there are no multi wire 
branch circuits. In all installations, the rating of the 
overcurrent device connected to the output of the inverter 
shall be less than the rating of the neutral bus in the 
service equipment. This equipment shall be marked with 
the following words or equivalent: 

WARNING 
SINGLE 120-VOLT SUPPLY. DO NOT CONNECT 

MUL TIWlRE BRANCH CIRCUITS! 

(D) Energy Storage or Backup Power System 
Requirements. Energy storage or backup power supplies 
are not required. 

(E) B8ck-fed'Ci'rcuiiB'rea'kers: "'~Pfug=iniYPeb8ck-(d 
circuit breakers connected to a 'tand-alone inv ner output 
in either tand-alone or ntility-interacti e ystem shall be 
secured in accordance with 408.36(0). Circuit breakers 
tbal are marked "line" and "load" shall Dot be baekfed. 

690. t J Arc-Fault Circuit Protection (Direct Current). 

Photovoltaic systems with dc source circuits, de output 
circuits, or both. on or penetrating a building operating at a 
PV ystem maximum system voltage of80 volts or gr ler, 
shaH be protected by a listed (de) arc-fault circuit 
intemlpter, PV type. or other system components listed to 
provid equivalent protection. The PV arc-tault protection 
means shall comply with the following requiremems: 

(I) The sy h:m shall detect and interrupt arcing faults 
resulting from a failure in the intended continuity of a 
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conductor. connection. module, or other syste", 
compom:nt in the de PV source and output circuits. 

(2) fhesystemshalTdiablc()r disconnect on of the 
following: 

a. In crters or cbarge controllers connected to the 
fault circuit when the fault is detected 

b. System components within the arcing circuit 

(3) The system shall require that the disabled or 
disconnected equipment be manually restarted. 

(4) The system shall have an annunciator that provid s a 
visual indication that the circuit interrupter has 
operated. This indication shall not~~~t allt()l1!~tj~all,y~ 

III. Disconnecting Means 

690.13 All Conductors. Means shall be provided to 
disconnect all current-carrying de conductors of a 
photovoltaic system from all other conductors in a 
building or other structure. A switch, circuit breaker, or 
other device shall not be installed in a grounded 
conductor if operation of that switch, circuit breaker, or 
other device leaves the marked, grounded conductor in an 
ungrounded and energized state. 

Exception No. 1: A switch or circuit breaker that is part 
oj a ground-fault detection system required by 690.5. or 
thai is pari of 011 arc:fault deleclionlimerrupliofl ySlem 
required by 690. J I. shall be permitted to open the 
grounded conductor when that switch or circuit breaker is 
automatically opened as a normal function of the device 
in responding to ground filii It . 

Exception No.2: II disconnecting switch shall be 
permillt!d in a grounded conduclor if all of the jollowing 
conditions are mel: 

(1) The switch i used onlyjvr PI' array maintenance. 

(2) The switch is accessible only by qualified persons. 

(3) The switch ;5 rated/or Ihe maximum de voltuge WId 

current Ihat cuuld bt' present during an) operation. 

i~l~lfltji',ggrf!l.!~tj-['!H!~~()!!tj!~i.~~,~ . · 

Informational Note: The grounded conductor may have 
a bolted or terminal disconnecting means to allow 
maintenance or troubleshooting by qualified personnel. 

690.14 Additional Provisions. Photovoltaic disconnecting 
means shall comply with 690. 14(A) through (D). 

(A) Disconnecting Means. The disconnecting means 
shall not be required to be suitable as service equipment 
and shall comply with 690.17. 

(B) Equipment. Equipment such as photovoltaic source 
circuit isolating switches, overcurrent devices, and 
blocking diodes shall be permitted on the photovoltaic 
side of the photovoltaic disconnecting means. 
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690.15 ARTICLE 690 - SOLAR PHOTOVOLT AIC (PV) SYSTEMS 

(C) Requirements for Disconnecting Means. Means shall 
be provided to disconnect all conductors in a building or 
other structure from the photovoltaic system conductors. 

(1) Location. The photovoltaic disconnecting means shall 
be installed at a readily accessible location either on the 
outside of a building or structure or inside nearest the 
point of entrance of the system conductors. 

Exception: Installations that comply with 690.31 (E) shall 
be permitted to have the disconnecting means located 
remote from the point of entry of the 5ystem conductors. 

The photovoltaic system disconnecting means shall 
not be installed in bathrooms. 

(2) Marking. Each photovoltaic system disconnecting 
means shall be permanently marked to identify it as a 
photovoltaic system disconnect. 

(3) Suitable for Use. Each photovoltaic system 
disconnecting means shall be suitable for the prevailing 
conditions. Equipment installed in hazardous (classified) 
locations shall comply with the requirements of Articles 
500 through 517. 

(4) Maximum Number of Disconnects. The photovoltaic 
system disconnecting means shall consist of not more 
than six switches or six circuit breakers mounted in a 
single enclosure, in a group of separate enclosures, or in 
or on a switchboard. 

(5) Grouping. The photovoltaic system disconnecting 
means shall be grouped with other disconnecting means 
for the system to comply with 690. 14(C)(4). A 
photovoltaic disconnecting means shall not be required at 
the photovoltaic module or array location. 

(D) Utility-Interactive Inverters Mounted in Not
Readily-Accessible Locations. Utility-interactive 
inverters shall be permitted to be mounted on roofs or 
other exterior areas that are not readily accessible. These 
installations shall comply with (1) through (4): 

(1) A direct-current photovoltaic disconnecting means 
shall be mounted within sight of or in the inverter. 

(2) An alternating-current disconnecting means shall be 
mounted within sight of or in the inverter. 

(3) The alternating-current output conductors from the 
inverter and an additional alternating-current 
disconnecting means for the inverter shall comply 
with 690.14(C)(1). 

(4) A plaque shall be installed in accordance with 705.10. 

690.15 Disconnection of Photovoltaic Equipment. 
Means shall be provided to disconnect equipment, such as 
inverters, batteries, charge controllers, and the like, from 
all ungrounded conductors of all sources. If the equipment 
is energized from more than one source, the disconnecting 
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means shall be grouped and identified. 

A single disconnecting means in accordance with 
690.17 shall be permitted for the combined ac output of one 
or more inverters or ac modules in an interactive system. 

690.16 Fuses. 

(A) Di cODllecting Means. Disconnecting means shall be 
provided to disconnect a fuse from all sources of supply if 
the fuse is energized from both directions. Such a fuse in 
a photovoltaic source circuit shall be capable of being 
disconnected independently of fuses in other photovoltaic 
source circuits. 

(B) Fuse Servicing. Di connecting meansshali be'ln"Stalled 
on PV oUlput circuit where overcurrcnt devices (fuses) 
must be servic d that cannot be isolated lTom energized 
circuits. The disconnecting means shall be within sight of, 
and accessible to. the local ion of the fuse or integral with 
fuse holder and shall comply with 690.] 7. Where the 
disconnecting means are located more than 1.8 m (6 ft) 
~om the overcurrent device. a directory showing the 
~ocation of each disconnect shall be installed at the 
o"ercurrent device location. 

Non-Ioad-break-rated disconnecting mans shall h<! 
marked "Do not open under load." 

690.17 Switch or Circuit Breaker. The disconnecting 
means for ungrounded conductors shall consist of a 
manually operable switch( es) or circuit breaker( s) 
complying with all of the following requirements: 

(1) Located where readily accessible 

(2) Externally operable without exposing the operator to 
contact with live parts 

(3) Plainly indicating whether in the open or closed position 

(4) Having an interrupting rating sufficient for the 
nominal circuit voltage and the current that is 
available at the line terminals of the equipment 

Where all terminals of the disconnecting means may 
be energized in the open position, a warning sign shall be 
mounted on or adjacent to the disconnecting means. The 
sign shall be clearly legible and have the following words 
or equivalent: 

WARNING 
ELECTRIC SHOCK HAZARD. 

DO NOT TOUCH TERMINALS. TERMINALS 
ON BOTH THE LINE AND 

LOAD SIDES MAY BE ENERGIZED 
IN THE OPEN POSITION. 

Exception: A connector shall be permitted to be used as an ac 
or a dc disconnecting means, provided that it complies with the 
requirements 0/690.33 and is listed and identified/or the use. 
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ARTICLE 690 - SOLAR PHOTOVOLTAIC (P'\/) SYSTEMS 690.31 

690.18 Installation and Service of an Array. Open 
circuiting, short circuiting, or opaque covering shall be 
used to disable an array or portions of an array for 
installation and service. 

Infonnational Note: Photovoltaic modules are energized 
while exposed to light. Installation, replacement, or 
servicing of array components while a module(s) is 
irradiated may expose persons to electric shock. 

IV. Wiring Methods 

690.31 Methods Permitted. 

(A) Wiring Systems. All raceway and cable wmng 
methods included in this Code and other wiring systems 
and fittings specifically intended and identified for use on 
photovoltaic arrays shall be permitted. Where wiring 
devices with integral enclosures are used, sufficient length 
of cable shan be provided to facilitate replacement. 

Where photovoltaic source and output circuits operating 
at maximum system voltages greater than 30 volts are 
installed in readily accessible locations, circuit conductors 
shall be installed in a raceway. 

Informational Note: Photovoltaic modules operate at 
elevated temperatures when exposed to high ambient 
temperatures and to bright sunlight. These temperatures 
may routinely exceed 70°C (158°F) in many locations. 
Module interconnection conductors are available with 
insulation rated for wet locations and a temperature rating 
of 90°C (194°F) or greater. 

(B) Single-Conductor Cable. Single-conductor cable type 
USE-2, and single-conductor cable listed and labeled as 
photovoltaic (PV) wire shall be permitted in exposed outdoor 
locations in photovoltaic source circuits for photovoltaic 
module interconnections within the photovoltaic array. 

Exception: Raceways shall be used when required by 
690. 3J (A). 

!Ilformational Note: 'ptiotu vol iaic (pvj . wire [also 
pilolo\oltaic (PV) cableJ hah a non tilfldard out("'r 
piametcr. Conduit till may be calculated uSing Table I 
pfChapler 9. 

(C) Flexible Cords and Cables. Flexible cords and 
cables, where used to connect the moving parts of 
tracking PV modules, shall comply with Article 400 and 
shall be of a type identified as a hard service cord or 
portable power cable; they shall be suitable for extra-hard 
usage, listed for outdoor use, water resistant, and sunlight 
resistant. Allowable ampacities shall be in accordance 
with 400.5 . For ambient temperatures exceeding 30°C 
(86°F), the ampacities shall be derated by the appropriate 
factors given in Table 690.31 (C). 

(D) Small-Conductor Cables. Single-conductor cables 
listed for outdoor use that are sunlight resistant and 
moisture resistant in sizes 16 AWG and 18 A WG shall be 
permitted for module interconnections where such cables 
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meet the ampacity requirements of 690.8 . Section 310.15 
shall be used to determine the cable ampacity adjustment 
and correction factors. 

(E) Direct-Current Photovoltaic Source and Output 
Circuits Inside a Building. Where de photovoltaic source or 
output ~[~"~~,i~IrQm a building-integrated or other photovoltaic 
system are run inside a buildil1g()~~trl1~tur~, they shall be 
contained in metal raceways, Type MCmetal-dad cable that 
compli \\;tJ1 250.118( I 0), or metal enclosures from the point 
of penetration of the surface of the building or structure to the 
fIrst readily accessible disconnecting means. The 
disco~l~~?~i~g .'l1eans shall COmPly with 690.14(A), (8). and 
(D). The 'wiilnglnethOds hail comply with the a~~itjolla~ 
instaUat ion requirements in ( I) through (4) . . ~ . ~ 

(1) Beneath Roofs. Wiring methods shall not be installed 
within 25 cm (10 in.) of the roof decking or sheathing 
except where directly below the roof surface covered by 
PV modules and associated equipment. Circuits shall be 
run perpendicular to the roof penetration point to supports 
a minimum of 25 cm (lOin.) below the roof decking. 

Informational Note: The 25 em (10 in.) requirement is 
to prevent accidental damage from saws used by fire 
fighters for roof ventilation during a structure fire. 

(i)Fl~xibl~\\1iring l\-Iethods. Where tlcxible metal conduit 
(FMC) smaller tban metric designator 21 (trade size %) or 
Type Me cable small r than :!5 mm (I in.) in diameter 
containing PV power circuit conductors is installed across 
ceilings or floor joi ts, the raceway or cable shall be 
protected by ubSlantial guard strips that are at least as high 
as the raceway or cable. Where nUl exposed, other than 
within I.M m (6 ft) of their connection to equipment. the e 
wiring methods shall closely follow the building urface or 
be protect.ed from physical damage by an approved means. 

(~) l\larkiug 0.. Labeling Required. The following 
wiring methods and enclosures that contain PV power 
source conductors shall he markt!d with the wording 
"Photovoltaic Power Source' by means of permanently 
atlixed labels or other <lPpro ed permanent marking: 

( I) Expo ed meeways. cahle trays. and other wiring 
methods 

(2) Coversoienclosllres of pull boxes and junction boxes 

(3) Conduit bodies in which any of the available conduit 
opt:ning~ _ ~r~ . ulm~~9 

(4) "MarldngandiabeliJlg Methods and locations. The 
labels or markings shall be vi:iiblc after installation. 
Photovoltaic power circuit label sbalJ appear on every 
section of the wiring ~yslem that is separated by enclosures., 
walls. partitions. ceilings. or floors. Spacing between labels 
or markings, or between a label and a marking. shall not be 
more than 3 m (lOti). Labels required by this section shall 
be suitable lor the cnvironment\y!l~r~ .~heY ,,~l}!i!~~J~J!~~~:. 
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Table 690.31 (C) Correction Factors 

Ambient 
Temperature 

(0C) 60°C 

30 1.00 

31-35 0.91 
36-40 0.82 

41--45 0.71 

46-50 0.58 
51-55 OA1 
56-60 

61-70 

71-80 

1.00 

0.94 
0.88 

0.82 

0.75 

0.67 

0.58 
0.33 

Flexible, Fine-Stranded Cables. Flexible, fine
stranded cables shall be terminated only with 

690.32 Component Interconnections. Fittings and 
connectors that are intended to be concealed at the time of 
on-site assembly, where listed for such use, shall be 
permitted for on-site interconnection of modules or other 
array components. Such fittings and connectors shall be 
equal to the wiring method employed in insulation, 
temperature rise, and fault-current withstand, and shall be 
capable of resisting the effects of the environment in 
which they are used. 

690.33 Connectors. The connectors permitted by Article 
690 shall comply with 690.33(A) through (E). 

(A) Configuration. The connectors shall be polarized and 
shall have a configuration that is noninterchangeable with 
receptacles in other electrical systems on the premises. 

(B) Guarding. The connectors shall be constructed and 
installed so as to guard against inadvertent contact with 
live parts by persons. 

(C) Type. The connectors shall be of the latching or 
locking type. Connectors that are readily accessible and 
that are used in circuits operating at over 30 volts, 
nominal, maximum system voltage for de circuits, or 30 
volts for ac circuits, shall require a tool for opening. 

(D) Grounding Member. The grounding member shall 
be the first to make and the last to break contact with the 
mating connector. 

(E) Interruption of Circuit. Connectors shall be either 
(1) or (2): 

(1 ) Be rated for interrupting current without hazard to the 
operator. 

(2) Be a type that requires the use of a tool to open and 
marked "Do Not Disconnect Under Load" or "Not 
for Current Interrupting." 
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of Conductor Ambient 
Temperature 

90°C 105°C (OF) 

1.00 1.00 86 

0.96 0.97 87-95 
0.91 0.93 96-]04 

0.87 0.89 105-113 

0.82 0.86 114-122 

0.76 0.82 123-131 

0.71 0.77 132-140 

0.58 0.68 141-158 

OAI 0.58 159-176 

690.34 Access to Boxes. Junction, pull, and outlet boxes 
located behind modules or panels shall be so installed that 
the wiring contained in them can be rendered accessible 
directly or by displacement of a module(s) or panel(s) 
secured by removable fasteners and connected by a 
flexible wiring system. 

690.35 Ungrounded Photovoltaic Power Systems. 
Photovoltaic power systems shall be permitted to operate 
with ungrounded photovoltaic source and output circuits 
where the system complies with 690.35(A) through (G). 

(A) Disconnects. All photovoltaic source and output 
circuit conductors shall have disconnects complying with 
690, Part III. 

(B) Overcurrent Protection. All photovoltaic source and 
output circuit conductors shall have overcurrent 
protection complying with 690.9. 

(C) Ground-Fault Protection. All photovoltaic source 
and output circuits shall be provided with a ground-fault 
protection device or system that complies with (1) 
through (3): 

(1) Detects a ground fault. 

(2) Indicates that a ground fault has occurred 

(3) Automatically disconnects all conductors or causes 
the inverter or charge controller connected to the 
faulted circuit to automatically cease supplying 
power to output circuits. 

(D) The photovoltaic source conductors shall consist of 
the following: 

(1) Nonmetallic jacketed multiconductor cables 

(2) Conductors installed in raceways, or 

(3) Conductors listed and identified as Photovoltaic (PV) 
Wire installed as exposed, single conductors. 

(E) The photovoltaic power system direct-current circuits 
shall be permitted to be used with ungrounded battery 
systems complying with 690.71(0). 
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ARTICLE 690 - SOLAR PHOTOVOLTAIC (PV) SYSTEMS 690.46 

(F) The photovoltaic power source shall be labeled with 
the following warning at each junction box, combiner 
box, disconnect, and device where energized, ungrounded 
circuits may be exposed during service: 

WARNING 
ELECTRIC SHOCK HAZARD. 

THE DC CONDUCTORS OF THIS 
PHOTOVOLTAIC SYSTEM ARE UNGROUNDED 

AND MAY BE ENERGIZED. 

(G) The inverters or charge controllers used in systems 
with ungrounded photovoltaic source and output circuits 
shall be listed for the purpose. 

v. Grounding 

690.41 System Grounding. For a photovoltaic power 
source, one conductor of a 2-wire system with a 
photovoltaic system voltage over 50 volts and the reference 
( center tap) conductor of a bipolar system shall be solidly 
grounded or shall use other methods that accomplish 
equivalent system protection in accordance with 250.4(A) 
and that utilize equipment listed and identified for the use. 

Exception: Systems complying with 690.35. 

690.42 Point of System Grounding Connection. The dc 
circuit grounding connection shall be made at any single 
point on the photovoltaic output circuit. 

Infonnational Note: Locating the grounding connection 
point as close as practicable to the photovoltaic source 
better protects the system from voltage surges due to 
lightning. 

Exception: Systems with a 690.5 ground-fault protection 
device shall be permitted to have the required grounded 
conductor-to-ground bond made by the ground-fault 
protection device. This bond, where internal to the 
ground-fault equipment, shall not be duplicated with an 
external connection. 

690.43 Equipment Grounding. Equipment grounding 
~onductors and d\:vices hall comply \~ith (:)?()~4J(A 
~hrough (F). 

(A) Equipment Grounding Required. Exposed non
current-carrying metal parts of PV module frames, 
cleetrica equipment, and conductor enclosures shall be 
grounded in accordance with 250.134 or 250.136(A), 
regardless of voltage. 

(8) Equipment Grounding Conductor Required. An 
equipment grounding conductor between a PV array and 
other equipment shall be required in accordance with 250.110. 

(C) Structure as Equipment Grounding Conductor. 
Devices listed and identified for grounding the metallic 
frames of PV modules brothercquipmen shall be 
pennitted to bond the exposed m tal surfaces or other 
equiptneniiomolmilng structu res. etallic mounting 
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structures. other than building steel. used for grounding 
purposes shall be identified as equipment-grounding 
conductors or shall have identified bonding jumpers or 
devices connected between the separate metallic sections 
and shall be bonded to the grounding system. 

(D) Photo\'oltaic Mounting Systems and De\ ices. Devices 
and sy tems used for mounting PV modules that are also 
Used to provide grounding of the module frames shall be 
identified for the purpose of grounding PV modules. 

E) Adjacent Modules. Devices identified and listed for 
bonding the metallic frames of PV modules shall be 
pennitted to bond the exposed metallic frames of PV 
modules to the metallic frames of adjacent PV modules. 

(F) AU Conductors Together ~ Equipment grounding 
conductors for the PV array and structure (where installed) 
shall be contained within the same raceway or cable or 
otherwise run with the PV array circuit conductors when 
those circuit conductors leave the vicinity of the PV array. 

690.45 Size of Equipment Grounding Conductors. 
Equipment grounding conductors for photovoltaic source 
and photovoltaic output circuits shall be sized in 
accordance with 690.45(A) or (B). 

(A) General. Equipment grounding conductors in 
photovoltaic source and photovoltaic output circuits shall 
be sized in accordance with Table 250.122. Where no 
overcurrent protective device is used in the circuit, an 
assumed overcurrent device rated at the photovoltaic rated 
short-circuit current shall be used in Table 250.122. 
Increases in equipment grounding conductor size to 
address voltage drop considerations shall not be required. 
The equipment grounding conductors shall be no smaller 
than 14 AWG. 

(B) Ground-Fault Protection Not Provided. For other 
than dwelling units where ground-fault protection is not 
provided in accordance with 690.5(A) through (C), each 
equipment grounding conductor shall have an ampacity of 
at least two (2) times the temperature and conduit fill 
corrected circuit conductor ampacity. 

Infonnational Note: The short-circuit current of 
photovoltaic modules and photovoltaic sources is just 
slightly above the full-load normal output rating. In 
ground-fault conditions, these sources are not able to 
supply the high levels of short-circuit or ground-fault 
currents necessary to quickly activate overcurrent devices 
as in typical ac systems. Protection for equipment 
grounding conductors in photovoltaic systems that are not 
provided with ground-fault protection is related to size 
and withstand capability of the equipment grounding 
conductor, rather than overcurrent device operation. 

690.46 Array Equipment Grounding Conductors. 
Equipment grounding conductors for photovoltaic modules 
smaller than 6 AWG shall comply with 250.120(C). 
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690.47 ARTICLE 690 - SOLAR PHOTOVOLTAIC lPV) SYSTEMS 

690.47 Grounding Electrode System. 

(A) Alternating-Current Systems. If installing an ac system, 
a grounding electrode system shall be provided in accordance 
with 250.50 through 250.60. The grounding electrode 
conductor shall be installed in accordance with 250.64. 

(B) Direct-Current Systems. If installing a de system, a 
grounding electrode system shall be provided in accordance 
with 250.166 for grounded systems or 250.169 for 
ungrounded systems. The grounding electrode conductor 
shall be installed in accordance with 250.64. 

A common dc grounding-electrode conductor shall 
b permitted to serve multiple inverters. The size of the 
common grounding electrode and the tap conductors hall 
he in accordance with 250.166. The tap conductors shall 
be connect d to the common grounding-electrode 
~onductor by exothermic welding or with connectors 
~ist d as grounding and bonding equipment in such a 
manner that the common grounding electrode conductor 
remains without a splice or joint. 

(C) Systems with Alternating-Current and Direct
Current Grounding Requirements. Photovoltaic 
systems having de circuits and ae circuits with no direct 
connection between the de ground d conductor and ac 
grounded conductor shall have a de grounding system. 
The dc grounding syst m shall b bonded to the ac 
grounding system by one 0 f the metJlOds in ( 1). (2), or (3), 

This section shall not apply to ac PV modules. 

When using the methods of (C)(2) or (C)(3), the 
existing ac grounding electrode system shall meet the 
applicable requircmcnls 0 f Article 250. Part II f. 

Informational Note No. 1: A SIIUL 1741, Siandal'd/ul' 
lnver'e,.~. Conve,.ter:.. alld Comrol/e1". for Ufe ill 
Illdependef1f Puwer Syslems. requires that any inv rtcr 
or charge controller that has a bonding jumper bct\\c~n 
the grounded de conductor and the grounding system 
connection point haw thaI point marked a' a grounding 
t.'lcctrodc conductor (GEe) connection point In PV 
in\' ners. the tcrminal~ for th\! de equipment grounding 
conductors and the tcnninal lor ac equipment 
grounding conductors are generally connected to, or 
electrically in common with, a grounding busbar thaI has 
a marked de GEe terminal. 

Inf()ErnClti()l1alNot~N()~ 2: For utility-iru~racti,e 
s~ tems, the xisting premise grounding y:.tem lservcs 
as thcacgroundingsysteTTl. 

( I) Separate Direct-Current Groundin Electrode 
System Bonded to the Alternating-Current Grounding 
Electrode System. A separate dc grounding electrode or 
sy tem hall be installed. and it shall be bonded directly to 
the ac grounding electrode system. The size of any 
bondingjumpcr(s) between tht: ac and de systcm~ shall be 
based on the larger size of the existing ae grounding 
electrode conductor or the size of the dc grounding 
electrode conductor specified by 250.166. The de 
grounding dectrode system conductor(s) or th bonding 
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jUlllpers lotlte'ac" ground, ngelectrode ' system shalf not be 
used 3, a SubSlintte for any required ac equipment 
grounding conductors. 

(2) Common Dircct-Currcnt and AJternating-CurJ"cnt 
Grounding Electrode. A de grounding elt.-ctrode conductor 
of the size specified by 250.166 shall be run from the 
marked dc grounding electrode connection point to the ac 
grounding electrode. Where an ac grounding electrode is not 
accessible. the de grmmding electrode conductor shall be 
connected to the ac grounding electrode conductor in 
accordance with 250.64(C)( I). This dc grounding electrod 
conductor shaJI not be used as a ubslitute for any required 
He equipment grounding conductors. 

(3) Combined Direct-Current Grounding Electrode 
Conductor and Alternating-Cu rrent Eq uipmeflt 
Grounding Conductor. An un 'pliced. or irreversibly 
spliced. combined grounding conductor shall be run from 
the marked de grounding electrod conductor connection 
point along with the ac circuit conductors to the grounding 
busbar in the as ociated ac equipment. This combined 
grounding conductor hall be the larger of the siz 
specified by 250.122 or 250.166 and shall be installed in 
,accordance with 250.64( E). 

690.48 Continuity of Equipment Grounding Systems. 

Where the removal of equipment disconnects the bonding 
connection between the grounding electrode conductor 
and exposed conducting surfaces in the photovoltaic 
source or output circuit equipment, a bonding jumper 
shall be installed while the equipment is removed. 

690.49 Continuity of Photovoltaic Source and Output 
Circuit Grounded Conductors. Where the removal of the 
utility-interactive inverter or other equipment disconnects 
the bonding connection between the grounding electrode 
conductor and the photovoltaic source and/or photovoltaic 
output circuit grounded conductor, a bonding jumper shall 
be installed to maintain the system grounding while the 
inverter or other equipment is removed. 

690.50 Equipment Bonding Jumpers. Equipment 
bonding jumpers, ifused, shall comply with 250.120(C). 

VI. Marking 

690.51 Modules. 

Modules shall be marked with identification of terminals or 
leads as to polarity, maximum overcurrent device rating for 
module protection, and with the following ratings: 

(1) Open-circuit voltage 

(2) Operating voltage 

(3) Maximum permissible system voltage 

(4) Operating current 

(5) Short-circuit current 

(6) Maximum power 
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ARTICLE 690 - SOLAR PHOTOVOLTAIC (PV) SYSTEMS 690.71 

690.52 Alternating-Current Photovoltaic Modules. 
Alternating-current modules shall be marked with 
identification of terminals or leads and with identification 
of the following ratings: 

(1) Nominal operating ac voltage 

(2) Nominal operating ac frequency 

(3) Maximum ac power 

( 4) Maximum ac current 

(5) Maximum overcurrent device rating for ac module 
protection 

690.53 Direct-Current Photovoltaic Power Source. A 
permanent label for the direct-current photovoltaic power 
source indicating items (1) through (5) shall be provided 
by the installer at the photovoltaic disconnecting means: 

(1) Rated maximum power-point current 

(2) Rated maximum power-point voltage 

(3) Maximum system voltage 
Infonnational Note to (3): See 690.7(A) for maximum 
photovoltaic system voltage. 

(4) Short-circuit current 
Informational Note to (4): See 690.8(A) for calculation 
of maximum circuit current. 

(5) Maximum rated output current of the charge 
controller (if installed) 

Infonnational Note: Reflecting systems used for 
irradiance enhancement may result in increased levels of 
output current and power. 

690.54 Interactive System Point of Interconnection. All 
interactive system(s) points of interconnection with other 
sources shall be marked at an accessible location at the 
disconnecting means as a power source and with the rated 
ac output current and the nominal operating ac voltage. 

690.55 Photovoltaic Power Systems Employing Energy 
Storage. Photovoltaic power systems employing energy 
storage shall also be marked with the maximum operating 
voltage, including any equalization voltage and the 
polarity of the grounded circuit conductor. 

690.56 Identification of Power Sources. 

(A) Facilities with Stand-Alone Systems. Any structure 
or building with a photovoltaic power system that is not 
connected to a utility service source and is a stand-alone 
system shall have a permanent plaque or directory 
installed on the exterior of the building or structure at a 
readily visible location acceptable to the authority having 
jurisdiction. The plaque or directory shall indicate the 
location of system disconnecting means and that the 
structure contains a stand-alone electrical power system. 
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(B) Facilities with Utility Services and PV Systems. 
Buildings or structures with both utility service and a 
photovoltaic system shall have a permanent plaque or 
directory providing the location of the service 
disconnecting means and the photovoltaic system 
disconnecting means if not located at the same location. 

VII. Connection to Other Sources 

690.57 Load Disconnect. A load disconnect that has 
multiple sources of power shall disconnect all sources 
when in the off position. 

690.60 Identified Interactive Equipment. Only inverters 
and ac modules listed and identified as interactive shall be 
permitted in interactive systems. 

690.61 Loss of Interactive System Power. An inverter or 
an ac module in an interactive solar photovoltaic system 
shall automatically de-energize its output to the connected 
electrical production and distribution network upon loss 
of voltage in that system and shall remain in that state 
until the electrical production and distribution network 
voltage has been restored. 

A normally interactive solar photovoltaic system 
shall be permitted to operate as a stand-alone system to 
supply loads that have been disconnected from electrical 
production and distribution network sources. 

690.63 Unbalanced Interconnections. Unbalanced 
connections shall be in accordance with 705.100. 

690.64 Point of Connection. Point of conn~ction shall be 
In accordance with 705.12 ~ 

VIII. Storage Batteries 

690.71 Installation. 

(A) General. Storage batteries in a solar photovoltaic 
system shall be installed in accordance with the 
provisions of Article 480. The interconnected battery cells 
shall be considered grounded where the photovoltaic 
power source is installed in accordance with 690.41. 

(B) Dwellings. 

(1) Operating Voltage. Storage batteries for dwellings 
shall have the cells connected so as to operate at less than 
50 volts nominal. Lead-acid storage batteries for 
dwellings shall have no more than twenty-four 2-volt cells 
connected in series (48-volts nominal). 

Exception: Where live parts are not accessible during 
routine battery maintenance, a battery system voltage in 
accordance with 690. 7 shall be permitted. 
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690.72 ARTICLE 690 - SOLAR PHOTOVOLTAIC (PV) SYSTEMS 

(2) Guarding of Live Parts. Live parts of battery systems 
for dwellings shall be guarded to prevent accidental 
contact by persons or objects, regardless of voltage or 
battery type. 

Informational Note: Batteries in solar photovoltaic 
systems are subject to extensive charge-discharge 
cycles and typically require frequent maintenance, 
such as checking electrolyte and cleaning connections. 

(C) Current Limiting. A listed, current-limiting, 
overcurrent device shall be installed in each circuit 
adjacent to the batteries where the available short-circuit 
current from a battery or battery bank exceeds the 
interrupting or withstand ratings of other equipment in 
that circuit. The installation of current-limiting fuses shall 
comply with 690.16. 

(D) Battery Nonconductive Cases and Conductive 
Racks. Flooded, vented, lead-acid batteries with more 
than twenty-four 2-volt cells connected in series (48 volts, 
nominal) shall not use conductive cases or shall not be 
installed in conductive cases. Conductive racks used to 
support the nonconductive cases shall be permitted where 
no rack material is located within 150 mm (6 in.) of the 
tops of the nonconductive cases. 

This requirement shall not apply to any type of valve
regulated lead-acid (VRLA) battery or any other types of 
sealed batteries that may require steel cases for proper 
operation. 

(E) Disconnection of Series Battery Circuits. Battery 
circuits subject to field servicing, where more than 
twenty-four 2-volt cells are connected in series (48 volts, 
nominal), shall have provisions to disconnect the series
connected strings into segments of 24 cells or less for 
maintenance by qualified persons. Non-load-break bolted 
or plug-in disconnects shall be permitted. 

(F) Battery Maintenance Disconnecting Means. 
Battery installations, where there are more than twenty
four 2-volt cells connected in series (48 volts, nominal), 
shall have a disconnecting means, accessible only to 
qualified persons, that disconnects the grounded circuit 
conductor( s) in the battery electrical system for 
maintenance. This disconnecting means shall not 
disconnect the grounded circuit conductor(s) for the 
remainder of the photovoltaic electrical system. A non
load-break-rated switch shall be permitted to be used as 
the disconnecting means. 

(G) Battery Systems of More Than 48 Volts. On 
photovoltaic systems where the battery system consists of 
more than twenty-four 2-volt cells connected in series 
(more than 48 volts, nominal), the battery system shall be 
permitted to operate with ungrounded conductors, 
provided the following conditions are met: 
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(l) The photovoltaic array source and output circuits shall 
comply with 690.41. 

(2) The dc and ac load circuits shall be solidly grounded. 

(3) All main ungrounded battery input/output circuit 
conductors shall be provided with switched disconnects 
and overcurrent protection. 

(4) A ground-fault detector and indicator shall be installed 
to monitor for ground faults in the battery bank. 

690.72 Charge Control. 

(A) General. Equipment shall be provided to control the 
charging process of the battery. Charge control shall not be 
required where the design of the photovoltaic source circuit 
is matched to the voltage rating and charge current 
requirements of the interconnected battery cells and the 
maximum charging current multiplied by 1 hour is less than 
3 percent of the rated battery capacity expressed in ampere
hours or as recommended by the battery manufacturer. 

All adjusting means for control of the charging process 
shall be accessible only to qualified persons. 

Informational Note: Certain battery types such as valve
regulated lead acid or nickel cadmium can experience 
thermal failure when overcharged. 

(B) Diversion Charge Controller. 

(1) Sole Means of Regulating Charging. A photovoltaic 
power system employing a diversion charge controller as 
the sole means of regulating the charging of a battery shall 
be equipped with a second independent means to prevent 
overcharging of the battery. 

(2) Circuits with Direct-Current Diversion Charge 
Controller and Diversion Load. Circuits containing a dc 
diversion charge controller and a dc diversion load shall 
comply with the following: 

(l) The current rating of the diversion load shall be less 
than or equal to the current rating of the diversion load 
charge controller. The voltage rating of the diversion 
load shall be greater than the maximum battery 
voltage. The power rating of the diversion load shall be 
at least 150 percent of the power rating of the 
photovoltaic array. 

(2) The conductor ampacity and the rating of the 
overcurrent device for this circuit shall be at least 150 
percent of the maximum current rating of the diversion 
charge controller. 

(3) PV Systems Using Utility-Interactive Inverters. 
Photovoltaic power systems using utility-interactive 
inverters to control battery state-of-charge by diverting 
excess power into the utility system shall comply with (1) 
and (2): 
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ARTICLE 692 - FUEL CELL SYSTEMS 692.3 

(1) These systems shalJ not be required to comply with 
690.72(8)(2). The charge regulation circuits used 
shall comply with the requirements of 690.8. 

(2) These systems shall have a second, independent 
means of controlling the battery charging process for 
use when the utility is not present or when the 
primary charge controller fails or is disabled. 

(C) BuckIBoost Direct-Current Converter. When 
buck/boo t charge controllers and other de power 
converters that increase or decrease the output curf nt or 
output voltage with re pect to the input current or input 
\oltage are installed. the requirements shall comply with 
690.72(C)(I) and (C)(2). 

(1) !fhe ampacity of the conductors in output circuits 
shall be based on the maximum rated continuous , 
output current of the charge controller or converter 
rOf the selected output voltage range. 

(2) The vollag\! rating of the output circuits hall be 
based on tbe maximum voltage output of the charge 
controller or converter for the selected output voltage 
tang~. 

690.74 Battery Interconnections. 

(A) Flexible Cables. Flexible cables, as identified in 
Article 400, in sizes 2/0 A WG and larger shall be 
permitted within the battery enclosure from battery 
terminals to a nearby junction box where they shall be 
connected to an approved wiring method. Flexible battery 
cables shall also be permitted between batteries and cells 
within the battery enclosure. Such cables shall be listed 
for hard-service use and identified as moisture resistant. 

Flexible, fine-stranded cables shall b'cicrnliTlated 
onlY, with terminals, lugs, devices, or connectors in 
accordance with IIO.14(A). 

IX. Systems over 600 Volts 

690.80 General. Solar photovoltaic systems with a 
maximum system voltage over 600 volts dc shall comply 
with Article 490 and other requirements applicable to 
installations rated over 600 volts. 

690.85 Definitions. For the purposes of Part IX of this 
article, the voltages used to determine cable and 
equipment ratings are as follows. 

Battery Circuits. In battery circuits, the highest voltage 
experienced under charging or equalizing conditions. 

Photovoltaic Circuits. In dc photovoltaic source circuits 
and photovoltaic output circuits, the maximum system 
voltage. 
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I. General 

ARTICLE 692 

J:t'g~,1f(:~Jl ..... ~ystems 

692.1 Scope. This article identifies the requirements for 
the installation of fuel cell power systems, which may be 
stand-alone or interactive with other electric power 
production sources and may be with or without electric 
energy storage such as batteries. These systems may have 
ac or dc output for utilization. 

692.2 Definitions. 

Fuel Cell. An electrochemical system that consumes fuel 
to produce an electric current. The main chemical reaction 
used in a fuel cell for producing electric power is not 
combustion. However, there may be sources of 
combustion used within the overall fuel cell system such 
as reformers/fuel processors. 

Fuel Cell System. The complete aggregate of equipment 
used to convel1 chemical fuel into usable electricity. A 
fuel cell system typically consists of a reformer, stack, 
power inverter, and auxiliary equipment. 

Interactive System. A fuel cell system that operates in 
parallel with and may deliver power to an electrical 
production and distribution network. For the purpose of 
this definition, an energy storage subsystem of a fuel cell 
system, such as a battery, is not another electrical 
production source. 

Maximum System Voltage. The highest fuel cell inverter 
output voltage between any ungrounded conductors 
present at accessible output terminals. 

Output Circuit. The conductors used to connect the fuel 
cell system to its electrical point of delivery. In the case of 
sites that have series- or parallel-connected multiple units, 
the term output circuit also refers to the conductors used 
to electrically interconnect the fuel cell system(s). 

Point of Common Coupling. The point at which the 
power production and distribution network and the 
customer interface occurs in an interactive system. 
Typically, this is the load side of the power network 
meter. 

Stand-Alone System. A fuel cell system that supplies 
power independently of an electrical production and 
distribution network. 

692.3 Other Articles. Wherever the requirements of 
other articles of this Code and Article 692 differ, the 
requirements of Article 692 shall apply, and, if the system 
is operated in parallel with a primary source(s) of 
electricity, the requirements in 705.14, 705.16, 705.32, 
and 705.143 shall apply. 
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692.4 ARTICLE 692 - FUEL CELL SYSTEMS 

692.4 Installation. 

(A) Fuel Cell System. A fuel cell system shall be 
permitted to supply a building or other structure in 
addition to any service( s) of another electricity supply 
system(s). 

(B) Identification. A permanent plaque or directory, 
denoting all electric power sources on or in the premises, 
shall be installed at each service equipment location. 

(e) System Instaliation~Fl1ef ·celfsyslems'"Tncludjng all 
associated wiring and interconnections shan be installed 
~Y()T11 gl1~1i fied persons. 

Infonnational Note: See AI1icie 100 for 'thedeI1nI110no( 
qlla/!fied person. 

692.6 Listing Requirement. The fuel cell system shall be 
evaluated and listed for its intended application prior to 
installation. 

II. Circuit Requirements 

692.8 Circuit Sizing and Current. 

(A) Nameplate Rated Circuit Current. The 
nameplate(s) rated circuit current shall be the rated 
current indicated on the fuel cell nameplate(s). 

(B) Conductor Ampacity and Overcurrent Device 
Ratings. The ampacity of the feeder circuit conductors 
from the fuel cell system( s) to the premises wiring system 
shall not be less than the greater of (1) nameplate( s) rated 
circuit current or (2) the rating of the fuel cell system(s) 
overcurrent protective device(s). 

(C) Ampacity of Grounded or Neutral Conductor. If 
an interactive single-phase, 2-wire fuel cell output(s) is 
connected to the grounded or neutral conductor and a 
single ungrounded conductor of a 3-wire system or of a 3-
phase, 4-wire, wye-connected system, the maximum 
unbalanced neutral load current plus the fuel cell 
system(s) output rating shall not exceed the ampacity of 
the grounded or neutral conductor. 

692.9 Overcurrent Protection. 

(A) Circuits and Equipment. If the fuel cell system is 
provided with overcurrent protection sufficient to protect 
the circuit conductors that supply the load, additional 
circuit overcurrent devices shall not be required. 
Equipment and conductors connected to more than one 
electrical source shall be protected. 

(B) Accessibility. Overcurrent devices shall be readily 
accessible. 

692.10 Stand-Alone Systems. The premises wiring 
system shall meet the requirements of this Code except as 
modified by 692.1 O(A), (B), and (C). 
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(A) Fuel Cell System Output. The fuel cell system 
output from a stand-alone system shall be permitted to 
supply ac power to the building or structure disconnecting 
means at current levels below the rating of that 
disconnecting means. 

(8) Sizing and Protection. The circuit conductors 
between the fuel cell system(s) output and the building or 
structure disconnecting means shall be sized based on the 
output rating of the fuel cell system(s). These conductors 
shall be protected from overcurrents in accordance with 
240.4. The overcurrent protection shall be located at the 
output of the fuel cell system( s ). 

(C) Single 120-Volt Nominal Supply. The inverter 
output of a stand-alone fuel cell system shall be 
permitted to supply 120 volts, nominal, to single-phase, 
3-wire 120/240-volt service equipment or distribution 
panels where there are no 240-volt loads and where 
there are no multiwire branch circuits. In all 
installations, the rating of the overcurrent device 
connected to the output of the fuel cell system(s) shall 
be less than the rating of the service equipment. This 
equipment shall be marked as follows: 

WARNING 
SINGLE 120-VOLT SUPPLY. 

DO NOT CONNECT MUL TIWIRE 
BRANCH CIRCUITS! 

III. Disconnecting Means 

692.13 All Conductors. 

Means shall be provided to disconnect all current-carrying 
conductors of a fuel cell system power source from all 
other conductors in a building or other structure. 

692.17 Switch or Circuit Breaker. The disconnecting means 
for ungrounded conductors shall consist of readily accessible, 
manually operable switch( es) or circuit breaker( s). 

Where all terminals of the disconnecting means may 
be energized in the open position, a warning sign shall be 
mounted on or adjacent to the disconnecting means. The 
sign shall be clearly legible and shall have the following 
words or equivalent: 

DANGER 
ELECTRIC SHOCK HAZARD. 

DO NOT TOUCH TERMINALS. 
TERMINALS ON BOTH THE LINE AND 

LOAD SIDES MAY BE ENERGIZED 
IN THE OPEN POSITION. 
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ARTICLE 692 - FUEL CELL SYSTEMS 692.80 

IV. Wiring Methods 

692.31 Wiring Systems. All raceway and cable wiring 
methods included in Chapter 3 of this Code and other 
wiring systems and fittings specifically intended and 
identified for use with fuel cell systems shall be 
permitted. Where wiring devices with integral enclosures 
are used, sufficient length of cable shall be provided to 
facilitate replacement. 

V. Grounding 

692.41 System Grounding. 

(A) AC Systems. Grounding of ac systems shall be in 
accordance with 250.20, and with 250.30 for stand-alone 
systems. 

(B) DC Systems. Grounding of dc systems shall be in 
accordance with 250.160. 

(C) Systems with Alternating-Current and Direct
Current Grounding Requirements. When fuel cell 
power systems have both alternating-current (ac) and 
direct-current (dc) grounding requirements, the dc 
grounding system shall be bonded to the ac grounding 
system. The bonding conductor shall be sized according 
to 692.45. A single common grounding electrode and 
grounding bar may be used for both systems, in which 
case the common grounding electrode conductor shall be 
sized to meet the requirements of both 250.66 (ac) and 
250.166 (dc). 

692.44 Equipment Grounding Conductor. A separate 
equipment grounding conductor shall be installed. 

692.45 Size of Equipment Grounding Conductor. The 
equipment grounding conductor shall be sized in 
accordance with 250.122. 

692.47 Grounding Electrode System. Any auxiliary 
grounding electrode(s) required by the manufacturer shall 
be connected to the equipment grounding conductor 
specified in 250.118. 

VI. Marking 

692.53 Fuel Cell Power Sources. A marking specifying 
the fuel cell system, output voltage, output power rating, 
and continuous output current rating shall be provided at 
the disconnecting means for the fuel cell power source at 
an accessible location on the site. 

692.54 Fuel Shut-Off. The location of the manual fuel 
shut-off valve shall be marked at the location of the 
primary disconnecting means of the building or circuits 
supplied. 

692.56 Stored Energy. A fuel cell system that stores 
electric energy shall require the following warning sign, 
or equivalent, at the location of the service disconnecting 
means of the premises: 
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WARNING 
FUEL CELL POWER SYSTEM 

CONTAINS 
ELECTRlCAL ENERGY STORAGE 

DEVICES. 

VII. Connection to Other Circuits 

692.59 Transfer Switch. A transfer switch shall be 
required in non-grid-interactive systems that use utility 
grid backup. The transfer switch shall maintain isolation 
between the electrical production and distribution 
network and the fuel cell system. The transfer switch 
shall be permitted to be located externally or internally 
to the fuel cell system unit. Where the utility service 
conductors of the structure are connected to the transfer 
switch, the switch shall comply with Article 230, Part V. 

692.60 Identified Interactive Equipment. Only fuel cell 
systems listed and ~llarked as interactive shall be 
permitted in interactive systems. 

692.61 Output Characteristics. Output characteristics 
h(l~Jb~in~<:c9rd,(l!:~<:f!,yit~ZQ? 14: 

692.62 Loss of Interactive System Power. The fuel cell 
system shall be provided with a means of detecting when 
the electrical production and distribution network has 
become de-energized and shall not feed the electrical 
production and distribution network side of the point of 
common coupling during this condition. The fuel cell 
system shall remain in that state until the electrical 
production and distribution network voltage has been 
restored. 

A normally interactive fuel cell system shall be 
permitted to operate as a stand-alone system to supply 
loads that have been disconnected from electrical 
production and distribution network sources. 

692.64 Unbalanced Interconnections. Unbalanced 
interconnections shall be in accordance with 70S.100. 

692.65 Utility-Inter~~tive j>ointQXc.=onnection. Point o~ 
connection hall be in acc()rdance with 705.12. 

VIII. Outputs Over 600 Volts 

692.80 General. Fuel cell systems with a maximum 
output voltage over 600 volts ac shall comply with the 
requirements of other articles applicable to such 
installations. 

70-609 



694.1 ARTICLE 694 - SMALL WIND ELECTREIC SYSTEMS 

, . •. . ~ '''._-.-.,-;>.-

ARTICLE 694 
Small Wind Electric s.y~tel'lls 

I. Genera] 

694.1 Scope. The provisions of this article apply to small 
wind (turbine) electric systems that consist of one or more 
wind electric generators with individual generators having 
a rated power up to and including 100 kW. These systems 
can include generators, alternators, inverters, and 
controllers. 

Informational Note: Small wind electric systems can be 
interactive with other electrical power production sources 
or might be stand-alone systems. Small wind electric 
systems can have ac or dc output, with or without electrical 
energy storage, such as batteries. See Informational Note 
Figures 694.1, No.1 and 694.1, No.2. 

Rectifier Inverter Utility 

Informational Note Figure 694.1, No. 1 Identification of 
Small Wind Electric System Components - Interactive 
System. 

de loads 

ae loads 

Informational Note Figure 694.1, No.2 Identification of 
Small Wind Electric System Components - Stand-Alone 
System. 

694.2 Definitions. 

Charge Controller. Equipment that controls dc voltage 
or dc current, or both, and that is used to charge a battery 
or other energy storage device. 

Diversion Charge Controller. Equipment that regulates 
the charging process of a battery or other energy storage 
device by diverting power from energy storage to dc or ac 
loads, or to an interconnected utility service. 

Diversion Load. A load connected to a diversion charge 
controller or diversion load controller, also known as a 
dump load. 
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Diversion Load Controller. Equipment that regulates 
the output of a wind generator by diverting power from 
the generator to dc or ac loads or to an interconnected 
utility service. 

Guy. A cable that mechanically supports a wind turbine 
tower. 

Inverter Output Circuit. The conductors between an 
inverter and an ac panelboard for stand-alone systems, or the 
conductors between an inverter and service equipment or 
another electric power production source, such as a utility, 
for an electrical production and distribution network. 

Maximum Output Power. The maximum 1 minute 
average power output a wind turbine produces in normal 
steady-state operation (instantaneous power output can be 
higher). 

Maximum Voltage. The maximum voltage the wind 
turbine produces in operation including open circuit 
conditions. 

Nacelle. An enclosure housing the alternator and other 
parts of a wind turbine. 

Rated Power. The wind turbine's output power at a wind 
speed of 11 mls (24.6 mph). If a turbine produces more 
power at lower wind speeds, the rated power is the wind 
turbine's output power at a wind speed less than 11 mls 
that produces the greatest output power. 

Informational Note: The method for measuring wind 
turbine power output is specified in IEe 61400-12-1, 
Power Performance Measurements of Electricity 
ProdUCing Wind Turbines . 

Tower. A pole or other structure that supports a wind turbine. 

Wind Turbine. A mechanical device that converts wind 
energy to electrical energy. 

Wind Turbine Output Circuit. The circuit conductors 
between the internal components of a small wind turbine 
(which might include an alternator, integrated rectifier, 
controller, and/or inverter) and other equipment. 

Wind Turbine System. A small wind electric generating 
system. 

Informational Note: See also definitions for interconnected 
systems in Article 705 . 

694.3 Other Articles. Wherever the requirements of 
other articles of this Code and Article 694 differ, the 
requirements of Article 694 shall apply. Where the system 
is operated in parallel with primary sources of electricity, 
the requirements of Article 705 shall apply. 

Exception: Small wind electric systems, equipment, or wiring 
installed in a hazardous (classified) location shall also comply 
with the applicable portions of Articles 500 through 516. 

2013 California Electrical Code 



ARTICLE 694 - SMALL WIND ELECTRIC SYSTEMS 694.15 

694.7 Installation. Systems covered by this article shall 
be installed only by qualified persons. 

Informational Note: See Article 100 for the definition of 
Qual(/ied Person. 

(A) Small Wind Electric Systems. Small wind electric 
system(s) shall be permitted to supply a building or other 
structure in addition to any services of another electricity 
supply system. 

(B) Equipment. Inverters used in small wind electric 
systems shall be identified and listed for the application. 

(C) Diversion Load Controllers. A small wind electric 
system employing a diversion load controller as the 
primary means of regulating the speed of a wind turbine 
rotor shall be equipped with an additional, independent, 
reliable means to prevent over-speed operation. An 
interconnected utility service shall not be considered to be 
a reliable diversion load. 

(D) Surge Protective Devices (SPD). A surge protective 
device shall be installed between a small wind electric 
system and any loads served by the premises electrical 
system. The surge protective device shall be permitted to 
be a Type 3 SPD on a dedicated branch circuit serving a 
small wind electric system or a Type 2 SPD located 
anywhere on the load side of the service disconnect. 

protective devices shall be installed in accordance 
with Part II of Article 285. 

(Ii:) Receptacles. A receptacle shall be permitted to be 
supplied by a small wind electric system branch or feeder 
circuit for maintenance or data acquisition use. 
Receptacles shall be protected with an overcurrent device 
with a rating not to exceed the current rating of the 
receptacle. 

U. Circuit Requirements 

694.10 Maximum Voltage. 

(A) Wind Turbine Output Circuits. For wind turbines 
connected to one- and two-family dwellings, turbine 
output circuits shall be permitted to have a maximum 
voltage up to 600 volts. Other installations with a 
maximum voltage over 600 volts shall comply with Part 
IX of Article 694. 

(B) Direct-Current Utilization Circuits. The voltage of 
dc utilization circuits shall comply with 210.6. 

(C) Circuits over 150 Volts to Ground. In one- and two
family dwellings, live parts in circuits over 150 volts to 
ground shall not be accessible to other than qualified 
persons while energized. 

Informational Note: See 110.27 for guarding of live parts 
and 210.6 for branch circuit voltage l.imitations. 
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694.12 Circuit Sizing and Current. 

(A) Calculation of Maximum Circuit Current. The 
maximum current for a circuit shall be calculated III 

accordance with 694.12(A)(1) through (A)(3). 

(1) Turbine Output Circuit Currents. The maximum 
current shall be based on the circuit current of the wind 
turbine operating at maximum output power. 

(2) Inverter Output Circuit Current. The maximum 
output current shall be the inverter continuous output 
current rating. 

(3) Stand-Alone Inverter Input Circuit Current. The 
maximum input current shall be the stand-alone 
continuous inverter input current rating of the inverter 
producing rated power at the lowest input voltage. 

(B) Ampacity and Overcu rrent Device Ratings. 

(1) Continuous Current. Small wind turbine electric 
system currents shall be considered to be continuous. 

(2) of Conductors and Overcurrent Devices. 
Circuit conductors and overcurrent devices shall be sized 
to carry not less than 125 percent of the maximum current 
as calculated in 694.12(A). The rating or setting of 
overcurrent devices shall be permitted in accordance with 
240.4(8) and (C). 

Exception: Circuits containing an assembly. together 
with its overcurrent devices, listed for continuous 
operation at 100 percent of its rating shall be permitted to 
be used at 100 percent of its rating. 

694.15 Overcurrent Protection. 

(A) Circuits and Equipment. Turbine output circuits, 
inverter output circuits, and storage battery circuit 
conductors and equipment shall be protected in 
accordance with the requirements of Article 240. Circuits 
connected to more than one electrical source shall have 
overcurrent devices located so as to provide overcurrent 
protection from all sources. 

Exception: An overcurrent device shall not be required 
for circuit conductors sized in accordance with 694.12(B) 
where the maximum current from all sources does not 
exceed the ampacity of the conductors. 

Infotmational Note: Possible backfeed of current from any 
source of supply, including a supply through an inverter to 
the wind turbine output circuit, is a consideration in 
determining whether adequate overcurrent protection from 
all sources is provided. Some small wind electric systems 
rely on the turbine output circuit to turbine speed. 
Inverters may also operate in reverse for turbine startup or 

control. 

(B) Power Transformers. Overcurrent protection for a 
transformer with sources on each side shall be provided in 
accordance with 450.3 by considering first one side of the 
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transformer, then the other side of the transformer, as the 
primary. 

Exception: A power transformer with a current rating on 
the side connected to the inverter output, which is not less 
than the rated continuous output current rating of the 
inverter, shall not be required to have overcurrent 
protection at the inverter. 

(C) Direct-Current Rating. Overcurrent devices, either 
fuses or circuit breakers, used in any dc portion of a small 
wind electric system shall be listed for use in dc circuits 
and shall have appropriate voltage, current, and 
interrupting ratings. 

694.18 Stand-Alone Systems. The premises wiring 
system shall be adequate to meet the requirements of this 
Code for a similar installation connected to a service. The 
wiring on the supply side of the building or structure 
disconnecting means shall comply with this Code, except 
as modified by 694.18(A) through (D). 

(A) Inverter Output. The ac output from stand-a10ne 
inverters shall be permitted to supply ac power to the 
building or structure disconnecting means at current 
levels less than the calculated load connected to that 
disconnect. The inverter output rating or the rating of a 
wind energy source shall be not less than the load of the 
largest single utilization equipment connected to the 
system. Calculated general lighting loads shall not be 
considered as a single load. 

(B) Sizing and Protection. The circuit conductors 
between the inverter output and the building or structure 
disconnecting means shall be sized based on the output 
rating of the inverter. These conductors shall be protected 
in accordance with Article 240. The overcurrent 
protection shall be located at the output of the inverter. 

(C) Single 120-Volt Supply. The inverter output of a 
stand-alone small wind electric system shall be permitted 
to supply 120 volts to single-phase, 3-wire, 120/240-volt 
service equipment or distribution panels where there are 
no 240-volt outlets and where there are no muItiwire 
branch circuits. In all installations, the rating of the 
overcurrent device connected to the output of the inverter 
shall be less than the rating of the neutral bus in the 
service equipment. This equipment shall be marked with 
the following words or equivalent: 

WARNING. 
SINGLE 120-VOLT SUPPLY. 

DO NOT CONNECT. 
MULTIWIRE BRANCH CIRCUITS! 

(D) Energy Storage or Backup Power System 
Requirements. Energy storage or backup power supplies 
shall not be required. 
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III. Disconnecting Means 

694.20 All Conductors. Means shall be provided to 
disconnect all current-carrying conductors of a small wind 
electric power source from all other conductors in a 
building or other structure. A switch, circuit breaker, or 
other device, either ac or dc, shall not be installed in a 
grounded conductor if operation of that switch, circuit 
breaker, or other device leaves the marked, grounded 
conductor in an ungrounded and energized state. 

Exception: A wind turbine that uses the turbine output 
circuit for regulating turbine speed shall not require a 
turbine output circuit disconnecting means. 

694.22 Additional Provisions. Disconnecting means 
shall comply with 694.22(A) through (D). 

(A) Disconnecting Means. The disconnecting means shall 
not be required to be suitable for use as service equipment. 
The disconnecting means for ungrounded conductors shall 
consist of manual1y operable switches or circuit breakers 
complying with all of the following requirements: 

(1) They shall be located where readily accessible. 

(2) They shall be externally operable without exposing 
the operator to contact with live parts. 

(3) They shall plainly indicate whether in the open or 
closed position. 

(4) They shall have an interrupting rating sufficient for 
the nominal circuit voltage and the current that is 
available at the line terminals of the equipment. 

Where all terminals of the disconnecting means are 
capable of being energized in the open position, a warning 
sign shall be mounted on or adjacent to the disconnecting 
means. The sign shall be clearly legible and shall have the 
following words or equivalent: 

WARNING. 
ELECTRIC SHOCK HAZARD. 

DO NOT TOUCH TERMINALS. 
TERMINALS ON BOTH THE LINE 

AND LOAD SIDES MAY BE 
ENERGIZED IN THE OPEN POSITION. 

(B) Equipment. Equipment such as rectifiers, controllers, 
output circuit isolating and shorting switches, and over
current devices shall be permitted on the wind turbine 
side of the disconnecting means. 

(C) Requirements for Disconnecting Means. 

(1) Location. The small wind electric system disconnecting 
means shall be installed at a readily accessible location 
either on or adjacent to the turbine tower, on the outside of 
a building or structure or inside, at the point of entrance of 
the wind system conductors. 
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Exception: Installations that comply with 694.30(C) shall 
be permitted to have the disconnecting means located 
remotely from the point of entry of the wind system 
conductors. 

A wind turbine disconnecting means shall not be 
required to be located at the nacelle or tower. 

The disconnecting means shall not be installed in 
bathrooms. 

(2) Marking. Each turbine system disconnecting means 
shall be permanently marked to identify it as a small wind 
electric system disconnect. A plaque shall be installed in 
accordance with 705.10. 

(3) Suitable for Use. Turbine system disconnecting means 
shall be suitable for the prevailing conditions. Equipment 
installed in hazardous (classified) locations shall comply with 
the appropriate requirements of Articles 500 through 517. 

(4) Maximum Number of Disconnects. The turbine 
disconnecting means shall consist of not more than six 
switches or six circuit breakers mounted in a single 
enclosure, in a group of separate enclosures, or in or on a 
switchboard. 

Equipment That Is Not Readily Accessible. 
Rectifiers, controllers, and inverters shall be permitted to be 
mounted in nacelles or other exterior areas that are not 
readily accessible. 

694.24 Disconnection of Small Wind Electric System 
Equipment. Means shall be provided to disconnect 
equipment, such as inverters, batteries, and charge 
controllers, from all ungrounded conductors of all sources. 
If the equipment is energized from more than one source, 
the disconnecting means shall be grouped and identified. 

A single disconnecting means in accordance with 
694.22 shall be permitted for the combined ac output of one 
or more inverters in an interactive system. 

A shorting switch or plug shall be permitted to be used 
as an alternative to a disconnect in systems that regulate 
turbine speed using the turbine output circuit. 

Exception: Equipment housed in a turbine nacelle shall 
not be required to have a disconnecting means. 

694.26 Fuses. Means shall be provided to disconnect a fuse 
from all sources of supply where the fuse is from 
both directions and is accessible to other than qualified 
persons. Switches, pullouts, or similar devices that are rated 
for the application shall be permitted to serve as a means to 
disconnect fuses from all sources of supply. 

694.28 Installation and Service of a Wind Turbine. 

Open circuiting, short circuiting, or mechanical brakes shall 
be used to disable a turbine for installation and service. 
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Infonnational Note: Some wind turbines rely on the 
connection from the alternator to a remote controller for 
regulation. Opening turbine output circuit conductors may 
cause mechanical damage to a turbine and create excessive 
voltages that could equipment or expose persons to 
electric shock. 

IV. Wiring Methods 

694.30 Permitted Methods. 

(A) Wiring Systems. All raceway and cable wiring methods 
included in this and other wiring systems and fittings 
specifically intended for use on wind turbines, shall be 
permitted. In readily accessible locations, turbine output 
circuits that operate at voltages greater than 30 volts shall be 
installed in raceways. 

(B) Flexible Cords and Cables. Flexible cords and cables, 
where used to connect the moving parts of turbines or where 
used for ready removal for maintenance and repair, shall 
comply with Article 400 and shall be of a type identified as 
hard service cord or portable power cable, shall be suitable 
for extra-hard usage, shall be listed for outdoor use, and shall 
be water resistant. Cables exposed to sun1ight shall be 
sunlight resistant. 

(C) Direct-Current Turbine Output Circuits Inside a 
Building. Direct-cun'ent turbine output circuits installed 
inside a building or structure shall be enclosed in metal 
raceways or installed in metal enclosures from the point of 
penetration of the surface of the building or structure to the 
first readily accessible discOlmecting means. 

V. Grounding 

694.40 I£ql11ipJmelrlt Grounding. 

(A) General. Exposed non-current-carrying metal parts of 
towers, turbine nacelles, other equipment, and conductor 
enclosures shall be connected to an equipment grounding 
conductor in accordance with 250.134 or 250.1 36(A), 
regardless of voltage. Attached metal parts, such as turbine 
blades and tails that have no source of electrical energization, 
shall not be required to be connected to equipment grounding 
conductors. 

(B) Guy Wires. Guy wires used to support turbine towers 
shall not be required to be connected to an equipment 
grounding conductor or to comply with the requirements of 
250.110, 

Informational Note: Guy wires supporting towers that are 
adequately grounded are tmlikely to become energized. 
Grounding of metallic guy wires may be required by lightning 
codes. See 694.40(C)(4). 

(q Tower Grounding. 

(1) Auxiliary Electrodes. A wind turbine tower shall be 
connected to one or more auxiliary electrodes to limit 
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voltages imposed by lightning. Auxiliary electrodes shall 
be permitted to be installed in accordance with 250.54. 
Electrodes that are part of the tower foundation and meet 
the requirements for concrete encased electrodes in 
accordance with 250.52(A)(3) shall be acceptable. A 
grounded metal tower support shall be considered 
acceptable where meeting the requirements of 
250.136(A). Where installed in close proximity to 
galvanized foundation or tower anchor components, 
galvanized grounding electrodes shall be used. 

Infonnational Note: Copper and copper-clad grounding 
electrodes, where used in highly conductive soils, can cause 
electrolytic corrosion of galvanized foundation and tower 
anchor components. 

(2) Equipment Grounding Conductor. An equipment 
grounding conductor shall be required between a turbine 
and the premises grounding system in accordance with 
250.110. 

(3) Tower Grounding Connections. Equipment 
grounding conductors and grounding electrode 
conductors, where used, shall be connected to the metallic 
tower by exothermic welding, listed lugs, listed pressure 
connectors, listed clamps, or other listed means. Devices, 
such as connectors and lugs, shall be suitable for the 
material of the conductor and the structure to which the 
devices are connected. Where practicable, contact of 
dissimilar metals shall be avoided anywhere in the system 
to eliminate the possibility of galvanic action and 
corrosion. All mechanical elements used to terminate 
these conductors shall be accessible. 

(4) Lightning Protection Systems. Auxiliary electrodes 
and grounding electrode conductors shall be permitted to 
act as lightning protection system components where 
meeting applicable requirements. If separate, the tower 
lightning protection system grounding electrodes shall be 
bonded to the tower auxiliary grounding electrode system. 
Guy wires used as lightning protection system grounding 
electrodes shall not be required to be bonded to the tower 
auxiliary grounding electrode system. 

Infonnational Note: See NFPA 780-20 J 1, Standardfor the 
installation of Lightning Protection Systems, Infonnative 
Annex N, Wind Turbine Generator Systems, for 
information on lightning protection of wind turbines. 

VI. Marking 

694.50 Interactive System Point of .Interconnection. All 
interactive system points of interconnection with other 
sources shall be marked at an accessible location at the 
disconnecting means and with the rated ac output current 
and the nominal operating ac voltage. 

694.52 Power Systems Employing Energy Storage. 
Small wind electric systems employing energy storage 
shall be marked with the maximum operating voltage, any 
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equalization voltage, and the polarity of the grounded 
circuit conductor. 

694.54 Identification of Power Sources. 

(A) Facilities with Stand-Alone Systems. Any structure 
or building with a stand-alone system and not connected 
to a utility service source shall have a permanent plaque 
or directory installed on the exterior of the building or 
structure at a readily visible location. The plaque or 
directory shal1 indicate the location of system 
disconnecting means and shall indicate that the structure 
contains a stand-alone electrical power system. 

(B) Facilities with Utility Services and Small Wind 
Electric Systems. Buildings or structures with both utility 
service and small wind electric systems shall have a 
permanent plaque or directory providing the location of 
the service disconnecting means and the small wind 
electric system disconnecting means. 

694.56 Instructions for Disabling Turbine. A plaque 
shall be installed at or adjacent to the turbine location 
providing basic instructions for disabling the turbine. 

VII. Connection to Other Sources 

694.60 Identified Interactive Equipment. Only inverters 
listed and identified as interactive shall be permitted in 
interactive systems. 

694.62 Installation. Small wind electric systems, where 
connected to utility electric sources, shall comply with the 
requirements of Article 705 . 

694.66 Operating Voltage Range. Small wind electric 
systems connected to dedicated branch or feeder circuits 
shall be permitted to exceed normal voltage operating 
ranges on these circuits, provided the voltage at any 
distribution equipment supplying other loads remains 
within normal ranges. 

Infonnational Note: Wind turbines might use the electric 
grid to dump energy from short-tenn wind gusts. Normal 
operating are defined in ANSI C84.1-2006, 
Voltage Electric Power Systems and Equipment 
(60 Hz). 

694.68 Point of Connection. Points of connection to 
interconnected electric power sources shall comply with 
705.12. 

VIn. Storage Batteries 

694.70 Installation. 

(A) General. Storage batteries in small wind electric 
systems shall comply with the provisions of Article 480. 
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(B) Dwellings. 

(1) Operating Voltage. Storage batteries shall have the 
cells connected to operate at less than 50 volts nominal. 
Lead-acid storage batteries sha11 have no more than 
twenty-four 2-volt cells connected in series (48 volts, 
nominal). 

Exception: Where live parts are not accessible during 
routine battery maintenance, a battelY system voltage in 
accordance with 694.10 shall be permitted. 

(2) Guarding of Live Parts. Live parts of battery systems 
shall be guarded to prevent accidental contact by persons 
or objects, regardless of voltage or battery type. 

Informational Note: Batteries in small wind electric 
systems are subject to extensive charge/discharge cycles 
and typically require frequent maintenance, such as 
checking electrolyte and cleaning of connections. 

(C) Current Limiting. A listed, current-limiting 
overcurrent device shall be installed in each circuit 
adjacent to the batteries when the available short-circuit 
current from a battery or battery bank exceeds the 
interrupting or withstand ratings of other equipment in 
that circuit. The installation of current-limiting fuses shall 
comply with 694.26. 

(D) Battery Nonconductive Cases and Conductive 
Racks. Flooded, vented, lead-acid batteries with more 
than twenty-four 2-volt cells connected in series (48 volts, 
nominal) shall not use conductive cases or shall not be 
installed in conductive cases. Conductive racks used to 
support the nonconductive cases shall be permitted where 
rack material is not located within 150 mm (6 in.) of the 
tops of the nonconductive cases. This requirement shall 
not apply to any type of valve-regulated lead-acid 
(VRLA) battery or any other types of sealed batteries 
requiring steel or other conductive material cases for 
proper operation. 

(E) Disconnection of Series Battery Circuits. Battery 
circuits subject to field servicing, with more than twenty
four 2-volt cells connected in series (48 volts, nominal), 
shall have provisions to disconnect the series-connected 
strings into segments of 24 cells or less for maintenance 
by qualified persons. Non-load-break bolted or plug-in 
disconnects shall be permitted. 

(F) Battery Maintenance Disconnecting Means. Battery 
installations, with more than twenty-four 2-volt cells 
connected in series (48 volts, nominal), shall have a 
disconnecting means, accessible only to qualified persons, 
that disconnects the grounded circuit conductors in the 
battery electrical system for maintenance. This 
disconnecting means shall not disconnect the grounded 
circuit conductors for the remainder of the small wind 
electric system. A non-Ioad-break-rated switch shall be 
permitted to be used as the disconnecting means. 
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(G) Battery Systems of More Than 48 Volts. Where the 
battery system for a small wind electric system consists of 
more than twenty-four 2-vo1t cells connected in series 
(more than 48 volts, nominal), the battery system shall be 
permitted to operate with ungrounded conductors, 
provided the following conditions are met: 

(I) The dc and ac load circuits are solidly grounded. 

(2) All main ungrounded battery input/output circuit 
conductors are provided with switched disconnects 
and overcurrent protection. 

(3) A ground-fault detector and indicator is installed to 
monitor for ground faults in the battery bank. 

694.75 Charge Control. 

(A) General. Equipment shall be provided to control the 
charging process of the battery. Charge control shall not 
be required where the design of the small wind electric 
source is matched to the voltage rating and charge current 
requirements of the interconnected battery cells, and the 
maximum charging current, multiplied by 1 hour, is less 
than 3 percent of the rated battery capacity expressed in 
ampere-hours or as recommended by the battery 
manufacturer. All adjusting means for control of the 
charging process shall be accessible only to qualified 
persons. 

Informational Note: Certain battery types, such as valve 
regulated lead-acid or nickel-cadmium, can experience 
thermal failure when overcharged. 

(B) Diversion Charge ControUer. 

(1) Sole Means of Regulating Charging. A small wind 
electric system employing a diversion charge controller as 
the sole means of regulating the charging of a battery 
shall be equipped with two, reliable, independent means 
to prevent overcharging of the battery. An interconnected 
utility service shall not be considered to be a reliable 
diversion load. 

(2) Circuits with Direct-Current Diversion Charge 
Controller and Diversion Load. Circuits containing a dc 
diversion charge controller and a dc diversion load shall 
comply with the following: 

(1) The current rating of the diversion load shall not be 
greater than the current rating of the diversion load 
charge controller. The voltage rating of the diversion 
load shall be greater than the maximum battery 
voltage. The power rating of the diversion load shall 
be not less than 150 percent of the maximum power 
output rating of the small wind electric system. 

(2) The conductor ampacity and the rating of the 
overcurrent device for this circuit shall be at least 150 
percent of the maximum current rating of the 
diversion charge controller. 
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IX. Systems over 600 Volts 

694.80 General. Small wind electric systems with a 
maximum system voltage exceeding 600 volts ac or dc 
shall comply with Article 490 and other requirements 
applicable to installations rated over 600 volts. 

694.85 Cable and Equipment Ratings. For the purposes 
of Part IX of this article, the voltages used to determine 
cable and equipment ratings shall be as specified in 
694.85(A) and (B). 

(A) Battery Circuits. In battery circuits, the voltage used 
shall be the highest voltage experienced under charging or 
equalizing conditions. 

(B) Other Circuits. In other circuits, the voltage used 
shall be the maximum voltage experienced in normal 
operation. 

695.1 Scope. 

ARTICLE 695 
Fire Pumps 

Informational Note: Text that is followed by a reference 
in brackets has been extracted from NFPA 20-2010, 
Standard for the Installation of Stationary Pumps for 
Fire Protection. Only editorial changes were made to 
the extracted text to make it consistent with this Code. 

(A) Covered. This article covers the installation of the 
following: 

(1) Electric power sources and interconnecting circuits 

(2) Switching and control equipment dedicated to fire 
pump drivers 

(B) Not Covered. This article does not cover the 
following: 

(1 ) The performance, maintenance, and acceptance 
testing of the fire pump system, and the internal 
wiring of the components of the system 

(2) Pressure maintenance Uockey or makeup) pumps 

Informational Note: See NFPA 20-2010, Standard for 
the Installation of Stationary Pumps for Fire Protection, 
for further information. 

695.2 Definitions. 

Fault-Tolerant External Control Circuits. Those 
control circuits either entering or leaving the fire pump 
controller enclosure, which if broken, disconnected, or 
shorted will not prevent the controller from starting the 
fire pump from all other internal or external means and 
may cause the controller to start the pump under these 
conditions. 
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On-Site Power Production Facility. The normal supply 
of electric power for the site that is expected to be 
constantly producing power. 

On-Site Standby Generator. A facility producing 
electric power on site as the alternate supply of electric 
power. It differs from an on-site power production 
facility, in that it is not constantly producing power. 

695.3 Power Source(s) for Electric Motor-Driven Fire 
Pumps. Electric motor-driven fire pumps shall have a 
reliable source of power. 

(A) Individual Sources. Where reliable, and where 
capable of carrying indefinitely the sum of the locked
rotor current of the fire pump motor(s) and the pressure 
maintenance pump motor(s) and the full-load current of 
the associated fire pump accessory equipment when 
connected to this power supply, the power source for an 
electric motor driven fire pump shall be one or more of 
the following. 

(1) Electric Utility Service Connection. A fire pump 
shall be permitted to be supplied by a separate service, or 
from a connection located ahead of and not within the 
same cabinet, enclosure, or vertical switchboard section 
as the service disconnecting means. The connection shall 
be located and arranged so as to minimize the possibility 
of damage by fire from within the premises and from 
exposing hazards. A tap ahead of the service 
disconnecting means shall comply with 230.82(5). The 
service equipment shall comply with the labeling 
requirements in 230.2 and the location requirements 111 

230.72(B). [20:9.2.2(1)] 

(2) On-Site Power Production Facility. A fire pump 
shall be permitted to be supplied by an on-site power 
production facility. The source facility shall be located 
and protected to minimize the possibility of damage by 
fire. [20:9.2.2(3)] 

(3) Dedicated Feeder. A dedicated feeder shall ..... &; 
permitted where it is derived from a ser:yi~~Qnnection as 
~escribed in 695.3{A)(I). [20:9.2.2t3 1 
(B) Multiple Sources. If reliable power cannot be 
obtained from a source described in 695.3(A), power shall 
be supplied ~.)! one of the following: [20:9.3.2]1 

(1) Individual Source. An approved combination of two 
r more of the sources from 695.3(A). 

(2) Jndivldual Source and On-site Standby Generator. 
An approved combination of one or more of the sources 
~n 695.3(A) and an on- ite~~!14by' generator complying 
With 695.3(D). 20:9.3.4] 

xceplion 10 (B){I) and (8)(2): An alternate suurce ~r 
on er shall tlol be required where a back-up engine

'driven or hack-up sleam turbine-driven fire pump i 
ins/al/ed. [20:9.3.3J 
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(C) Multibuilding Campu -Style Comple es. If the 
sources in 695.3(A) are not practicable and lh installation 
is part of a multibuilding campus·style complex fe der 
sources shall be penniued if approved by the authority 
having jurisdiction and installed in accordance with either 
(C)( I) and (eX3 or (C 2) and (C)(3). 

(I) Feeder Sources. Two or more f~eder shall be 
permitted as more than one power source if such feeder 
are connected to, or derived from. separat utility 
servic s. The connection(s). overcurrenl protective 
d vice( ), and disconnecting m an~J<?~,~~,£~J~~~~, ~h~,U 
meet the requirement of695.4(8). 

(2) Feeder and Alternate Source. A feed r shall b 
penniued as a normal source of power if an alt mate 
source of power independent from the feeder j provided. 
The connection{s). overcurrent protective dcvice(s), and 
disconnecting means for such feed rs shall m et the 
requirem nts of 695.4(8 . 

(3) Selecth-e Coordination. The 0 erCllrrent protective 
device( ) in each disconnecting means sh 11 be selectively 
coordinated with any other upply-side overcurrent 
protective device(s). 

(DjOo:5ite"Sta'o(j"by "oGeo'erato'r'" 'as '·'Alternate O'SOurce. 
An on-sit standby generator(s) used as an alternate 
ource of power shall comply with D) 1) through D)(3). 

[20:9.6.2.1 ] 

(I) Capacity. The generator shall have uffident capadty 
to allow normal starting and running of the motor(s) 
driving th fire pump() while supplyin' all other 
simultaneously operated load s). L20:9.6.1.1 ] 

Automatic shedding of one or more optional standby 
loads in order to comply with this capacity reguirement 
shall be permitl d~ 

(2) Connection. A tap ahead of th g nera.or 
disconnecting means shall not be required. [20:9.6.1.2j 

(3) Adjacent Di connect . The requirem nts of 430.113 
hall not apply. 

(E) Arrangement. All power supplies shall be locate 
and arranged to protect against damage by fire fro 
within the premi e and ex osing hazards. [20:9.1.4} 

Multipl power source shall be arranged 0 th t a fire at 
one source does not caus an interruption at the olh 
source, 

(F) Phase Converter. Phase converters haH not be 
pemlitt d to be used for fire pump ervicc. [20:9.1.7J 

695.4 Continuity of Power. Circuits that supply electric 
motor-driven fire pumps shall be supervised from 
inadvertent disconnection as covered in 695.4(A) or (8). 
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(A) Direct Connection. The supply conductors shall directly 
connect the power source to either a listed fire pump 
controller or listed combination fire pump controller and 
power transfer switch. 

(8) Connection Throu b Di connecting Means Rnd 
Overcurrent Device. 

(I) Number of Disconnectin eRns. 

(a) r;~!!t!~~'!L A single disconnecting means and 
associated overcurrent protective device( s) shall be permitted 
to be installed between the frre pump power source(s and 
one of the following: (20:9.1.2] 

(I) A listed fire pump controller 

(2) A listed fire pump power transfer switch 

(3) A listed combination fire pump controller and power 
transfer switch 

(b) Feeder Sources. For syst~ms installed under the 
provisions of 695.3(C only, additional disconnecting means 
and the associated overcurrent protective device( s) shall be 
permitted as required to comply with other provisions of this 
Code. 

( c) On-Site Srand!J.v Generator. Where an on-si"1 
andby generator is used to supply a fire pump, an additiona~ 

oisconnecting m os and an associated overcurren* 
protective dey ice( s) shall be ~nnitted. 

(2) Overcurrent Device Selection. Qy'~~\:,~J)t~~yi~~ 
shall comply with (a) or (b). 

(a) Individual Sources. The overcurrent protective 
device(s) shall be rated to carry indefinitely the sum of the 
locked-rotor current of the fire pump motor(s) and the 
pressure maintenance pump motor(s) and the full-load 
current of the associated fire pump accessory equipment 
when connected to this power supply. Where the locked~ 
rotor current value does"' noicorrcspond to a standard 
ov rcurrent de icc sue the next standard overcurrent device 
ize shall be used in accordance with 240.6. The requirement 

to carry the locked-rotor currents indefinitely shall not apply 
to conductors or devices other than overcurrent devices in the 
fire pump motor circuit(s). 20:9.2.3.4] 

(b) On-Site Standby Generators. Ovcrcurrent 
rotective devices betw n an on-site standby generator and 
Jire pump controller shall be lected nd sized to allow for 

jnstantaoeous pickup of the full pump room load. but shall 
ot be larger than the value selected to comply with 430.62 

to provide hort-circuit protection only. [20:9.6.1.1] 

(3) Disconnecting Means. All disconnecting devic s that are 
unique to th fir purn loads shall com Iy with items (a 
tbroug!t e 

(a) Features and Location - Normal Power Source. 
The disconnecting means for the normal power source shall 
comply with all of the following: [20:9.2.3.1] 
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(l) Be identified as suitable for use as service equipment 

(2) Be lockable in the closed position 

(3) Not be located within equipment that feeds loads other 
than the fire pump 

(4) Be located sufficiently remote from other building or 
other fire pump source disconnecting means such that 
inadvertent operation at the same time would be 
unlikely 

(b) Features and Location - On-Site Standby 
Generator. iTh disconnecting means for an on-site tandby 
generator( ) u ed as the alternate pow T ouree shall 
installed in accordance with 700.10(8)(5) for emergenc)1 
circuits and shall be lockable in the closed position. 

(c) Disconnect Marking. The disconnecting means 
shall be marked "Fire Pump Disconnecting Means." The 
letters shall be at least 25 mm (1 in.) in height, and they shall 
be visible without opening enclosure doors or covers. 

[~9:?~7}~JJ ?)1 
( d) Controller Marking. A placard shall be placed 

adjacent to the fire pump controller, stating the location of 
this disconnecting means and the location of the key (if the 
disconnecting means is locked). [i(E9~2.r21 

(e) Supervision. The disconnecting means shall be 
supervised in the closed position by one of the following 
methods: 

(1) Central station, proprietary, or remote station signal 
device 

(2) Local signaling service that causes the sounding of an 
audible signal at a constantly attended point 

(3) Locking the disconnecting means in the closed position 

(4) Sealing of disconnecting means and approved weekly 
recorded inspections when the disconnecting means are 
located within fenced enclosures or in buildings under 
the control of the owner [20:9.2.3.3] 

695.5 Transformers. Where the service or system voltage is 
different from the utilization voltage of the fire pump motor, 
transformer( s) protected by disconnecting means and 
overcurrent protective devices shall be permitted to be 
installed between the system supply and the fire pump 
controller in accordance with 695.5(A) and (B), or with (C). 
Only transformers covered in 695.5(C) shall be permitted to 
supply loads not directly associated with the fire pump 
system. 

(A) Size. Where a transformer supplies an electric motor 
driven flIe pump, it shall be rated at a minimum of 125 
percent of the sum of the flIe pump motor( s) and pressure 
maintenance pump( s) motor loads, and 100 percent of the 
associated fire pump accessory equipment supplied by the 
transformer. 
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(B) Overcurrent Protection. The primary overcurrent 
protective device( s) shall be selected or set to carry 
indefinitely the sum of the locked-rotor current of the fire 
pump motor( s) and the pressure maintenance pump motor( s) 
and the full-load current of the associated fire pump 
accessory equipment when connected to this power supply. 
Secondary overcurrent protection shall not be permitted. The 
requirement to carry the locked-rotor currents indefinitely 
shall not apply to conductors or devices other than 
overcurrent devices in the fire pump motor circuit(s). 

(C) Feeder Source. Where a feeder source is provided in 
accordance with §'9?~}(G)~ transformers supplying the fire 
pump system shall be permitted to supply other loads. All 
other loads shall be calculated in accordance with Article 
220, including demand factors as applicable. 

(1) Size. Transformers shall be rated at a minimum of 125 
percent of the sum of the fire pump motor(s) and pressure 
maintenance pump( s) motor loads, and 100 percent of the 
remaining load supplied by the transformer. 

(2) Overcurrent Protection. The transformer size, the 
feeder size, and the overcurrent protective device( s) shall be 
coordinated such that overcurrent protection is provided for 
the transformer in accordance with 450.3 and for the feeder 
in accordance with 215.3, and such that the overcurrent 
protective device(s) is selected or set to carry indefinitely the 
sum of the locked-rotor current of the fire pump motor( s), the 
pressure maintenance pump motor(s), the full-load current of 
the associated flIe pump accessory equipment, and 100 
percent of the remaining loads supplied by the transformer. 
The requirement to carry the locked-rotor currents 
indefinitely shall not apply to conductors or devices other 
than overcurrent devices in the fire pump motor circuit(s). 

695.6 Power Wiring. Power circuits and wiring methods 
shall comply with the requirements in 695.6(A) through (J), 
and as permitted in 230.90(A), Exception No.4; 230.94, 
Exception No.4; 240.13; 230.208; 240.4(A); and 430.31. 

(A) , upply Conductors. 

(I) Services and On-Site Power Production FaciHti . 
S rvice conductors and conductors supplied by on-sit power 
production facilities shall be physically routed outside a 
building(s) and shall be installed as service-entrance 
conductors in accordance with 230.6, 230.9, and Parts III and 
IV of Article 230. Whe~~_ supply cOJ1~ll<::'~9.!~ .. _._~annot be 
physically routed outside p buildings, the conductorS shall 
be permitted to be routed through th building(s) where 
installed in accordance with 230.6(1) or (2). 

(2) Feeders. Fire pump supply conductors on the load side of 
the final disconnecting means and overcurrent device( s) 
pennitted by 695.4(8), or conductors that connect directly to 
an on-site standby generator, haU comply with all of th 
f.<?I~~~j.!,lg: 

(a) Independent Routing. The conductors shall be 
kept entirely independent of all other wiring. 
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(b) Associated Fire Pump Loads. The conductors shal 
~upply on1y loads that are directly associated with the fir 
pump system. 

(c) Proteclion fi'om Potenllal Damage. The conductorS 
shall be protected from potential damage by flfC. structural 
ailure. or operational accident. 

(d) Inside ~r a &Ii/ding. Where routed through a 
uilding, the condll£t()I'S~ll~II_~irlSt.~II~lI~4Ig()l1eC?( Ul~ 

following methods: 

(1) Be encased in a minimum 50 mm (2 in.) of concrete 

(2) Be protected by a fire-rated assembly listed to achieve a 
minimum fire rating of 2 hours and dedicated to the fire 
pump circuit( s) 

(3) Be a listed electrical circuit protective system with a 
minimum 2-hour fire rating 

Infonnational Note: UL guide information for electrical 
circuit protective systems (FHIT) contains information on 
proper installation requirements to maintain the fire rating. 

. 'ceptiolllO (A)(2)(d). The supply conductors located in the 
electrical equipment room where they originate and in the 
fire pump room shall not be required to have the minimum 2-
hour fire separation or fire resistance rating, unless 
otherwise required by 700.l0(D) of this Code. 

( .. ) Conductor Size. 

(1) Fire Pump Motors and Other Equipment. Conductors 
supplying a fire pump motor(s), pressure maintenance 
pumps, and associated fire pump accessory equipment shall 
have a rating not less than 125 percent of the sum of the fire 
pump motor(s) and pressure maintenance motor(s) full-load 
current( s), and 100 percent of the associated fire pump 
accessory equipment. 

(2) Fire Pump Motors Only. Conductors supplying only a 
fire pump motor shall have a minimum ampacity in 
accordance with 430.22 and shall comply with the voltage 
drop requirements in 695.7. 

(9 Overload Protection. Power circuits shall not have 
automatic protection against overloads. Except for protection 
of transformer primaries provided in 695.5(C)(2), branch
circuit and feeder conductors shall be protected against short 
circuit only. Where a tap is made to supply a fire pump, the 
wiring shall be treated as service conductors in accordance 
with 230.6. The applicable distance and size restrictions in 
240.21 shall not apply. 

Exception No. 1: Conductors between storage batteries and 
the engine shall not require overcurrent protection or 
disconnecting means. 

Exception No.2: For an on-site standby generator(s) rated 
to produce continuous current in excess of225 percent of the 
foil-load amperes of the fire pump motor, the conductors 
between the on-site generator(s) and the combination fire 

2013 California Electrical Code 

pump transfer switch controller or separately mounted 
transfer switch shall be installed in accordance with 
A (695. 6)(2). 

The protection provided shall be in accordance with the 
short-circuit current rating of the combination fire pump 
transfer switch controller or separately mounted transfer 
switch. 

(D) Pump Wiring. All wiring from the controllers to the 
pump motors shall be in rigid metal conduit, intermediate 
metal conduit, electrical metallic tubing, liquidtight flexible 
metal conduit, or liquidtight flexible nonmetallic conduit 
Type LFNC-B, listed Type MC cable with an impervious 
covering, or Type MI cable. 

(E) Loads Supplied by CootroUers and Transfer 
Switche . A fire pump controller and fire pump power 
transfer switch. if pro ided, shall not serve an load other 
t!lllfl theJ~ wnp for which it is intended. 

(F) Mechanical Protection. All wiring from engine 
controllers and batteries shall be protected against physical 
damage and shall be installed in accordance with the 
controller and engine manufacturer's instructions. 

(G) Ground-Fault Protection of Equipment. Ground-fault 
protection of equipment shall not be permitted for fire 
pumps. 

(H) U ted Electrical Circuit Protective Sy tern to 
Controller Wiring. Electrical circuit protective system 
installation shall comply with any restrictions provided in the 
listing of the lectrical circuit protectiv ystem used and th 
folio.. ing also shall apply: 

(1) A junction box hall be installed ahead of the fire pump 
~ontroller a minimum of 300 mm (12 in.) beyond the 
firc·ratcd wall or floor bounding the flre zone. 

(2) Where required by th manufacturer of a listed electrica 
circuit protective system or by the listing. or as required 
I where in this COl/e, the raceway between a junction 

box and the fire pump control1~r shall be sealed at the 
jlIDction box end as required and in accordance with the 
instructions of the manufacturer. [20:9.8.2] 

(3) Saandard wiring between the junction box and the 
controll r shaU be pcnnitted. [20:9.8.3] 

(I) JUDction Boxes. Where flre pump wiring to or from a 
fire pump conrroller is routed through a junction box, 
the tollowing requirement hall be met: 

(1) Thejunction box shall be securely mounted. [20:9.7(1») 

(2) Mounting and installing of a jlmction box shall no~ 
violat the enclosure type rating of the fire pump 
conlToller(s). [20:9.7(2)] 

(3) MOWlting and installing of a jWlction box shall not 
violate the integrity of th fire pump controller(s) and 
hall not affect ahe short-circuit rating of the 

controllcr(s). [20:9.7(3)] 
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( 4) As a mllumum. a Type 2. drip-proof enclosure 
(junction box) shall be used where installed in the fir 
pump room. The enclosure shall be listed to match the 
fire pump controller enclosure type rating. [20:9.7(4)] 

(5) Tenninals junction blocks. wire connectors. and 
spl ice . \ her used, sha II be listed. [29:9.7 (5) J 

( 6) 'j\' f1repump···controller·····or···flrc·····pumppowcr-. rans'fer 
~witcb. where provided. shall not be u ed as a 
junction box to supply oth r equipment, including a 
pressure maintenance (jockey) pump(s). 

(J) Raceway ·· Terminations. Where raceway. arc 
temlinated at a fire pump controller. the followillg 
~(!q~i.~~.I!lt?f)~~~~II~~~~~:[.~.~;9·?J 

(1) Listed conduit hub shall be used. [20:9.9.1j 

(2) The type rating of the conduit hub(s) shall be at leas~ 
equal to that orlh fire pump controllcr.l20:9.9.2] 

(3) The installation instruction of the manufaClur r of 
the fire pump controller shall be followed. [20:9.9.3 j 

(4) Alteralionstoiheflrc pump controller, other than 
conduit entry as allowed elsewhere in this Code. shall 
be approved by the authority having juri diction. 
[20:9.9.4J 

695.7 Voltage Drop. 

(~tS~~rtilig. The voltage at the fire pump controller line 
terminals shall not drop more than 15 percent below 
normal (controller-rated voltage) under motor starting 
conditions. 

Exception: This limitation shall not apply for emergency 
run mechanical starting. [20:9.4.2} 

(8) Running. The voltage at the motor terminals shall not 
drop more than 5 percent below the voltage rating of the 
motor when the motor is operating at 115 percent of the 
full-load current rating of the motor. 

695.10 Listed Equipment. Diesel engine fire pump 
controllers, electric fire pump controllers, electric motors, 
fire pump power transfer switches, foam pump 
controllers, and limited service controllers shall be listed 
for fire pump service. [20:9.5.1.1, 10.1.2.l, 12.1.3.lJ 

695.12 Equipment Location. 

(A) Controllers and Transfer Switches. Electric motor
driven fire pump controllers and power transfer switches 
shall be located as close as practicable to, and within sight 
of, the motors that they control. 

(B) Engine-Drive Controllers. Engine-drive fire pump 
controllers shall be located as close as is practical to, and 
within sight of, the engines that they control. 
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(C) Storage Batteries. Storage batteries for fire pump 
engine drives shall be supported above the floor, secured 
against displacement, and located where they are not 
subject to physical damage, flooding with water, 
excessive temperature, or excessive vibration. 

(D) Energized Equipment. All energized equipment 
parts shall be located at least 300 mm (12 in.) above the 
floor level. 

(E) Protection Against Pump Water. Fire pump 
controller and power transfer switches shall be located or 
protected so that they are not damaged by water escaping 
from pumps or pump connections. 

(F) Mounting. All fire pump control equipment shall be 
mounted in a substantial manner on noncombustible 
supporting structures. 

695.14 Control Wiring. 

(A) Control Circuit Failures. External control circuits 
that extend outside the fire pump room shall be arranged 
so that failure of any external circuit (open or short 
circuit) shall not prevent the operation of a pump(s) from 
all other internal or external means. Breakage, 
disconnecting, shorting of the wires, or loss of power to 
these circuits could cause continuous running of the fire 
pump but shall not prevent the controller(s) from starting 
the fire pump(s) due to causes other than these external 
control circuits. All control conductors within the fire 
pump room that are not fault tolerant shall be protected 
against physical damage. [20: 10.5.2.6, 12.5.2.5] 

(B) Sensor Functioning. No undervoltage, phase-loss, 
frequency-sensitive, or other sensor(s) shall be installed 
that automatically or manually prohibits actuation of the 
motor contactor. [20: 10.4.5.6] 

Exception: A phase loss sensor(s) shall be permitted only 
as a part of a listed fire pump controller. 

(C) Remote Device(s). No remote device(s) shall be 
installed that will prevent automatic operation of the 
transfer switch. [20: 10.8.1.3 J 

(D) Engine-Drive Control Wiring. All wiring between 
the controller and the diesel engine shall be stranded and 
sized to continuously carry the charging or control 
currents as required by the controller manufacturer. Such 
wiring shall be protected against physical damage. 
Controller manufacturer's specifications for distance and 
wire size shall be followed. [20:12.3.5.l] 

(E) Electric Fire Pump Control Wiring Methods. All 
electric motor-driven fire pump control wiring shall be in 
rigid metal conduit, intermediate metal conduit, liquidtight 
flexible metal conduit, liquidtight flexible nonmetallic 
conduit Type B (LFNC-B), listed Type MC cable with an 
impervious covering, or Type MI cable. 
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(F) Generator Control Wiring Methods. Control 
conductors installed between the fire pump power transfer 
switch and the standby generator supplying the fire pump 
during normal power loss shall be kept entirely 
independent of all other wiring. They shall be protected 
to resist potential damage by fire or structural failure. 
They shall be permitted to be routed through a building( s) 
using one of the following method : 

(I) Be ncased in a minimum of 50 mm (2 in.) of concrete. 

(2 ···· ··ff "protecte(fby afire-rated assembly listed to 
aehi ve a minimum fire rating of 2 hours and 
ded icated to the fire pump circuits. 
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(3) Be a listed electrical circuit protective ystem with a 
minimum 2-hour nre rating. The installation shall 
comply with any restrictions provi{fed in the listing of 
the electrical circuit protecti c system used. 

Informatl0DiifNote: LJL" eliide III fOl'11l3ti()lltor electrical 
circuit prot.:ctive syst ~ (FIIIT) contains infonnatton 
on proper installation requirements to maintain tbe Ure 
rating. 
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CHAPTER 7 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 700 - EMERGENCY SYSTEMS 
Adopting Agency BSC SFM I HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X 

Adopt Entire Article as amended X X X X X 
I 

(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article f Section 
I 

700.3(A) X X X X 

700.3(8) X 

700.S(C) X X X X 

700.12(8)(2)w/Exc.1,2. & 3 X X X X X 

ARTICLE 701- LEGALLY REQUIRED STANDBY SYSTEMS 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 
Adopt Entire Article X X X X X X X X 
Adopt Entire Article as amended 

I 
(amended sections listed below) 
Adopt only those sections that are 

I listed below 
Article I Section i 

ARTICLE 702 - OPTIONAL STANDBY SYSTEMS 
Adopting Agency BSC SFM HCD DSA OSHPD DPH I 

1 2 AC SS SS/CC 1 2 I 3 4 
Adopt Entire Article X X X X X X X X X X 
Adopt Entire Article as amended ! 

I 
(amended sections listed below) 

I 
Adopt only those sections that are 
listed below I 

Article I Section I I 
I 
I 

AR1"ICLE 705 -INTERCONNECTED ELECTRIC POWER PRODUCTION SOURCES 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 
Adopt Entire Article X X X X X X X X X X 
Adopt Entire Article as amended I 

I (amended sections listed below) 
Adopt only those sections that are 
listed below 

i I Article I Section 
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CHAPTER 7 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 708 - CRITICAL OPERATIONS POWER SYSTEMS (COPS) 
Adopting Agency SSC SFM liCD DSA OSHPD 

1 2 AC SS SS/CC 1 2 3 
Adopt Entire Article X X 

Adopt Entire Article as amended 
I 

X X X 
(amended sections listed below) I 

Adopt only those sections that are 
listed below 

Article I Section 
708.1 l X X X 

ARTICLE 720 - CIRCUITS AND EQUIPMENT OPERATING AT LESS THAN 50 VOLTS 
Adopting Agency I SSC SFM HCD DSA 

1 2 AC SS SS/CC 1 
Adopt Entire Article X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) I 

Adopt only those sections that are 
listed below 

Article I Section 
I 

I I 
I 

ARTICLE 725 - CLASS 1, CLASS 2, AND CLASS 3 REMOTE·CONTROL, 
SIGNALING, AND POWER-LIMITED CIRCUITS 

Adopting Agency BSe I SFM 1 
HCD DSA 

1 2 AC SS SS/CC 1 
, 

Adopt Entire Article X 
I 

X X X X 
! 

X X I I 

Adopt Entire Article as amended 
(amended sections listed'below) I 

I 

Adopt only those sections that are 

I I listed below 
I 

Article I Section I I 
I 

I ~ 

ARTICLE 727 -INSTRUMENTATION TRAY CABLE: TYPE ITC 
Adopting Agency SSC I SFM I HCD DSA 

I 1 2 AC SS SS/CC 1 

OSHPD 
2 3 
X X 

I 

OSHPD 
2 3 

X X 

OSHPD 
2 I 3 

Adopt Entire Article X X X X X I X , X X 

Adopt Entire Article as amended ! 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section I 

I 

DPH 
4 

X 

I 

X 
I 

! 
I 

DPH 
4 
X 

DPH 
4 I 

X 

I 

DPH 
4 

X 
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CHAPTER 7 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 760 - FIRE ALARM SYSTEMS 
Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC 55 SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X 

Adopt Entire Article as amended X 
(amended sections listed below) 

Adopt only those sections that are X 
listed below 

Article J Section 

760 FPI\I X 
760.1.1 X 

ARTICLE 770 - OPTICAL FIBER CABLES AND RACEWAYS 

Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC 55 SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article / Section 
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700.1 ARTICLE 700 - EMERGENCY SYSTEMS 

Chapter 7 Special Conditions 

ARTICLE 700 
Emergency Systems 

I. General 

700.1 Scope. The provIsions of this at1icle apply to the 
electrical safety of the installation, operation, and maintenance 
of emergency systems consisting of circuits and equipment 
intended to supply, distribute, and control electricity for 
illumination, power, or both, to required facilities when the 
normal electrical supply or system is interrupted. 

Informational Note No. I : For further information 
regarding wiring and installation of emergency systems 
in health care facilities, see Article 517. 

Informational Note No.2: For further information 
regarding performance and maintenance of emergency 
systems in health care facilities, see NFPA 99-2005, 
Standardfor Health Care Facilities. 

Informational Note No.3: For specification of locations 
where emergency lighting is considered essential to life 
safety, see NFPA 101-2009, L(fe Safety Code. 

Informational Note No.4: For further information 
regarding performance of emergency and standby power 
systems, see NFP A 110-20 10, Standard for Emergency 
and Standby Power Systems. 

700.2 Definitions. 

Emer~ency Systems. Those system!) legally required and 
classed as emergency by municipal, state, federal, or other 
codes. or by any governmental agency having 
)urisdiction. These systems are intended to automatically 
;slIpply illumination power, or both. to d signaled areas 
and equipment in the event of f.1i1ure of the normal supply 
or in the event of accident to elements of a system 
intended to supply, distribute, and control power and 
jJIl1mination essential for safety to human life. 

Infomlational Note: Emergency SYSlCJlbl arc generally installed 
in place of assembly where artificial illumination is required 
for safe exiling and for panic control in buildings subject to 
occupancy by large numbers of persom. such as botels, 
!healers, sports arenas., health care fnciliues. and similar 
institutions. Emc=rg ne)' , yst~ms may also prm>ide po~er for 
ueh functions as ventilation wh re essential to maintain life, 

fire detection and alann systems. e!c\ators. hre pumps, public 
safi ty communications systems. industrial processes \Vh re 
curn:nt intenuptioll would produce serious life safety or hcahh 
hazards and similar functions, 

~elay:-'¥Auioi))a't-ic- - [oa-(r 'ConiroJ:A-devIce' ····usd "'to 
,energize switched or normally-off lighting equipment 
from an emergency supply in the event of los of the 
normal supply, and to de-energjze or return the equipment 
~o normal status when the normal supply is restored: 
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Informational Note: For requirement covering 
putomatic load control relays. see ANSIlUL 924 
£mergqncy Lighting and Power Equipment. 

700.3 Tests and Maintenance. 

(A) Conduct or Witness Test. The authority having 
jurisdiction shall conduct or witness a test of the complete 
system upon installation and periodically afterward. 

[OSHPD 1, 2, 3 & 4] Permanently installed on-site 
generator sets for health care facilities shall be tested in 
accordance with NFP A 110-2005, Standard for Emergency 
and Standby Power Systems, Section 7.13, Installation 
Acceptance. All safety devices shall be tested as specified 
in Section 7.13.11,' however, the safety devices provided 
may comply with NFP A 99-2005, Health Facilities, Section 
4.4.1.1.16 in lieu of NFPA 110-2005, Section 5.6.5.2. The 
emergency power supply system shall be considered as a 
Level 1 system for testing purposes. Upon loss of normal 
power, the emergency power supply system shall provide 
emergency power within 10 seconds as required by 700.12. 

B) Tested Periodically. Systems shall be tested 
periodically on a schedule acceptable to the authority 
having jurisdiction to ensure the systems are maintained 
in proper operating condition. [OSHPD 1] The authority 
having jurisdiction is Department of Public Health, 
Licensing and Cert[fication. 

(C) Battery Systems Maintenance. Where battery systems 
or unit equipments are involved, including batteries used for 
starting, control, or ignition in auxiliary engines, the authority 
having jurisdiction shall require periodic maintenance. 

(D) Written Record. A written record shall be kept of 
such tests and maintenance. 

(E) Testing Under Load. Means for testing all 
emergency lighting and power systems during maximum 
anticipated load conditions shall be provided. 

Informational Note: For testing and maintenance 
procedures of emergency power supply systems 
(EPSSs), see NFP A 110-2010, Standard for Emergency 
and Standby Power Systems. 

700.4 Capacity. 

(A) Capacity and Rating. An emergency system shall 
have adequate capacity and rating for all loads to be 
operated simultaneously. The emergency system 
equipment shall be suitable for the maximum available 
fault current at its terminals. 

(B) Selective Load Pickup, Load Shedding, and Peak 
Load Shaving. The alternate power source shall be permitted 
to supply emergency, legally required standby, and optional 
standby system loads where the source has adequate capacity 
or where automatic selective load pickup and load shedding is 
provided as needed to ensure adequate power to (l) the 
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ARTICLE 700 - EMERGENCY SYSTEMS 700.10 

emergency circuits, (2) the legally required standby circuits, 
and (3) the optional standby circuits, in that order of priority. 
The alternate power source shall be permitted to be used for 
peak load shaving, provided these conditions are met. 

Peak load shaving operation shall be permitted for 
satisfying the test requirement of 700.3(B), provided all 
other conditions of 700.3 are met. 

A portable or temporary alternate source shall be 
available whenever the emergency generator is out of 
service for major maintenance or repair. 

700.5 Transfer Equipment. 

(A) General. Transfer equipment, including automatic 
transfer switches, shall be automatic, identified for emergency 
use, and approved by the authority having jurisdiction. 
Transfer equipment shall be designed and installed to prevent 
the inadvertent interconnection of normal and emergency 
sources of supply in any operation of the transfer equipment. 
Transfer equipment and electric power production systems 
installed to permit operation in parallel with the normal 
source shall meet the requirements of Article 705 . 

(B) Bypass Isolation Switches. Means shall be permitted 
to bypass and isolate the transfer equipment. Where bypass 
isolation switches are used, inadvertent parallel operation 
shall be avoided. 

C) Automatic Transfer Switches. Automatic transfer 
switches shall be electrically operated and mechanically 
held. Automatic transfer switches, rated 600 V AC and 
below, shall be listed for emergency system use. [OSHPD 
1, 2, 3 & 4J Automatic transfer switches rated above 600 
VAC shall be listed for emergency system use or approved 
by an alternative testing and approval program acceptable 
to the authority having jurisdiction. 

(D) Use. Transfer equipment shall supply only emergency 
loads. 

700.6 Signals. 

Audible and visual signal devices shall be provided, 
where practicable, for the purpose described in 700.6(A) 
through (D). 

(A) Derangement. To indicate derangement of the 
emergency source. 

(B) Carrying Load. To indicate that the battery is carrying 
load. 

(C) Not Functioning. To indicate that the battery charger 
is not functioning. 

(D) Ground Fault. To indicate a ground fault in solidly 
grounded wye emergency systems of more than 150 volts 
to ground and circuit-protective devices rated 1000 
amperes or more. The sensor for the ground-fault signal 
devices shall be located at, or ahead of, the main system 
disconnecting means for the emergency source, and the 
maximum setting of the signal devices shall be for a 
ground-fault current of 1200 amperes. Instructions on the 
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course of action to be taken in event of indicated ground 
fault shall be located at or near the sensor location. 

Informational Note: For signals for generator sets, 
see NFPA 110-2010, Standard for Emergency 
and Standby Power Systems. 

700.7 Signs. 

(A) Emergency Sources. A sign shall be placed at the 
service-entrance equipment, indicating type and location of 
on-site emergency power sources. 

Exception: A sign shall not be required for individual unit 
equipment as specified in 700. 12(F). 

(B) Grounding. Where removal of a grounding or bonding 
connection in normal pow r sourc equipment intcnupts the 

ounding elc!Ctrode conductor connection to the allCmalc 
wer sow-ce(s) grounded conductor, a Yoaming sign shall be 

installed at the nonnal power source equipment stating: 

WARNjI'f ~ 
sHotKHAZARD EXISTS IFGROUDiNO 

LECTRODE CO DUcrOR OR BONDING JUMPER 
'CO NECTIO IN THIS EQUIPMENT IS REMOVED 
~tHbg ,AJ.IJ::RI'JATE SOU~c:g(S) IS ENERGIZED. 

II. Circuit Wiring 

700.10 Wiring, Emergency System. 

(A) Identification. All boxes and enclosures (including 
transfer switches, generators, and power panels) for 
emergency circuits shall be permanently marked so they 
will be readily identified as a component of an emergency 
circuit or system. 

(B) Wiring. Wiring of two or more emergency circuits 
supplied from the same source shall be permitted in the 
same raceway, cable, box, or cabinet. Wiring from an 
emergency source or emergency source distribution 
overcurrent protection to emergency loads shall be kept 
entirely independent of all other wiring and equipment, 
unless otherwise permitted in (1) through (5): 

(1) Wiring from the normal power source located in 
transfer equipment enclosures 

(2) Wiring supplied from two sources III exit or 
emergency luminaires 

(3) Wiring from two sources in a listed load control relay 
supplying exit or emergency luminaires, or in a 
common junction box, attached to exit or emergency 
luminaires 

(4) Wiring within a common junction box attached to unit 
equipment, containing only the branch circuit 
supplying the unit equipment and the emergency 
circuit supplied by the unit equipment 

(5) Wiring from an emergency source to supply any 
combination of emergency, legally required, or 
optional loads in accordance with (a), (b), Xc). and (d): 
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a. From separate vertical switchboard sections, with 
or without a common bus, or from individual 
disconnects mounted in separate enclosures. 

b. The conUllon bus or separate sections of the 
switchboard or the individual enclosures shall be 
permitted to be supplied by single or multiple 
feeders without overcurrent protection at the source. 

c. Legally required and optional standby circuits shall 
not originate from the same vertical switchboard 
section, panelboard enclosure, or individual 
disconnect enclosure as emergency circuits. 

d. It shall be pemlissible to utilize single or multiple 
feeder to supply di tribution equipment betwecn 
an emcr!?cncy source and the point where the 
combination of emergency, legally I"l.'quired. or 
optional loads are separated. 

Exception to (5) (b): Overcurrent protection shall be 
permitted at the source or for the equipment, provided the 
overcurrent protection ~'ompli£'s wilh the requirements ol 
700.2? 

(C) Wiring Design and Location. Emergency wiring 
circuits shall be designed and located so as to minimize the 
hazards that might cause failure due to flooding, fire, icing, 
vandalism, and other adverse conditions. 

(D) Fire Protection. Emergency systems shall meet the 
additional requirements in ;(ij~(I) through (DX3j in assembly 
occupancies for not less than 1000 persons or in buildings 
above 23 m (75 ft) in height with any of the following 
occupancy classes: assembly, educational, residential, 
detention and correctional, business, and mercantile. 

Infomlational Note: For the definition of Occupancy 
Classification, see Section 6.1 of NFPA 101-2009, Life 
Safety Code. 

(1) Feeder-Circuit Wiring. Feeder-circuit wiring shall meet 
one of the fol1owing conditions: 

(l) Be installed in spaces or areas that are fully protected by 
an approved automatic fLre suppression system 

(2) Be a listed electrical circuit protective system with a 
minimum k hourfire rating 

Informational Note: UL guide infonnation for electrical 
circuit protective systems (FHIT) contains infonnation on 
proper installation requirements to maintain the fire rating. 

(3) Be protected by a listed thermal barrier system for 
~l~c:trical system components 'with a minimum 2-hotu: 
fire rating 

(4) Be protected by a listed fire-rated assembly that has a 
minimum fire rating of 2 hour~ and contains only 
emergency wiring circuits. 

(5) Be ~ncClscd in a minimum of 50 nun (2 Ln.) of concrete 
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(2) Feeder-Circuit Equipment. Equipment for feeder 
circuits (including transfer switches, transformers, and 
panelboards) shall be located either in spaces fully protected 
by approved automatic fire suppression systems (including 
sprinklers, carbon dioxide systems) or in spaces with a 2-
hour fire resistance rating. 

(3) Generator Control Wiring. Control conductors 
installed between the transfer equipment and the emergency 
generator shall be kept entirely independent of all other 
wiring and shall meet the conditions of700JO(D)(1). 

Ill. Sources of Power 
700.12 General Requirements. Current supply shall be such 
that, in the event of failure of the nonnal supply to, or within, 
the building or group of buildings concerned, emergency 
lighting, emergency power, or both shall be available within 
the time required for the application but not to exceed 10 
seconds. The supply system for emergency purposes, in 
addition to the normal services to the building and meeting the 
general requirements of this section, shall be one or more of 
the types of systems described in 700.12(A) through (E). Unit 
equipment in accordance with 700.12(F) shall satisfy the 
applicable requirements of this article. 

In selecting an emergency source of power, consideration 
shall be given to the occupancy and the type of service to be 
rendered, whether of minimum duration, as for evacuation of a 
theater, or longer duration, as for supplying emergency power 
and lighting due to an indefinite period of current failure from 
trouble either inside or outside the building. 

Equipment shall be designed and located so as to 
minimize the hazards that might cause complete failure due to 
flooding, fires, icing, and vandalism. 

Equipment for sources of power as described in 
700. 1 2 (A) through (E) where located within assembly 
occupancies for greater than 1000 persons or in buildings 
above 23 m (75 ft) in height with any of the following 
occupancy classes - assembly, educational, residential, 
detention and correctional, business, and mercantile - shall 
be installed either in spaces fully protected by approved 
automatic fire suppression systems (sprinklers, carbon dioxide 
systems, and so forth) or in spaces with a I-hour fire rating. 

Infonnational Note No.1: For the definition of Occupancy 
Classification, see Section 6.1 of NFPA 101-2009, Life 
Safety Code. 

Informational Note No.2: Assignment of degree of 
reliability of the recognized emergency supply system 
depends on the careful evaluation of the variables at each 
particular installation. or further information. see 
ANSVIEEE 493-2007. Recommended Practice for the 
De. ' ign af Rehab/I! Inclwtria/ and Co,mllercial Power 
~l tem:,. 
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ARTICLE 700 - EMERGENCY SYSTEMS 700.12 

(A) Storage Battery. Storage batteries used as a source of 
power for emergency systems shall be of suitable rating and 
capacity to supply and maintain the total load for a minimum 
period of 1 Y2 hours, without the voltage applied to the load 
falling below 87Y2 percent of normal. 

Batteries, whether of the acid or alkali type, shall be 
designed and constructed to meet the requirements of 
emergency service and shall be compatible with the charger 
for that particular installation. 

For a sealed battery, the container shall not be required 
to be transparent. However, for the lead acid battery that 
requires water additions, transparent or translucent jars shall 
be furnished. Automotive-type batteries shall not be used. 

An automatic battery charging means shall be provided. 

(B) Generator Set. 
(1) Prime Mover-Driven. For a generator set driven by a 
prime mover acceptable to the authority having jurisdiction 
and sized in accordance with 700.4, means shall be provided 
for automatically starting the prime mover on failure of the 
normal service and for automatic transfer and operation of all 
required electrical circuits. A time-delay feature permitting a 
IS-minute setting shall be provided to avoid retransfer in 
case of short-time reestablishment of the normal source. 

(2) Internal Combustion En ·ne as Prime Movers. 
Where internal combustion engines are used as the prime 
mover, an on-site fuel supply shall be provided with an on
premises fuel supply sufficient for not less than 2 hours' full
demand operation of the system. Where power is needed for 
the operation of the fuel transfer pumps to deliver fuel to a 
generator set day tank, this pump shall be connected to the 
emergency power system. 

Exceptions [SFM, OSHPD 1, 2, 3 & 4] 
Exception No.1: [S}<A1, OSHPD 1, 2, 3 & 4] The on
premise foel supply shall be sufficient for not less than 24 
hours full-demand operation in acute general care hospitals 
and correctional treatment centers that provide optional 
services. For acute care hospital facilities required to meet 
NPC-5, the on~premise fuel supply shall be sufficient for no 
less than 72 hours full-demand operations. 

Exception No.2: [SFM, OSHPD 1, 2, 3 & 4J The on
premise fuel supply shall be suffiCient for not less than 6 
hours foil-demand operation in the following health facilities 
of seven or more beds: correctional treatment centers that 
provide only basic services, acute psychiatric hospitals, 
intermediate care facilities, and skilled nursingfacilities. 
Exception No.3: [SFM, OSHPD 1, 2, 3 & 4] The on
premise fuel supply shall be sufficient for not less than 4 
hours full-demand operation in ambulatory surgical clinics. 
(3) Dual Supplies. Prime movers shall not be solely 
dependent on a public utility gas system for their fuel supply 
or municipal water supply for their cooling systems. Means 
shall be provided for automatically transferring from one fuel 
supply to another where dual fuel supplies are used. 

Exception: Where acceptable to the authority having 
jurisdiction, the use of other than on-site fuels shall be 
permitted where there is a low probability of a simultaneous 
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failure of both the off-site fuel delivery system and power 
from the outside electrical utility company. 

(4) Battery Power and Dampers. Where a storage battery 
is used for control or signal power or as the means of starting 
the prime mover, it shall be suitable for the purpose and shall 
be equipped with an automatic charging means independent 
of the generator set. Where the battery charger is required for 
the operation of the generator set, it shall be connected to the 
emergency system. Where power is required for the 
operation of dampers used to ventilate the generator set, the 
dampers shall be connected to the emergency system. 

(5) Auxiliary Power Supply. Generator sets that require 
more than 10 seconds to develop power shall be permitted if 
an auxiliary power supply energizes the emergency system 
until the generator can pick up the load. 

(6) Outdoor Generator Sets. Where an outdoor housed 
generator set is equipped with a readily accessible 
disconnecting means located within sight of the building or 
structure supplied, an additional disconnecting means shall 
not be required where ungrounded conductors serve or pass 
through the building or structure. The disconnecting means 
shall meet the requirements of225.36. 

Exception: Far installations under single management. 
where condilions of maintenance and supelvision ensw' 
lhal OI1~V qualified persons will monilor and . elV;c~ the 
·n~/al/atjon (Old where documented safe "witching 
procedures are e tabU hed and maintained for 

. cunnection. the gell rator set disconnecting means hall 
at b requiredtu be located within sight uf the buildill or 
truelure erve(l 

(C) Uninterruptible Power Supplies. Uninterruptible 
power supplies used to provide power for emergency 
systems shall comply with the applicable provisions of 
700.12(A) and (B). 

(D) Separate Service. Where approved by the authority 
having jurisdiction as suitable for use as an emergency source 
of power, an additional service shall be pennitted. This 
service shall be in accordance with the applicable provisions of 
Article 230 and the following additional requirements: 

(1) Separate service drop or service lateral 

(2) Service conductors sufficiently remote electrically and 
physically from any other service conductors to 
minimize the possibility of simultaneous interruption of 
supply 

(E) Fuel Cell System. Fuel cell systems used as a source of 
power for emergency systems shall be of suitable rating and 
capacity to supply and maintain the total load for not less 
than 2 hours offull-demand operation. 

Installation of a fuel cell system shall meet the requirements 
of Parts II through VIII of Article 692. 
Where a single fuel cell system se.rves as the normal supply 
for the building or group of buildings concerned, it shall not 
serve as the sole source of power for the emergency standby 
system. 

(F) Unit Equipment. Individual unit equipment for 
emergency illumination shall consist of the following: 
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(1) A rechargeable battery 

(2) A battery charging means 

(3) Provisions for one or more lamps mounted on the 
equipment, or shall be permitted to have terminals for 
remote lamps, or both 

(4) A relaying device arranged to energize the lamps 
automatically upon failure of the supply to the unit 
equipment 

The batteries shall be of suitable rating and capacity to 
supply and maintain at not less than 8711z percent of the 
nominal battery voltage for the total lamp load associated 
with the unit for a period of at least 1 Y2 hours, or the unit 
equipment shall supply and maintain not less than 60 percent 
of the initial emergency illumination for a period of at least 
1 liz hours. Storage batteries, whether of the acid or alkali 
type, shall be designed and constructed to meet the 
requirements of emergency service. 

Unit equipment shall be permanently fixed in place (i.e., 
not portable) and shall have all wiring to each unit installed 
in accordance with the requirements of any of the wiring 
methods in Chapter 3. Flexible cord-and-plug connection 
shall be permitted, provided that the cord does not exceed 
900 mm (3 ft) in length. The branch circuit feeding the unit 
equipment shall be the same branch circuit as that serving the 
normal lighting in the area and connected ahead of any local 
switches. The branch circuit that feeds unit equipment shall 
be clearly identified at the distribution panel. Emergency 
luminaires that obtain power from a unit equipment and are 
not part of the unit equipment shall be wired to the unit 
equipment as required by 700.10 and by one of the wiring 
methods of Chapter 3. 

Exception No.1: In a separate and uninterrupted area 
supplied by a minimum of three normal lighting circuits, a 
separate branch circuit for unit equipment shall be permitted if 
it originates from the same panelboard as that of the normal 
lighting circuits and is provided with a lock-on feature. 

Exception No.2: !Remote heads proviJTngiighlfngjorllle 
~/erior (!f an exit door shall be pen"illed 10 he supplied by, 
he unil equipment serving fhe area immediately inside th~ 
exildoor. 
IV. Emergency System Circuits for Lighting and Power 

700.15 Loads on Emergency Branch Circuits. No 
appliances and no lamps, other than those specified as 
required for emergency use, shall be supplied by emergency 
lighting circuits. 

700.16 Emergency Illumination. Emergency illumination 
shall include all required means of egress lighting, 
illuminated exit signs, and all other lights specified as 
necessary to provide required illumination. 

Emergency lighting systems shall be designed and 
installed so that the failure of any individual lighting element, 
such as the burning out of a lamp, cannot leave in total 
darkness any space that requires emergency illumination. 

Where high-intensity discharge lighting such as high
and low-pressure sodium, mercury vapor, and metal halide is 
used as the sole source of normal illumination, the 
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emergency lighting system shall be required to operate until 
normal illumination has been restored. 

Exception: Alternative means that ensure emergency 
lighting illumination level is maintained shall be permitted. 

700.17 Brancb Circuits for Emergency Lighting. Branch 
circuits that supply emergency lighting shall be installed to 
provide service from a source complying with 700.12 when 
the normal supply for lighting is interrupted. Such 
installations shall provide either of the following: 

(1) An emergency lighting supply, independent of the 
~_Q!1:rt~1 lighting supply, with proVIsIOns for 
automatically transferring the emergency lights upon the 
event of failure of the nonnal lighting branch circuit 

(2) Two or more branch circuits uppJied fro separate and 
complete systems with independent power ~urce . One 
of the two power ources and systems shall be part of 
lh emergency system, and the other shall be pcnnitted 
to be part of the nonnal power source and sy tern. Each 
system shall provi~ sufficient power for emergency 
lighting purposes. 

Unless both systems are used for regular lighting 
purposes and are both kept lighted, means shall be 
provided for automatically energizing either system 
upon failure of the other. Either or both systems shall be 
permitted to be a part of the general lighling o( the 
protected occupancy if circuits supplying lights for 
emergency illumination are installed in accordance with 
other sections of this article. 

700.18 Circuits for Emergency Power. For branch circuits 
that supply equipment classed as emergency, there shall be an 
emergency supply source to which the load will be transferred 
automatically upon the failure of the normal supply. 

v. Control- Emergency Lighting Circuits 
700.20 Switch Requirements. The switch or switches 
installed in emergency lighting circuits shall be arranged so 
that only authorized persons have control of emergency 
lighting. 

Exception No.1: Where two or more single-throw switches 
are connected in parallel to control a single circuit, at least 
one of these switches shall be accessible only to authorized 
persons. 

Exception No.2: Additional switches that act only to put 
emergency lights into operation but not disconnect them 
shall be permissible. 

Switches connected in series or 3- and 4-way switches 
shall not be used. 

700.21 Switch Location. All manual switches for 
controlling emergency circuits shall be in locations 
convenient to authorized persons responsible for their 
actuation. In facilities covered by Articles 518 and 520, a 
switch for controlling emergency lighting systems shall be 
located in the lobby or at a place conveniently accessible 
thereto. 

In no case shall a control switch for emergency lighting be 
placed in a motion-picture projection booth or on a stage or 
platform. 
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Exception: Where multiple switches are provided, one 
such switch shall be permitted in such locations where 
arranged so that it can only energize the circuit but 
cannot de-energize the circuit. 

700.22 Exterior Lights. Those lights on the exterior of a 
building that are not required for illumination when there is 
sufficient daylight shall be pennitted to be controlled by an 
automatic light-actuated device. 

700.23 Dimmer Systems. A dimmer system containing more 
than one dimmer and listed for use in emergency systems shall be 
pennitted to be used as a control device for energizing emergency 
lighting circuits. Upon failure of normal power, the dimmer 
system shall be permitted to selectively energize only those branch 
circuits required to provide minimum emergency illumination. All 
branch circuits supplied by the dimmer system cabinet shall 
comply with the wiring methods of Article 700. 

700.24 Automatic Load Control Relay. If an emergency 
lighting load is automatically energized upon I of the 
nonnal supply a listed automatic load control relay shall be 
permitted to energize the load. TIle load control relay shall no~ 
be used as lransfer equipment. 

VI. Overcurrent Protection 

700.25 Accessibility. The branch-circuit overcurrent devices 
in emergency circuits shall be accessible to authorized persons 
only. 

700.26 Ground-Fault Protection of Equipment The alternate 
source for emergency systems shall not be required to have 
ground-fault protection of equipment with automatic 
disconnecting means. Ground-fault indication of the emergency 
source shall be provided in accordance with 700.6(1)). 

700.27 Coordination. Emergency system( s) overcurrent 
devices shall be selectively coordinated with all supply side 
overcurrent protective devices. 

Exception: Selective coordination shall not be required between twv 
overcurrent devires located ill ~el'i{1 if no /()(I(if are connected in 
f1!.lTOliel with rite dawru/1'(!Qm ti'l ice. 

ARTICLE 701 

Legally Required Standby Systems 

I. General 

701.1 Scope. The proVISIOns of this article apply to the 
electrical safety of the installation, operation, and 
maintenance of legal1y required standby systems consisting 
of circuits and equipment intended to supply, distribute, and 
control electricity to required facilities for illumination or 
power, or both, when the nonnal electrical supply or system 
is interrupted. 
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The systems covered by this article consist only of those 
that are pennanently installed in their entirety, including the 
power source. 

Infonnational Note No.1: For additional infonnation, see 
NFPA 99-2005, Standardfor Health Care Facilities. 

Infonnational Note No. 2: For further infonnation 
regarding perfonnance of emergency and standby power 
systems, see NFPA 110-2010, Standard jar Emergency 
and Standby Power Systems. 

Informational Note No. 3: For further infonnation, see 
ANSlflEEE 446-1995, Recommended Practice jar 
Emergency and Standby Power Systems jar Industrial 
and Commercial Applications. 

701.2 Defmition. 

Legally Required Standby Systems. Those systems 
required and so classed as legally required standby by 
municipal, state, federal, or other codes or by any 
governmental agency having jurisdiction. These systems are 
intended to automatically supply power to selected loads 
(other than those classed as emergency systems) in the event 
offailure of the nonnal source. 

lnfonnational Note: Legally required standby 
systems are typically installed to serve loads, such as 
heating and refrigeration systems, communications 
systems, ventilation and smoke removal systems, 
sewage disposal, lighting systems, and industrial 
processes, that, when stopped during any interruption 
of the nonnal electrical supply, could create hazards 
or hamper rescue or fire-fighting operations. 

701.3 T ts and l\IlaiDtenanceJ 

(A) Conduct or Witness Test. The authority having 
jurisdiction shall conduct or witness a test of the complete 
system upon installation. 

(B) Tested Periodically. Systems shall be tested periodically 
on a schedule and in a manner acceptable to the authority 
having jurisdiction to ensure the systems are maintained in 
proper operating condition. 

(C) Battery Systems Maintenance. Where batteries are 
used for control, starting, or ignition of prime movers, the 
authority having jurisdiction shall require periodic 
maintenance. 

i(D) Written Record. A written record shaH be kept on such 
tests and maintenance. 

(E) Testing Under Load. Means for testing legally required 
standby systems under load shall be provided. 

Infonnational Note: For testing and maintenance procedures 
of emergency power supply systems (EPSSs), see NFP A 
110-2010, Standard for Emergency and Standby Power 
Systems. 
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701.4 Capacity and Rating. A legally required standby 
system shall have adequate capacity and rating for the 
supply of all equipment intended to be operated at one 
time. Legally required standby system equipment shall be 
suitable for the maximum available fault current at its 
terminals. 

The legally required standby alternate power source 
shall be permitted to supply both legally required standby 
and optional standby system loads under either of the 
following conditions: 

(1) Where the alternate source has adequate capacity to 
handle all connected loads 

(2) Where automatic selective load pickup and load 
shedding is provided that will ensure adequate power 
to the legally required standby circuits 

701.5 Transfer Equipment. 

(A) General. Transfer equipment, including automatic 
transfer switches, shall be automatic and identified for 
standby use and approved by the authority having 
jurisdiction. Transfer equipment shall be designed and 
installed to prevent the inadvertent interconnection of 
normal and alternate sources of supply in any operation of 
the transfer equipment. Transfer equipment and electric 
power production systems installed to permit operation in 
parallel with the normal source shall meet the 
requirements of Article 705 . 

(B) Bypass Isolation Switches. Means to bypass and 
isolate the transfer switch equipment shall be permitted .. 
Where bypass isolation switches are used, inadvertent 
parallel operation shall be avoided. 

(C) Automatic Transfer Switches. Automatic transfer 
switches shall be electrically operated and mechanically 
held. Automatic transfer switches, rated 600 V AC and 
below, shall be listed for emergency use. 

701.6 Signals. Audible and visual signal devices shall be 
provided, where practicable, for the purposes described in 
701.6(A), (B), (C), and (D). 

(A) Derangement. To indicate derangement of the 
standby source. 

(B) Carrying Load. To indicate that the standby source is 
carrying load. 

(C) Not Functioning. To indicate that the battery charger 
is not functioning. 

Informational Note: For signals for generator sets, see 
NFPA 110-2010, Standardfor Emergency and Standby 
Power Systems. 
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(D) Ground Fault. To indicate a ground fault in solidI 
grounded wye, legally r quircd standby systems of more 
than 150 volts to ground and circuit-protective device 
rated 1000 amperes or more. TIle en or for the ground
fault signal devices shall be located at. or ahead of, the 
main system disconn Cling means for the legally require 
standby ource, and the maximum setting of the signa 
devices shall be for a ground-fault current of 120 
amperes. Inslructions on the course of action to be take 
III event of indicated ground fault shall be located t or. 
ear the sensor location. 

Infonnational Note: or signals for generator sets, see 
FP A 110-2010. Sta"dard for Emergency alld Standby 

Power Syslem~ 

701. _ Signs. 

(A) Mandated Standby. A sign shall be placed at the 
service entrance indicating type and location of on-site 
legally required standby power sources. 

Exception: A sign shall not be required for individual 
unit equipment as specified in 701.12(G). 

(B) Groundin . Where 'removal of a grounding ..... o· 
bonding connection in nonnal power source equipment 
interrupts the grounding electrod conductor connectio 
lO th altern Ie power source(s) grounded conductor, ~ 
warning sign shall be installed al the normal power source 
~liJp!!l~~t tating: 

WARNING 
SllOCK HAZARD EXISTS IF GROUNDING 

~LECTROOE CONDUCTOR OR BONDI G JUMPER 
CONNECTIO IN THIS EQUIPMENT IS REMOVED 
WHILE ALTERNATE SOURCE(S) IS E ERGIZED. 

II. Circuit Wiring 

701.10 Wiring Legally Required Standby Systems. The 
legally required standby system wiring shall be permitted 
to occupy the same raceways, cables, boxes, and cabinets 
with other general wiring. 

III. Sources of Power 

701.12. .. 9.en.~~~1 Requirements. Current supply shall be 
such that, in the event of failure of the normal supply to, 
or within, the building or group of buildings concerned, 
legally required standby power will be available within 
the time required for the application but not to exceed 60 
seconds. The supply system for legally required standby 
purposes, in addition to the normal services to the 
building, shall be permitted to comprise one or more of 
the types of systems described in 701. 1 (A) through (F). 
Unit equipment in accordance with 701.12(0) shall 
satisfy the applicable requirements of this article. 

2013 California Electrical Code 
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In selecting a legally required standby source of 
power, consideration shall be given to the type of service 
to be rendered, whether of short-time duration or long 
duration. 

Consideration shall be given to the location or design, 
or both, of all equipment to minimize the hazards that 
might cause complete failure due to floods, fires, icing, 
and vandalism. 

Informational Note: Assignment of degree of reliability 
of the recognized legally required standby supply system 
depends on the careful evaluation of the variables at 
each particular installation. 

(A) Storage Battery. A storage battery shall be of 
suitable rating and capacity to supply and maintain at not 
less than 87Y2 percent of system voltage the total load of 
the circuits supplying legally required standby power for a 
period of at least 1 Y2 hours. 

Batteries, whether of the acid or alkali type, shall be 
designed and constructed to meet the service requirements 
of emergency service and shall be compatible with the 
charger for that particular installation. 

For a sealed battery, the container shall not be 
required to be transparent. However, for the lead acid 
battery that requires water additions, transparent or 
translucent jars shall be furnished. Automotive-type 
batteries shall not be used. 

An automatic battery charging means shall be 
provided. 

(B) Generator Set. 
(1) Prime Mover-Driven. For a generator set driven by a 
prime mover acceptable to the authority having 
jurisdiction and sized in accordance with 701.4, means 
shall be provided for automatically starting the prime 
mover upon failure of the normal service and for 
automatic transfer and operation of all required electrical 
circuits. A time-delay feature permitting a 15-minute 
setting shall be provided to avoid retransfer in case of 
short-time re-establishment of the normal source. 

(2) Internal Combustion Engines as Prime Mover. 
Where internal combustion engines are used as the prime 
mover, an on-site fuel supply shall be provided with an 
on-premises fuel supply sufficient for not less than 2 
hours of full-demand operation of the system. Where 
ower is needed for the operation of th fuel transfer 
ump to deliver fud to a gen rator et day tank. th 

pumps shall be conn cted to the Ie ally re uired standby 
power sy tern. 
(3) Dual Supplies. Prime movers shall not be solely 
dependent on a public utility gas system for their fuel 
supply or on a municipal water supply for their cooling 
systems. Means shall be provided for automatically 
transferring one fuel supply to another where dual fuel 
supplies are used. 
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Exception: Where acceptable to the authority having 
jurisdiction, the use of other than on-site fuels shall be 
permitted where there is a low probability of a 
simultaneous failure of both the off-site fuel delivery 
system and power from the outside electrical utility 
company. 

(4) Battery Power. Where a storage battery is used for 
control or signal power or as the means of starting the 
prime mover, it shall be suitable for the purpose and shall 
be equipped with an automatic charging means 
independent of the generator set. 
(5) Outdoor Generator Sets. Where an outdoor housed 
generator set is equipped with a readily accessible 
disconnecting means located within sight of the building 
or structure supplied, an additional disconnecting means 
shall not be required where ungrounded conductors serve 
or pass through the building or structure. The 
disconnecting means shall meet the requirements of 
225.36. 

(C) Uninterruptible Power Supplies. Uninterruptible 
power supplies used to provide power for legally required 
standby systems shall comply with the applicable 
provisions of 701. 12(A) and (B). 

(D) Separate Service. Where approved, a separate 
service shall be permitted as a legally required source of 
standby power. This service shall be in accordance with 
the applicable provisions of Article 230, with separate 
service drop or lateral sufficiently remote electrically and 
physically from any other service to minimize the 
possibility of simultaneous interruption of supply from an 
occurrence in another service. 
(E) Connection Ahead of Service Disconnecting 
Means. Where acceptable to the authority having 
jurisdiction, connections located ahead of and not within 
the same cabinet, enclosure, or vertical switchboard 
section as the service disconnecting means shall be 
permitted. The legally required standby service shall be 
sufficiently separated from the normal main service 
disconnecting means to minimiZe simultaneous 
interruption of supply through an occurrence within the 
building or groups of buildings served. 

Informational Note: See 230.82 for equipment permitted 
on the supply side of a service disconnecting means. 

(F) Fuel Cell System. Fuel cell systems used as a source 
of power for legally required standby systems shall be of 
suitable rating and capacity to supply and maintain the 
total load for not less than 2 hours of full-demand 
operation. 

Installation of a fuel cell system shall meet the 
requirements of Parts II through VIII of Article 692. 

Where a single fuel cell system serves as the normal 
supply for the building or group of buildings concerned, it 
shall not serve as the sole source of power for the legally 
required standby system. 
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701.25 ARTICLE 702 - OPTIONAL STANDBY SYSTEMS 

(G) Unit Equipment. Individual unit equipment for 
legally required standby illumination shall consist of the 
following: 

(1) A rechargeable battery 

(2) A battery charging means 

(3) Provisions for one or more lamps mounted on the 
equipment and shall be permitted to have terminals 
for remote lamps 

(4) A relaying device arranged to energize the lamps 
automatically upon failure of the supply to the unit 
equipment 

The batteries shall be of suitable rating and capacity 
to supply and maintain at not less than 87 Yl percent of the 
nominal battery voltage for the total lamp load associated 
with the unit for a period of at least 1 Y2 hours, or the unit 
equipment shall supply and maintain not less than 60 
percent of the initial legally required standby illumination 
for a period of at least lYl hours. Storage batteries, 
whether of the acid or alkali type, shall be designed and 
constructed to meet the requirements of emergency 
service. 

Unit equipment shall be pemlanently fixed in place 
(i.e., not portable) and shaH have all wiring to each unit 
installed in accordance with the requirements of any of 
the wiring methods in Chapter 3. Flexible cord-and-plug 
connection shall be permitted, provided that the cord does 
not exceed 900 mm (3 ft) in length. The branch circuit 
feeding the unit equipment shall be the same branch 
circuit as that serving the normal lighting in the area and 
connected ahead of any local switches. Legally required 
standby luminaires that obtain power from a unit 
equipment and are not part of the unit equipment shall be 
wired to the unit equipment by one of the wiring methods 
of Chapter 3. 

Exception: In a separate and uninterrupted area supplied 
by a minimum of three normal lighting circuits, a 
separate branch circuit for unit equipment shall be 
permitted ?l it originates from the same panelboard as 
that of the normal lighting circuits and is provided with a 
lock-on feature. 

IV. Overcurrent Protection 

701.25 Accessibility.The branch-circuit overcurrent 
devices in legally required standby circuits shall be 
accessible to authorized persons only. 

701.~§, Ground-Fault Protection of Equipment.The 
alternate source for legally required standby systems shall 
not be required to have ground-fault protection of 
equipment \\'ith automatic disconnecting means. Ground
fault indication of the legally required standby source 
shall be provided in accordance with 701.6(D). 
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701.~] Coordination. Legally required standby system(s) 
over'~urrent devices shall be selectively coordinated with 
all supply-side overcurrent protective devices. 

Exception: Selective coordination shall not be required 
between two overcurrent devices located in series if no 
loads are connected in parallel with the downstream 
rJe\·ice. 

ARTICLE 702 

Qptional Standby SY~!~.m~ .,. 

I. General 

702.1 Scope. The provisions of this article apply to the 
installation and operation of optional standby systems. 

The systems covered by this article consist of those that 
are permanently installed in their entirety, including prime 
movers, and those that are arranged for a connection to a 
premises wiring system from a portable alternate power 
supply. 

702.2 Definition. 

Optional Standby Systems. Those systems intended to 
supply power to public or private facilities or property 
where life safety does not depend on the performance of 
the system. Optional standby systems are intended to 
supply on-site generated power to selected loads either 
automatically or manually. 

Informational Note: Optional standby systems are 
typically installed to provide an alternate source of 
electric power for such facilities as industrial and 
commercial buildings, farms, and residences and to 
serve loads such as heating and refrigeration systems, 
data processing and communications systems, and 
industrial processes that, when stopped during any 
power outage, could cause discomfort, serious 
interruption of the process, damage to the product or 
process, or the like. 

702.1 Capacity and Rating. 

(A) Available Short-Circuit Current. Optional standby 
system equipment shall be suitable for the maximum 
available short-circuit current at its terminals. 

(B) System Capacity. The calculations of load on the 
standby source shall be made in accordance with Article 
220 or by another approved method. 

(1) Manual Transfer Equipment. Where manual 
transfer equipment is used, an optional standby system 
shall have adequate capacity and rating for the supply of 
all equipment intended to be operated at one time. The 
user of the optional standby system shall be permitted to 
select the load connected to the system. 
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ARTICLE 705 - INTERCONNECTED ELECTRIC POWER PRODUCTION SOURCES 705.1 

(2) Automatic Transfer Equipment. Where automatic 
transfer equipment is used, an optional standby system 
shall comply with (2)(a) or (2)(b). 

(a) Full Load. The standby source shall be capable 
of supplying the full load that is transferred by the 
automatic transfer equipment. 

(b) Load Management. Where a system is employed 
that will automatically manage the connected load, the 
standby source shall have a capacity sufficient to supply 
the maximum load that will be connected by the load 
management system. 

702.5 Transfer Equipment. Transfer equipment shall be 
suitable for the intended use and designed and installed so 
as to prevent the inadvertent interconnection of normal 
and alternate sources of supply in any operation of the 
transfer equipment. Transfer equipment and electric 
power production systems installed to permit operation in 
parallel with the normal source shall meet the 
requirements of Article 705 . 

Transfer equipment, located on the load side of 
branch circuit protection, shall be permitted to contain 
supplemental overcurrent protection having an 
interrupting rating sufficient for the available fault current 
that the generator can deliver. The supplementary 
overcurrent protection devices shall be part of a listed 
transfer equipment. 

Transfer equipment shall be required for all standby 
systems subject to the provisions of this article and for 
which an electric utility supply is either the normal or 
standby source. 

Exception: Temporary connection of a portable 
generator without transfer equipment shall be permitted 
where conditions of maintenance and supervision ensure 
that only qualified persons service the installation and 
where the normal supply is physically isolated by a 
lockable disconnecting means or by disconnection of the 
normal supply conductors. 

702.6 Signals. Audible and visual signal devices shall be 
provided, where practicable, for the following purposes. 

(1) Derangement. To indicate derangement of the 
optional standby source. 

(2) Carrying Load. To indicate that the optional standby 
source is carrying load. 

Exception: Signals shall not be required for portable 
standby power sources. 

702.~ Signs. 

(A) Standby. A sign shall be placed at the service-entrance 
equipment that indicates the type and location of on-site 
optional standby power sources. A sign shall not be required 
for individual unit equipment for standby illumination. 
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(B) Grounding. Whe~ removal of a grounding 0(1 

bonding connection in normal power source equipment 
Interrupts the grounding dectrode conductor connection 
o the alternate power source{s} grounded conductor, a 
warning sign shall be installed at the normal power source 
equipment tatmg: 

WARNING 
BOCK IIAlARD EXISTS IF GROU DING 

ELECTRODE CO DUCTOR OR BONDING JUMPER 
CONNECTION IN THIS EQUIPMENT fS REMOVED 
WJ:H~g"~~TERNATE SOURCE(S) IS ENERGIZED. 

II. Wiring 

702.10 \\' iring Optional Standby Systems. 

The optional standby system wiring shall be permitted to 
occupy the same raceways, cables, boxes, and cabinets 
with other general wiring. 

702.11 Portable Generator Grounding. 

(A) Separately Derived System. Where a portable 
optional standby source is used as a separately derived 
system, it shall be grounded to a grounding electrode in 
accordance with 250.30. 

(B) Nonseparately Derived System. Where a portable 
optional standby source is used as a nonseparately derived 
system, the equipment grounding conductor shall be 
bonded to the system grounding electrode. 

702.ii Outdoor Generator Sets. Where an outdoor 
housed generator set is equipped with a readily 
accessible disconnecting means located within sight of 
the building or structure supplied, an additional 
disconnecting means shall not be required where 
ungrounded conductors serve or pass through the 
building or structure. The disconnecting means shall 
meet the requirements of 225.36. 

ARTICLE 705 
Interconnected Electric Power Production 

Sources 

I. General 

705.1 Scope. This article covers installation of one or 
more electric power production sources operating In 

parallel with a primary source(s) of electricity. 

Informational Note: Examples of the types of primary 
sources include a utility supply or an on-site electric 
power source(s). 
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705.2 ARTICLE 705 - INTERCONJ\IECTED ELECTRIC POWER PRODUCTION SOURCES 

705.2 Definitions. 

Hybrid System. A system comprised of multiple power 
sources. These power sources could include photovoltaic, 
wind, micro-hydro generators, engine-driven generators, 
and others, but do not include electric power production 
and distribution network systems. Energy storage systems 
such as batteries, flywheels, or superconducting magnetic 
storage equipment do not constitute a power source for 
the purpose of this definition. 

Point of Common Coupling. The point at which the 
power production and distribution network and the 
customer interface occurs in an interactive system. 
Typically, this is the load side of the power network 
meter. 

Power Production Equipment. The generating source 
and all distribution equipment a sociated with it, that 
g nerates electri£ityIr{)'.!I~~{)~~~~<:)~h~rth~f1~ ...... lltilil): 
~\JPplie<J . ~e)"\Ji(;t!~ 

Informational Note: Example of PO\H:C production 
equipment include such items as generator, olar 
pholo\'oltaic systems. ~.~.J~~~.(;.e',IL . Y~!.~.ms.: 

Utility-Interactive Inverter Output Circuit. The 
conductors between the utility interactive inverter and the 
service equipment or another electric power production 
source, such as a utility, for electrical production and 
distribution network. 

705.3 Other Articles. Interconnected electric power 
production sources shall comply with this article and also 
with the applicable requirements of the articles in Table 
705.3. 

I Table 705.3 Other Articles 

Equipment/System 

Generators 

Solar photovoltaic systems 

Fuel cell systems 

Emergency systems 

Legally required standby systems 

Optional standby systems 

Article 

445 

690 

692 

700 

701 

702 

705.4 Equipment Approval. All equipment shall be 
approved for the intended use. Utility-interactive inverters 
for interconnection systems shall be listed and identified 
for interconnection service. 

70S~6 'Systim I~n .aUa.ion. Inst.'lllalion of one or more 
electrical power production sources op rating in parallel 
with a primary source(s) of electricity sh II be installed 
only by qualified ~ersolls. 

Informational Note: See Arlicle 100 for the definiti(}n of 
Qu'"UTijfeiipirsnn] 

705.10 Directory. A permanent plaque or directory, 
denoting aU electric power sources on or in the premises, 
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shall be installed at each service equipment location and 
at locations of all electric power production sources 
capable of being interconnected. 

Exception: Installations with large numbers of power 
production sources shall be permitted to be deSignated by 
groups. 

705.12 Point of Connection. The output of an 
interconnected electric power source shall be connected 
as specified in 705.12(A), (B), (C), or (D). 

(A) Supply Side. An electric power production source 
shall be permitted to be connected to the supply side of 
the service disconnecting means as permitted in 
230.82(6). The slim of the ratings of all overcurrent 
devices connected to power production sources shall not 
xceed the rating oftbe ervicc. 

(B) Integrated Electrical Systems. The outputs shall be 
permitted to be interconnected at a point or points 
elsewhere on the premises where the system qualifies as 
an integrated electrical system and incorporates protective 
equipment in accordance with all applicable sections of 
Article 685. 

(C) Greater Than 100 kW. The outputs shall be 
permitted to be interconnected at a point or points 
elsewhere on the premises where all of the following 
conditions are met: 

(1) The aggregate of non-utility sources of electricity has 
a capacity in excess of 100 kW, or the service is 
above 1000 volts. 

(2) The conditions of maintenance and supervlslOn 
ensure that qualified persons service and operate the 
system. 

(3) Safeguards, documented procedures, and protective 
equipment are established and maintained. 

(D) Utility-Interactive Inverters. The output of a utility
interactive inverter shall be permitted to be connected to 
the load side of the service disconnecting means of the 
other source(s) at any distribution equipment on the 
premises. Where distribution equipment including 
switchboards and panelboards is fed simultaneously by a 
primary source(s) of electricity and one or more utility
interactive inverters, and where this distribution 
equipment is capable of supplying multiple branch 
circuits or feeders or both, the interconnecting provisions 
for the utility-interactive inverter(s) shall comply with 
(0)(1) through (0)(7). 

(1) Dedicated Overcurrent and Disconnect. Each 
source interconnection shall be made at a dedicated circuit 
breaker or fusible disconnecting means. 

(2) Bus or Conductor Rating. The sum of the ampere 
ratings of overcurrent devices in circuits supplying power 
to a bus bar or conductor shall not exceed 120 percent of 
the rating of the bus bar or conductor. 
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ARTICLE 705 -INTERCONNECTED ELECTRIC POWER PRODUCTION SOURCES 705.30 

Exception: Where the pholovo"aic··.iY.~/e'mhas an ellergv 
slorage device 10 allow sland-alone opel'alion of loads. Ille 
valliE' u cd in fhe ('alclIlalion of bus or conductor louding 
shall be /25 percent of the rated uII1ity-interact;ve current 
from the inverter instead of the rating of 'he O\'erCllrrelll 
device bern'een the in erterqndl~e.. bu or conductor. 

(3) Ground-Fault Protection. The interconnection point 
shall be on the line side of all ground-fault protection 
equipment. 

Exception: Connection shall be permitted to be made to the 
load side of ground-fault protection, provided that there is 
ground-fault protection for equipment from all ground-fault 
current sources. Ground-fault protection devices used with 
supplies connected to the load-side terminals shall be 
identified and listed as suitable for baclifeeding. 

(4) Marking. Equipment containing overcurrent devices in 
circuits supplying power to a busbar or conductor supplied 
from multiple sources shall be marked to indicate the 
presence of all sources. 

(5) Suitable for Backfeed. Circuit breakers, if backfed, shall 
be suitable for such operation. 

Infonnational Note: Circuit breakers that are marked "Line" 
and "Load" have been evaluated only in the direction 
marked. Circuit breakers without "Line" and "Load" have 
been evaluated in both directions. 

(6) Fastening. Listed plug-in-type circuit breakers backfed 
from utility-interactive inverters that are listed and identified 
as interactive shall be permitted to omit the additional 
fastener normally required by 408.36(D) for such 
applications. 

(7) Inverter Output Connection. Unless the panel board is 
rated not less than the sum of the ampere ratings of all 
overcurrent devices supplying it, a connection in a 
panelboard shall be positioned at the opposite (load) end 
from the input feeder location or main circuit location. The 
bus or conductor rating shall be sized for the loads connected 
in accordance with Article 220. In systems with panelboards 
connected in series, the rating of the first overcurrent device 
directly connected to the output of a utility-interactive 
inverter( s) shall be used in the calculations for all busbars 
and conductors. A permanent warning label shall be applied 
to the distribution equipment with the following or 
equivalent wording: 

WARNING 
INVERTER OUTPUT CONNECTION 

DO NOT RELOCATE THIS OVERCURRENT DEVICE 

705.14 Output Characteristics. The output of a generator 
or other electric power production source operating in 
parallel with an electrical supply system shall be compatible 
with the voltage, wave shape, and frequency of the system to 
which it is connected. 
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Informational Note: The term compatible does not 
necessarily mean matching the primary source wave 
shape. 

705.16 Interrupting and Short-Circuit Current 
Rating. Consideration shall be given to the contribution 
of fault currents from all interconnected power sources for 
the interrupting and short-circuit current ratings of 
equipment on interactive systems. 

705.20 Disconnecting Means, Sources. Means shall be 
provided to disconnect all ungrounded conductors of an 
electric power production source(s) from all other 
conductors. 

705.21 Disconnecting Means, Equipment. Means shall 
be provided to disconnect power production equipment, 
such as utility interactive inverters or transformers 
associated with a power production source, from all 
ungrounded conductors of all sources of supply. 
Equipment intended to be operated and maintained as an 
integral part of a power production source exceeding 1000 
volts shall not be required to have a disconnecting means. 

705.22 Disconnect Device. The disconnecting means for 
ungrounded conductors shall consist of a manually or 
power operable switch( es) or circuit breaker( s) with the 
following features: 

(I) Located where readily accessible 

(2) Externally operable without exposing the operator to 
contact with live parts and, if power operable, of a 
type that could be opened by hand in the event of a 
power-supply failure 

(3) Plainly indicating whether in the open (off) or closed 
(on) position 

(4) Having ratings not less than the load to be carried and 
the fault current to be interrupted. For disconnect 
equipment energized from both sides, a marking shall 
be provided to indicate that all contacts of the 
disconnect equipment might be energized. 

Informational Ole to (4): In parallel generation 
systems, some equipment, including knife blade 
switches and fuses, is likely to be energized from both 
directions. See 240.40. 

(5) Simultaneous disconnect of all ungrounded 
conductors of the circuit 

(6) Capable of being locked in the open (off) position 

705.30 OvercurrentProtection. Conductors shall be 
protected in accordance with Article 240. Equipment and 
conductors connected to more than one electrical source 
shall have a sufficient number of overcurrent devices 
located so as to provide protection from all sources. 
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705.32 ARTICLE 705 - INTERCONNECTED ELECTRIC POWER PRODUCTION SOURCES 

(A) Solar Photovoltaic Systems. Solar photovoltaic 
systems shall be protected in accordance with Article 690. 

(B) Transformers. Overcurrent protection for a 
transformer with a source(s) on each side shall be 
provided in accordance with 450.3 by considering first 
one side of the transformer, then the other side of the 
transformer, as the primary. 

(C) Fuel Cell Systems. Fuel cell systems shall be 
protected in accordance with Article 692. 

(D) Utility-Interactive Inverters. Utility-interactive 
inverters shall be protected in accordance with 705.65. 

(E) Generators. Generators shall be protected in 
accordance with 705.130. 

705.32 Ground-Fault Protection. Where ground-fault 
protection is used, the output of an interactive system 
shall be connected to the supply side of the ground-fault 
protection. 

Exception: Connection shall be permitted to be made to 
the load side of ground-fault protection, provided that 
there is ground-fault protection for equipment from all 
ground-fault current sources. 

705.40 Loss of Primary Source. Upon loss of primary 
source, an electric power production source shall be 
automatically disconnected from all ungrounded 
conductors of the primary source and shall not be 
reconnected until the primary source is restored. 

Exception: A listed utility-interactive inverter shall be 
permitted to automatically cease exporting power upon 
loss of primary source and shall not be required to 
automatically disconnect all ungrounded conductors from 
the primary source. A listed utility-interactive inverter 
shall be permitted to automatically or manually resume 
exporting power to the utility once the primary source is 
restored. 

Informational Note No. I: Risks to personnel and 
equipment associated with the primary source could 
occur if an utility interactive electric power production 
source can operate as an intentional island. Special 
detection methods are required to determine that a 
primary source supply system outage has occurred and 
whether there should be automatic disconnection. When 
the primary source supply system is restored, special 
detection methods can be required to limit exposure of 
power production sources to out-of-phase reconnection. 

Informational Note No.2: Induction-generating 
equipment on systems with significant capacitance can 
become self-excited upon loss of the primary source and 
experience severe overvoltage as a result. 

A utility-interactive inverter shall be permitted to 
operate as a stand-alone system to supply loads that have 
been disconnected from electrical production and 
distribution network sources. 
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705.42 Loss of 3-Phase Primary Source. A 3-phase 
electric power production source shall be automatically 
disconnected from all ungrounded conductors of the 
interconnected systems when one of the phases of that 
source opens. This requirement shall not be applicable to 
an electric power production source providing power for 
an emergency or legally required standby system. 
Exception: A listed utility-interactive inverter shall be 
permitted to automatically cease exporting power when 
one of the phases of the source opens and shall not be 
required to automatically disconnect all ungrounded 
conductors from the primary source. A listed utility
interactive inverter shall be permitted to automatically or 
manually resume exporting power to the utility once all 
phases of the source are restored. 

705.50 Grounding. Interconnected electric power 
production sources shall be grounded in accordance with 
Article 250. 

Exception: For direct-current systems connected through 
an inverter directly to a grounded service, other methods 
that accomplish equivalent system protection and that 
utilize equipment listed and identified for the use shall be 
permitted. 

II. Utility-Interactive Inverters 

705.60 Circuit Sizing and Current. 

(A) Calculation of Maximum Circuit Current. The 
maximum current for the specific circuit shall be 
calculated in accordance with 705.60 (A)(l) and (A)(2). 

(1) Inverter Source Circuit Currents. The maximum 
current shall be the maximum rated input current of the 
inverter. 

(2) Inverter Output Circuit Current. The maximum 
current shall be the inverter continuous output current 
rating. 

(B) Ampacity and Overcurrent Device Ratings. 
Inverter system currents shall be considered to be 
continuous. 'The circuit conductors and overcurren 
device ' shall be sized to carry not less than 125 percent 0 

he maximum currents as calculated in 70S.60(A). Th 
ating or setting of ovcrcurrent devices shaH be Qennitte 

·n accordance with 240.4 B) and C). 
Exception: Circuits containing an assembly together with 
its overcurrent device(s) that is listed for continuous 
operation at 100 percent of its rating shall be permitted to 
be utilized at 100 percent of its rating. 

705.65 Overcurrent Protection. 

(A) Circuits and Equipment. Inverter input circuits, 
inverter output circuits, and storage battery circuit 
conductors and equipment shall be protected in 
accordance with the requirements of Article 240. Circuits 
connected to more than one electrical source shall have 
overcurrent devices located so as to provide overcurrent 
protection from all sources. 
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ARTICLE 708 - CRITICAL OPERATIONS POWRE SYSTEMS (COPS) 705.143 

Exception: An overcurrent device shall not be required 
for circuit conductors sized in accordance with 705.60(B) 
and located where one of the following applies: 

(1) There are no external sources such as parallel
connected source circuits, batteries, or backfeed from 
inverters. 

(2) The short-circuit currents from all sources do not 
exceed the ampacity of the conductors. 

Infonnational Note: Possible backfeed of current from 
any source of supply, including a supply through an 
inverter into the inverter output circuit and inverter 
source circuits, is a consideration in determining 
whether adequate overcurrent protection from all 
sources is provided for conductors and modules. 

(8) Power Transformers. Overcurrent protection for a 
transformer with a source(s) on each side shall be 
provided in accordance with 450.3 by considering first 
one side of the transformer, then the other side of the 
transformer, as the primary. 

Exception: A power transformer with a current rating on 
the side connected toward the ~41i1ily-inleraclive inverter 
output that i3 not less than the rated continuo output 
CUrI'ell' of the inverter shall be permitted without 
overcurrent protection from that source. 

705.70 Utility-Interactive Inverters Mounted in Not
Readily-Accessible Locations. Utility-interactive 
inverters shall be permitted to be mounted on roofs or 
other exterior areas that are not readily accessible. These 
installations shall comply with (1) through (4): 

(I) A direct-current disconnecting means shall be 
mounted within sight of or in the inverter. 

(2) An alternating-current disconnecting means shall be 
mounted within sight of or in the inverter. 

(3) An additional alternating-current disconnecting 
means for the inverter shall comply with 705.22. 

(4) A plaque shall be installed in accordance with 
705.10. 

705.80 Utility-Interactive Power Systems Employing 
Energy Storage. Utility-interactive power systems 
employing energy storage shall also be marked with the 
maximum operating voltage, including any equalization 
voltage, and the polarity of the grounded circuit 
conductor. 

705.82 Hybrid Systems. Hybrid systems shall be 
permitted to be interconnected with utility-interactive 
inverters. 

705.95 Ampacity of Neutral Conductor. The ampacity 
of the neutral conductors shall comply with either (A) or 
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(B). 

(A) Neutral Conductor for Single Phase, 2-Wire 
Inverter Output. If a single-phase, 2-wire inverter output 
is connected to the neutral and one ungrounded conductor 
(only) of a 3-wire system or of a 3-phase, 4-wire, wye
connected system, the maximum load connected between 
the neutral and anyone ungrounded conductor plus the 
inverter output rating shall not exceed the ampacity of the 
neutral conductor. 

(B) Neutral Conductor for Instrumentation, Voltage 
Detection or Phase Detection. A conductor used solely 
for instrumentation, voltage detection, or phase detection 
and connected to a single-phase or 3-phase utility
interactive inverter, shall be permitted to be sized at less 
than the ampacity of the other current-carrying conductors 
and shall be sized equal to or larger than the equipment 
grounding conductor. 

705.100 Unbalanced Interconnections. 

(A) Single Phase. Single-phase inverters for hybrid 
systems and ac modules in interactive hybrid systems 
shall not be connected to 3-phase power systems unless 
the interconnected system is designed so that significant 
unbalanced voltages cannot result. 

(B) Three Phase. Three-phase inverters and 3-phase ac 
modules in interactive systems shall have all phases 
automatically de-energized upon loss of, or unbalanced, 
voltage in one or more phases unless the interconnected 
system is designed so that significant unbalanced voltages 
will not result. 

III. Generators 

705.130 Overcurrent Protection. Conductors shall be 
protected in accordance with Article 240. Equipment and 
conductors connected to more than one electrical source 
shall have overcurrent devices located so as to provide 
protection from all sources. Generators shall be protected 
in accordance with 445.12. 

705.143 Synchronous Generators. Synchronous 
generators in a parallel system shall be provided with the 
necessary equipment to establish and maintain a 
synchronous condition. 

ARTICLE 708 
Critical Operations Power Systems 

.J(Q!,S) 
Informational Note: Text that is followed by a reference 
in brackets has been extracted from NFPA 1600-2010, 
Standard on Disaster/Emergency Management and 
Business Continuity Programs. Only editorial changes 
were made to the extracted text to make it consistent 
with this Code. 
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70S.1 ARTICLE 708 - CRITICAL OPERATIONS POWER SYSTEMS (COPS) 

I. General 

70S.1 Scope. [Not required/or OSHPD 1,2,3 & 4J 

The provisions of this article apply to the installation, 
operation, monitoring, control, and maintenance of the 
portions of the premises wiring system intended to supply, 
distribute, and control electricity to designated critical 
operations areas (DCOA) in the event of disruption to 
elements of the normal system. 

Critical operations power systems are those systems so 
classed by municipal, state, federal, or other codes by any 
governmental agency having jurisdiction or by facility 
engineering documentation establishing the necessity for 
such a system. These systems include but are not limited to 
power systems, HVAC, fire alarm, security, 
communications, and signaling for designated critical 
operations areas. 

Infom1ational Note No. 1: Critical operations power 
systems are generally installed in vital infrastructure 
facilities that, if destroyed or incapacitated, would disrupt 
national security, the economy, public health or safety; and 
where enhanced electrical infrastructure for continuity of 
operation has been deemed necessary by governmental 
authority. 

Informational Note No.2: For further information on 
disaster and emergency management see NFP A 1600-
20 I 0, Standard on Disaster/Emergency Management and 
Business Continuity Programs. 

Informational Note No.3: For hl1ther information regarding 
performance of emergency and standby power systems, see 
NFPA 110-2010, Standard for Emergency and Standby 
Pmver Systems. 

Informational Note NO.4: For further infonnation regarding 
performance and maintenance of emergency systems in 
health care facilities, see NFPA 99-2005, Standard for 
Health Care Facilities. 

Informational Note No. 5: For specification of locations 
where emergency lighting is considered essential to life 
safety, see NFPA 101-2009, Life Safety Code. 

Informational Note No.6: For further information on 
regarding physical security, see NFPA 730-2008, Guide 
for Prernises Security. 

Informational Note No.7: Threats to facilities that may 
require transfer of operation to the critical systems include 
both naturally occurring hazards and human-caused events. 
See also A.5.3.2 of NFPA 1600-2010. 

Informational Note No. 8: See Informative Annex F, 
AHlilability and Reliability for Crilica10~rntl0n'Po\~er 
S} , tern; and D, elopment and Implementation of 
Functional PClformance Tc s (fPTs) for Crilical 
Opcrat~on Power S} t~llTh, 

Informational Note No.9: See Infonnali\c Annex G, 
Superyi~ryC(lntrol and Data Acquisition (S('ADA)~ 

70S.2 Definitions. 

Commissioning. The acceptance testing, integrated system 
testing, operational tune-up, and start-up testing is the 
process by which baseline test results verify the proper 
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operation and sequence of operation of electrical equipment, 
in addition to developing baseline criteria by which future 
trend analysis can identify equipment deterioration. 

Critical Operations Power Systems (COPS). Power 
systems for facilities or parts of facilities that require 
continuous operation for the reasons of public safety, 
emergency management, national security, or business 
continuity. 

Designated Critical Operations Areas (DCOA). Areas 
within a facility or site designated as requiring critical 
operations power. 

Supervisory Control and Data Acquisition (SCADA). 
An electronic system that provides monitoring and controls 
for the operation of the critical operations power system. 
This can include the fire alarm system, security system, 
control of the BV AC, the start/stop/monitoring of the 
power supplies and electrical distribution system, 
annunciation and communications equipment to emergency 
personnel, facility occupants, and remote operators. 

70S.4 Risk Assessment. Risk assessment for critical 
operations power systems shall be documented and shall be 
conducted in accordance with 708.4(A) through (C). 

Informational Note: Chapter 5 of NFPA 1600-2010, 
Standard on Disaster/Emergency Management and 
Business Continuity Programs, provides additional 
guidance concerning risk assessment and hazard analysis. 

(A) Conducting Risk Assessment. In critical operations 
power systems, risk assessment shall be performed to 
identify hazards, the likelihood of their occurrence, and the 
vulnerability of the electrical system to those hazards. 

(B) Identification of Hazards. Hazards to be considered at a 
minimum shall include, but shall not be limited to, the 
following: 

(1) Naturally occurring hazards (geological, meteorological, 
and biological) 

(2) Human-caused events (accidental and intentional) 
[1600:5.3.2] 

(C) Developing Mitigation Strategy. Based on the results 
of the risk assessment, a strategy shall be developed and 
implemented to mitigate the hazards that have not been 
sufficiently mitigated by the prescriptive requirements of this 
Code. 

70S.5 Physical Security. Physical security shall be provided 
for critical operations power systems in accordance with 
708.5(A) and (B). 

(A) Risk Assessment. Based on the results of the risk 
assessment, a strategy for providing physical security for 
critical operations power systems shall be developed, 
documented, and implemented. 

(B) Restricted Access. Electrical circuits and equipment 
for critical operations power systems shall be accessible 
to qualified personnel only. 
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ARTICLE 708 - CRITICAL OPERATIONS POWRE SYSTEMS (COPS) 708.10 

708.6 Testing and Maintenance. 

(A) Conduct or Witness Test. The authority having 
jurisdiction shall conduct or witness a test of the complete 
system upon installation and periodically afterward. 

(B) Tested Periodically. Systems shall be tested 
periodically on a schedule acceptable to the authority 
having jurisdiction to ensure the systems are maintained 
in proper operating condition. 

(C) Maintenance. The authority having jurisdiction shall 
require a documented preventive maintenance program 
for critical operations power systems. 

Informational Note: For testing and maintenance 
procedures, see NFP A 70B-20 1 0, Recommended 
Practice for Electrical Equipment Maintenance. 

(D) Written Record. A written record shall be kept of 
such tests and maintenance. 

(E) Testing Under Load. Means for testing all critical 
power systems during maximum anticipated load 
conditions shall be provided. 

Informational Note: For testing and maintenance 
procedures of emergency power supply systems (EPSSs) 
that are also applicable to COPS, see NFPA 110-2010, 
Standard for Emergency and Standby Power Systems. 

708.8 Commissioning. 

(A) Commissioning Plan. A commissioning plan shall be 
developed and documented. 

Informational Note: For further information on 
developing a commissioning program see NFP A 70B-
2010, Recommended Practice for Electrical Equipment 
Maintenance. 

(B) Component and System Tests. The installation of 
the equipment shall undergo component and system tests 
to ensure that, when energized, the system will function 
properly. 

(C) Baseline Test Results. A set of baseline test results 
shall be documented for comparison with future periodic 
maintenance testing to identify equipment deterioration. 

(D) Functional Performance Tests. A functional 
performance test program shall be established, 
documented, and executed upon complete installation of 
the critical system in order to establish a baseline 
reference for future performance requirements. 

Informational Note: See Informative Annex F for more 
information on developing and implementing a 
functional performance test program. 

II. Circuit Wiring and Equipment 
708.10 Feeder and Branch Circuit Wiring. 

(A) Identification. 

2013 California Electrical Code 

(1) Boxes and Enclosures. All boxes and enclosures 
(including transfer switches, generators, and power panels) 
for critical operations power system circuits shall be 
permanently marked so they will be readily identified as a 
component of the system. 

(2) Receptacle Identification. In a building in which COPS 
are pn.:sent witb oth r types of power systems de ribed in 
other sections in this 8rticl~ , the cover plates for lh~ 

receptacles or the receptacles themselves supplied from the 
COPS shall have a distinctive color or marking so as to be 
readily identifiable. 

Exception: IJ the COPS supplies pO\~'er to a DCOA fhal is a 
stand-alone building. receptacle co\'er plates or the 
receptfJcles themselves shall not be required to have 
distinct;v£! marking. 
(B) Wiring. Wiring of two or more COPS circuits supplied 
from the same source shall be permitted in the same 
raceway, cable, box, or cabinet. Wiring from a COPS source 
or COPS source distribution overcurrent protection to critical 
loads shall be kept entirely independent of all other wiring 
and equipment. 

Exception: Where the COPS feeder is installed in transfer 
equipment enclosures. 

(C) COPS Feeder Wiring Requirements. COPS feeders 
shall comply with 708.l0(C)(l) through (C)(3). 

(1) Protection Against Physical Damage. The wiring of the 
COPS system shall be protected against physical damage. 
Wiring methods shall be permitted to be installed 111 

accordance with the following: 

(I) Rigid metal conduit, intermediate metal conduit, or 
Type MI cable. 

(2) Where encased in not less than 50 mrn (2 in.) of 
concrete, any of the following wiring methods shall be 
permitted: 

a. Schedule 40 or Schedule 80 rigid polyvinyl 
chloride conduit (Type PVC) 

b. Reinforced thermosetting resin conduit (Type 
RTRC) 

c. Electrical metallic tubing (Type EMT) 

d. Flexible nonmetallic or jacketed metallic raceways 

e. Jacketed metallic cable assemblies listed for 
installation in concrete 

(3) Where provisions must be made for flexibility at 
equipment connection, one or more of the following 
shall also be permitted: 

a. Flexible metal fittings 

b. Flexible metal conduit with listed fittings 

c. Liquidtight flexible metal conduit with listed 
fittings 

(2) Fire Protection for Feeders. Feeders shall meet one of 
the following conditions: 

(1) Be a listed electrical circuit protective system with a 
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708.11 ARTICLE 708 - CRITICAL OPERATIONS POWER SYSTEMS (COPS) 

minimum 2-hour fire rating 

Infonnational Note: Ul guide information for electrical 
circuit protection !.ystems (FlUT) contains infonnBlion on 
~per in lallalion requirements to maintain the fire ratio 

(2) Be protected by a listed fire-rated assembly th&l h a 
minimum fire rating of~ ho~ 

(3) Be encased in a minimum of 50 mm (2 in.) of concrete 

(3) Floodplain Protection. Where COPS feeders are 
installed below the level of the 100-year floodplain, the 
' nsulated circuit conductors shall be listed for use in a wet 
location and be installed in a wiring method that is permitted 
for use in wet locations. 

(D) COPS Branch Circuit Wiring. 

(a) Outside the DCOA. COPS branch circuits 
installed outside the DCOA shall comply with the physical 
and fire protection requirements of 708.l0(C)(1) through 
(C)(3). 

(b) Within the DCOA. Any of the wiring methods 
recognized in Chapter 3 of this Code shall be permitted 
within the DCOA. 

708.11 Branch Circuit and Feeder Distribution 
Equipment. 

(A) Branch Circuit Distribution Equipment. COPS 
branch circuit distribution equipment shall be located within 
the same DCOA as the branch circuits it supplies. 

(B) Feeder Distribution Equipment. Equipment for COPS 
feeder circuits (including transfer equipment, transformers, 
and panelboards) shall comply with (1) and (2). 

(1) Be located in spaces with a 2-hour fire resistance rating 

(2) Be located above the 100-year floodplain. 

708.12 Feeders and Branch Circuits Supplied by COPS. 
Feeders and branch circuits supplied by the COPS shall 
supply only equipment specified as required for critical 
operations use. 

708.14 Wiring of HV AC, Fire Alarm, Security, 
Emergency Communications, and Signaling Systems. 

All conductors or cables shall be installed using any of the 
metal wiring methods permitted by 708.l0(C)(l) and in 
addition shall comply with 708.14(1) through (8), as 
applicable. 

(1 ) ~n cabl s for fire alarm, security signal YSteffiS, and 
emergency communications shall be shielded twisted 
aircabl 

(2) Shields ofptbles for fire alarm, ~~u~i!y, si at systems, 
nd eIDer ency co.!nJ!lulli~tto shall be continuous. 

(3) 0 tical fiber! cables shall be used for connections 
between two or more buildings on the property and 
under single management. 
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(4) listed primary protect9~.~~I:l~~~p~yi.~~~!I ... ~L 
communications circuits. Listed secondary protectors 
shall be provided at the terminals of the communication 
circuits. 

(5) Conductors for all control circuits rated above 50 volts 
shall be rated not less than 600 volts. 

(6) Communications, fire alarm, and signaling circuits shall 
use relays with contact ratings that exceed circuit 
voltage and current ratings in the controlled circuit. 

(7) All c. abies for fIre alall14 security, and signaling sys I~ 
shall be riser-rated and shall be a listed 2-hour electrical 
circuit protective system. Riser emergency 
~ommunication cable hall be Type CMR-CI or a listed 
2-hour electrical circult protective system. 

(8) Control, monitoring, and power wiring to HVAC 
systems shall be a listed 2-hour electrical circuit 
protective system. 

III. Power Sources and Connection 

708.20 Sources of Power. 

(A) General Requirements. Current supply shall be such 
that, in the event of failure of the normal supply to the 
DCOA, critical operations power shall be available within 
the time required for the application. The supply system for 
critical operations power, in addition to the normal services 
to the building and meeting the general requirements of this 
section, shall be one or more of the types of systems 
described in . 08:.29l~ _ through (H). 

Infonnational Note: Assignment of degree of reliability of 
the recognized critical operations power system depends on 
the careful evaluation in accordance with the risk 
assessment. 

(B) Fire Protection. Where located within a building, 
equipment for sources of power as described in OB.2Q(E} 
through (H) shall be installed either in spaces fully protected 
by approved automatic [lIe suppression systems (sprinklers, 
carbon dioxide systems, and so forth) or in spaces with a 2-
hour [lIe rating. 

(C) Grounding. All sources of power shall be grounded as a 
separately derived source in accordance with 250.30. 

Exception: Where the equipment containing the main 
bonding jumper or system bonding jumper for the normal 
source and the feeder wiring to the transfer equipment are 
installed in accordance with 708.10(C) and 708.11 (B). 

(D) Surge Protection Devices. Surge protection devices 
shall be provided at all facility distribution voltage levels. 

(E) Storage Battery. An automatic battery charging 
means shall be provided. Batteries shall be compatible 
with the charger for that particular installation. For a sealed 
battery, the container shall not be required to be transparent. 
However, for the lead acid battery that requires water 
additions, transparent or translucent jars shall be furnished. 
Automotive-type batteries shall not be used. 
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ARTICLE 708 - CRITICAL OPERATIONS POWRE SYSTEMS (COPS) 708.24 

(F) Generator Set. 

(1) Prime Mover-Driven. Generator sets driven by a prime 
mover shall be provided with means for automatically 
starting the prime mover on failure of the nonnal service. A 
time-delay feature permitting a minimum IS-minute setting 
shall be provided to avoid retransfer in case of short-time 
reestablishment of the normal source. 

(2) Power for fuel transfer pumps. Where power is needed 
for the operation of the fuel transfer pumps to deliver fuel to 
a generator set day tank, this pump shall be connected to the 
COPS. 

(3) Dual Supplies. Prime movers shall not be solely 
dependent on a public utility gas system for their fuel supply 
or municipal water supply for their cooling systems. Means 
shall be provided for automatically transferring from one fuel 
supply to another where dual fuel supplies are used. 

(4) Battery Power and Dampers. Where a storage battery 
is used for control or signal power or as the means of starting 
the prime mover, it shall be suitable for the purpose and shall 
be equipped with an automatic charging means independent 
of the generator set. Where the battery charger is required for 
the operation of the generator set, it shall be connected to the 
COPS. Where power is required for the operation of dampers 
used to ventilate the generator set, the dampers shall be 
connected to the COPS. 

(5) Outdoor Generator Sets. Where an outdoor housed 
generator set is equipped with a readily accessible 
disconnecting means located within sight of the building or 
structure supplied, an additional disconnecting means shall 
not be required where ungrounded conductors serve or pass 
through the building or structure. 

(6) Mean for Connecting Portable or Vehicle-Mounted 
Generator. Where the COPS is supplied by a single 
generator, a means to connect a portable or vehicle-mounted 
generator shall be provided. 

(7) On-Site Fuel Supply. Where internal combustion 
engines are used as the prime mover, an on-site fuel supply 
shall be provided. The on-site fuel supply shall be secured 
and protected in accordance with the risk assessment. 

(G) Uninterruptible Power Supplies. Uninterruptible 
power supplies used as the sole source of power for COPS 
shall comply with the applicable provisions of 708.20(E) and 
(F). 

(H) Fuel Cell System. Installation of a fuel cell system shall 
meet the requirements of Parts II through VIII of Article 692. 

708.21 Ventilation. Adequate v ntilation shall be provided 
for the alternate power ouree for continued operation under 
maximum anticipated ambient temperatures. 

Informational Note: FPA 110-2010, StoJldard for 
Em('rgency and Standby Pow~,. .s:v 'lemfi• and NFPA 111-
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20 lO. Standard for Stored Ene,.gy Emt!rgencYanii~~iandb~ 
Po ..... er SJ. tems, include additional information o~ 
'.-entilation air for c mbustion and cooling. 

708.22 Capacity of Power Sources. 

(A) Capacity and Rating. A COPS shall have capacity and 
rating for all loads to be operated simultaneously for 
continuous operation with variable load for an unlimited 
number of hours, except for required maintenance of the 
power source. A portable, temporary, or redundant alternate 
power source shall be available for use whenever the COPS 
power source is out of service for maintenance or repair. 

(B) Selective Load Pickup, Load Shedding, and Peak 
Load SbaviJJ.g. The alternate power source shall be 
pennitted to supply COPS emergency, legally required 
standby, and optional loads where the source has adequate 
capacity or where automatic selective load pickup and load 
shedding is provided as needed to ensure adequate power to 
(1) the COPS and emergency circuits, (2) the legally 
required standby circuits, and (3) the optional standby 
circuits, in that order of priority. The alternate power source 
shall be permitted to be used for peak load shaving, provided 
these conditions are met. 

Peak load-shaving operation shall be permitted for 
satisfying the test requirement of708.6(B), provided all other 
conditions of708.6 are met. 

(C) Duration of COPS Operation. The alternate power 
source shall be capable of operating the COPS for a 
minimum of 72 hours at full load of DCOA with a steady
state voltage within ± I 0 percent of nominal utilization 
voltage. 

708.24 Transfer Equipment. 

(A) General. Transfer equipment, including automatic 
transfer switches, shall be automatic and identified for 
emergency use. Transfer equipment shall be designed and 
installed to prevent the inadvertent interconnection of normal 
and critical operations sources of supply in any operation of 
the transfer equipment. Transfer equipment and electric 
power production systems installed to pennit operation in 
parallel with the normal source shall meet the requirements 
of Article 705 . 

(B) Bypass Isolation Switches. Means shall be permitted to 
bypass and isolate the transfer equipment. Where bypass 
isolation switches are used, inadvertent parallel operation 
shall be avoided. 

(C) Automatic Transfer Switches. Where used with 
sources that are not inherently synchronized, automatic 
transfer switches shall comply with (C)(1) and (C)(2). 

(1) Automatic transfer switches shall be listed for 
emergency use. 

(2) Automatic transfer switches shall be electrically 
operated and mechanically held. 
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708.30 ARTICLE 720 - CIRCUITS AND EQUIPMENT OPERATING AT LESS THAN 50 VOLTS 

(D) Use. Transfer equipment shall supply only COPS 
loads. 

708.30 Branch Circuits Supplied by COPS. Branch 
circuits supplied by the COPS shall only supply 
equipment specified as required for critical operations 
use. 

IV. Overcurrent Protection 

708.50 Accessibility. The feeder- and branch-circuit 
overcurrent devices shall be accessible to authorized 
persons only. 

708.52 Ground-Fault Protection of Equipment. 

(A) Applicability. The requirements of 708.52 shall 
apply to critical operations (including multiple 
occupancy buildings) with critical operation areas. 

(B) Feeders. Where ground-fault protection is provided 
for operation of the service disconnecting means or 
feeder disconnecting means as specified by 230.95 or 
215.10, an additional step of ground-fault protection 
shall be provided in all next level feeder 
disconnecting means downstream toward the load. 
Such protection shall consist of overcurrent devices 
and current transformers or other equivalent 
protective equipment that causes the feeder 
disconnecting means to open. 

The additional levels of ground-fault protection shall 
not be installed on electrical systems that are not solidly 
grounded wye systems with greater than 150 volts to 
ground but not exceeding 600 volts phase-to-phase. 

(C) Testing. When equipment ground-fault protection is 
first installed, each level shall be tested to ensure that 
ground-fault protection is operationaL 

Infonnational Note: Testing is intended to verify the 
ground-fault function is operational. The perfonnance 
test is not intended to verify selectivity in 708.52(0), as 
this is often coordinated similarly to circuit breakers by 
reviewing tie and current curves and properly setting the 
equipment. (Selectivity of fuses and circuit breakers is 
not perfonnance tested for overload and short circuit.) 

(D) Selectivity. Ground-fault protection for operation of 
the service and feeder disconnecting means shall be fully 
selective such that the feeder device, but not the service 
device, shall open on ground faults on the load side of the 
feeder device. A six-cycle minimum separation between 
the service and feeder ground-fault tripping bands shall be 
provided. Operating time of the disconnecting devices 
shall be considered in selecting the time spread between 
these two bands to achieve 100 percent selectivity. 

Infonnational Note: See 230.95, Informational Note No. 
4, for transfer of alternate source where ground-fault 
protection is applied. 
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708.54 Coordination. Critical operations power 
system(s) overcurrent devices shall be selectively 
coordinated with all supply side overcurrent protective 
devices. 

V. System Performance and Analysis 

708.64 Emergency Operations Plan. A facility with a 
COPS shall have documented an emergency operations 
plan. The plan shall consider emergency operations and 
response, recovery, and continuity of operations. 

Informational Note: NFPA 1600-2010, Standard on 
Disaster/Emergency Management and Business 
Continuity Programs, Section 5.7, provides guidance for 
the development and implementation of emergency 
plans. 

ARTICLE 720 

Circuits and Equipment Operating at Less 
Than 50 Volts 

720.1 Scope. This article covers installations operating at 
less than 50 volts, direct current or alternating current. 

720.2 Other Articles. Direct current or altemating
current installations operating at less than 50 volts, as 
covered in 41l.1 through 411.7; Part VI of Article 517; 
Part II of Article 551; Parts II and III and 552.60(B) of 
Article 552; 650.1 through 650.8; 669.1 through 669.9; 
Parts I and VIII of Article 690; Parts I and III of Article 
725; or Parts I and III of Article 760 shall not be required 
to comply with this article. 

720.3 Hazardous (Classified) Locations. Installations 
within the scope of this article and installed in hazardous 
(classified) locations shall also comply with the 
appropriate provisions for hazardous (classified) locations 
in other applicable articles of this Code. 

720.4 Conductors. Conductors shall not be smaller than 
12 AWG copper or equivalent. Conductors for appliance 
branch circuits supplying more than one appliance or 
appliance receptacle shall not be smaller than lOA WG 
copper or equivalent. 

720.5 Lampholders. Standard lampholders that have a 
rating of not less than 660 watts shall be used. 

720.6 Receptacle Rating. Receptacles shall have a rating 
of not less than 15 amperes. 

720.7 Receptacles Req uired. Receptacles of not less than 
20-ampere rating shall be provided in kitchens, laundries, 
and other locations where portable appliances are likely to 
be used. 
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ARTICLE 725 - CLASS 1, CLASS 2, AND CLASS 3 REMOTE-CONTROL, SIGNALlNG, AND POWER-LIMITED CIRCUITS 725.21 

720.9 Batteries. Installations of storage batteries shall 
comply with 480.1 through 480.4 and 480.8 through 
480.10. 

720.11 Mechanical Execution of Work. Circuits 
operating at less than 50 volts shall be installed in a neat 
and workmanlike manner. Cables shall be supported by 
the building structure in such a manner that the cable will 
not be damaged by normal building use. 

ARTICLE 725 
Class I, Class 2, and Class 3 Remote-Control, ' 

Signaling, and Po\\rer-Limited Circuits 

I. General 

725.1 Scope. 

This article covers remote-control, signaling, and power
limited circuits that are not an integral part of a device or 
appliance. 

Infonnational Note: The circuits described herein are 
characterized by usage and electrical power limitations 
that differentiate them from electric light and power 
circuits; therefore, alternative requirements to those of 
Chapters 1 through 4 are gi"enwith regard to minimum 
wire sizes, ompacity adjusinlent and correction factors, 
overcurrent protection, insulation requirements, and 
wiring methods and materials. 

725.2 Definitions. 

Abandoned Class 2, Class 3, and PL TC Cable. 
Installed Class 2, Class 3, and PLTC cable that is not 
terminated at equipment and not identified for future use 
with a tag. 

Circuit Integrity (CI) Cable. Cable(s) used for remote
control, signaling, or power-limited systems that supply 
critical circuits to ensure survivability for continued 
circuit operation for a specified time under fire 
conditions. 

Class 1 Circuit. The portion of the wmng system 
between the load side of the overcurrent device or power
limited supply and the connected equipment. 

Infonnational Note: See 725.41 for voltage and power 
limitations of Class 1 circuits. 

Class 2 Circuit. The portion of the wiring system 
between the load side of a Class 2 power source and the 
connected equipment. Due to its power limitations, a 
Class 2 circuit considers safety from a fire initiation 
standpoint and provides acceptable protection from 
electric shock. 

Class 3 Circuit. The portion of the wiring system 
between the load side of a Class 3 power source and the 
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connected equipment. Due to its power limitations, a 
Class 3 circuit considers safety from a fire initiation 
standpoint. Since higher levels ofvoltage and current than 
for Class 2 are permitted, additional safeguards are 
specified to provide protection from an electric shock 
hazard that could be encountered. 

725.3 Other Articles. Circuits and equipment shall 
comply with the articles or sections listed in 72S.3(A) 
through cn. Only those sections of Article 300 referenced 
in this at1icle shall apply to Class 1, Class 2, and Class 3 
circuits. 

(A) Number and Size of Conductors in Raceway. 
Section 300.l7. 

(B) Spread of Fire or Products of Combustion. 
Installation of Class 1, Class 2, and Class 3 circuits shall 
comply with 300.21. 

(C) Ducts, Plenums, and Other Air-Handling Spaces. 
Class 1, Class 2, and Class 3 circuits installed in ducts, 
plenums, or other space lIsed for environmental air shall 
comply with 300.22. 

Exception: A.~ ·permilled i~ 725. 154(A}. 

(D) Hazardous (Classified) Locations. A11icles SOO 
through 516 and Article 517, Part IV, where installed in 
hazardous (classified) locations. 

(E) Cable Trays. Article 392, where installed in cable tray. 

(F) Motor Control Circuits. Article 430, Pa11 VI, where 
tapped from the load side of the motor branch-circu it 
protective device(s) as specified in 430.72(A). 

(G) Instrumentation Tray Cable. See Article 727. 

(H) Raceways Exposed to Different TcmperHtll ... e~., 

Installation shall comply with 300. 7(A). 

<I) Vertical Support for Fire-Rated 'Cables and 
Conductors. Vertical installation of circuit integrity (ell 
cables and conductors install~d in a raceway or. 
conductors and cables of ekctrical circuit protectiv~ 

systems hall be installed in accordance with 300.19. 

(J) Bushing. A bushing shall be installed where cables 
~merge from raceway \1 ed for mechanical support j~~ 
protection in accordance with ;399~!?,(J 

725.21 Access to Electrical Equipment Behind Panels 
Designed to Allow Access. Access to electrical 
equipment shall not be denied by an accumulation of 
wires and cables that prevents removal of panels, 
including suspended ceiling panels. 
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725.24 ARTICLE 725 - CLASS 1, CLASS 2, AND CLASS 3 REMOTE-CON1ROL, SIGNALING, AND POWER-LIMITED CIRCUITS 

725.24 Mechanical Execution of Work. Class 1, Class 2, 
and Class 3 circuits shall be installed in a neat and 
workmanlike manner. Cables and conductors installed 
exposed on the surface of ceilings and sidewalls shall be 
supported by the building structure in such a manner that 
the cable will not be damaged by normal building use. 
Such cables shall be supported by straps, staples, hangers, 
cable ties, or similar fittings designed and installed so as 
not to damage the cable. The installation shall also 
comply with 300.4(D). 

725.25 Abandoned Cables. The accessible portion of 
abandoned Class 2, Class 3, and PL TC cables shall be 
removed. Where cables are identified for future use with a 
tag, the tag shall be of sufficient durability to withstand 
the environment involved. 

725.30 Class 1, Class 2, and Class 3 Circuit 
Identification. Class 1, Class 2, and Class 3 circuits shall 
be identified at terminal and junction locations in a 
manner that prevents unintentional interference with other 
circuits during testing and servicing. 

725.31 Safety-Control Equipment. 

(A) Remote-Control Circuits. Remote-control circuits for 
safety-control equipment shall be classified as Class 1 if the 
failure of the equipment to operate introduces a direct fire or 
life hazard. Room thermostats, water temperature regulating 
devices, and similar controls used in conjunction with 
electrically controlled household heating and air conditioning 
shaI1 not be considered safety-control equipment. 

(B) Physical Protection. Where damage to remote
control circuits of safety-control equipment would 
introduce a hazard, as covered in 725.31 (A), all 
conductors of such remote-control circuits shall be 
installed in rigid metal conduit, intermediate metal 
conduit, rigid nonmetallic conduit, electrical metallic 
tubing, Type MI cable, Type MC cable, or be otherwise 
suitably protected from physical damage. 

725.35 Class 1, Class 2, and Class 3 Circuit 
Requirements. A remote-control, signaling, or power-limited 
circuit shall comply with the following parts ofthis article: 

(1) Class 1 Circuits: Parts I and II 

(2) Class 2 and Class 3 Circuits: Parts I and III 

n. Class 1 Circuits 

725.41 Class 1 Circuit Classifications and Power 
Source Requirements. Class 1 circuits shall be classified 
as either Class 1 power-limited circuits where they 
comply with the power limitations of 725.41(A) or as 
Class 1 remote-control and signaling circuits where they 
are used for remote-control or signaling purposes and 
comply with the power limitations of725.41(B). 

(A) Class 1 Power-Limited Circuits. These circuits shall 
be supplied from a source that has a rated output of not 
more than 30 volts and 1000 volt-amperes. 
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(1) Class 1 Transformers. Transformers used to supply 
power-limited Class 1 circuits shall comply with the 
applicable sections within Parts I and II of Article 450. 

(2) Other Class 1 Power Sources. Power sources other 
than transformers shall be protected by overcurrent devices 
rated at not more than 167 percent of the volt-ampere rating 
of the source divided by the rated voltage. The overcurrent 
devices shall not be interchangeable with overcurrent 
devices of higher ratings. The overcurrent device shal1 be 
permitted to be an integral part of the power supply. 

To comply with the 1000 volt-ampere limitation of 
725.41(A), the maximum output (VA max) of power 

sources other than transformers shall be limited to 2500 
volt-amperes, and the product of the maximum current 
(lmax) and maximum voltage (V max) shall not exceed 

10,000 volt-amperes. These ratings shall be determined 
with any overcurrent-protective device bypassed. 

VAmax is the maximum volt-ampere output after one 

minute of operation regardless of load and with 
overcurrent protection bypassed, if used. Current-limiting 
impedance shall not be bypassed when determining 
VAmax' 

lmax is the maximum output current under any 

non capacitive load, including short circuit, and with 
overcurrent protection bypassed, if used. Current-limiting 
impedance should not be bypassed when determining 
lmax' Where a current-limiting impedance, listed for the 

purpose or as part of a listed product, is used in 
combination with a stored energy source, for example, 
storage battery, to limit the output current, lmax limits 

apply after 5 seconds. 

V max is the maximum output voltage regardless of 

load with rated input applied. 

(B) Class 1 Remote-Control and Signaling Circuits. 
These circuits shall not exceed 600 volts. The power 
output of the source shall not be required to be limited. 

725.43 Class 1 Circuit Overcurrent Protection. 
Overcurrent protection for conductors 14 AWG and larger 
shall be provided in accordance with the conductor 

without applying the ampw::tty adjuSt.De'nl 
cOlrrec:ticln factors of 310.15 to the ampacity calculation. 
Overcurrent protection shall not exceed 7 amperes for 18 
A W G conductors and 10 amperes for 16 A W G. 

Exception: Where other articles of this Code permit or 
require other overcurrent protection. 

Informational Note: For example, see 430.72 for motors, 
610.53 for cranes and hoists, and 517.74(B) and 660.9 
for X-ray equipment. 
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725.45 Class 1 Circuit Overcurrent Device Location. 
Overcurrent devices shall be located as specified in 
725.45(A), (B), (C), (D), or (E). 

(A) Point of Supply. Overcurrent devices shall be located 
at the point where the conductor to be protected receives 
its supply. 

(B) Feeder Taps. Class 1 circuit conductors shall be 
permitted to be tapped, without overcurrent protection at 
the tap, where the overcurrent device protecting the 
circuit conductor is sized to protect the tap conductor. 

(C) Branch-Circuit Taps. Class 1 circuit conductors 14 
A WG and larger that are tapped from the load side of the 
overcurrent protective device(s) of a controlled light and 
power circuit shall require only short-circuit and ground
fault protection and shall be permitted to be protected by 
the branch-circuit overcurrent protective device(s) where 
the rating of the protective device(s) is not more than 300 
percent of the ampacity of the Class 1 circuit conductor. 

(D) Primary Side of Transformer. Class 1 circuit 
conductors supplied by the· secondary of a single-phase 
transformer having only a 2-wire (single-voltage) 
secondary shall be permitted to be protected by 
overcurrent protection provided on the primary side of the 
transformer, provided this protection is in accordance 
with 450.3 and does not exceed the value determined by 
multiplying the secondary conductor ampacity by the 
secondary-to-primary transformer voltage ratio. 
Transformer secondary conductors other than 2-wire shall 
not be considered to be protected by the primary 
overcurrent protection. 

(E) Input Side of Electronic Power Source. Class 1 
circuit conductors supplied by the output of a single
phase, listed electronic power source, other than a 
transformer, having only a 2-wire (single-voltage) output 
for connection to Class 1 circuits shall be permitted to be 
protected by overcurrent protection provided on the input 
side of the electronic power source, provided this 
protection does not exceed the value determined by 
multiplying the Class 1 circuit conductor ampacity by the 
output-to-input voltage ratio. Electronic power source 
outputs, other than 2-wire (single voltage), shall not be 
considered to be protected by the primary overcurrent 
protection. 

725.46 Class 1 Circuit Wiring Methods. Class 1 circuits 
shall be installed in accordance with Part I of Article 300 
and with the wiring methods from the appropriate atticles 
in Chapter 3. 

Exception No.1: The provisions of 725.48 through 
725.51 shall be permitted to apply in installations of 
Class 1 circuits. 

Exception No.2: Methods permitted or required by other 
articles of this Code shall apply to installations of Class 1 
circuits. 
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725.48 Conductors of Different Circuits in the Same 
Cable, Cable Tray, Enclosure, or Raceway. Class 1 
circuits shall be permitted to be installed with other 
circuits as specified in 725.48(A) and (B). 

(A) Two or More Class 1 Circuits. Class 1 circuits shall 
be permitted to occupy the same cable, cable tray, 
enclosure, or raceway without regard to whether the 
individual circuits are alternating current or direct current, 
provided all conductors are insulated for the maximum 
voltage of any conductor in the cable, cable tray, 
enclosure, or raceway. 

(B) Class 1 Circuits with Power-Supply Circuits. Class 
1 circuits shall be permitted to be instal1ed with power
supply conductors as specified in 725.48(B)(1) through 
(B)(4). 

(1) In a Cable, Enclosure, or Raceway. Class 1 circuits 
and power-supply circuits shall be permitted to occupy 
the same cable, enclosure, or raceway only where the 
equipment powered is functionally associated. 

(2) In Factory- or Field-Assembled Control Centers. 
Class 1 circuits and power-supply circuits shall be 
permitted to be installed in factory- or field-assembled 
control centers. 

(3) In a Manhole. Class 1 circuits and power-supply 
circuits shall be permitted to be installed as underground 
conductors in a manhole in accordance with one of the 
following: 

(1) The power-supply or Class 1 circuit conductors are in 
a metal-enclosed cable or Type OF cable. 

(2) The conductors are permanently separated from the 
power-supply conductors by a continuous firmly 
fixed nonconductor, such as flexible tubing, in 
addition to the insulation on the wire. 

(3) The conductors are permanently and effectively 
separated from the power supply conductors and 
securely fastened to racks, insulators, or other 
approved supports. 

(4) In Cable Trays. Installations in cable trays shall 
comply with 725.48(B)(4)(1) or (B)(4)(2). 

(1) Class circuit conductors and power-supply 
conductors not functionally associated with the Class 
I circuit conductors shall be separated by a solid 
fixed barrier of a material compatible with the cable 
tray. 

(2) Class circuit conductors and power-supply 
conductors not functionally associated with the Class 
1 circuit conductors shall be permitted to be installed 
in a cable tray without barriers where all of the 
conductors are installed with separate multi conductor 
Type AC, Type MC, Type MI, or Type TC cables 
and all the conductors in the cables are insulated at 
600 volts. 

70-643 



725.49 ARTICLE 725 - CLASS I, CLASS 2, AND CLASS 3 REMOTE-CON1ROL, SIGNALING, AND POWER-LIMITED CIRCUITS 

725.49 Class 1 Circuit Conductors. 

(A) Sizes and Use. Conductors of sizes 18 A WG and 16 
A WG shall be permitted to be used, provided they supply 
loads that do not exceed the ampacities given in 402.5 and 
are installed in a raceway, an approved enclosure, or a listed 
cable. Conductors larger than 16 A WG shall not supply 
loads greater than the ampacities given in 310.15. Flexible 
cords shall comply with Article 400. 

(B) Insulation. Insulation on conductors shall be for 
600 volts. Conductors larger than 16 AWG comply 
with Article 310. Conductors in sizes 18 A WG and 16 A WG 
shall be Type FFH-2, KF-2, KFF-2, PAF, PF, PFF, 
PGF, PGFF, PTF, PTFF, RFH-2, RFHH-2, RFHH-3, SF-2, 
SFF-2, TF, TFF, TFFN, TFN, ZF, or ZFF. Conductors with 
other types and thicknesses of insulation shall be permitted if 
listed for Class 1 circuit use. 

725.51 Number of Conductors in Cable Trays and 

Raceway, and !A;1111"l.tJ"dJUlftmB,.t 

(A) Class 1 Circuit Conductors. Where only Class 1 circuit 
conductors are in a raceway, the number of conductors shall 
be determined in accordance with 300.17. The ,u,~mY 
IdjtJItDIt. factors given in 310.15(B)(3)(a) shall apply only 
if such conductors carry continuous loads in excess of 10 
percent of the ampacity of each conductor. 

(B) Power-Supply Conductors and Class 1 Circuit 
Conductors. Where power-supply conductors and Class 1 
circuit conductors are permitted in a raceway in accordance 
with 725.48, the number of conductors shall be determined 
in accordance with 300.17. factors 
given in 310.15(B)(3)(a) shall apply as follows: 

(1) To all conductors where the Class 1 circuit conductors 
carry continuous loads in excess of 10 percent of the 
ampacity of each conductor and where the total number 
of conductors is more than three 

(2) To the power-supply conductors only, where the Class 1 
circuit conductors do not carry continuous loads in 
excess of 10 percent of the ampacity of each conductor 
and where the number of power-supply conductors is 
more than three 

(C) Class 1 Circuit Conductors in Cable Trays. Where 
Class 1 circuit conductors are installed in cable trays, they 
shall comply with the provisions 

725.52 Circuits Extending Beyond One Building. Class 1 
circuits that extend aerially beyond one building shall also 
meet the requirements of Article 225. 

Ill. Class 2 and Class 3 Circuits 

725.121 Power Sources for Class 2 and Class 3 Circuits. 

(A) Power Source. The power source for a Class 2 or a 
Class 3 circuit shall be as specified in 725.121(A)(1), (A)(2), 
(A)(3), (A)( 4), or (A)(5): 
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Infonnational Note No.1: Figure 725.121 illustrates the 
relationships between Class 2 or Class 3 power sources, 
their supply, and the Class 2 or Class 3 circuits. 

Infonnational Note No.2: Table Il(A) and Table l1(S) in 
Chapter 9 provide the requirements for 1isted Class 2 and 
Class 3 power sources. 

(I) A listed Class 2 or Class 3 transformer 

(2) A listed Class 2 or Class 3 power supply 

(3) Other listed equipment marked to identify the Class 2 or 
Class 3 power source 

Exception No. 1 to (3): Thermocouples shall not require 
listing as a Class 2 power source 

Exception No.2 to (3): Limited power circuits of listed 
equipment where these circuits have energy levels rated at or 
below the limits established in Chapter 9, Table 11 (A) and 
Table 11 (B). 

Infonnational Note: Examples of other listed equipment are 
as follows: 

(1 ) A circuit card listed for use as a Class 2 or Class 3 
power source where used as part of a listed 
assembly 

(2) A current-limiting impedance, listed for the 
purpose, or part of a listed product, used in 
conjunction with a non-power-limited transformer 
or a stored energy source, for example, storage 
battery, to limit the output current 

(3) A thermocouple 

(4) Limited voltage/current or limited impedance 
secondary communications circuits of listed 
industrial control equipment 

(4) Listed information technology (computer) equipment 
limited-power circuits. 

Infonnational Note: One way to detennine applicable 
requirements for listing of infonnation technology 
(computer) equipment is to refer to UL 60950-1-2003, 
Standard for Safety of lriformation Technology Equipment. 
Typically such circuits are used to interconnect infonnation 
technology equipment for the purpose of exchanging 
infonnation (data). 

(5) A dry cell battery shall be considered an inherently 
limited Class 2 power source, provided the voltage is 30 
volts or less and the capacity is equal to or less than that 
available from series connected No.6 carbon zinc cells. 

(B) Interconnection of Power Sources. Class 2 or Class 3 
power sources shall not have the output connections 
paralleled or otherwise interconnected unless listed for such 
interconnection. 

725.124 Circuit Marking. The equipment supplying the 
circuits shall be durably marked where plainly visible to 
indicate each circuit that is a Class 2 or Class 3 circuit. 
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Figure 725.121 Class 2 and Class 3 Circuits. 

725.127 Wiring Methods on Supply Side of the Class 2 
or Class 3 Power Source. Conductors and equipment on 
the supply side of the power source shall be installed in 
accordance with the appropriate requirements of Chapters 
1 through 4. Transformers or other devices supplied from 
electric light or power circuits shall be protected by an 
overcurrent device rated not over 20 amperes. 

Exception: The input leads of a transformer or other 
power source supplying Class 2 and Class 3 circuits shall 
be permitted to be smaller than 14 A WG, but not smaller 
than 18 A WG if they are not over 12 in. (305 mm) long 
and if they have insulation that complies with 725. 49 (B). 

725.130 Wiring Methods and Materials on Load Side 
of the Class 2 or Class 3 Power Source. Class 2 and 
Class 3 circuits on the load side of the power source shall 
be permitted to be installed using wiring methods and 
materials in accordance with either 725.130(A) or (B). 

(A) Class 1 Wiring Methods and Materials. Installation 
shall be in accordance with 725.46. 

Exception No.1: The ampacity adjustment factors given 
in 310. 15(B)(3) (a) shall not apply. 

Exception No.2: Class 2 and Class 3 circuits shall be 
permitted to be reclassified and installed as Class 1 
circuits if the Class 2 and Class 3 markings required in 
725.124 are eliminated and the entire circuit is installed 
using the wiring methods and materials in accordance 
with Part II, Class 1 circuits. 

Informational Note: Class 2 and Class 3 circuits 
reclassified and installed as Class 1 circuits are no longer 
Class 2 or Class 3 circuits, regardless of the continued 
connection to a Class 2 or Class 3 power source. 

(B) Class 2 and Class 3 Wiring Methods. Conductors on 
the load side of the power source shall be insulated at not 
less than the requirements of 725.179 and shall be 
installed in accordance with 725.133 and 725.154. 

Exception No.1: As provided for in 620.21 for elevators and 
similar equipment. 
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Exception No.2: Other wiring methods and materials 
installed in accordance with the requirements of 725.3 shall 
be permitted to extend or replace the conductors and cables 
described in 725.179 and permitted by 725.130(B). 

Exception No.3: Bare Class 2 conductors shall be permitted 
as part of a listed intrusion protection system where installed 
in accordance with the listing instructions for the system. 

725.133 Installation of Conductors and Equipment in 
Cables, Compartments, Cable Trays, Enclosures, 
Manholes, Outlet Boxes, Device Boxes, and Raceways for 
Class 2 and Class 3 Circuits. Conductors and equipment for 
Class 2 and Class 3 circuits shall be installed in accordance 
with 725.136 through 725.143. 

725.136 Separation from Electric Light, Power, Class 1, 
Non-Power-Limited Fire Alarm Circuit Conductors, 
and Medium-Power Network-Powered Broadband 
Communications Cables. 

(A) General. Cables and conductors of Class 2 and Class 
3 circuits shall not be placed in any cable, cable tray, 
compartment, enclosure, manhole, outlet box, device box, 
raceway, or similar fitting with conductors of electric 
light, power, Class 1, non-power-limited fire alarm 
circuits, and medium-power network-powered broadband 
communications circuits unless permitted by 725. 136(B) 
through (I). 

(B) Separated by Barriers. Class 2 and Class 3 circuits 
shall be permitted to be installed together with the 
conductors of electric light, power, Class 1, non-power
limited fire alarm and medium power network-powered 
broadband communications circuits where they are separated 
by a barrier. 

(C) Raceways Within Enclosures. In enclosures, Class 2 
and Class 3 circuits shall be permitted to be installed in a 
raceway to separate them from Class 1, non-power-limited 
fire alarm and medium-power network-powered broadband 
communications circuits. 

(D) Associated Systems Within Enclosures. Class 2 and 
Class 3 circuit conductors in compartments, enclosures, 
device boxes, outlet boxes, or similar fittings shall be 
permitted to be installed with electric light, power, Class 1, 
non-power-limited fire alarm, and medium-power network
powered broadband communications circuits where they are 
introduced solely to connect the equipment connected to 
Class 2 and Class 3 circuits, and where (l) or (2) applies: 

(1) The electric light, power, Class 1, non-power-limited 
fire alarm, and medium-power network-powered 
broadband communications circuit conductors are 
routed to maintain a minimum of 6 mm (0.25 in.) 
separation from the conductors and cables of Class 2 
and Class 3 circuits. 
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725.139 ARTICLE 725 - CLASS 1, CLASS 2, AND CLASS 3 REMOTE-CONTROL, SIGNALING, AND POWER-LIMITED CIRCUITS 

(2) The circuit conductors operate at 150 volts or less to 
ground and also comply with one of the following: 

a. The Class 2 and Class 3 circuits are installed using 
Type CL3, CL3R, or CL3P or permitted substitute 
cables, provided these Class 3 cable conductors 
extending beyond the jacket are separated by a 
minimum of6 mm (0.25 in.) or by a nonconductive 
sleeve or nonconductive barrier from all other 
conductors. 

b. The Class 2 and Class 3 circuit conductors are 
installed as a Class 1 circuit in accordance with 
725.41. 

(E) Enclosures with Single Opening. Class 2 and Class 3 
circuit conductors entering compartments, enclosures, device 
boxes, outlet boxes, or similar fittings shall be permitted to 
be installed with Class 1, non-power-limited fire alarm and 
medium-power network-powered broadband 
communications circuits where they are introduced solely to 
connect the equipment connected to Class 2 and Class 3 
circuits. Where Class 2 and Class 3 circuit conductors must 
enter an enclosure that is provided with a single opening, 
they shall be permitted to enter through a single fitting (such 
as a tee), provided the conductors are separated from the 
conductors of the other circuits by a continuous and firmly 
fixed nonconductor, such as flexible tubing. 

(F) Manholes. Underground Class 2 and Class 3 circuit 
conductors in a manhole shall be permitted to be installed 
with Class 1, non-power-limited fire alarm and medium
power network-powered broadband communications circuits 
where one of the following conditions is met: 

(1) The electric light, power, Class 1, non-power-limited 
fire alarm and medium-power network-powered 
broadband communications circuit conductors are in a 
metal-enclosed cable or Type UF cable. 

(2) The Class 2 and Class 3 circuit conductors are 
permanently and effectively separated from the 
conductors of other circuits by a continuous and fIrmly 
fixed nonconductor, such as flexible tubing, in addition 
to the insulation or covering on the wire. 

(3) The Class 2 and Class 3 circuit conductors are 
permanently and effectively separated from conductors 
of the other circuits and securely fastened to racks, 
insulators, or other approved supports. 

(G) Cable Trays. Class 2 and Class 3 circuit conductors shall 
be permitted to be installed in cable trays, where the 
conductors of the electric light, Class 1, and non-power
limited fire alarm circuits are separated by a solid fixed barrier 
of a material compatible with the cable tray or where the 
Class 2 or Class 3 circuits are installed in Type MC cable. 

(H) In Hoistways. In hoistways, Class 2 or Class 3 circuit 
conductors shall be installed in rigid metal conduit, rigid 
nonmetallic conduit, intermediate metal conduit, liquidtight 
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flexible nonmetallic conduit, or electrical metallic tubing. 
For elevators or similar equipment, these conductors shall be 
permitted to be installed as provided in 620.21. 

(I) Other Applications. For other applications, conductors 
of Class 2 and Class 3 circuits shall be separated by at least 
50 mm (2 in.) from conductors of any electric light, power, 
Class 1 non-power-limited fire alarm or medium power 
network-powered broadband communications circuits unless 
one of the following conditions is met: 

(1) Either (a) all of the electric light, power, Class 1, non
power-limited fire alarm and medium-power network
powered broadband communications circuit conductors 
or (b) all of the Class 2 and Class 3 circuit conductors 
are in a raceway or in metal-sheathed, metal-clad, non
metallic-sheathed, or Type UF cables. 

(2) All of the electric light, power, Class 1 non-power
limited fire alarm, and medium-power network-powered 
broadband communications circuit conductors are 
permanently separated from all of the Class 2 and Class 
3 circuit conductors by a continuous and firmly fixed 
nonconductor, such as porcelain tubes or flexible tubing, 
in addition to the insulation on the conductors. 

in the Same Cable, Enclosure, or Raceway. 

(A) Two or More Class 2 Circuits. Conductors of two or 
more Class 2 circuits shall be permitted within the same 
cable, enclosure, or raceway. 

(B) Two or More Class 3 Circuits. Conductors of two or 
more Class 3 circuits shall be permitted within the same 
cable, enclosure, or raceway. 

(C) Class 2 Circuits with Class 3 Circuits. Conductors of 
one or more Class 2 circuits shall be permitted within the 
same cable, enclosure, or raceway with conductors of Class 3 
circuits, provided the insulation of the Class 2 circuit 
conductors in the cable, enclosure, or raceway is at least that 
required for Class 3 circuits. 

(D) Class 2 and Class 3 Circuits with Communications 
Circuits. 

(1) Classified as Communications Circuits. Class 2 and 
Class 3 circuit conductors shall be permitted in the same 
cable with communications circuits, in which case the Class 
2 and Class 3 circuits shall be classified as communications 
circuits and shall be installed in accordance with the 
requirements of Article 800. The cables shall be listed as 
communications cables. 

(2) Composite Cables. Cables constructed of individually 
listed Class 2, Class 3, and communications cables under a 
common jacket shall be permitted to be classified as 
communications cables. The fire resistance rating of the 
composite cable shall be determined by the performance of 
the composite cable. 
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ARTICLE 725 - CLASS 1, CLASS 2, AND CLASS 3 REMOTE-CONTROL, SIGNALIl'JG, AND POWER-LIMITED CIRCUITS 725.154 

(E) Class 2 or Class 3 Cables with Other Circuit 
Cables. Jacketed cables of Class 2 or Class 3 circuits 
shall be permitted in the same enclosure, cable tray, or 
raceway with jacketed cables of any of the following: 

(1) Power-limited fire alarm systems in compliance with 
Article 760 

(2) Nonconductive and conductive optical fiber cables in 
compliance with Article 770 

(3) Communications circuits in compliance with Article 
800 

(4) Community antenna television and radio distribution 
systems in compliance with Article 820 

(5) Low-power, network-powered broadband 
communications in compliance with Article 830 

(F) Class 2 or Class 3 Conductors or Cables and Audio 
System Circuits. Audio system circuits described in 
640.9(C), and installed using Class 2 or Class 3 wiring 
methods in compliance with 725.133 and 725.154, shall 
not be permitted to be installed in the same cable or 
raceway with Class 2 or Class 3 conductors or cables. 

725.141 Installation of Circuit Conductors Extending 
Beyond One Building. 

Where Class 2 or Class 3 circuit conductors extend 
beyond one building and are run so as to be subject to 
accidental contact with electric light or power conductors 
operating over 300 volts to ground, or are exposed to 
lightning on interbuilding circuits on the same premises, 
the requirements of the following shall also apply: 

(1) Sections 800.44, 800.50, 800.53, 800.93, 800.100, 
800.170(A), and 800.170(B) for other than coaxial 
conductors 

(2) Sections 820.44, 820.93, and 820.1 00 for coaxial 
conductors 

725.143 Support of Conductors. Class 2 or Class 3 
circuit conductors shall not be strapped, taped, or 
attached by any means to the exterior of any conduit 
or other raceway as a means of support. These 
conductors shall be permitted to be installed as permitted 
by 300.11(B)(2). 

725.154 Applications of Listed Class 2, Class 3, and 
PL TC Cables. Class 2, Class 3, and PLTC cables shall 
comply with any of the requirements described in 
725.154(A) through (I). 

(A) Plenums. Cables installed in ducts, plenums, and 
other spaces used for environmental air shall be Type 
CL2P or CL3P. Listed wires and cables installed in 
compliance with 300.22 shall be permitted. Listed plenum 
signaling raceways shall be permitted to be installed in 
other spaces used for environmental air as described in 
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300.22(C). Only Type CL2P or CL3P cable shall be 
permitted to be installed in these raceways. 

(B) Riser. Cables installed in risers shall be as described 
in any of (B)(1), (B)(2), or (B)(3): 

(1) Cables installed in vertical runs and penetrating more 
than one floor, or cables installed in vertical runs in a 
shaft, shall be Type CL2R or CL3R. Floor 
penetrations requiring Type CL2R or CL3R shall 
contain only cables suitable for riser or plenum use. 
Listed riser signaling raceways and listed plenum 
signaling raceways shall be permitted to be installed 
in vertical riser runs in a shaft from floor to floor. 
Only Type CL2R, CL3R, CL2P, or CL3P cables shall 
be permitted to be installed in these raceways. 

(2) Other cables as covered in Table 725.154(G) and 
other listed wiring methods as covered in Chapter 3 
shall be installed in metal raceways, or located in a 
fireproof shaft having firestops at each floor. 

(3) Type CL2, CL3, CL2X, and CL3X cables shall be 
permitted in one- and two-family dwellings. Listed 
general-purpose signaling raceways shall be 
permitted for use with Type CL2, CL3, CL2X, and 
CL3X cables. 

Informational Note: See 300.21 for firestop 
requirements for floor penetrations. 

(C) Cable Trays. Cables installed in cable trays outdoors 
shall be Type PLTC. Cables installed in cable trays 
indoors shall be Types PLTC, CL3P, CL3R, CL3, CL2P, 
CL2R, and CL2. 

Listed general-purpose signaling raceways, listed riser 
signaling raceways, and listed plenum signaling raceways 
shall be permitted for use with cable trays. 

Informational Note: See 800.154 for cables permitted in 
cable trays. 

(D) Jodush'iaJ Establishment. Tn industrial 
establishments where the conditions of maintenance and 
supervision ensure that only qualified persons service the 
installation, Type PLTC cable shall be permitted in 
accordance with either (1) or (2): 

(1) Where the cable is not subjcct to physical damage, 
Typt.' PL TC cable that complies with the crush an~ 
impact requirements of Typ~ Me cable and is 
identified as PL TC -ER for such usc shall bel 
permitted to be exposed between the cable tray and 
the utilization equipment or device. The cable shall 
be continuously supported and protected against 
physical damage using mechanical protection such as 
dedicated struts, angles, or channels. The cable shall 
be ;supported and secure4 at intervals not exceeding 
1.8 m (6 ft). 
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(2) Type PLTC cable, with a metallic sheath or armor in 
accordance with 725. I 79(E), shall be permitted to be 
installed exposed. The cable shall be continuously 
supported and protected against physical damage using 
mechanical protection such as dedicated struts, angles, 
or channels. The cable shall be secured at intervals not 
exceeding 1.8 m (6 ft). 

(E) Other Wiring Within Buildings. Cables installed in 
building locations other than those covered in 725.154(A) 
through (D) shall be as described in any of (E)(l) through 
(E)(6). 

(1) General. Type CL2 or CL3 shall be permitted. 

(2) In Raceways or Other Wiring Methods. Type CL2X 
or CL3X shall be permitted to be installed in a raceway or 
in accordance with other wiring methods covered in 
Chapter 3. 

(3) Nonconcealed Spaces. Type CL2X and Type CL3X 
cables shall be permitted to be installed in nonconcealed 
spaces where the exposed length of cable does not exceed 3 
m (10 ft). 

(4) One- and Two-Family Dwellings. Type CL2X cables 
less than 6 mm (0.25 in.) in diameter and Type CL3X 
cables less than 6 mm (0.25 in.) in diameter shall be 
permitted to be installed in one- and two-family dwellings. 

(5) Multifamily Dwellings. Type CL2X cables less than 6 
mm (0.25 in.) in diameter and Type CL3X cables less than 
6 mm (0.25 in.) in diameter shall be permitted to be 
installed in nonconcealed spaces in multifamily dwellings. 

(6) Under Carpets. Type CMUC undercarpet 
communications wires and cables shall be permitted to be 
installed under carpet. 

(F) Cross-Connect Arrays. Type CL2 or CL3 conductors 
or cables shall be used for cross-connect arrays. 

(G) Class 2 and Class 3 Cable Substitutions. The 
substitutions for Class 2 and Class 3 cables listed in Table 
725.154(G) and illustrated in Figure 725 .154(G) shall be 
permitted. Where substitute cables are installed, the wiring 
requirements of Article 725, Parts 1 and III, shall apply. 

Informational Note: For information on Types 
CMP, CMR, CM, and CMX, see 800.179. 

(H) Class 2, Class 3, PLTC Circuit Integrity (CI) Cable 
or Electrical Circuit Protective System. Circuit integrity 
(Cl) cable or a listed electrical circuit protective system 
shall be permitted for use in remote control, signaling, or 
power-limited systems that supply critical circuits to ensure 
survivability for continued circuit operation for a specified 
time under fire conditions. 
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Table 725.154IG) Cable Substitutions 

CL3P 

CL2P 

CL3R 

CL2R 

PLTC 

CL3 

CL2 

CL3X 

CL2X 

Plenum 

Riser 

Cable Type 

General purpose 

Dwelling 

Permitted Substitutions 

CMP 

CMP, CL3P 

CMP, CL3P, CMR 

CMP, CL3P, CL2P, CMR, 
CL3R 

CMP, CL3P, CMR, CL3R, 
CMG, CM, PLTC 

CMP, CL3P, CL2P, CMR, 
CL3R, CL2R, CMG, CM, 
PLTC, CL3 

CMP, CL3P, CMR, CL3R, 
CMG, CM, PL TC, CL3, CMX 

CMP, CL3P, CL2P, CMR, 
CL3R, CL2R, CMG, CM, 
PL TC, CL3, CL2, CMX, CL3X 

Type CM-Communications wires and cables 
Type CL2 and CL3-Class 2 and Class 3 remote-control, signaling, 

and power-limited cables 
Type PLTC-Power-limited tray cable 

[fJ--@] Cable A shall be permitted to be used in place of Cable B. 

Figure 725.154(G) Cable Substitution Hierarchy 

(I) Thermocouple Circuits. Conductors in Type PL TC 
cables used for Class 2 thennocouple circuits shall be 
pcnnittcd to be any of lhe materials used for 
thermocouple extension wire. 

IV. Listing Requirements 

725.179 Listing and Marking of Class 2, Class 3, and 
Type PL TC Cables. 

Class 2, Class 3, and Type PLTC cables and nonmetallic 
signaling raceways installed as wiring methods within 
buildings shall be listed as being resistant to the spread of 
fire and other criteria in accordance with 725.179(A) 
through (K) and shall be marked in accordance with 
725.179(L). 
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(A) Types CL2P and CL3P. Types CL2P and CL3P 
plenum cable shall be listed as being suitable for use in ducts, 
plenums, and other space for enviromnental air and shall also 
be listed as having adequate fire-resistant and low smoke
producing characteristics. 

Infonnational Note: One method of defining a 
and fire-resistant cable 

a maximum peak optical density of 0.5 or 
less, an average optical density of 0.15 or less, and a 
maximum flame spread distance of 1.52 m (5 ft) or less 
when tested in accordance with NFPA 262-2007, Standard 
Method of Test for Flame Travel and Smoke of Wires and 
Cables for Use in A ir-Handling Spaces. 

(B) Types CL2R and CL3R. Types CL2R and CL3R riser 
cables shall be marked as Type CL2R or CL3R, respectively, 
and be listed as suitable for use in a vertical run in a shaft or 
from floor to floor and shall also be listed as having fire
resistant characteristics capable of preventing the carrying of 
fire from floor to floor. 

Infonnational Note: One method of defining fire-resistant 
characteristics capable of preventing the carrying of fire 
from floor to floor is that the cables pass the requirements 
of ANSIlUL 1666-2002, Test for Flame Propagation 
Height of Electrical and Optical-Fiber Cable Installed 
Vertically in Shafts. 

(C) Types CL2 and CL3. Types CL2 and CL3 cables shall 
be marked as Type CL2 or CL3, respectively, and be listed 
as suitable for general-purpose use, with the exception of 
risers, ducts, plenums, and other space used for 
environmental air, and shall also be listed as being resistant 
to the spread of fire. 

lnfonnational Note: One method of defining resistant to the 
spread of fire is that the cables do not spread fire to the top 
of the tray in the 44UL Flame Exposure, Vertical Tray Flame 
Test" in UL 1685-2000, Standard for Safety for Vertical
Tray Fire-Propagation and Smoke-Release Test for 
Electrical and Optical-Fiber Cables. The smoke 
measurements in the test method are not applicable. 

Another method of defining resistant to the spread of fire is 
for the damage (char length) not to exceed 1.5 m (4 ft 11 
in.) when perfonning the CSA "Vertical Flame Test -
Cables in Cable Trays," as described in CSA C22.2 No. 
0.3-M-2001, Test Methods for Electrical Wires and Cables. 

(D) Types CL2X and CL3X. Types CL2X and CL3X 
limited-use cables shall be marked as Type CL2X or CL3X 
respectively, and be listed as being suitable for use in 
dwellings and for use in raceway and shall also be listed as 
being resistant to flame spread. 

Infonnational Note: One method of determining that cable 
is resistant to flame spread is by testing the cable to the 
VW-l (vertical wire) flame test in ANSIlUL 1581-2001, 
Reference Standard for Electrical Wires, Cables and 
Flexible Cords. 

(E) Type PLTC. Type PLTC nonmetallic-sheathed, power
limited tray cable shaH be listed as being suitable for cable 
trays and shall consist of a factory assembly of two or more 
insulated conductors under a nomnetallic jacket. The 
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insulated conductors shall be 22 AWG through 12 AWG. 
The conductor material shall be copper (solid or stranded). 
Insulation on conductors shall be rated for 300 volts. The 
cable core shall be either (1) two or more parallel conductors, 
(2) one or more group assemblies of twisted or parallel 
conductors, or (3) a combination thereof A metallic shield or 
a metallized foil shield with drain wire( s) shall be permitted 
to be applied either over the cable core, over groups of 
conductors, or both. The cable shall be listed as being 
resistant to the spread of fire. The outer jacket shall be a 
sunlight- and moisture-resistant nonmetallic materiaL Type 
PL TC cable used in a wet location shall be listed for use in 
wet locations or have a moisture-impervious metal sheath. 

Exception No.1: Where a smooth metallic sheath, 
continuous corrugated metallic sheath, or interlocking tape 
armor is applied over the nonmetallic jacket, an overall 
nonmetallic jacket shall not be required. On metallic
sheathed cable without an overall nonmetallic jacket, the 
information required in shall be located on the 
nonmetallic jacket under the sheath. 

Exception No.2: Conductors in PLrC cables usedfor Class 
2 thermocouple circuits shall be permitted to be any of the 
materials used for thermocouple extension wire. 

Infonnational Note: One method of defining resistant to the 
spread of fire is that the cables do not spread fire to the top 
of the tray in the "UL Flame Exposure, Vertical Tray Flame 
Test" in UL 1685-2000, Standard for Safety for Vertical
Tray Fire-Propagation and Smoke-Release Test for 
Electrical and Optical-Fiber Cables. The smoke 
measurements in the test method are not applicable. 

Another method of defining resistant to the spread of fire is 
for the damage (char length) not to exceed 1.5 m (4 ft 11 
in.) when performing the CSA "Vertical Flame Test 
Cables in Cable Trays," as described in CSA C22.2 No. 
0.3-M-2001, Test Methodsfor Electrical Wires and Cables. 

(F) Circuit Integrity (CI) Cable or Electrical Circuit 
Protective System. Cables used for survivability of critical 
circuits shall be listed as circuit integrity (CI) cable. Cables 
specified in 725.l54(A), (B), (D)(l), and (E), and used for 
circuit integrity, shall have the additional classification using 
the suffix "-CI". Cables that are part of a listed electrical 
circuit protective system shaH be considered to meet the 
requirements of survivability. 

Infom1ational Note: One method of defining circuit 
integrity is by establishing a minimum 2-hour fire 
resistance rating when tested in accordance with UL 2196-
2002, Standardfor Tests of Fire Resistive Cables. 

(G) Class 2 and Class 3 Cable Voltage Ratings. Class 2 
cables shall have a voltage rating of not less than 150 volts. 
Class 3 cables shall have a voltage rating of not less than 300 
volts. 
(H) Class 3 Single Conductors. Class 3 single conductors 
used as other wiring within buildings shaH not be smaller 
than 18 A WG and shall be Type CL3. Conductor types 
described in 725.49(B) that are also listed as Type CL3 shall 
be permitted. 
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Informational Note: One method of defining resistant to the 
spread of fire is that the cables do not spread fire to the top 
ofthe tray in the "UL Flame Exposure, Vertical Tray Flame 
Test" in UL 1685-2000, Standard for Safety for Vertical
Tray Fire-Propagation and Smoke-Release Test for 
Electrical and Optical-Fiber Cables. The smoke 
measurements in the test method are not applicable. 

Another method of defining resistant to the spread of fire is 
for the damage (char length) not to exceed 1.5 m (4 ft 11 
in.) when performing the CSA "Vertical Flame Test -
Cables in Cable Trays," as described in CSA C22.2 No. 
0.3-M-2001, Test MethodsforElectrical Wires and Cables. 

(I) Plenum Signaling Raceways. Plenum signaling 
raceways shall be listed as having adequate fire-resistant and 
low smoke-producing characteristics. 

(J) Riser Signaling Raceways. Riser signaling raceways 
shall be listed as having adequate fire-resistant characteristics 
capable of preventing the carrying of fire from floor to floor. 

Informational Note: One method of defining fire-resistant 
characteristics capable of preventing the carrying of fire 
from floor to floor is that the raceways pass the 
requirements of the Test for Flame Propagation (Riser) in 
UL 2024, Standardfor Optical Fiber Cable Raceway. 

(K) General-Purpose Signaling Raceways. General
purpose signaling raceways shall be listed as being resistant 
to the spread of fire. 

Informational Note: One method of defining resistance to 
the spread of fire is that the raceways pass the requirements 
of the Vertical-Tray Flame Test (General use) in UL 2024, 
Standard for Optical Fiber Cable Raceway. 

(L) Marking. Cables shall be marked in accordance with 
310. 120(A)(2), (A)(3), (A)( 4), and (A)(5) and Table 
725.179. Voltage ratings shall not be marked on the cables. 

Informational Note: Voltage markings on cables may be 
misinterpreted to suggest that the cables may be suitable for 
Class I electric light and power applications. 

Exception: Voltage markings shall be permitted where the 
cable has multiple listings and a voltage marking is required 
for one or more of the listings. 

Table 725.179 Cable Marking 
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Cable Marking 
CL3P 
CL2P 
CL3R 
CL2R 
PLTC 
CL3 
CL2 
CL3X 
CL2X 

Type 
Class 3 plenum cable 
Class 2 plenum cable 
Class 3 riser cable 
Class 2 riser cable 
Power-limited tray cable 
Class 3 cable 
Class 2 cable 
Class 3 cable, limited use 
Class 2 cable, limited use 

Informational Note: Class 2 and Class 3 cable types are 
listed in descending order of fire resistance rating, and Class 
3 cables are listed above Class 2 cables because Class 3 
cables can substitute for Class 2 cables. 

ARTICLE 727 
Instrumentation Tray Cable: Type ITC 

727.1 Scope. This article covers the use, installation, and 
construction specifications of instrumentation tray cable 
for application to instrumentation and control circuits 
operating at 150 volts or less and 5 amperes or less. 

727.2 Definition. 

Type ITC Instrumentation Tray Cable. A factory 
assembly of two or more insulated conductors, with or 
without a grounding conductor( s), enclosed in a 
nonmetallic sheath. 

727.3 Other Articles. In addition to the provisions of this 
article, installation of Type ITC cable shall comply with 
other applicable articles of this Code. 

727.4 Uses Permitted. Type ITC cable shall be permitted 
to be used as follows in industrial establishments where 
the conditions of maintenance and supervision ensure that 
only qualified persons service the installation: 

(l) In cable trays. 

(2) In raceways. 

(3) In hazardous locations as permitted in 501 .10, 
502.10,503.10,504.20,504.30,504.80, and 505.15. 

(4) Enclosed in a smooth metallic sheath, continuous 
corrugated metallic sheath, or interlocking tape armor 
applied over the nonmetallic sheath in accordance 
with 727.6. The cable shall be supported and secured 
at intervals not exceeding 1.8 m (6 ft). 

(5) Cable, without a metallic sheath or armor, that complies 
with the crush and impact requirements of TypeMC 
cable and is identified for such use with the marking 
ITC-ER shall be permitted to be installed exposed. The 
cable shall be continuously supported and protected 
against physical damage using mechanical protection 
such as dedicated struts, angles, or channels. The cable 
shall be secured at intervals not exceeding 1.8 m (6 ft). 

(6) As aerial cable on a messenger. 

(7) Direct buried where identified for the use. 

(8) Under raised floors in rooms containing industrial 
process control equipment and rack rooms where 
arranged to prevent damage to the cable. 

(9) Under raised floors in information technology 
equipment rooms in accordance with 645.5(~)(5)(c). 
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727.5 Uses Not Permitted. Type ITC cable shall not be 
installed on circuits operating at more than 150 volts or 
more than 5 amperes. Installation of Type ITC cable with 
other cables shall be subject to the stated provisions of the 
specific articles for the other cables. Where the governing 
articles do not contain stated provisions for installation with 
Type ITC cable, the installation of Type ITC cable with the 
other cables shall not be permitted. 

Type ITC cable shall not be installed with power, 
lighting, Class I circuits that are not power limited, or non
power-limited circuits. 

Exception No.1: Where terminated within equipment or 
junction boxes and separations are maintained by insulating 
barriers or other means. 

Exception No.2: Where a metallic sheath or armor is 
applied over the nonmetallic sheath of the Type fTC cable. 

727.6 Construction. The insulated conductors of Type 
ITC cable shall be in sizes 22 A WG through 12 A WG. 
The conductor material shall be copper or thermocouple 
alloy. Insulation on the conductors shall be rated for 300 
volts. Shielding shall be permitted. 

The cable shall be listed as being resistant to the spread of 
fIre. The outer jacket shall be sunlight and moisture resistant. 

Where a smooth metallic sheath, continuous corrugated 
metallic sheath, or interlocking tape armor is applied over the 
nonmetallic sheath, an overall nonmetallic jacket shall not be 
required. 

Informational Note: One method of defining resistant to the 
spread offire is that the cables do not spread fire to the top 
of the tray in the "UL Flame Exposure, Vertical Tray Flame 
Test" in UL 1685-2000, Standard for Safety for Vertical
Tray Fire-Propagation and Smoke-Release Test for 
Electrical and Optical-Fiber Cables. The smoke 
measurements in the test method are not applicable. 

Another method of defining resistant to the spread offire is 
for the damage (char length) not to exceed 1.5 m (4 ft 11 
in.) when performing the CSA "Vertical Flame Test -
Cables in Cable Trays," as described in CSA C22.2 No. 
0.3-M-2001, Test Methodsfor Electrical Wires and Cables. 

727.7 Marking. The cable shall be marked in accordance 
with 310.120(A)(2), (A)(3), (A)(4) , and (A)(5). Voltage 
ratings shall not be marked on the cable. 

727.8 Allowable Ampacity. The allowable ampacity of the 
conductors shall be 5 amperes, except for 22 A WG 
conductors, which shall have an allowable ampacity of 3 
amperes. 

727.9 Overcurrent Protection. Overcurrent protection shall 
not exceed 5 amperes for 20 AWG and larger conductors, 
and 3 amperes for 22 A WG conductors. 

727.10 Bends. Bends in Type ITC cables shall be made so as 
not to damage the cable. 
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ARTICLE 760 
Fire Alarm Systems 

Note: For applications listed in Section 1.9.1 of the California C 
Building Code, regulated by the Division of the State Architect- A 
Access Compliance see California Code of Regulations, Title 24, C 
Part 2 (California Building Code), California Chapter 1 (Division A 
1 California Administration) under authority cited by Government C 
Code Section 4450 and in reference cited by Government Code A 
Sections 4450, through 4461, 12955.1 and Health and Safety C 
Code Sections 18949.1, 19952 through 19959. A 

I. General 

760.1 Scope. This article covers the installation of wiring 
and equipment of fire alarm systems including all circuits 
controlled and powered by the fire alarm system. 

Informational Note No.1: Fire alarm systems include fire 
detection and alann notification, guard's tour, sprinkler 
waterflow, and sprinkler supervisory systems. Circuits 
controlled and powered by the fire alarm system include 
circuits for the control of building systems safety functions, 
elevator capture, elevator shutdown, door release, smoke 
doors and damper control, fire doors and damper control 
and fan shutdown, but only where these circuits are 
powered by and controlled by the fire alarm system. For 
further infonnation on the instaJJation and monitoring for 
integrity requirements for fire alarm systems, refer to the 
NFPA 72-2010, National Fire Alarm and Signaling Code. 

Informational Note No.2: Class I, 2, and 3 circuits 
are defined in Article 725. 

760.1.1 Equipment and Systems. [SFM] Fire alarm 
equipment and systems required to be installed in any 
occupancy within the scope of these regulations shall 
conform to the applicable performance and construction 
standards specified in NFPA 72-2007. 

760.2 Definitions. 

Abandoned Fire Alarm Cable. Installed fire alarm cable 
that is not terminated at equipment other than a connector 
and not identified for future use with a tag. 

Fire Alarm Circuit. The portion of the wiring system 
between the load side of the overcurrent device or the 
power-limited supply and the connected equipment of all 
circuits powered and controlled by the fire alarm system. 
Fire alarm circuits are classified as either non-power
limited or power-limited. 

Fire Alarm Circuit Integrity (CI) Cable. Cable used in 
fire alarm systems to ensure continued operation of critical 
circuits during a specified time under fire conditions. 

Non-Power-Limited Fire Alarm Circuit (NPLFA). A 
fire alarm circuit powered by a source that complies with 
760.41 and 760.43. 

Power-Limited Fire Alarm Circuit (PLFA). A fire alarm 
circuit powered by a source that comp1ies with 760.121. 

760.3 Other Articles. Circuits and equipment shaD comply 
with 760.3(A) through (K). Only those sections of Article 
300 referenced in this article shall apply to fIre alarm systems. 
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(A) Spread of Fire or Products of Combustion. See 
_QQ,.~J,. 

(B) Ducts, Plenums, and Other Air-Handling Spaces. 
Section 300.22, where installed in ducts or plenums or 
other spaces used for environmental air. 

Exception: As permitted in 760.53(B)(1) and (B)(2) and 
760.154(A). ' 

(C) Hazardous (Classified) Locations. Articles 500 
through 516 and Article 517, Part IV, where installed in 
hazardous (classified) locations. 

(D) Corrosive, Damp, or Wet Locations. Sections 
110.11, 300.6, and 310.1 O(G), where installed in corrosive, 
damp, or wet locations. 

(E) Building Control Circuits. Article 725, where 
building control circuits (e.g., elevator capture, fan 
shutdown) are associated with the fire alarm system. 

(F) Optical Fiber Cables. Where optical fiber cables are 
utilized for fire alarm circuits, the cables shall be installed 
in accordance with Article 770. 

(G) Installation of Conductors with Other Systems. 
Installations shall comply with 300.8. 

(H) Raceways or Sleeve Expo ed to Different 
Temperatures. In tallations shall comply with 300.7(A). 

(0 Vertical Support for Fire Rated Cabl aod 
Conductors. Vertical installations of circuit integrity (CO 

bles and conductors instaJled in 8 raceway or conductorS 
and cables of electrical circuit protective systems shall be 
installed in accordanc with 300.19. 

(J) Number and Size of Cables and Conductors in 
~aceway. Installations shall comply with 300. I 7. 

(K) Busbing. A bushing hall be in tailed where cables 
, merge from raceway used for mechanical upport or 
protection in accord811ce with 300. I S(C). 

760.21 Access to Electrical Equipment Behind Panels 
Designed to Allow Access. Access to electrical equipment 
shall not be denied by an accumulation of conductors and 
cables that prevents removal of panels, including 
suspended ceiling panels. 

760.24 Mechanical Execution of Work. Fire alarm 
circuits shall be installed in a neat workmanlike manner. 
Cables and conductors installed exposed on the surface of 
ceilings and sidewalls shall be supported by the building 
structure in such a manner that the cable will not be 
damaged by normal building use. Such cables shall be 
supported by straps, staples, cable ties, hangers, or similar 
fittings designed and installed so as not to damage the 
cable. The installation shall also comply with 300.4(D). 

760.25 Abandoned Cables. The accessible portion of 
abandoned fire alarm cables shall be removed. Where cables 
are identified for future use with a tag, the tag shall be of 
sufficient durability to withstand the environment involved. 

70-652 

760.30 Fire Alarm Circuit Identification. Fire alarm 
circuits shall be identified at terminal and junction locations 
in a manner that helps to prevent unintentional signals on 
fire alarm system circuit(s) during testing and servicing of 
other systems. 

760.32 Fire Alarm Circuits Extending Beyond One 
Building. Power-limited fire alarm circuits that extend 
beyond one building and run outdoors either shall meet the 
installation requirements of Parts II, III, and IV of Article 
800 or shall meet the installation requirements of Part I of 
Article 300. Non-power-limited fire alarm circuits that 
extend beyond one building and run outdoors shall meet the 
installation requirements of Part I of Article 300 and the 
applicable sections of Part I of Article 225. 

760.35 Fire Alarm Circuit Requirements. Fire alarm 
circuits shall comply with 760.35(A) and (B). 

(A) Non-Power-Limited Fire Alarm (NPLFA) Circuits. 
See Parts I and II. 

(B) Power-Limited Fire Alarm (PLFA) Circuits. See 
Parts 1 and Ill. 

II. Non-Power-Limited Fire Alarm (NPLFA) Circuits 

760.41 NPLFA Circuit Power Source Requirements. 

(A) Power Source. The power source of non-power
limited fire alarm circuits shall comply with Chapters 1 
through 4, and the output voltage shall be not more than 
600 volts, nominal. The fire alarm circuit disconn ct shall 
be permitted to be secured in the "00" position. 

(B) Branch Circuit. The branch circuit supplying the fire 
alarm equipment(s) shall supply no other loads. The location 
of the bmnch-circuit overcurrent protective device shaU be 
pemlanently identified at the flfC larm control unit. The 
circuit disconnecting means shall have red id nlifieation, 
shall be acce ible only to qualified personnel, and shall be 
identified as "FIRE ALARM CIRCUIT." The red 
identification shall not damage the overcurr nt protective 
devices or()~s.cure the manufacturer's markings. This branch 
circuit shall not be supplied through ground-fault circuit 
interrupters or arc-fault circuit-interrupters. 

Informational Note: See 210.8(A)(5), Exception, for 
receptacles in dwelling-unit unfinished basements that 
supply power for fire alarm systems. 

760.43 NPLFA Circuit Overcurrent Protection. 
Overcurrent protection for conductors 14 AWG and larger 
shal1 be provided in accordance with the conductor 
ampacity without applying the ampacity adjustment and 
correction factors of 310.15 to the ampacity calculation. 
Overcurrent protection shall not exceed 7 amperes for 18 
AWG conductors and 10 amperes for 16 AWG conductors. 

Exception: Where other articles of this Code permit or 
require other overcurrent protection. 
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760.45 NPLFA Circuit Overcurrent Device Location. 
Overcurrent devices shall be located at the point where 
the conductor to be protected receives its supply. 

Exception No.1,' Where the overcurrent device 
protecting the larger conductor also protects the smaller 
conductor. 

Exception No.2: Transformer secondary conductors. 
Non-power-limited fire alarm circuit conductors 
supplied by the secondary of a single-phase transformer 
that has only a 2-wire (single-voltage) secondary shall 
be permitted to be protected by overcurrent protection 
provided by the primary (supply) side of the 
transformer, provided the protection is in accordance 
with 450.3 and does not exceed the value determined by 
multiplying the secondary conductor ampacity by the 
secondary-to-primary transformer voltage ratio. 
Transformer secondary conductors other than 2-wire 
shall not be considered to be protected by the primary 
overcurrent protection. 

Exception No.3: Electronic power source output 
conductors. Non-power-limited circuit conductors 
supplied by the output of a single-phase, listed 
electronic power source, other than a transformer, 
having only a 2-wire (single-voltage) output for 
connection to non-power-limited circuits shall be 
permitted to be protected by overcurrent protection 
prOVided on the input side of the electronic power 
source, provided this protection does not exceed the 
value determined by multiplying the non-power-limited 
circuit conductor ampacity by the output-to-input 
voltage ratio. Electronic power source outputs, other 
than 2-wire (single voltage), connected to non-power
limited circuits shall not be considered to be protected 
by overcurrent protection on the input of the electronic 
power source. 

Informational Note: A single-phase, listed electronic 
power supply whose output supplies a 2-wire (single
voltage) circuit is an example of a non-power-limited 
power source that meets the requirements of 760.41. 

760.46 NPLFA Circuit Wiring. Installation of non
power-limited fire alarm circuits shall be in accordance 
with 110.3(B), 300.7, 300.11 300.15, 300.17, 

and other appropriate articles of Chapter 3. 

Exception No.1: As provided in 760.48 through 760.53. 

Exception No.2: Where other articles of this Code 
require other methods. 
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760.48 Conductors of Different Circuits in Same 
Cable, Enclosure, or Raceway. 

(A) Class 1 witb NPLFA Circuits. Class I and non
power-limited fire alarm circuits shall be permitted to 
occupy the same cable, enclosure, or raceway without 
regard to whether the individual circuits are alternating 
current or direct current, provided all conductors are 
insulated for the maximum voltage of any conductor in 
the enclosure or raceway. 

(B) Fire Alarm with Power-Supply Circuits. Power
supply and fire alarm circuit conductors shall be 
permitted in the same cable, enclosure, or raceway only 
where connected to the same equipment. 

760.49 NPLFA Circuit Conductors. 

(A) Sizes and Use. Only copper conductors shall be 
permitted to be used for fire alarm systems. Size 18 
AWG and 16 A WG conductors shall be permitted to be 
used, provided they supply loads that do not exceed the 
ampacities given in Table 402.5 and are installed in a 
raceway, an approved enclosure, or a listed cable. 
Conductors larger than 16 A WG shall not supply loads 
greater than the ampacities given in 310.15, as 
applicable. 

(B) Insulation. Insulation on conductors shall be rated 
for 600 volts. Conductors than 16 A WG shall 
comply with Article 310. Conductors 18 AWG and 16 
AWG shall be Type KF-2, KFF-2, PTFF, PF, 

PGF, PGFF, RFH-2, RFHH-3, SF-2, 
SFF-2, TFF, TFN, TFFN, ZF, or ZFF. Conductors 
with other types and thickness of insulation shall be 
permitted if listed for non-power-limited fire alarm 
circuit use. 

Informational Note: For application provisions, see 
Table 402.3. 

(C) Conductor Materials. Conductors shall be solid or 
stranded copper. 

Exception to (B) and (C): Wire Types PAF and PTF 
shall be permitted only for high-temperature 
applications between 90°C (J 94°F) and 250°C (482°F). 

760.51 Number of Conductors in Cable Trays and 
Raceways, and AllI1P'lcl1t),t .. \,djiuslmtmt 

(A) NPLF A Circuits and Class 1 Circuits. Where only 
non-power-limited fire alarm circuit and Class 1 circuit 
conductors are in a raceway, the number of conductors 
shall be determined in accordance with 300.17. The 

factors given in 310.15(B)(3)(a) 
shall apply if such conductors carry continuous load in 
excess of 10 percent of the ampacity of each conductor. 
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(B) Power-Supply Conductors and Fire Alarm Circuit 
Conductors. Where power-supply conductors and fire 
alarm circuit conductors are permitted in a raceway in 
accordance with 760.48, the number of conductors shall 
be determined in accordance with 300.17. The amooc:itv 
adiustme1nt factors given in 3] 0.15(B)(~)(a) shall as 
follows: 

(1) To all conductors where the fire alarm circuit 
conductors carry continuous loads in excess of 10 
percent of the ampacity of each conductor and where 
the total number of conductors is more than three 

(2) To the power-supply conductors only, where the fire 
alarm circuit conductors do not carry continuous 
loads in excess of 10 percent of the ampacity of each 
conductor and where the number of power-supply 
conductors is more than three 

(C) Cable Trays. Where tire alarm circuit conductors are 
installed in cable trays, they shall comply with 

760.53 Multiconductor NPLFA Cables. Multiconductor 
non-power-limited fire alarm cables that meet the 
requirements of 760.176 shall be permitted to be used on 
fire alarm circuits operating at 150 volts or less and shall 
be installed in accordance with 760.53(A) and (B). 

(A) NPLFA Wiring Method. Multiconductor non
power-limited fire alarm circuit cables shall be installed in 
accordance with 760.53(A)(1), (A)(2), and (A)(3). 

splices or 
terminations fittings, boxes, 
encJosures, fire alarm devices, or utilization equipment. 
Where installed exposed, cables shall be adequately 
supported and installed in such a way that maximum 
protection against physical damage is afforded by 
building construction such as baseboards, door frames, 
ledges, and so forth. Where located within 2.1 m (7 ft) of 
the floor, cables shall be securely fastened in an approved 
manner at intervals of not more than 450 mm (18 in.). 

(2) Passing Through a Floor or WaH. 
in metal raceway or rigid nonmetallic conduit 

where passing through a floor or wall to a height of 2.1 m 
(7 ft) above the floor, unless adequate protection can be 
afforded by building construction such as detailed in 
760.53(A)(1), or unless an equivalent solid guard is 
provided. 

(3) In Hoistways. Cables shall be installed in rigid metal 
conduit, rigid nonmetallic conduit, intermediate metal 
conduit, liquidtight flexible nonmetallic conduit, or 
electrical metallic tubing where installed in hoistways. 

Exception: As prOVided for in 620.21 for elevators and 
similar equipment. 
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(B) Applications of Listed NPLF A Cables. The use of 
non-power-limited fire alarm circuit cables shall comply 
with 760.53(B)(1) through (B)( 4). 

(1) Multiconductor non-power-limited fire alarm 
circuit cables, Types NPLFP, NPLFR, and NPLF, shall 
not be installed exposed in 

Informational Note: See 300.22(B). 

(2) Other Spaces Used for Environmental Air. Cables 
installed in other spaces used for environmental air shall 
be Type NPLFP. 

Exception No.1: Types NPLFR and NPLF cables 
installed in compliance with 300.22(C). 

1!.XCelmCm No.2: Other wiring methods in accordance 
with 3 00.22 (C) and conductors in compliance with 
760.49 (C). 

Exception No.3: Type NPLFP-CI cable shall be 
permitted to be installed to provide a 2-hour circuit 
integrity rated cable. 

(3) Riser. Cables installed in vertical runs and penetrating 
more than one floor or cables installed in vertical runs in a 
shaft shall be Type NPLFR. Floor penetrations requiring 
Type NPLFR shall contain only cables suitable for riser 
or plenum use. 

Exception No.1. Type NPLF or other cables that are 
specified in Chapter 3 and are in compliance with 
760.49(C) and encased in metal raceway. 

Exception No.2: Type NPLF cables located in a 
jireproof shaft having jirestops at each floor. 

In fonnational Note: See 300.21 for firestop 
requirements for floor penetrations. 

Exception No.3: Type NPLF-CI cable shall be permitted 
to be installed to provide a 2-hour circuit integrity rated 
cable. 

(4) Other Wiring Within Buildings. Cables installed in 
building locations other than the locations covered in 
760.53(B)(1), (B)(2), and (B)(3) shall be Type NPLF. 

Exception No.1: Chapter 3 wiring methods with 
conductors in compliance with 760.49(C). 

Exception No.2: Type NPLFP or Type NPLFR cables 
shall be permitted. 

Exception No.3: Type NPLFR-CI cable shall be 
permitted to be installed to provide a 2-hour circuit 
integrity rated cable. 

III. Power-Limited Fire Alarm (PLF A) Circuits 

760.121 Power Sources for PLFA Circuits. 

(A) Power Source. The power source for a power-limited 
fire alarm circuit shall be as specified in 760.121(A)(I), 
(A)(2), or (A)(3) 
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Informational Note No.1: Tables I2(A) and I2(B) in 
Chapter 9 provide the listing requirements for power
limited fire alarm circuit sources. 

Informational Note No.2: See 21O.8(A)(5), Exception, for 
receptacles in dwelling-unit unfinished basements that 
supply power for fire alarm systems. 

( I ) A listed PLF A or Class 3 transfonner. 

(2) A listed PLF A or Class 3 power supply. 

(3) Listed equipment marked to identify the PLFA power 
source. 

Informational Note: Examples of listed equipment are a fire 
alarm control panel with integral power source; a circuit 
card listed for use as a PLF A source, where used as part of 
a listed assembly; a current-limiting impedance, listed for 
the purpose or part of a listed product, used in conjunction 
with a non-power-limited transformer or a stored energy 
source, for example, storage battery, to limit the output 
current. 

(B) Branch Circuit. hilbmnchcrrcultsupplyingthe (tie 
alann equipment( s) shall supply no other loads. The location 
of the branch-circuit overcurrent protective device shall be 
pennanentJy identified at the rite alann control unit. The 
circuit disconnccting means shall have red identj fication, 
hall b acce ible onJy to qualified personnel. and shall be 

identified as uFIRE ALARM CIRCUIT:' The red 
identification shall Dot damage the overcWTeJ~! .prp!~!iy~ 
devices or obscure the ffiallufacnlrer's marki . This branch 
circuit shall not be supplied through ground-fault circuit 
interrupters or arc-fault circuit interrupters. 

760.124 Circuit Marking. The equipment supplying PLF A 
circuits shall be durably marked where plainly visible to 
indicate each circuit that is a power-limited fIre alann circuit. 

Infonnational Note: See 760.l30(A), Exception No. 
3, where a power-limited circuit is to be reclassified 
as a non-power-limited circuit. 

760.127 Wiring Methods on Supply Side of the PLFA 
Power Source. Conductors and equipment on the supply 
side of the power source shall be installed in accordance with 
the appropriate requirements of Part II and Chapters 1 
through 4. Transfonners or other devices supplied from 
power-supply conductors shall be protected by an 
overcurrent device rated not over 20 amperes. 

Exception: The input leads of a transformer or other power 
source supplying power-limited fire alarm circuits shall be 
permitted to be smaller than 14 A WG, but not smaller than 
18 A WG, if they are not over 300 mm (12 in.) long and if 
they have insulation that complies with 760.49(B). 

760.130 Wiring Methods and Materials on Load Side of 
the PLF A Power Source. Fire alann circuits on the load 
side of the power source shall be pennitted to be installed 
using wiring methods and materials in accordance with 
760.l30(A), (B), or a combination of (A) and (B). 
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(A) NPLF A Wiring Methods and Materials. Installation 
shall be in accordance with 760.46, and conductors shall be 
solid or stranded copper. 

Exception No.1: The anlpaCJi;:CiCijustmeni factors given in 
310. 15(B) (3) (a) shall not apply. 

Exception No.2: Conductors and multiconductor cables 
described in and installed in accordance with 760.49 and 
760.53 shall be permitted. 

Exception No.3: Power-limited circuits shall be permitted 
to be reclassified and installed as non-power-limited circuits 
if the power-limited/ire alarm circuit markings required by 
760.124 are eliminated and the entire circuit is installed 
using the wiring methods and materials in accordance with 
Part IL Non-Power-Limited Fire Alarm Circuits. 

Informational Note: Power-limited circuits reclassified and 
installed as non-power-limited circuits are no longer 
power-limited circuits, regardless of the continued 
connection to a power-limited source. 

(B) PLFA Wiring Methods and Materials. Power-limited 
fIre alann conductors and cables described in 760.179 shall 
be installed as detailed in 760.130(B)( I), (B)(2), or (B)(3) of 
this section and 300.7. Devices shall be installed in 
accordance with llO.3(B), 300.11(A), and 300.l5. 

(1) In Raceways, Exposed ~,,~~Ui~ .... ~r~i~~~~l~~~ 
f~~~_J'.!_~«:t~~~~~~§P.~~~ Cable splices or tenninations 
shall be made in listed fittings, boxes, enclosures, fIre alann 
devices, or utilization equipment. Where installed exposed, 
cables shall be adequately supported and installed in such a 
way that maximum protection against physical damage is 
afforded by building construction such as baseboards, door 
frames, ledges, and so forth. Where located within 2.1 m (7 
ft) of the floor, cables shall be securely fastened in an 
approved manner at intervals of not more than 450 mm (18 
in.). 

(2) Passing Through a Floor or Wall. Cables shall be 
il:)~~IJ~ in metal raceways or rigid nonmetallic conduit 
where passing through a floor or wall to a height of 2.1 m (7 
ft) above the floor, unless adequate protection can be 
afforded by building construction such as detailed in 
760.l30(B)(1), or unless an equivalent solid guard is 
provided. 

(3) In Hoistways. Cable··hallbelnstalle'iiD rigid metal 
conduit, rigid nonmetallic conduit, intennediate metal 
conduit, or electrical metallic tubing where installed in 
hoistways. 

Exception: As provided for in 620.21 for elevators and 
similar equipment. 

760.133 Installation of Conductors and Equipment in 
Cables, Compartments, Cable Trays, Enclosures, 
Manholes, Outlet Boxes, Device Boxes, and Raceways for 
Power-Limited Circuits. Conductors and equipment for 
power-limited fIre alann circuits shall be installed in 
accordance with 760.l36 through 760.l43. 
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760.136 Separation from Electric Light, Power, Class 
1, NPLFA, and Medium-Power Network-Powered 
Broadband Communications Circuit Conductors. 

(A) General. Power-limited fire alarm circuit cables and 
conductors shall not be placed in any cable, cable tray, 
compartment, enclosure, manhole, outlet box, device box, 
raceway, or similar fitting with conductors of electric 
light, power, Class 1, non-power-limited fire alarm 
circuits, and medium-power network-powered broadband 
communications circuits unless permitted by 760.136(B) 
through (G). 

(B) Separated by Barriers. Power-limited fire alarm 
circuit cables shall be permitted to be installed together 
with Class 1, non-power-limited fire alarm, and medium
power network-powered broadband communications 
circuits where they are separated by a barrier. 

(C) Raceways Within Enclosures. In enclosures, power
limited fire alarm circuits shall be permitted to be 
installed in a raceway within the enclosure to separate 
them from Class 1, non-power-limited fire alarm, and 
medium-power network-powered broadband 
communications circuits. 

(D) Associated Systems Within Enclosures. Power
limited fire alarm conductors in compartments, 
enclosures, device boxes, outlet boxes, or similar fittings 
shall be permitted to be installed with electric light, 
power, Class 1, non-power-limited fire alarm, and 
medium power network-powered broadband 
communications circuits where they are introduced solely 
to connect the equipment connected to power-limited fire 
alarm circuits, and comply with either of the following 
conditions: 

(1) The electric light, power, Class I, non-power-limited 
fire alarm, and medium-power network-powered 
broadband communications circuit conductors are 
routed to maintain a minimum of 6 mm (0.25 in.) 
separation from the conductors and cables of power
limited fire alarm circuits. 

(2) The circuit conductors operate at 150 volts or less to 
ground and also comply with one of the following: 

a. The fire alarm power-limited circuits are 
installed using Type FPL, FPLR, FPLP, or 
permitted substitute cables, provided these 
power-limited cable conductors extending 
beyond the jacket are separated by a minimum of 
6 mm (0.25 in.) or by a nonconductive sleeve or 
nonconductive barrier from all other conductors. 

b. The power-limited fire alarm circuit conductors 
are installed as non-power-limited circuits in 
accordance with 760.46. 
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(E) Enclosures with Single Opening. Power-limited fire 
alarm circuit conductors entering compartments, enclosures, 
device boxes, outlet boxes, or similar fittings shall be 
permitted to be installed with electric light, power, Class 1, 
non-power-limited fire alarm, and medium-power network
powered broadband communications circuits where they are 
introduced solely to connect the equipment connected to 
power-limited fire alarm circuits or to other circuits 
controlled by the fire alarm system to which the other 
conductors in the enclosure are connected. Where power
limited fire alarm circuit conductors must enter an enclosure 
that is provided with a single opening, they shall be 
permitted to enter through a single fitting (such as a tee), 
provided the conductors are separated from the conductors of 
the other circuits by a continuous and firmly fixed 
nonconductor, such as flexible tubing. 

(F) In Hoistways. In hoi stways , power-limited fire alarm 
circuit conductors shall be installed in rigid metal conduit, 
rigid nonmetallic conduit, intermediate metal conduit, 
liquidtight flexible nonmetallic conduit, or electrical metallic 
tubing. For elevators or similar equipment, these conductors 
shall be permitted to be installed as provided in 620.21. 

(G) Other Applications. For other applications, power
limited fire alarm circuit conductors shall be separated by at 
least 50 mm (2 in.) from conductors of any electric light, 
power, Class 1, non-power-limited fire alarm, or medium
power network-powered broadband communications circuits 
unless one ofthe following conditions is met: 

(1) Either (a) all of the electric light, power, Class I, non
power-limited fire alarm, and medium-power network
powered broadband communications circuit conductors 
or (b) all of the power-limited fire alarm circuit 
conductors are in a raceway or in metal-sheathed, metal
clad, nonmetallic-sheathed, or Type UF cables. 

(2) All of the electric light, power, Class 1, non-power
limited fIre alarm, and medium-power network-powered 
broadband communications circuit conductors are 
permanently separated from all ofthe power-limited fire 
alarm circuit conductors by a continuous and firmly 
fIxed nonconductor, such as porcelain tubes or flexible 
tubing, in addition to the insulation on the conductors. 

760.139 Installation of Conductors of Different PLFA 
Circuits, Class 2, Class 3, and Communications Circuits 
in the Same Cable, Enclosure, Cable Tray, or Raceway. 

(A) Two or More PLFA Circuits. Cable and conductors 
of two or more power-limited fire alarm circuits, 
communications circuits, or Class 3 circuits shall be 
permitted within the same cable, enclosure, cable tray, or 
raceway. 

(B) Class 2 Circuits with PLF A Circuits. Conductors of 
one or more Class 2 circuits shall be permitted within the 
same cable, enclosure, cable tray, or raceway with 
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conductors of power-limited fire alarm circuits, provided 
that the insulation of the Class 2 circuit conductors in the 
cable, enclosure, or raceway is at least that required by the 
power-limited fire alarm circuits. 

(C) Low-Power Network-Powered Broadband 
Communications Cables and PLFA Cables. Low
power network-powered broadband communications 
circuits shall be permitted in the same enclosure, cable 
tray, or raceway with PLFA cables. 

(D) Audio System Circuits and PLFA Circuits. Audio 
system circuits described in 640.9(C) and installed using 
Class 2 or Class 3 wiring methods in compliance with 
725.133 and 725.154 shall not be permitted to be 
installed in the same cable, cable tray, or raceway with 
power-limited conductors or cables. 

760.142 Conductor Size. Conductors of 26 A WG shall 
be permitted only where spliced with a connector listed 
as suitable for 26 A WG to 24 A WG or larger conductors 
that are terminated on equipment or where the 26 A WG 
conductors are terminated on equipment listed as 
suitable for 26 A WG conductors. Single conductors 
shall not be smaller than 18 AWG. 

760.143 Support of Conductors. Power-limited fire 
alarm circuit conductors shall not be strapped, taped, or 
attached by any means to the exterior of any conduit or 
other raceway as a means of support. 

760.145 Current-Carrying Continuous Line-Type 
Fire Detectors. 

(A) Application. Listed continuous line-type fire 
detectors, including insulated copper tubing of 
pneumatically operated detectors, employed for both 
detection and carrying signaling currents shall be 
permitted to be used in power-limited circuits. 

(B) Installation. Continuous line-type fire detectors 
shall be installed in accordance with 760.124 through 
760.130 and 760.133. 

760.154 Applications of Listed PLFA Cables. PLFA 
cables shall comply with the requirements described in 
either 760. 154(A), (B), or (C) or where cable 
substitutions are made as shown in 760.154(D). 

(A) Plenum. Cables installed in ducts, plenums, and 
other spaces used for environmental air shall be Type 
FPLP. Types FPLP, FPLR, and FPL cables installed in 
compliance with 300.22 shall be permitted. Type FPLP
CI cable shall be permitted to be installed to provide a 2-
hour circuit integrity rated cable. 

(B) Riser. Cables installed in risers shall be as described 
in either (1), (2), or (3): 
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(1) Cables installed in vertical runs and penetrating more 
than one floor, or cables installed in vertical runs in a 
shaft, shall be Type FPLR. Floor penetrations 
requiring Type FPLR shall contain only cables 
suitable for riser or plenum use. Type FPLR-CI cable 
shall be permitted to be installed to provide a 2-hour 
circuit integrity rated cable. 

(2) Other cables shall be installed in metal raceways or 
located in a fireproof shaft having firestops at each 
floor. 

(3) Type FPL cable shall be permitted in one- and two
family dwellings. 

Informational Note: See 300.21 for firestop 
requirements for floor penetrations. 

(C) Other Wiring Within Buildings. Cables installed in 
building locations other than those covered in 760.154(A) 
or (B) shall be as described in either (C)(l), (C)(2), 
(C)(3), or (C)(4). Type FPL-CI cable shall be permitted to 
be installed as described in either (C)(l), (C)(2), (C)(3), or 
(C)( 4) to provide a 2-hour circuit integrity rated cable. 

(1) General. Type FPL shall be permitted. 

(2) In Raceways. Cables shall be permitted to be installed 
in raceways. 

(3) Nonconcealed Spaces. Cables specified in Chapter 3 
and meeting the requirements of760.179(A) and (B) shall 
be permitted to be installed in nonconcealed spaces where 
the exposed length of cable does not exceed 3 m (10ft). 

(4) Portable Fire Alarm System. A portable fire alarm 
system provided to protect a stage or set when not in use 
shall be permitted to use wiring methods in accordance 
with 530.12. 

(D) Fire Alarm Cable Substitutions. The substitutions 
for fire alarm cables listed in Table 760.154(D) and 
illustrated in Figure 760.154(D) shall be permitted. Where 
substitute cables are installed, the wiring requirements of 
Article 760, Parts I and III, shall apply. 

Informational Note: For information on communications 
cables (CMP, CMR, CMG, CM), see 800.179. 

IV. Listing Requirements 

760.176 Listing and Marking of NPLFA Cables. Non
power-limited fire alarm cables installed as wiring within 
buildings shall be listed in accordance with 760.176(A) 
and (B) and as being resistant to the spread of fire in 
accordance with 760.176(C) through (F), and shall be 
marked in accordance with 760.176(G). Cable used in a 
wet location shall be listed for use in wet locations or 
have a moisture-impervious metal sheath. 
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Table 760.154(D) Cable Substitutions 

Cable Type 

FPLP 

FPLR 

FPL 

Plenum 

Riser 

General purpose 

References 

760. 154(A) 

760.154(8) 

760. 154(C) 

M ulliconductor 
cables 

Type CM-Communications wires and cables 
Type FPL-Power-limiled fire alarm cables 

Permitted 
Substitutions 

CMP 

CMP, FPLP, CMR 

CMP, FPLP, CMR, 
FPLR, CMG, CM 

~ Cable A shall be permitted to be used in place of Cable B. 

26 AWG minimum 

Figure 760.154(D) Cable Substitution Hierarchy. 

(A) NPLFA Conductor Materials. Conductors shall be 
18 A WG or larger solid or stranded copper. 

(B) Insulated Conductors. Insulated conductors shall be 
rated for 600 volts. Insulated conductors 14 A WG and 
larger shall be one of the types listed in Table 31 O. IQ4(A) 
or one that is identified for this use. Insulated conductors 
18 A WG and 16 AWG shall be in accordance with 
760.49. 

(C) Type NPLFP. Type NPLFP non-power-limited fire 
alarm cable for use in other space used for environmental 
air shall be listed as being suitable for use in other space 
used for environmental air as described in 300.22(C) and 
shall also be listed as having adequate fire-resistant and 
low smoke-producing characteristics. 

Infonnational Note: bne method of c.lcfming a cable that 
IS low smok producing cable and lire-re iSlant cable i 
that the cable exhibits a maximum pt!ak optical density 
pf 0.5 or less, an awrag optic I d 0 ity of 0.15 or Ie , 

d a maximum flame spread distance 0* 1.52 m (S It) 
or less when tested in ccordance with NFPA 262-2007. 
Standard Meth()d vfres/for Flame Travel and Smoke ol 
J'irf?\ and Cables for U e in Air-Hanelling Spaces. 

(D) Type NPLFR. Type NPLFR non-power-limited fire 
alarm riser cable shall be listed as being suitable for use in 
a vertical run in a shaft or from floor to floor and shall 
also be listed as having fire-resistant characteristics 
capable of preventing the carrying of fire from floor to 
floor. 
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Informational Note: One method of defining fire-resistant 
characteristics capable of preventing the carrying of fire 
from floor to floor is that the cables pass ANSllUL 1666-
2002, Test for Flame Propagation Height of Electrical and 
Optical-Fiber Cables Installed Vertically in Shafts. 

(E) Type NPLF. Type NPLF non-power-limited fire alann 
cable shall be listed as being suitable for general-purpose fire 
alann use, with the exception of risers, ducts, plenums, and 
other space used for environmental air, and shall also be 
listed as being resistant to the spread of fITe. 

Informational Note: One method of defining resistant to the 
spread of fire is that the cables do not spread fire to the top 
of the tray in the "UL Flame Exposure, Vertical Tray Flame 
Test" in UL 1685-2000, Standard for Safety for Vertical
Tray Fire-Propagation and Smoke-Release Test for 
Electrical and Optical-Fiber Cables. The smoke 
measurements in the test method are not applicable. 

Another method of defining resistant to the spread of 
fire is for the damage (char length) not to exceed 1.5 m (4 ft 
11 in.) when performing the CSA "Vertical Flame Test 
Cables in Cable Trays," as described in CSA C22.2 No. 
OJ-M-2001, Test Methodsfor Electrical Wires and Cables. 

(F) Fire Alarm Circuit Integrity (CI) Cable or Electrical 
Circuit Protective System. Cables used for survivability of 
critical circuits shall be listed as circuit integrity (CI) cable. 
Cables specified in 760.176(C), (D), and (E), and used for 
circuit integrity shall have the additional classification using 
the suffix "-CI." Cables that are part of a listed electrical 
circuit protective system shall be considered to meet the 
requirements of survivability. 

Infonnational Note No.1 : Fire alarm circuit integrity (CI) 
cable and electrical circuit protective systems may be used 
for fire alarm circuits to comply with the survivability 
requirements of NFPA 72-2010, National Fire Alarm and 
Signaling Code, ~ 24.4.1.8.4.3 and ~ C 
24.4.1.8.4.4, that the circuit maintain its electrical function A 
during fire conditions for a defined period of time. 

Informational Note No.2: One method of defining circuit 
integrity (Cl) cable is by establishing a minimum 2-hour 
fire resistance rating for the cable when tested in 
accordance with UL 2196-1995, Standard for Tests of Fire 
Resistive Cables. 

(G) NPLFA Cable Markings. Multiconductor non-power
limited fITe alann cables shall be marked in accordance with 
Table 760.176(G). Non-power-limited fire alann circuit 
cables shall be permitted to be marked with a maximum 
usage voltage rating of 150 volts. Cables that are listed for 
circuit integrity shall be identified with the suffix "CI" as 
defined in 760. 176(F). 

Infoffilational Note: Cable types are listed in descending 
order of fire resistance rating. 

760.179 Listing and Marking of PLFA Cables and 
Insulated Continuous Line-Type Fire Detectors. PLFA 
cables installed as wiring within buildings shall be listed as 
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Table 760.176(G) NPLFA Cable Markings 

Cable Type Reference 
Marking 

NPLFP Non-power-limited fire alann circuit cable 760. I 76(C) and 
for use in "other space used for (G) 
environmental air" 

NPLFR Non-power-limited fire alann circuit riser 760. 176(D) and 
cable (G) 

NPLF Non-power-limited fire alann circuit cable 760.176(E) and 
(G) 

Note: Cabla'l identified in 760.176(C), (D), and (E) and meeting the 
requirements for circuit integrity shall have the additional classification using 
the suffix 'ocr' (for example, NPLFP-C], NPLFR-Cl, and NPLF-CI). 

being resistant to the spread of fire and other criteria in 
accordance with 760.1 79(A) through (H) and shall be 
marked in accordance with 760.179(1). Insulated continuous 
line-type fire detectors shall be listed in accordance with 
760.179(J). Cable used in a wet location shal1 be listed for 
use in wet locations or have a moisture-impervious metal 
sheath. 

(A) Conductor Materials. Conductors shall be solid or 
stranded copper. 

(8) Conductor Size. The size of conductors in a 
multi conductor cable shall not be smaller than 26 AWG. 
Single conductors shall not be smaller than 18 A WG. 

(C) Ratings. The cable shall have a voltage rating of not 
less than 300 voJts. 

(D) Type FPLP. Type FPLP power-limited tire alarm 
plenum cable shall be listed as being suitable for use in 
ducts, plenums, and other space used for environmental 
air and shall also be listed as having adequate fire
resistant and low smoke-producing characteristics. 

Informational Note: One method of defining a cable that 
is low smoke-producing cable and fire-resistant cable is 
that the cable exhibits a maximum peak optical density 
of 0.5 or less, an average optical density of 0.15 or less, 
and a maximum flame spread distance of ] .52 m (5 ft) 
or less when tested in accordance with NFPA 262-2007, 
Standard klethod of Testfor Flame Travel and Smoke of 
Wires and Cables for Use in A ir-Handling Spaces. 

(E) Type FPLR. Type FPLR power-limited fire alarm 
riser cable shall be listed as being suitable for use in a 
vertical run in a shaft or from floor to floor and shall also 
be listed as having fire-resistant characteristics capable of 
preventing the carrying of fire from floor to floor. 

Infonnational Note: One method of defining fire
resistant characteristics capable of preventing the 
carrying of fire from floor to floor is that the cables pass 
the requirements of ANSIIUL 1666-2002, Standard Test 
for Flame Propagation Height of Electrical and 
Optical-Fiber Cable Installed Vertically in Shafts. 
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(F) Type FPL. Type FPL power-limited fire alarm cable 
shall be listed as being suitable for general-purpose tire 
alarm use, with the exception of ducts, plenums, and 
other spaces used for environmental air, and shall also be 
1isted as being resistant to the spread of tire. 

Informational Note: One method of defining resistant to the 
spread ojjire is that the cables do not spread fire to the top 
of the tray in the "ULFlame Exposure, Vertical Tray Flame 
Test" in UL ] 685-2000, Standard jar Safety for Vertical
Tray Fire-Propagation and Smoke-Release Test .ft)/' 
Electrical and Optical-Fiber Cables. The smoke 
measurements in the test method are not applicable. 

Another method of defining resistant to the c\pread of fire is 
for the damage (char length) not to exceed 1.5 m (4 ft 11 
in.) when perfonning the CSA "Vertical Flame Test -
Cables in Cable Trays," as described in CSA C22.2 No. 
0.3-M-2001~ Test Methodsfbr Electrical Wires and Cables. 

(G) Fire Alarm Circuit Integrity (CJ) Cable or Electrical 
Circuit Protective System. Cables used for survivability of 
critical circuits shaH be listed as circuit integrity (Cl) cable. 
Cables specified in 760.] 79(D), (E), (F), and (H) and used 
for circuit integrity shall have the additional classification 
using the suffix "-CJ." Cables that are part of a listed 
electrical circuit protective system shall be considered to 
meet the requirements of survivability. 

Informational Note No.1: Fire alann circuit integrity (CI) 
cable and electrical circuit protective systems may be used 
for fire alam1 circuits to comply with the swvivability 
requirements of NFPA 72-2010, National Fire Alann and 
Signaling Code, ~ 24.4.1.8.4.3 and ~ 
24.4.1.8.4.4, that the circuit maintain its electrical function 
dwing fire conditions for a defined period of time. 

Informational Note No.2: One method of defining circuit 
integrity (el) cable is by establishing a minimum 2-hour 
fire resistance rating for the cable when tested in 
accordance with UL 2196-1995, Standardfor Tests of Fire 
Resistive Cables. 

(H) Coaxial Cables. Coaxial cables shaH be permitted to use 
30 percent conductivity copper-covered steel center 
conductor wire and shall be listed as Type FPLP, FPLR, or 
FPL cable. 

(I) Cable JVlarking. The cable shall be marked in 
accordance with Table 760.179(1). The voltage rating shall 
not be marked on the cable. Cables that are listed for circuit 
integrity shall be identified with the suffix cr as defined in 
760.179(0). 

Informational Note: Voltage ratings on cables may be 
misinterpreted to suggest that the cables may be suitable tor 
Class 1, electric light, and power applications. 

Exception: Voltage markings shall be permitted where the 
cable has multljJle listings and marking is required 
jar one or more a/the listings. 

Informational Note: Cable types are listed in 
descending order of fire-resistance rating. 
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Table 760.179(1) Cable Markings 

FPLP 

FPLR 

FPL 

Cable Marking Type 

Power-limited fire alann plenum 
cable 

Power-limited fire alann riser cable 

Power-limited fITe alam1 cable 

Note: Cables identified in 760.179(D), (E), and (F) as meeting the 
requirements for circuit integrity shall have the additional classification using 
the suffix "Cl" (for example, FPLP-CI, FPLR-CI, and FPL-Cl). 

(J) Insulated Continuous Line-Type Fire Detectors. 
Insulated continuous line-type fire detectors shall be rated 
in accordance with 760.179{C), listed as being resistant to 
the spread of fire in accordance with 760.179{D) through 
(F), marked in accordance with 760.179(1), and the jacket 
compound shall have a high degree of abrasion resistance. 

ARTICLE 770 
Optical Fiber Cables and Racew~ys 

Infonnational Note: TIle general lenn growlding WncillclQr 

~ • pfCviously used in this aniclc is rl;placcd by ither the 
lcnn bol/ding conduelor or the tenn grounding e/c'clr(uie 
conductor (GEe). where applicabk', to more accuratety 
r. Q~!!f:1~~ppliglH9n and function oftbe conductor. 

I. General 

770.1 Scope. The provisions of this article apply to the 
installation of optical fiber cables, raceways, and cable 
routing as emblies. This article does not cover the 
construction of optical fiber cables and raceways. 

770.2 Definitions. See Article 100. For purposes of this 
article, the following additional definitions apply. 

Abandoned Optical Fiber Cable. Installed optical fiber 
cable that is not terminated at equipment other than a 
connector and not identified for future use with a tag. 

Infonnational Note: See Article 100 for a definition of 
Equipment. 

table Routing Assembly. A single channel or connected 
multiple chann Is, as w II as a sociatcd fittings, forming a 
stnlctural system that is used to support. route and protect 
high densities of wire and cables. typically 
communications \ ires and cables. optical fiber and data 
(Class 2 and Cia s 3) cables associated \ ith infonnation 
technology and communications equipment. 

Cable Sheath. A covering over the optical fiber assembly 
that includes one or more jackets and may include one or 
more metallic members or strength members. 
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Composite Optical Fiber Cable. A cable contammg 
optical fibers and current-carrying electrical conductors. 

Conductive Optical Fiber Cable. A factory assembly 
of one or more optical fiber ha ing an overaJi covering 
and containing non-current-carrying conductive 
mcmbcr(s) such as m tallic strength member(s). metallic 
xapor~~l!i~r1~J'fI~~!!'!U~, ,~!J!1()r QL!!letall ic sheath. 

Exposed (to Accidental Contact). A conductive optical 
fiber cable in such a position that, in case of failure of 
supports or insulation, contact between the cable's non
current-carrying conductive members and an electrical 
circuit may result. 

Informational Note: See Article 100 for two other 
definitions of Exposed. 

Nonconductiv~QpticaIFiber ... . Cable. A factol11 
a embly o{olle or mo're 'optical fibers having an overaU 
covering and containing no electrically conductiv~ 

materials. 

Optical Fiber Cable. A factory assembly of one or 
more optical fibers. having an overall covering, that 
transmits light for control. signaling and 
communication " 

Optical Fiber Raceway. An enclosed channel of 
nonmetallic materials designed for holding optical fiber 
cables in plenum. riser, and general-purpose 
applications. 

Point of Entrance. The point within a building at which 
the cable emerges from an external wall, from a concrete 
floor slab, or from a rigid metal conduit (Type RMC) or 
an intermediate metal conduit (Type IMC) connected by 
a grounding conductor to an electrode in accordance 
with 770.1 OO(B). 

770.3 Other Articles. Installations of optical fiber 
cables and r~c:~~~y<~ shall comply with 770.3(A) and 
(B). Only those sections of Chapter 2 and Article 300 
referenced in this article shall apply to optical fiber 
cables and raceways. 

(A) Hazardous (Cia sified) Locations. Listed optical 
fiber cable hall be pennitted to be installed i 

azardou (classified) locations. The cable shall b 
scaled in accordance with the requirement of 501.15 
502.15. 505.16, or 506.16, as appl icable. 

(B) Composite Cables. Composite optical fiber cables 
shall be classified as electrical cables in accordance with 
the type of electrical conductors. They shall be 
constructed, listed, and marked in accordance with the 
appropriate article for each type of electrical cable. 
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0770.12 Innerduct for Optical Fiber Cables. Listed 
plenum optical fiber raceway, listed riser optical fiber 
raceway, or listed general-purpose optical fiber raceway 
selected in accordance with the provisions of 770.154 shall 
be permitted to be installed as innerduct in any type of listed 
raceway permitted In Chapter 3. 

770.21 Access to Electrical Equipment Behind Panels 
Designed to Allow Access. Access to electrical equipment 
shall not be denied by an accumulation of optical fiber cables 
that prevents removal of panels, including suspended ceiling 
panels. 

770.24 Mechanical Execution of Work. Optical fiber cables 
shall be installed in a neat and workmanlike manner. Cables 
installed exposed on the surface of ceilings and sidewalls shall 
be supported by the building structure in such a manner that the 
cable will not be damaged by nonnal building use. Such cables 
shall be secured by hardware including straps, staples, cable ties, 
hangers, or similar fittings designed and installed so as not to 
damage the cable. The installation shall also confonn with 
300.4(D) and 300.11. 

Informational Note No.1: Accepted industry practices are 
described in ANSI/NECAIBICSI 568-2001, Standard jar 
Installing Commercial Building Telecommunications 
Cabling, ANSIINECAIFOA 301-2004, Standard jar 
Installing and Testing Fiber Optic Cables, and other ANSI
approved installation standards. 

Informational Note No.2: ee NFPA 9OA-2000, StaJldard 
for llu:. 1n.~lt1l1cnjon of Air-Collditioning GIrd VenliMting 
6) eM . for discrete comhustible campon nls installed i~ 
{lccordanoo \\ith 300.22(8) and l C). 

770.25 Abandoned Cables. The accessible portion of 
abandoned optical fiber cables shall be removed. Where 
cables are identified for future use with a tag, the tag shall be 
of sufficient durability to withstand the environment 
involved. 

770.26 Spread of Fire or Products of Combustion. 
Installations of optica1 fiber cables and raceways in hollow 
spaces, vertical shafts, and ventilation or air-handling ducts 
shall be made so that the possible spread of fire or products 
of combustion will not be substantially increased. Openings 
around penetrations of optical fiber cables and raceways 
through fire-resistant-rated walls, partitions, floors, or 
ceilings shall be firestopped using approved methods to 
maintain the fire resistance rating. 

Informational Note: Directories of electrical construction 
materials published by qualified testing laboratories contain 
many listing installation restrictions necessmy to maintain the 
fire-resistive mting of assemblies where penetrations or 
openings are made. Building codes also contain restrictions on 
membrane penetrations on opposite sides of a fire-resistance-
rated wall assembly. An example is the 600-mm (24-in.) 
minimum horizontal separation that usually applies between 
boxes installed on opposite sides of the wall. Assistance in 
complying with 770.26 can be found in building codes, fire 
resistance directories, and product listings. 
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II. Cables Outside and Entering Buildings 

770.48 Unlisted Cables and Raceways Entering 
Buildings. 
(A) Conductive and Nonconductive Cables. Unlisted 
conductive and nonconductive outside plant optical fiber 
ca~l~s shall be permitted to be installed in buildIng paces 
other than ri erst ducts used for nvironmental air, plenums 
used for environmental air, and other spaces used for 
environmental air, where the length of the cable within the 
building, measured from its point of entrance, does not 
exceed 15 m (50 ft) and the cable enters the building from 
the outside and is terminated in an enclosure. 

Informational Note No.1: Splice cases or terminal boxes, 
both metallic and plastic types, typically are used as 
enclosures for splicing or terminating optical fiber cables. 

Informational Note No.2: See 770.2 for the definition of 
Point of Entrance. 

(B) Nonconductive Cables in Raceway. Unlisted 
nOllconductive outside plant optical fiber cables shall be 
permitted to enter the building from the outside and run in 
raceway systems installed in compliance with any of the 
following articles in Chapter 3: Article 342, Intermediate 
Metal Conduit: Type IMC; Article 344, Rigid Metal 
Conduit: Type RMC; Article 352, Rigid Polyvinyl Chloride 
Conduit: Type PVC; and Article 358, Electrical Metallic 
Tubing: Type EMT. 

III. Protection 

770.93 Grounding or Interruption of Non-Current
Carrying Metallic Members of Optical Fiber Cables. 
Optical fiber cables entering the building or terminating on 
the outside of the building shall comply with 770.93(A) or 
(B). 

(A) Entering Buildings. In installations where an optical 
fiber cable is exposed to contact with electric light or power 
conductors and the cable enters the building, the non
current -carrying metallic members shall be either grounded 
as specified in 770.100, or interrupted by an insulating joint 
or equivalent device. The grounding or intemlption shall be 
as close as practicable to the point of entrance. 

(B) Terminating On the Outside of Buildings. In 
installations where an optical fiber cable is exposed to 
contact with electric light or power conductors and the cable 
is terminated on the outside of the building, the non-current
carrying metallic members shall be either grounded as 
specified in 770.100, or interrupted by an insulating joint or 
equivalent device. The grounding or interruption shall be as 
close as practicable to the point of tennination ofthe cable. 

IV. Grounding Methods 

770.100 Entrance Cable Boudin 8 11'.1 Crounding. Where 
required the non-current-carrying metallic members of 
optical fiber cables entering buildings shall be bonded or 
grounded as specified in 770.1 OO(A) through (D). . . .. . . 
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(A) Bonding Conductor or Grounding Electrod~ 
Conductor. 

(1) Insulation. The b()ndiJlg ... (;Orld~(!t()~ .. ()r grounding 
lectrode conductor shaiCbe ' {i~ted ' ~nd shall be permitted to 

be in ulated, covered. or bare. 

(2) Material. The bonding conductor or grounding electrode 
conductor shall be copper or other corrosion-resistant 
conductive material, stranded or solid. 

(3) Size. The bonding conductor or grounding <;I~~<; 
conductor shall not be smaller than 14 AWG. It shall have a 
current-carrying capacity not less than that of the gI"(>~~~~ 
metallic member(s). The bonding_,~Q!,_~~_~ .. ()r_, ()! grounding 
elcctrodd conductor shall not be required to exceed 6 AWG. 

(4) Run in Straight Line. The bonding conductor ot 
grounding electrode conductor shall be run in as straight a 
line as practicable. 

(5) Physical Damage. Where necessary, the bonding 
conductor and grounding electrode conductor shall be 
guarded from physical damage. Where these conductors are 
installed in a metal raceway, both ends of the raceway shall 
be bonded to the contained conductors or to the same 
terminal or electrode to which the conductor( s) is (are) 
connected. 

(B) Electrode. The bonding conductor and grounding 
electrod~ conductor shall be connected in accordance with 
770.100(B)(1), (B)(2), or (B)(3). 

(1) In Buildings or Structures with an Intersystem 
Bonding Termination. If the building or structure served 
has an intersystem bonding termination ~s required by 
250.94. the bonding conductor or grounding electrode 
conductor shall be connected to the intersystem bonding 
termination. 

Informational Note: See ' Article 100 ' for the d finition of 
Inter,) tern Bonding T(?7Il;I1l!ifr?I'I' 

(2) In Buildings or Structures with Grounding Means. If 
the building or structure served has no intersystem bonding 
termination, the bonding conductor or grounding electrode 
conductor shall be connected to the nearest accessible 
location on the following: 

(1) The building or structrne grounding electrode system as 
covered in 250.50 

(2) The grounded interior metal water piping system, within 
1.5 m (5 ft) from its point of entrance to the building, as 
covered in 250.52 

(3) The power service accessible means external to 
enclosrnes as covered in 250.94 

(4) The nor,flexT61e metallic power service raceway 

(5) The service equipment enclosure 

(6) The grounding electrode conductor or the grounding 
electrode conductor metal enclosure of the IX>wer 
~,r.yi~,~, _Qr 
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(7) The grounding conductor or the grounding electrode of 
a building or structure disconnecting means that is 
grounded to an electrode as covered in 250.32 

(3) In Buildings or Structures Without Intersystem 
Bonding Termination or Grounding Means. If the 
building or structure served has no intersystem bonding 
termination or grounding means, as described in 
770.100(B)(2), the grounding electrode conductor shall be 
connected to either of the following: 

(1) To anyone of the individual electrodes described in 
250.52(A)(1), (A)(2), (A)(3), or (A)(4). 

(2) If the building or structure served has no grounding 
means, as described in 770.100(B)(2) or (B)(3)(1), to 
anyone of the individual electrodes described in 
~50.52(AX.7) and (A)(8) or to a ground rod or pipe not 
less than 1.5 m (5 ft) in length and 12.7 rnm (lh in.) in 
diameter, driven, where practicable, into permanently 
damp earth and separated from lightning conductors as 
covered in 800.53 and at least 1.8 m (6 ft) from 
electrodes of other systems. Steam or hot water pipes or 
air terminal conductors (lightning-rc>d c0114uct.ors) shall 
not be employed as electrodes for ~on:..eurTcnt~Carrying 
metallic m mbcrs. 

(C) Electrode Connection. Connections to grounding 
electrodes shall comply with 250.70. 

(D) Bonding of Electrodes. A bonding jumper not smaller 
than 6 A WG copper or equivalent shall be connected 
between the grounding electrode and power grounding 
electrode system at the building or structure served where 
separate electrodes are used. 

Exception: At mobile homes as covered in 770.106. 

Infonnational Note No. 1: See 250.60 for use of air 
terminals (lightning rods). 

Informational Note No.2: Bonding together of all separate 
electrodes limits potential differences between them and 
between their associated wiring systems. 

770.106 Grounding and Bonding of Entrance Cables at 
Mobile Homes. 

(A) Grounding. Grounding hall comply willi 
770.1 06(AX I ) and (A)(2). 

(1) %creihereT -noll1obiJehome-serviceequlpment 
located within 9.0 m (30 il) of the exterior wall of the 
mobile hom it serves. the non-current-carrying 
metallic members of optical fiber cables entering tbe 
mobile home shall be groundccl~~~~~~~~!h 
770.100(8)(3 . 

(2) Where there is no mobile home disconnecting means 
grounded in accordance with 250.32 and located within 
?:QI!}OgJ!lQf the e",1erior wall of the mobile home it 
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rves- the nOlH:urrent--carrying metallic members of 
~ptical firer cables entering the mobile home hall be 
grounded in accordance with 770.100(B)(}). 

(B) Bonding. The'grounclirlg electrode shall be bonded to the 
metal frame or available grounding terminal of the mobile 
home with a copper conductor not smaller than 12 AWG 
under either of the following conditions: 

(1) Where there is no mobile home service equipment or 
disconnecting means as in 770.106(A) 

(2) Where the mobile home is supplied by cord and plug 

V. Installation Methods Within Buildings 

770.110 Raceways for Optical Fiber Cables. 

(A) Types of Raceways. Optical fiber cables shall be 
permitt d to be installed in any raceway that compli s with 
either (A)( 1) or (AX2). 

(I) Raceways Recognized in Chapter 3. Optical fiber 
Cables shan be penni ned to be installed in any raceway 
'neluded in Chapter 3. The raceways shall be installed in 
accordance with the requirements of Chapter 3. 

(2) Other Permitted Raceways. Optical fiber cables 
shall be permitted to be installed in titcd plenum optical 
fiber raceway, listed plenull1 communications raceway. 
listed riser optical fiber raceway. Ii tc!d riser 
communications raceway. listed general-purpose optical 
tiber raceway. 0." listed gcncral-purpose communications 
raceway selected in accordance with the provisions of 
770.113, and insl<1l1ed in accordance with 362.24 through 
362.56. where the requirements applicabl to electrical 
nonmetallic tubing apply. 

(8) Raceway Fill for Optical Fiber Cable . Raceway fill 
for optical fibers cable shan comply_ wit~l!i'-h.e~~.f~){ I) «?! 
(BX2).' 

(ljWithout Eredric Ligbt or Power Conductors. Where 
optjcal fiber cables arc installed in raceway without electric 
light or power conductors. th raceway till requirements of 
Chapters 3 and 9 shall not apply. 

(2) NonCODductive Optical Fiber Cables with Electric 
Light or Power Conductors. Where nonconductive optical 
fiber cables are installt!d with electric light or power 
conductors in a raceway. the raceway fill requirements of 
0lapters 3 and 9 shall aR I . 

770.113 Installation of Optical Fiber Cables and 
Raceway , aDd Cable Routing As emblies. Installation of 
optical fiber cables and raceways. and cable fOulino 

assemblies shaJl comply with 770. J 13( A) through (J). 
Installation of raceways shall also comply with 770.12 and 
770.110. 

(A) Usting. Optical fiber cables and race"ays. and cable 
routing assemblies installed in building shall be Ii t d. 
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Exception: Optical fiber cables that comply with 770.48 
shall not be required to be listed. 

(8) Fabricated Ducts U ed for Environmental Air. The 
tollowing cables haU be permitted in ducts. as d scribed in 
3oo.22(B) if they arc directly associated with the air 
distribut!<?ll:sy _ ~~J!l,~ 

(1) Up to 1.22 m (4 ft)ofTypesOFNP and OFCP cables 

(2) Types OFNP. OFCPt OFNR. OFCR OFNG. OFCGJ 
OFN. and OFC cables installed in raceways that are 
installed in complian(.'C with 300.22(8) 

Infomlational Note: For inlhnnation on tire protection of 
wiring in Lall\!d in labricatcd ducts see 4.3.4.1 and 
4.3.11.3.3 in FPA 9OA-2009. SUJTlciard Jo" the 
Ins/allnlioll nJ Air .... Colldilionillg Qnd Ventilating S)"'/~'n.s. 

(C) Otb("r Spaces U ed For Environmental Air 
(Plenums). The following cables and raceway shall be 
penniued in other spaces used for environmental air a 
d~scribed in 300.22(C): 

(1) Types OFNP and OFCP cables 

(2) Plemun optical fiber raceway 

(3) TypesOFNPand OFCP cables installed in plenwn 
optical fiber raceway or plenum communications 
raceway 

(4) Types OFNP and OFCP cables and plenum optical fiber 
raceway supported by open metallic cable tmys or 
cable tray systems 

(5) Types OFNP. OFCP, OFNR, OFCR, OFNG. OFCG, 
OF • and orc cables in tailed in raceways that arc 
installed in compliance with 300.22(C) 

(6) Types OFNP. OFCP. OFNR, OFCR. OFNG, OFeG~ 
OFN, and OFe cables and plenum optical fiber 
raceVtays. riser optical fiber raceways and general
purpose optical fiber raceways supported by solid 
bottom metal cable trays with solid metal covers in 
other spact:s us d for environmental air (plenwns) as 
described in 300.22(C) 

1nfonnational Note: For infonnallon on tin! protc . .'clion of 
"iring installed in other spac used for em ironmenlaJ air 

~ 43.11.2. 4.3.11.4, and 4.3.1 1.5 of NFPA 9OA-2009. 
Slundard for Ih(! II 'Ul/elfinn oj Air-Conditioning ami 
Ventilating 5,vslem.)'. 

(D) Risers - ' C'ables.Raceways and Cable Routing 
As.wmblies in Vertical Runs. TIle foUowing cables, 
raceways and cable routing assemblies shaJl be pemliltcd in 
vertical nms penetrating one or more floors and in vertical 
runs in il shaft: 

(1) Types OFNP, OFCP OFNR, and OFCR cablc~ 

(2) Plenum and riser optical fiber raceway~ 

(3) Riser cable routing asscmbli s 
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(4) Types OFNP, OFCP. OFNR, and OFCR cabl S 
installed in: 
a. Plenum optical fiber raceway 
b. Plenum communications raceway 
c. Riser optical fiber raceway 
d. Riser communications raceway 
e. Riser cable routing assembly 

Infonnational Note: See 770.26 for flrcstop 
requirements for noor p netrations 

(E) RJ ers - Cables and Raceways In Metal 
Raceway • The folJowi ng cables and raceways shall be 
permitted in metal raceways in a ris r having firestops at 
each floor: 
(1) Types OFNP, OFCP. OFNR. OFCR. OFNG.oFcCL 

am. and OFe cables 
(2) Plenum. riser. and gcneral~purpose optical fib r 

raceways 
(3) Types OFNP, OFCP. OFNR, OFCR OFNGt OFCG ~ 

OFN. and OFC cables installed in: 
a. Plenum optical fiber raceway 
b. Plenum communications raceway 
c. Riser optical fiber raceway 
d. Ri er communications raceway 
e. General-purpo e optical fiber raceway 
f. General-purpose communications raceway 

Infomlational Note: S 770.26 tor tirestop 
requiremcD1s for floor penetration . 

(F) Risers - Cables, Raceway , and Cable Routing 
Assemblies in Fireproof Shafts. The following cables. 
raceways, and cable routing assemblies shaH be permitted 
to be installed in fireproof riser shafts having firestops at 
ach floor: 

(1) Types OFNP, OFep. OFNR, Ofo'eR, OFNG, OFCG. 
OFN. and OFC cables 

(2) Plenum. riser, and general-purpose opticaiffbet 
raceways 

(3) Riser and general-purpose cable routing ass mblies 
(4) Types OFNP, OFCP, OFNR. OFCR, OFNG. OFCG, 

OFN and OFe cables installed in: 
a. Plenum optical lib~r raceway 
b. Plenum communications raceway 
c. Riser optical fiber raceway 
d. Riser communications raceway 
e. General-purpose optical tiber raceway 
f. General-purpose communications raceway 
g. Riser cable routing assembly 
h. Q~J1~r~l-pl:lrpose cable routing assembly 

Informational Note: See 770.26 for flrestop 
requirements for floor penetrations. 

(G) Risers - One- and Two-Family Dwellio s. The 
following cables. raceways. and cable routing assemblies 
shall be permitted in onc- and two-family dwellings: 
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(1) [[ypes OFNP~OFCP. OFNR. opeR. OFNG, OFCG, 
OFN and ope cables 

(2) Plenum~ riser , .. _ ~~.~ . general-purpose optical fiber 
raceways 

(3) Riser and general-purpose cable routing assembli 

(4) Types OFNP, Ofep. OFNR. OFCR. OFNG, OFCG" 
Of"N. and ore cables installed in: 
a. Plenum optical fiber raceway 
b. Plenwn communications raceway 
c. Ri r optical faber raceway 
d. Riser commwlications raceway 
e. General-purpose optical fiber raceway, 
f. G neral-purpo communications raceway 
g. Riser cable routing assembly 
h. Gen fal- urposc cable rouling assembly 

(H) Cable Trays. The following cables and raceways shall 
be pennitted to be supported by cable trays: 
(1) Types OFNP, OPCP. OFNR, OPCR, OFNG. OFCG, 

OFN, and OFC cable 
(2) }>Ienum. riser, and general-purpose optical fiber 

raceways 
(3) Types OFNP, o FCP, OFNR, OFCR, OFNG. OFCGi 

OF and OFC cabl s installed in: 
a. Plenum optical fiber raceway 
b. J>lenwn communications rae wa~ 
c. Riser optical fiber raceway 
d. Riser commwlications rac way 
e. General-pwpose opticaJ fiber raceway 
f. General-purpo e conununications raceway 

(0 Distributing Frames aod Cro -Connect Arrays. The 
following cables, raceways, and cable routing ass mblies 
shall be pennittcd to be install d in distributing frame and 
cross-connect arrays: 
(1) Types OFNP, OFCP. OFNR, OFCR, OFNG. OFCG. 

OFN. and ope cables 
(2) Plenum. ri ert and general-purpose optical fiber 

raceways 
(3) Riser or gencml-purpo cablc routing assemblies 
(4) Types OFNP. orep, OFNR OFCR, OFNG. OFCG, 

OFN. and OFC cables installed in: 
a. Plcown optical fiber raceway 
b. Plenum communications raceway 
c. Riser optical fiber raceway 
d. Ri er communications racewa~ 
e. Gen ral-purpose optical fiber raceway 
£ General-purpose commwlications raceway 
g. Riser cable routing assembly 
h. General-pwpose cable routing a sembJy 

(J) Other Buildin Location. The following cables, 
raceways. and cable routing assemblies shall be pcnnittcd to 
be installed in building locations other than the locations 
covered in 770.113(8) through (I): 
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ARTICLE 770 - OPTICAL FIBER CABLES AND RACEWAYS 770.133 

(1) Types OfNP OFCP, OFNR. OFCR, 0 G. OFCG, 
OFN. and ope cables 

(2) Plenum. riser, and general-p~ose optical fiber 
rae ways 

(3) Riser and -g it ral-purpose cable routing assemblie 
(4) Types OFNP, OFCP. OFNR, OFCR O· G.OFCG1 

OFN, and OFe cnbles installed in: 
a. Plenum optical fiber racev.ay 
b. Plenum communications raceway 
c. Riser optical fiber raceway 
d. Riser communications raceway 
e. G neral-purpose optical fiber raceway 
f General-pwpose communications raceway 
g. Riser cable routing ass mbly 
h. General-purpose cable routing a sembly 

(5) TYPes OFNP. OFep. OFNR. OFCR. OFNG. OFCG, 
OFN. and OFC cable installed in a raceway of a type 
recognized in Chapter 3 

~70.114 Grounding. NOJl-{;urrcnt-cartying conductive 
members of optical fiber cables hall be bonded to 
grounded equipment rack or enclosure. or grounded in 
accordance with th grounding methods specified by 
r70.100(8)(2). 

770.133 Installation of Optical Fibers and Electrical 
Conductors. 

(A) With Conductors for Electric Light, Power, Class 1, 
Non-Power-Limited Fire Alarm, or Medium Power 
Network-Powered Broadband Communications Circuits. 
When optical fibers are within the same composite cable for 
electric light, power, Class 1, non-power-limited fire alarm, 
or medium-power network-powered broadband 
communications circuits operating at 600 volts or less, they 
shall be permitted to be installed only where the functions of 
the optical fibers and the electrical conductors are associated. 

Nonconductive optical fiber cables shall be permitted to 
occupy the same cable tray or raceway with conductors for 
electric light, power, Class 1, non-power-limited fire alarm, 
Type lTC, or medium-power network-powered broadband 
communications circuits, operating at 600 volts or less. 
Conductive optical fiber cables shall not be permitted to 
occupy the same cable tray or raceway with conductors for 
electric light, power, Class 1, non-power-limited fire alarm, 
Type lTC, or medium-power network-powered broadband 
communications circuits. 

Optical fibers in composite optical fiber cables 
containing only current-carrying conductors for electric light, 
power, Class 1 circuits rated 600 volts or less shall be 
permitted to occupy the same cabinet, cable tray, outlet box, 
panel, raceway, or other tennination enclosure with 
conductors for electric light, power, or Class 1 circuits 
operating at 600 volts or less. 

Nonconductive optical fiber cables shall not be permitted to 
occupy the same cabinet, outlet box, panel, or similar enclosure 
housing the electrical terminations of an electric light, power, 
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Class 1, non- power-limited fire alarm, or medium-power 
network-powered broadband communications circuit. 

Exception No.1: Occupancy of the same cabinet, outlet 
box, panel, or similar enclosure shall be permitted where 
nonconductive optical fiber cable is functionally 
associated with the electric light, power, Class 1, non
power-limited fire alarm, or medium-power network
powered broadband communications circuit. 

Exception No.2: Occupancy qf the same cabinet, outlet 
box, panel, or similar enclosure shall be permitted where 
nonconductive optical fiber cables are installed in 
factory- or field-assembled control centers. 

Exception No.3: In industrial establishments only, where 
conditions qf maintenance and supervision ensure that 
only qualified persons service the installation, 
nonconductive optical fiber cables shall be permitted with 
circuits exceeding 600 volts. 

Exception No.4: 1n industrial establishments only, where 
conditions of maintenance and supervision ensure that 
only qualified persons service the installation, optical 
fibers in composite optical fiber cables containing 
current-carrying conductors operating over 600 volts 
shall be permitted to be installed. 

Exception No.5: Where all of the conductors of electric 
light, power, Class 1, nonpower-limited fire alarm, and 
medium-power network-powered broadband 
communications circuits are separatedfrom all of the optical 
fiber cables by a permanent barrier or listed divider. 

(B) With Communications Cabl~s. Optical fibers shall 
be permitted in the same cable, and conductive and 
nonconductive optical fiber cables shall be permitted in 
the same cable tray, enclosure, race"\~ay " orcabteroutillg 
assembly, with conductors of any of the following: 

(1) Communications circuits in compliance with Parts I 
and IV of Article 800 

(2) Community antenna television and radio distribution 
systems in compliance with Parts r and I V of Article 820 

(3) Low-power network-powered broadband 
communications circuits in compliance with Parts [ 
and IV of Article 830 

(C) \Vitb Other Circuits. Optical fibers shall be penniued 
in th sam cable. and conductive and nonconductivc optical 
fiber cables shaH be pennitted in the same cable tray. 
enclosure, or raceway. with conductors of any of the 
following: 
(1) Clas 2 and Clas 3 remote~eonlroI. ignaling. and 

pOYfer-limitcd circuits in complianc\! with Parts I and 
III of Article 725 

(2) Power-limited fire alarm ySl~~ in c_~_~plial!~_~ '!~th 
Parts I and III of Anicle 760 

70-665 



770.154 ARTICLE 770 - OPTICAL FIBER CABLES AND RACEWAYS 

(D) Support of Cables. Raceways shall be used for their 
intended purpose. Optical fiber cables shall not be 
strapped, taped, or attached by any means to the exterior 
of any conduit or raceway as a means of support. 

Exception: Overhead (aerial) spans of optical fiber 
cables shall be permitted to be attached to the exterior of 
a raceway-type mast intended for the attachment and 
support of such cables. 

770.154 Applications of Listed Optical Fiber Cables 
and Raceways, )llld Cable Routing Assemblies. 
Permitted and nonpemliltcd application of listed optical 
fiber cable and raceways. and cable routing a cmbly 
types shall be as indicated in Table 770.154(8). The 
permitted applications shall be subject to the in lallation 
requirements of 770.110 and 770.113. The substitutions 
for optical fiber cables in Table 770.IS4(b) and illustrated 
in Figu.;e -770: 154 shall be pennitted. 

Table 770.154(b) Cable Substitutions 
Cable Type Permitted Substitutions 

OFNP None 

OFCP OFNP 

OFNR OFNP 

OFCR OFNP, OFCP, OFNR 

OFNG, OFN OFNP, OFNR 

OFCG,OFC OFNP, OFCP, OFNR, OFCR, OFNG, OFN 

Nonconductive Conductive 

General purpose ~ ~ .. . . .. ................... ~.~ 

~ Cable A shall be permitted to be used in place of Cable B. 

Figure'i70jS4 Cable Substitution Hierarchy. 

VI. Listing Requirements 

770.179 Optical Fiber Cables. Optical fiber cables shall 
be listed in accordance with 770.179(A) through (E) and 
shall be marked in accordance with Table 770.l79. 
6~,ticaf · fiber- cables - sllalfliavca--tempe..ature-<raiing of not 
l\!~s than 60°C (1400 F). 
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Table 770.179 Cable Markings 
Cable Type Permitted Substitutions 

OFNP Nonconductive optical tiber plenum cable 

OFCP Conductive optical fiber plenum cable 

OFNR Nonconductive optical fiber riser cable 

OFCR Conductive optical fiber riser cable 

OFNG Nonconductive optical fiber general-purpose cable 

OFN Conductive optical fiber general-purpose cable 

OFC Nonconductive optical fiber general-purpose cable 

(A) Types OFNP and OFCP. Types OFNP and OFCP 
nonconductive and conductive optical fiber plenum cables 
shall be listed as being suitable for use in ducts, plenums, 
and other space used for environmental air and shall also 
be listed as having adequate fire resistant and low smoke 
producing characteristics. 

Informational Note: One method of defining a cable that 
is low smoke producing cable and fire-resistant cable is 
that the cable exhibits a maximum peak optical density 
of 0.5 or less, an average optical density of 0.15 or less, 
and a maximum flame spread distance of 1.52 m (5 ft) 
or less when tested in accordance with NFPA 262-2007, 
Standard Method of Test for Flame Travel and Smoke of 
Wires and Cables for Use in Air-Handling Spaces. 

(B) Types OFNR and OFCR. Types OFNR and OFCR 
nonconductive and conductive optical fiber riser cables 
shall be listed as being suitable for use in a vertical run in 
a shaft or from floor to floor and shall also be listed as 
having the fire-resistant characteristics capable of 
preventing the carrying of fire from floor to floor. 

Informational Note: One method of defining fire
resistant characteristics capable of preventing the 
carrying of fire from floor to floor is that the cables pass 
the requirements of ANSI/UL 1666-2002, Standard Test 
for Flame Propagation Height of Electrical and 
Optical-Fiber Cable Installed Vertically in Shafts. 

(C) Types OFNG and OFCG. Types OFNG and OFCG 
nonconductive and conductive general-purpose optical 
fiber cables shall be listed as being suitable for general
purpose use, with the exception of risers and plenums, 
and shall also be listed as being resistant to the spread of 
fire. 

Informational Note: One method of defining resistant to 
the spread offire is for the damage (char length) not to 
exceed 1.5 m (4 ft 11 in.) when performing the CSA 
"Vertical Flame Test - Cables in Cable Trays," as 
described in CSA C22.2 No. 0.3-M-2001, Test Methods 
for Electrical Wires and Cables. 
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ARTICLE 770 - OPTICAL FIBER CABLES AND RACEWAYS 770.179 

Table 770.1S4(a) Applications of Listed Optical Fiber Cables and Raceways, and Cable Routing Assemblies in Buildings 

Applications Cable, Raceway, and Cable Routing Assembly Type 

OFNP, OFNR, OFNG, Riser General- Plenum Riser General-
OFCP OFCR OFCG, Cable Optical Optical 

Purpose 
OFN, Routing 

purpose 
Fiber Fiber Cable Optical 

OFC ~ Routing Raceway Raceway Fiber 
~ Raceway 

In fabricated In fabricated ducts y* N N N N N N N 
ducts as In metal raceway that complies y * y* y* N N y* y* y* 
described in 
300.22(B) 

with 300.22(B) 

In other In other spaces used for y* N N N N y* N N 
spaces used environmental air 
for 

In metal raceway that complies y* y* N N y* y* y* y * 
environment 
al air as 

with 300.22(C) 

described in In plenum optical fiber and y* N N N N 
300.22(C) communications raceways 

Supported by open metal cable y* N N N y* N N N 
trays 

Supported by solid bottom metal y* y* y* N y* y* y* y* 
cable trays with solid metal covers 

In risers In vertical runs y* y* N y* N y * y* N 

In metal raceways y* y* y* N N y* y* y* 

In fireproof shafts y* y * y* y* y* y* y* y* 

In plenum optical fiber and y* y * N N N 
communications raceways 

In riser optical fiber and y* y* N N N 
communications raceways ; 

In riser cable routing assemblies y * y* N N N N N N 

In one- and two-family dwelJings y* y* y* y* y* y* y* y* 

Within General y* y* y* y* y* y* y* y* 
buildings in 

Supported by cable trays y* y* y* N N y* y* y* 
other than 
air-handling In distributing frames and cross y* y* y* y* y* y* y * y* 
spaces and connect arrays 
risers In any raceway recognized in y* y* y* N N y* y* y* 

Chapter 3 

In plenum optical fiber and y* y* y* N N 
communications raceway 

In riser optical fiber and y * y * y* N N 
communications raceway, and 
riser cable routing assen1blies 

In general-purpose optical fiber y * y * y* N N 
and communications raceway, and 
general-purpose cable routing 
assemblies 

~, "/. 'ci'j{ 
Note: An "N" in the table indicates that the cable type is not pennitted to be installed in the application. A "y*" indicates that the cable is pennitted to be installed in 
the application, subject to the limitations described in 170.110 and 170.113. 

lnfonnational Note 1: Part V of Article no covers installation methods within buildings. This table covers the applications oflisted optical fiber cables and raceways, 
and cable routing assemblies in buildings. The definition of point of entrance is in 170.2. Optical fiber entrance cables that have not emerged from the rigid metal 
conduit or intennediate metal conduit are not considered to be in the building. 

Infonnational Note No.2: For infonnation on the restrictions to the installation of optical fiber cables in fabricated ducts see nO.113(B). 
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770.182 ARTICLE 770 - OPTICAL FIBER CABLES AND RACEWAYS 

(D) Types OFN and OFC. Types OFN and OFC 
nonconductive and conductive optical fiber cables shall 
be listed as being suitable for general-purpose use, with 
the exception of risers, plenums, and other spaces used for 
environmental air, and shall also be listed as being 
resistant to the spread of fire. 

Informational Note: One method of defining resistant to 
the spread of fire is that the cables do not spread fire to 
the top of the tray in the "UL Flame Exposure, Vertical 
Tray Flame Test" in UL 1685-2000, Standard for Safety 
for Vertical-Tray Fire-Propagation and Smoke-Release 
Testfor Electrical and Optical-Fiber Cables. The smoke 
measurements in the test method are not applicable. 

Another method of defining resistant to the spread of 
fire is for the damage (char length) not to exceed 1.5 m 
(4 ft 11 in.) when performing the CSA "Vertical Flame 
Test - Cables in Cable Trays," as described in CSA 
C22.2 No. 0.3-M-2001, Test Methods for Electrical 
Wires and Cables. 

Informational Note: Cable types are listed in descending 
order of fire resistance rating. Within each fire resistance 
rating, nonconductive cable is listed first because it may 
substitute for the conductive cable. 

(E) Optical Fiber Circuit Integrity (el) Cables. Cables 
suitable for u e in systems to ensure survivability of 
critical circuits and pathways during. a pecified time 
under fire conditions shall be additionally Ii ted as circuit 
integrity (el) cable. Cables identified in 770.179(A) 
through (D) that meet the requir ments for circuit 
integrity shall have the additional classification using the 
suffix "el." 

Informational Note: One method of defining 
circuit integrity (el) cable is by establi hing a 
minimum 2-hour fire resistance rating for the cable 
when tested in accordance witb UL 2196-2001, 
Standard for Te~'Its of F;I!8i!sisti"eCtzbJ~~ 
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770.182 Optical Fiber Raceways and Cable Routing 
A semblies. Optical fiber raceways and cable routing 
assemblies shall be listed in accordance with 770.l82(A) 
through (C). 

(A) Plenum Optical Fiber Raceway. Plenum optical 
fiber raceways shall be listed as having adequate fire
resistant and low smoke-producing characteristics. 

Informational Note: One method of defining that an 
optical fiber raceway is a low smoke producing raceway 
and a fire-resistant raceway is that the raceway exhibits 
a maximum peak optical density of 0.5 or less, an 
average optical density of 0.15 or less, and a maximum 
flame spread distance of 1.52 m (5 ft) or less when 
tested in accordance with the plenum test in UL 2024, 
Standard for Optical Fiber Cable Raceway. 

(B) Riser Optical Fiber Raceways and Cable Routing 
AsselDblie . Riser optical fiber raceways and riser cable 
routing assemblies shall be listed as having fire-resistant 
characteristics capable of preventing the carrying of fire 
from floor to floor. 

Informational Note: One method of defining fire-resistant 
characteristics capable of preventing the carrying of fire from 
floor to floor is that the raceways lmd cable routing 

lTlbtl pass the requirements of the test for flame 
propagation (riser) in UL 2024, Standardfor Optical Fiber 
Cable Raceway, or UL 2024A Ouflille of 11I\"~/igal"'n j(1t; 
Cable Routing Assemblies. as applicable. 

(C) General-Purpose Optical Fiber Cable Raceways 
and Cable Routing Assemblies. General-purpose optical 
fiber cable raceways and cable rouling assemblies shall be 
listed as being resistant to the spread of fire. 

Informational Note: One method of defining resistance to 
the spread of fire is that the raceways and cable routing 
as.sembJi pass the requirements of the Vertical-Tray 
Flame Test (General Use) in UL 2024, Standardf or Optical 
Fiber Cable Raceway, or UL 2024A. Olltline of 
Jm tigalion[tJ" (a~/c8f1UliJl Assemhli r. as applicable. 
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CHAPTER 8 CALIFORNIA MATRIX ADOPTION TABLES 

ARrlCLE 800 - COMMUNICATIONS CIRCUITS 
Adopting Agency BSC I SFM HCD DSA OSHPD 

1 2 AC SS SS/CC 1 2 3 

Adopt Entire Article X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 810 - RADIO AND TELEVISION EQUIPMENT 
Adopting Agency BSC SFM HCD DSA OSHPD 

1 2 AC SS SS/CC 

Adopt Entire Article X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 820 - COMMUNITY ANTENNA TELEVISION AND RADIO DISTRIBUTION SYSTEMS 
Adopting Agency SSC SFM HCD DSA 

1 2 AC SS SS/CC 

Adopt Entire Article X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

ARTICLE 830 - NETWORK-POWERED BROADBAI~D AND 
COMMUNICATIONS SYSTEMS 

OSHPD 
1 2 3 

X X X 

DPH 
4 

X 

DPH 

X 

DPH 
4 

X 

~----------------------~~--~--~---- ---------------~--------------~--~ 

Adopting Agency 

Adopt Entire Article 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 
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SSC SFM 

X X X X 

DSA OSHPD DPH 
AC 55 SS/CC 

X X X X X X 
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CHAPTER 8 CALIFORNIA MATRIX ADOPTION TABLES 

ARTICLE 840 - PREMISES-POWERED BROADBAND COMMUNICATIONS SYSTEMS 
Adopting Agency BSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article I Section 

70-668.2 
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ARTICLE 800 - COMMUNICATIONS CIRCUITS 800.2 

Chapter 8 Communications Systems 

ARTICLE 800 
Communications Circuits 

_ ~ __ >.~_ .• '''~_''''_ ~ , .... ,~_v_~~~.~._, • .., "'''.~''' __ .••• 

Informational Note: Ifltc general term grollndillg 
condllctor as previously lIsed in this article is repl. c . 
by either th term bCJ1ldin~ condllct(),. or the h:nn 
groundillg e..lcctrodt' COllducfOr (OEC). where 
applicabl ,to more accurately reflect the pplicatioo and 
function of Ih conductor. See Infonnational Not 
Figur 8oo(a) and Figure 800(b). 

Power service 

Service 
equipment 

grounding electrode ~ 
conductor 

Communications 
equipment, 
protector 
or shield 

Bonding~ 
conductor 

Intersystem bonding 
termination or connection 
to building grounding 

_ means 

~GrOUnding electrode 

Informational Note Figure 800(a) Example of the Use of 
the Term Bonding Conductor Used in a Communications 
InstaUation. 

Power service 
grounding electro 
conductor 

Service 
equipment 

de~ 

- '--

Communications 
equipment, 

protector 
or shield 

Grounding -+ 
electrode 
conductor 

t 
Bonding 

conductor 

-'---, ~ 
Grounding electrodes 

Informational Note Figure 800(b) Example of the Use 
of the Term Grounding Electrode Conductor Used in a 
Communications Installation. 
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I. General 

800.1 Scope. This article covers communications circuits 
and equipment. 

Informational Note No. 1:ecijO.2(B)(4) for installations 
of comruwlication. circuitsll~~N~ipm<?~L .th.~~_~_ I)I:)J 
co\·erecl. 

Informational Note No.2: For fUlther infonnation for 
remote-control, signaling, and power-limited circuits, see 
Article 725. 

Informational Note No.3: For further information for fire 
alarm systems, see Article 760. 

800.2 Definitions. 

See Article 100. For the purposes of this article, the 
following additional definitions apply. 

Abandoned Communications Cable. Installed 
communications cable that is not terminated at both ends at a 
connector or other equipment and not identified for future 
use with a tag. 

Informational Note: See Article 100 for a definition 
of Equipment. 

Block. A square or portion of a city, town, or village 
enclosed by streets and including the alleys so enclosed, but 
not any street. 

Cable. A factory assembly of two or more conductors 
having an overall covering. 

Cable Sheath. A covering over the conductor assembly that 
may include one or more metallic members, strength 
members, or jackets. 

Communications Circuit. The circuit that extends voice, 
audio, video, data, interactive services, telegraph (except 
radio), outside wiring for fire alarm and burglar alarm from 
the communications utility to the customer's communications 
equipment up to and including terminal equipment such as a 
telephone, fax machine, or answering machine. 

Communications Circuit Integrity (CI) Cable. Cable used 
in communications systems to ensure continued operation of 
critical circuits during a specified time under fire conditions. 

Communicaiions Rftceway.An~nclosed chmmel of 
nonmetallic material de igncd for holding communications 
wires and cables in plenum. riser, and gcncralwpllfP.Os 
applications. 

Exposed (to Accidental Contact). A circuit that is in such a 
position that, in case of failure of suppOliS or insulation, 
contact with another circuit may result. 

Informational Note: See Article 100 for two other 
definitions of Exposed. 
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800.3 ARTICLE 800 - COMMUNICATIONS CIRCUITS 

Point of Entrance. The point within a building at which the 
wire or cable emerges from an external wall, from a concrete 
floor slab, or from a rigid metal conduit (Type RMC) or an 
intermediate metal conduit (Type IMC) connected by a 
b()llding' con(fllctor ~" or ground ing ~!.~£~rC?g~ .. ~~ accordance 
with 800.1 OO(B). 

Premises. The land and buildings of a user located on the 
user side of the utility-user network point of demarcation. 

Wire. A factory assembly of one or more insulated 
conductors without an overall covering. 

800.3 Other Articles. 

(A) Hazardous (Classified) Locations. Communications 
circuits and equipment installed in a location that is classified 
in accordance with 500.5 and 505.5 shall comply with the 
applicable requirements of Chapter 5. 

(8) Wiring in Ducts for DlI t, Loose Stock. or Vapor 
Remo\'aL The requirements of 300.22(A) shall apply. 

(C) Equipment in Other Space Used for Environmental 
Air. The requirements of300.22(C) shall apply. 

(D) Network-Powered Broadband Communications 
Systems. Article 830 shall apply to network-powered 
broadband communications systems. 

(E) Premises-Powered Broadband , .. , Commu,ucatioos 
System. Article 840 shall apply to premises-powered 
~fQ~~l?:a:'1~£9IllJl~lJJlic<ltions. systems. 

(F) Optical Fiber Cable. Wh~re optical fiber cable is used. 
either in whole or in part, to provide a communications 
Circuit within a building. Aniele 770 hall apply to the 
lnstallation of the .2Pti£gt . , ~.I:ler . P<>r'liQll of the 
~mmllnications circuit. 

.(G) Cable Routing As emblies. The definition in 770.2. th~ 
~pplications in 770.154. and installation rules in 770.113 
.shall apply to Article 800. 

800.18 Installation of Equipment. Equipment electrically 
connected to a communicallons network shall be listed in 
accordance with 800.170. Installation of equipment shall also 
comply with llO.3(B). 

Exception: This listing requirement shall not apply to test 
equipment that is intended for temporary connection to a 
telecommunications network by qualified persons during the 
course of installation, maintenance, or repair of 
telecommunications equipment or systems. 

800.21 Access to Electrical Equipment Behind Panels 
Designed to Allow Access. Access to electrical equipment 
shall not be denied by an accumulation of communications 
wires and cables that prevents removal of panels, including 
suspended ceiling panels. 

800.24 Mechanical Execution of Work. Communications 
circuits and equipment shall be installed in a neat and 
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workmanlike manner. Cables installed exposed on the 
surface of ceilings and sidewalls shall be supported by the 
building structure in such a manner that the cable will not be 
damaged by normal building use. Such cables shall be 
secured by hardware, including straps, staples, cable ties, 
hangers, or similar fittings designed and installed so as not to 
damage the cable. The installation shall also conform to 
300.4(D) and 300.l1. 

Informational Note No. I: Accepted industry practices are 
described in ANSIlNECNBICSI 568-2006, Standard jar 
Installing Commercial Building Telecommunications 
Cabling; ANSI/TINEIA-568-B.1-2004 - Part 1, General 
Requirements Commercial Building Telecommunications 
Cabling Standard; ANSIITIA-569-B-2004, Commercial 
Building Standard for Telecommunications Pathways and 
Spaces; ANSIITIA-570-B, Residential Telecommunications 
Inji-astructure, and other ANSI-approved installation 
standards. 

Informational Note No.2: Sec NFPA 90A-2009. Standa,.d 
for ilM'/u/lallOn of Air-Conditiolling and Vemilaling 
.~VSllWl • for di~rel combustihlc C9~1~~instalk'<l in 
~ccorc:blrlce with 300.22(B) and (e)., 

800.25 Abandoned Cables. The accessible portion of 
abandoned communications cables shall be removed. Where 
cables are identified for future use with a tag, the tag shall be 
of sufficient durability to withstand the environment 
involved. 

800.26 Spread of Fire or Products of Combustion. 
Installations of communications cables and 
communications raceways in hollow spaces, vertical 
shafts, and ventilation or air-handling ducts shall be made 
so that the possible spread of fire or products of 
combustion will not be substantially increased. Openings 
around penetrations of communications cables and 
communications raceways through fire-resistant-rated 
walls, partitions, Hoors, or ceilings shall be firestopped 
using approved methods to maintain the fire resistance 
rating. 

Informational Note: Directories of electrical 
construction materials published by qualified testing 
laboratories contain many listing installation restrictions 
necessary to maintain the fire-resistive rating of 
assemblies where penetrations or openings are made. 
Building codes also contain restrictions on membrane 
penetrations on opposite sides of a fire resistance-rated 
wall assembly. An example is the 600 mm (24 in.) 
minimum horizontal separation that usually applies 
between boxes installed on opposite sides of the wall. 
Assistance in complying with 800.26 can be found in 
building codes, fire resistance directories, and product 
listings. 

II. Wires and Cables Outside and Entering Buildings 

800.44 Overhead (Aerial) Communications Wires and 
Cables. Overhead (aerial) communications wires and cables 
entering buildings shall comply with 800.44(A) and (B). 
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(A) On Poles and In-Span. Where communications wires 
and cables and electric light or power conductors are 
supported by the same pole or are run parallel to each other 
in-span, the conditions described in 800.44(A)(1) through 
(A)( 4) shall be met. 

(1) Relative Location. Where practicable, the 
communications wires and cables shall be located below the 
electric light or power conductors. 

(2) Attachment to Cross-Arms. Communications wires and 
cables shall not be attached to a cross-ann that carries 
electric light or power conductors. 

(3) Climbing Space. The climbing space through 
communications wires and cables shall comply with the 
requirements of225.l4(D). 

(4) Clearance. Supply service drops of 0-750 volts running 
above and parallel to communications service drops shall 
have a minimum separation of 300 mm (12 in.) at any point 
in the span, including the point of and at their attachment to 
the building, provided the nongrounded conductors are 
insulated and that a clearance of not less than l.0 m (40 in.) 
is maintained between the two services at the pole. 

(B) Above Roofs. Communications wires and cables shall 
have a vertical clearance of not less than 2.5 m (8 ft) from all 
points of roofs above which they pass. 

Exception No. 1: Auxilimy buildings, such as garages and 
the like. 

Exception No.2: A reduction in clearance above only the 
overhanging portion of the roof to not less than 450 mm (18 
in.) shall be permitted tf (a) not more than 1.2 m (4 ft) of 
communications service-drop conductors pass above the 
roof overhang and (b) they are terminated at a through- or 
above-the-roof raceway or approved support. 

Exception No.3: Where the roofhas a slope of not less than 
100 mm in 300 mm (4 in. in 12 in.), a reduction in clearance 
to not less than 900 mm (3ft) shall be permitted. 

Informational Note: For additional information regarding 
overhead (aerial) wires and cables, see ANSI C2-2007, 
National Electric Safety Code, Part 2, Safety Rules for 
Overhead Lines. 

800.47 Underground Communications Wires and Cables 
Entering Buildings. Underground communications wires 
and cables entering buildings shall comply with 80004 7(A) 
and (B). The requircm~nts of 31 O.IO(C) shall not apply to 
commilnications wires and cables. 

(A) With Electric Light or Power Conductors. 
Underground communications wires and cables in a 
raceway, handhole enclosure, or manhole containing electric 
light, power, Class 1, or non-power-limited fire alarm circuit 
conductors shall be in a section separated from such 
conductors by means of brick, concrete, or tile partitions or 
by means of a suitable barrier. 

2013 California Electrical Code 

(B) Underground Block Distribution. Where the entire 
street circuit is run underground and the circuit within the 
block is placed so as to be free from the likelihood of 
accidental contact with electric light or power circuits of 
over 300 volts to ground, the insulation requirements of 
800.50(A) and (C) shall not apply, insulating supports shall 
not be required for the conductors, and bushings shall not 
be required where the conductors enter the building. 

800.48 Unlisted Cables Entering Buildings. Unlisted 
outside plant communications cables shall be permitted to 
be installed in buIlding spaces other than risers, ducts 
11 ed for- environmental air, plenums used for 
~!lvi~onmental air, and other spaces used for 
environmental air, where the length of the cable within 
the building, measured from its point of entrance, does 
not exceed 15 m (50 ft) and the cable enters the building 
from the outside and is terminated in an enclosure or on a 
listed primary protector. 

Informational Note No.1: Splice cases or terminal 
boxes, both metallic and plastic types, are typically 
used as enclosures for splicing or terminating 
telephone cables. 

Infonnational Note No.2: This section limits the length 
of unlisted outside plant cable to 15 m (50 ft), while 
800.90(B) requires that the primary protector be located 
as close as practicable to the point at which the cable 
enters the building. Therefore, in installations requiring 
a primary protector, the outside plant cable may not be 
permitted to extend 15 m (50 ft) into the building ifit is 
practicable to place the primary protector closer than 15 
m (50 ft) to the entrance point. 

Informational Note No.3: See 800.2 for the definition of 
Point of Entrance. 

800.50 Circuits Requiring Primary Protectors. Circuits 
that require primary protectors as provided in 800.90 shall 
comply with 800.50(A), (B), and (C). 

(A) Insulation, Wires, and Cables. Communications 
wires and cables without a metallic shield, running from 
the last outdoor support to the primary protector, shall be 
listed in accordance with 800.l73. 

(B) On Buildings. Communications wires and cables in 
accordance with 800.50(A) shall be separated at least 100 
mm (4 in.) from electric light or power conductors not in a 
raceway or cable or be pennanently separated from 
conductors of the other systems by a continuous and firmly 
fixed nonconductor in addition to the insulation on the wires, 
such as porcelain tubes or flexible tubing. Communications 
wires and cables in accordance with 800.50(A) exposed to 
accidental contact with electric light and power conductors 
operating at over 300 volts to ground and attached to 
buildings shall be separated from woodwork by being 
supported on glass, porcelain, or other insulating material. 
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Exception: Separation from woodwork shall not be 
required where fuses are omitted as provided for in 
800. 90(A) (1), or where conductors are used to extend 
circuits to a building fi'om a cable having a grounded 
metal sheath. 

(C) Entering Buildings. Where a primary protector is 
installed inside the building, the communications wires 
and cables shall enter the building either through a 
noncombustible, nonabsorbent insulating bushing or 
through a metal raceway. The insulating bushing shall not 
be required where the entering communications wires and 
cables (1) are in metal-sheathed cable, (2) pass through 
masonry, (3) meet the requirements of 800.50(A) and 
fuses are omitted as provided in 800.90(A)(I), or (4) meet 
the requirements of 800.50(A) and are used to extend 
circuits to a building from a cable having a grounded 
metallic sheath. Raceways or bushings shall slope upward 
from the outside or, where this cannot be done, drip loops 
shall be formed in the communications wires and cables 
immediately before they enter the building. 

Raceways shall be equipped with an approved service 
head. More than one communications wire and cable shall 
be permitted to enter through a single raceway or bushing. 
Conduits or other metal raceways located ahead of the 
primary protector shall be grounded. 

800.53 Lightning Conductors. Where practicable, a 
separation of at least 1.8 m (6 ft) shall be maintained 
between communications wires and cables on buildings 
and lightning conductors. 

III. Protection 

800.90 Protective Devices. 

(A) Application. A listed primary protector shal1 be 
provided on each circuit run partly or entirely in aerial 
wire or aerial cable not confined within a block. Also, a 
listed primary protector shall be provided on each circuit, 
aerial or underground, located within the block containing 
the building served so as to be exposed to accidental 
contact with electric light or power conductors operating 
at over 300 volts to ground. In addition, where there exists 
a lightning exposure, each interbuilding circuit on a 
premises shall be protected by a listed primary protector 
at each end of the interbuilding circuit. Installation of 
primary protectors shall also comply with 11 O.3(B). 

Informational Note No. 1: On a circuit not exposed to 
accidental contact with power conductors, providing a 
listed primary protector in accordance with this article 
helps protect against other hazards, such as lightning and 
above-normal voltages induced by fault currents on 
power circuits in proximity to the communications 
circuit. 

Informational Note No.2: lnterbuilding circuits are 
considered to have a lightning exposure unless one or 
more of the following conditions exist: 
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(1) Circuits in large metropo1itan areas where 
buildings are close together and sufficiently high 
to intercept lightning. 

(2) Interbuilding cable runs of 42 m (140 ft) or less, 
directly buried or in underground conduit, where 
a continuous metallic cable shield or a 
continuous metallic conduit containing the cable 
is connected to each building grounding 
electrode system. 

(3) Areas having an average of five or fewer 
thunderstorm days per year and earth resistivity 
of less than 100 ohm-meters. Such areas are 
found along the Pacific coast. 

(1) Fuseless Primary Protectors. Fuseless-type primary 
protectors shall be permitted under any of the conditions 
given in (A)(1)(a) through (A)(I)(e). 

(a) Where conductors enter a building through a 
cable with grounded metallic sheath member(s) and 
where the conductors in the cable safely fuse on all 
currents greater than the current-carrying of the 
primary protector and of the protector ooJodiina 

grounding conductor 

(b) Where insulated conductors in accordance with 
800.50(A) are used to extend circuits to a building from a 
cable with an effectively grounded metallic sheath 
member(s) and where the conductors in the cable or cable 
stub, or the connections between the insulated conductors 
and the plant exposed to accidental contact with electric 
light or power conductors operating at greater than 300 
volts to ground, safely fuse on all currents greater than the 
current-carrying capacity of the primary protector, or the 
associated insulated conductors and of the primary 
protector or grounding 
conductor 

(c) Where insulated conductors in accordance with 
800.50(A) or (B) are used to extend circuits to a building 
from other than a cable with metal1ic sheath member(s), 
where (1) the primary protector is listed as being suitable 
for this purpose for application with circuits extending 
from other than a cable with metallic sheath members, 
and (2) the connections of the insulated conductors to the 
plant exposed to accidental contact with electric light or 
power conductors operating at greater than 300 volts to 
ground or the conductors of the plant exposed to 
accidental contact with electric light or power conductors 
operating at greater than 300 volts to ground safely fuse 
on all currents greater than the current-carrying capacity 
of the primary protector, or associated insulated 
conductors and of the primary protector 

grounding conductor 

(d) Where insulated conductors in accordance with 
800.50(A) are used to extend circuits aerially to a building 
from a buried or underground circuit that is unexposed to 
accidental contact with electric light or power conductors 
operating at greater than 300 volts to ground 
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( e) Where insulated conductors in accordance with 
800.50(A) are used to extend circuits to a building from 
cable with an effectively grounded metallic sheath 
member( s), and where (1) the combination of the primary 
protector and insulated conductors is listed as being suitable 
for this purpose for application with circuits extending from 
a cable with an effectively grounded metallic sheath 
member(s), and (2) the insulated conductors safely fuse on 
all currents greater than the current-carrying capacity of the 
primary protector and of the primary protector bonding 
conductor or grounding electrode conductor 

InfOlmational Note: Section 9 of ANSI C2-2007, National 
Electrical Safety Code, provides an example of methods of 
protective grounding that can achieve effective grounding 
of CO!}lJ'Illl.OicaLions cable sheaths for cables from which 
communications circuits are extended. 

(2) Fused Primary Protectors. Where the requirements 
listed under 800.90(A)(l)(a) through (A)(l)(e) are not met, 
fused-type primary protectors shall be used. Fused-type 
primary protectors shall consist of an arrester connected 
between each line conductor and ground, a fuse in series 
with each line conductor, and an appropriate mounting 
arrangement. Primary protector terminals shall be marked to 
indicate line, instrument, and ground, as applicable. 

(B) Location. The primary protector shall be located in, on, 
or immediately adjacent to the structure or building served 
and as close as practicable to the point of entrance. 

Informational Note: See 800.2 for the definition of Point of 
Entrance. 

For purposes of this section, primary protectors located at 
mobile home service ~~ipment within 9.0 m (30 ft) of the 
exterior wall of the mobile home it serves, or at a mobile 
home disconnecting means connected to an electrode by a 
grounding ~I~~fQ_~L conductor in accordance with 250.32 
and located within 9.0 m (30 ft) of the exterior wall of the 
mobile home it serves, shall be considered to meet the 
requirements of this section. 

Informational Note: Selecting a primary protector location 
to achieveth~~h()rtest practicable primary protector 
grounding ('Iectrod~ conductor helps limit potential 
differences between communications circuits and other 
metallic systems. 

(C) Hazardous (Classified) Locations. The primary 
protecto,r shall not be located in any hazardous (classified) 
location!, as defined in 500.5 and 505.5J or in the vicinity of 
easily ignitible material. 

Exception: As permitted in 501.150,502.150, and 503.150. 

(D) Secondary Protectors. Where a secondary protector is 
installed in series with the indoor communications wire and 
cable between the primary protector and the equipment, it 
shall be listed for the purpose in accordance with 
800. 170(B). 
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Informational Note: Secondary protectors on circuits 
exposed to accidental contact with electric light or power 
conductors operating at greater than 300 volts to ground are 
not intended for use without primary protectors. 

800.93 Grounding or Interruption of Metallic Sheath 
Members of Communications Cables. Communications cables 
entering the building or terminating on the outside of the 
building shall comply with 800.93(A) or (B). 

(A) Entering Buildings. In installations where the 
communications cable enters a building, the metallic sheath 
members of the cable shall be either grounded as specified in 
800.100 or interrupted by an insulating joint or equivalent 
device. The grounding or interruption shall be as close as 
practicable to the point of entrance. 

(B) Terminating on the Outside of Buildings. In 
installations where the communications cable is terminated 
on the outside of the building, the metallic sheath members 
of the cable shall be either grounded as specified in 800.100 
or interrupted by an insulating joint or equivalent device. The 
grounding or interruption shall be as close as practicable to 
the point of termination of the cable. 

Informational Note: See 800.2 for a definition of Point of 
Entrance. 

IV. Grounding Methods 

800.100 Cable and Primary Protector Bonding and 
Grounding. The primary protector and the metallic 
member(s) of the cable sheath shall be bonded or 
grounded as specified in 800.1 OO(A) through (D). 

(A) Bonding Conductor or Grounding Electrode 
Conductor. 

(1) Insulation. The llonding conductor or grounding 
electrode conductor shall be listed and shaU be penniued to 
l>e insulated, covered, or bare. 

(2) Material. The bonding conductor ot: grounding electrode 
conductor shall be copper or other corrosion-resistant 
conductive material, stranded or solid. 

(3) Size. The bOlldhlg 'conducior 'or grounding dectrode 
conductor shall not be smaller than 14 A WG. It shall have a 
purrent-carryilli~capacity not lessthanlbe'groundcd metallic 
~headl member() and protected conductor(s) of the 
communications cable. The bonding conductor or groundin 
electrod conductor shaH not be required to exceed 6 AWG. 

(4) Length. The primary protector bonding conductor Of 

grounding ~'-ectf(,-d conductor shall be as short as 
practicable. In one- and two-family dwellings, the primary 
protector bonding conductor or grounding electrode 
conductor shall be as short as practicable, not to exceed 6.0 
m (20 ft) in length. 
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Informational Note: Similar 
grounding conductor length limitations applied at 
apartment buildings and commercial buildings help to 
reduce voltages that may be developed between the 
building's power and communications systems during 
lightning events. 

Exception: In one- and two-family dwellings where it is not 
practicable to achieve an overall maximum primary 
protector grounding 
conductor length of 6.0 m (20ft), a separate communications 
ground rod meeting the minimum dimensional criteria of 
800.100(B)(J)(2) shall be driven, the primary protector shall 
be connected to the communications ground rod in 
accordance with 800.100(e), and the communications 
ground rod shall be connected to the power grounding 
electrode system in accordance with 800.100(D). 

(5) Run in Line. The ool'idirlll cCloouot4Clr 
grounding conductor shall be 
line as practicable. 

(6) Physical Protection. grounding 
electreX1e conducto~ shall be protected where exposed to 
physical damage. Where the 
grounding conductor is 
raceway, ends of the raceway 
cOfltaiJrted conductor or the same terminal or electrode to 

the or grounding 
conductor is connected. 

(B) Electrode. The or grounding 
eiecmJde conductor shall be connected in accordance with 
800.1 OO(B)(1), (8)(2), or (B)(3). 

(1) In Buildings or Structures with an Intersystem 
Bonding Termination. If the building or structure served 
has an intersystem bonding termination 

OOIiKIlI1IQ conductor shall be connected to 
intersystem bonding termination. 

(2) 

Informational Note: See Article 100 for the definition of 
lnter::,ystem Bonding Termination. 

the building or structure served has no '" .. , ... """ .. ,,..... bc)ndlmg 
termination, the grounding elecmJde 
conductor shall be connected to the nearest accessible 
location on ofthe following: 

(1) The building or structure grounding electrode system as 
covered in 250.50 

(2) The grounded interior metal water piping system, within 
1.5 m (5 ft) from its point of entrance to the building, as 
covered in 250.52 

(3) The power service accessible means external to 
enclosures as covered in 250.94 EX(:eDI:ion 

(4) The metallic power service raceway 

(5) The service equipment enclosure 
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(6) The grounding electrode conductor or the grounding 
electrode conductor metal enclosure 

(7) The grounding electrode conductor or the grounding 
electrode of a building or structure disconnecting means 
that is grounded to an electrode as covered in 250.32 

A bonding device intended to provide a termination 
point for the grounding conductor (intersystem 
bonding) shall not interfere with the opening of an 
equipment enclosure. A bonding device shall be mounted on 
non-removable parts. A bonding device shall not be mounted 
on a door or cover even if the door or cover is nonremovable. 

For purposes of this section, the mobile home service 
equipment or the mobile home disconnecting means, as 
described in 800.90(B), shall be considered accessible. 

(3) In Buildings or Structures Without an Intersystem 
Bonding Termination or Grounding Means. If the 
building or structure served has no intersystem bonding 
termination or grounding means, as described in 
800.100(8)(2), the grounding conductor shall be 
connected to either of the following: 

(l) To anyone of the individual electrodes described in 
250.52(A)(l), (A)(2), (A)(3), or (A)(4) 

(2) If the building or structure served has no intersystem 
bonding termination or has no grounding means, as 
described in 800.100(8)(2) or (8)(3)(1), to anyone of 
the individual electrodes described in 
250.52(A)(7) and (A)(8) or to a ground rod or pipe not 
less than 1.5 m (5 ft) in length and 12.7 mm (Yz in.) in 
diameter, driven, where practicable, into permanently 
damp earth and separated from lightning conductors as 
covered in 800.53 and at least 1.8 m (6 ft) from 
electrodes of other systems. Steam or hot water pipes or 
air terminal conductors (lightning-rod conductors) shall 
not be employed as electrodes for protectors 

(C) Electrode Connection. Connections to grounding 
electrodes shall comply with 250.70. 

(D) Bonding of Electrodes. A bonding jumper not smaller 
than 6 A WG copper or equivalent shall be connected 
between the communications grounding electrode and power 
grounding electrode system at the building or structure 
served where separate electrodes are used. 

Exception: At mobile homes as covered in 800.106. 

Informational Note No.1: See 250.60 for use of air 
terminals (lightning rods). 

Informational Note No.2: Bonding together of 
all separate electrodes limits potential differences 
between them and between their associated 
wiring systems. 
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800.106 Primary Protector Grounding and Bonding at 
Mobile Homes. 

(A) Grounding. Grounding shall comply with 
800.1 06(A)(I) and (A)(2). 

(I) Where there is no mobile home service equipment 
located within 9.0 m (30 ft) of the exterior wall of the 
mobile home it serves, the primary protector shan be 
connected to a grounding electrode conductor or 
Wounding electrode in accordance with 800.1 00(B)(3). 

(2) Where there is no mobile home disconnecting means 
grounded in accordance with 250.32 and located within 
9.0 m (30 ft) of the exterior wall of the mobile home it 
serves, the primary prot ClOT . s~all be connected to a 
grounding el etrod in accordance with 800.1 OO(B)O). 

(B) Bonding. The primary protector grounding terminal or 
grounding electrode shall be connected to the metal frame or 
available grounding tenninal of the mobile home with a 
copper conductor not smaller than 12 AWG under either of 
the following conditions: 

(1) Where there is no mobile home service equipment or 
disconnecting means as in 800.1 06(A) 

(2) Where the mobile home is supplied by cord and plug 

V. Installation Methods Within Buildings 

800.110 Raceways for Communications Wires and 
Cables. 

(A) Types of Race\.vays. Communications wires and cables 
shall bl! pennit1ed to be installed in any mceway that 
complies with ~illler (AX 1) or t A)(2}. 

(1) Raceways Recognized in Chapter 3. CommWlicalions 
wires nd cables shall be penniued to be in tailed in any 
raceway included in Chapter 3. rnle ",c~way shall be 
installed in accordance with the requirement of Chapter 3. 

(2) Other Permitted Raceways. Communications wires 
d cables hall be pennitted to be installed in listed plenum 

communications mC4!way. listed riser communications 
raceway, or Ii ted general-purpose communication raceway 

lected in accordance with the provi ions of 800.113. and 
installed in accordance with 362.24 through 362.56. where 

e requirements aEplicab~~ tQ~I~~i~I~~I!l~~IJi"£ " ':!J~i~g 
ap'ply. 

(8) Raceway FUJ for Communications Wire' and Cabl . 
The rae way ull requi mcnts of Chapters 3 and 9 sball not 
apply to communications wires and cabJesJ 

800.113 Installation of Communications Wires, Cables 
.and Raceways. Installation of communic tions wire, 
cables, and raceways hall comply witb 800.1 J 3(A) through 

(L). Installation o[~ce_way's shaU al~~~)p.Iy" ~tt'l~()Q.JJQ~ 
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(A) Listing. Communications wire, cabl s. and raceways 
installed in buildings shall be listed. 

Exception: Communications cables that comp~y with 800.48 
shall not be required to be listed. 

(8) Fabricated Ducts US1!d for Environmental Air. TIle 
foUowing wires and cables shall be permined in ducts used 
for environmental air as de cribed in 300.22(8) if th y are 
directly associated witb tJle air distribution ystem: 

(1) Up to 1.22 m (4 ll) of Type eMP cable 

(2) Types eMP. CMR, CMG. eM. and CMX cables and 
communic.'ltions \Vir s installed in raceways that arc 
installed in compliance with 300.22(8) 

Informational Note: For infonnatlon on tire protection of 
\\iring instaJJ\.'d in fabricated ducts see 4.3.4.1 and 
4.3.11.3.3 in NFPA 90A-2009. Standard for the 
In; lallalion (if Air-("fmc1ilionin and VcntilatingSy '/""L\. 

(C) Other Spaces Used for Environmental Air (Plenums). ~ 
following wires. cables, and raceways shall be pennittoo inH"2!h~ 

~ \~~_ t()!_~nyi~!l~t_aL~4'as cJ~~~~13()()·~(;1 

(1) Type CMP cable 
(2) Plenum communications racewaY: 

(3) Type C~p'c"ble irlS!tlU~~ i~ " plen_ll_I11~QI1!I11!~l~c;a.tj~ns 
raceway 

(4) Type CM P --cables ---. ancl--plellunl- conunulUc.-at10ns 
race\\ ys supported by open metallic cable trays or 
cable tray systems 

(5) Types eMP. CMR. CMG. eM, and CMX Ct'lbles and 
communications wires installed in raceways that a 
installed in compliance with 300.22(C) 

(6) Typ s eMP CMR, CMG. eM and CMX cables and 
pi n\lm communications raceways, riser 
commWlication~ raceways and general-purpose 
communications raceways supported by solid bottom 
metal cable trays with solid metal covers in other spaces 
used for environmental air (plenums) as described in 
300.22(C) 

Infonnalional Note: For infoml..1lion on fire protection of 
"iring install~ ill other spac used for environmental air 
M!C: 4.3.11.2. 4.3.11.4, and 4.3.11.5 of NFPA 9OA-2009. 
Skmciarci Jur the /usJalfalll>ll oJ A ;r~Col1ditioni"g and 
Vt?llti/nting s.~tems. 

(D) Risers - Cabiesand Raceway in Vertical Runs. Tb~ 
following cables and raceways hall be pennitted in vertical rut1~ 
penetrating one or more floors and in vertical rut in a shaft: 

(1) TypesCMP anti CMR cabJe~ 

(2) Plelllimandnser·comrnunications raceways 

(3) Types eMP and CMR cables installed in: 

a. Plenum communications raceway 

b. B~~~r~~~~'.~.r.!i..~~.i.CJ.~s .. ~£~~·,(lY 
c. Riser cable routing assembly 
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Infonnational Note: See 800.26 for lirCMop l'\."quil"en nt~ 
for tloor penetration . 

(EjRlSers=-Cabies"llOd Raceways in Metal Race~ays~ 
The following cablt!s and raceways shall be pennittcd in 
metal raceways in a riser having firestops at each floor: 

(1) TypesCMP;' MR, CMG. eM. and CMX cables 

(2) PJenuln~riser: w' and general-purpose commuJlicatio~ 
raceways 

(3) Types CMP. CMR,CMG.· eM. andCMX~-citbles 
in~1allcd in: 

a. PI~lll1~~(?mmunical ions raceway 

b. Ris(!r~1l1rl1ll~lications raceway 

c. " g!"!\!ral~plJ!P9._ ~coml~'IUlljcation . ~ceway 
Illfomlational Note: SI..'e 00.26 lor firestop requiremoots 
for tloor penelrntjon . 

(F) Riser - Cables aod Raceways in Fireproof Shafts. 
The following cables and raceway shall be pcnnitted to be 
installed in fireproof riser shafts having frrestops at eac~ 
floor: 

(I) Types CMP. CMR, CMG. eM, and CMX cabll!s 

(2) Plenum. riser. and general-purpose communications 
raceway 

(3) _Iypl.:sCrv1~.c.'MRt CMG. and CM cabJcsinstalledin: 

a. . , pl~~ulnci:)rl1'!1lJllica~iC?lls~~~wa y 

h. . .. _ .. ~i~L~(?I!'!~l,~~!~iQ~~~~,e\\·~i' 
F. General-purpose communicalion. racc\,: ay 

o. Riser cable routing as embly 

e. General-purpose cable routing assembly 
Infonnational Note: See 800.26 for frrestop requirements 
for floor penetration .. 

(G) Riser - One- andt'vo...FamiIYD~veiUng.TIlc 
following cables and ra~ways shall be permitted in onc- and 
rn o-tami 1y mvell ings: 

(IJ " IYPC!~ .. ~~lP. .. <='MI~,Gtv~g. atlcl eM cables 
(7) . I~GM:-,:~~*~J~s than 6_ rJ~0l{O.25 in.) in diamete~ 

(3) Plenum riser. and general-purpose communications 
racewa}s 

(4) Types MP, CMR. CMG and eM cables installed in: 

a. Plenum communications raceway 

b.-- R isercom,nlJlllcaiions'rnceway 
c. General-purpose communications raceway 

d. Riser cahle routing assembly 
c. General-purpose cable routingassenlhiy 

~H) Cable Trays. The follo\ .. ing wires, cables, and raceways 
'f;hall be pennitted 10 be supported by cable trays: 

\1) Types CMP. CMR. CMG, and eM cables 

(2) Plenum. riser. and general-purpose communication 
raccway~ 
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(3) Communications wir s and Types CMP. CMR. CMG. 
and CM cabl installed in: 

8. Plenum communjcations raceway 

b. Riser communications racewa)'\ 

c. G'cncnll-pu~sc comlnunicillonsraceway 
([) Distributing Frames and Cro~onDectArrays. The 
following wires. cables. and raceways shall be permitted to 
~instal1ed in distributing frames and cross-connect arrays: 

lD . Typ CMP, CMR. CMG, and eM cables an~ 
communications wires 

(2) Plenum, riser. and gencral-pwpose communications. 
rae ways 

(3) Communications wires and Typ (,MP. CMR,GM9 
and CM cables installed in: 

a. Plenum communications raceway 

b. Riser communications raceway 

c. General-purpose cOlTUnwlicalions raceway 

d. Riser cable routing assembly 

c. General-purpo cable routing assembly 

(J) Otber BulidingLocations~Thcl()II()\ving- \v-'-res~'cabjes~ 
and raceways shall be permitted to be installed in building 
locations other than the locations covered in 8oo.113(B) 
through (I): 

(I) Types CMP, CMR. CMG, and CM cables 

(2 A maximum of 3 m (10 fi) of exposed Type CMX in 
nonconcealcd space 

(3) Plenum, riser, and general-purpose communications 
raceways 

(4) Communication wir s and Types CMP. CMR CMG, 
and CM cables installed in; 

o. Plenum cOlTUnunications raceway 

b. Riser communications raceway 

c. General-purpose communications raceway 

(5) Types CMP, CMR. CMG, and M cables installed in: 

8. Riser cable routing assembly 

b.~nera!~pl1rP0se cable rouling assembly 

(6) Communications wires and Types CMP. CMR. CMG, 
CM, and CMX cables installed in a raceway of a type 
recognized in Chapter 3 

(7) Type CMUC und rcarpet communications wire, and 
cable insta lied und r carpet 

(K) I\1ultifamily OwcUinos. The following cables, 
raceway, and wiring as mblies shall be permitted to be 
. stalled in multifamily dwellings in locations other than the 
locations covered in 800.113(8) through (G): 

OJ Types CMP, cMR~tMG;andCMcables 
(~) Type CMX cable less than 6 mm 

inilonconcealed spaces 
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(Ij -pIenum, riser, and genern':purP(}SC'-"communications 
mcewaY$ 

(4 Communications wires and Types eMP. CMR. CMG, 
and CM cables installed in: 

a. Plenum communicat ions raceway 
b. Riser commWlications raceway 
c. Gencral-purpose communications raceway 

S Types M P. CM CMG l and CM c bles installed 
in: 

B. Riser cable rouling assembly 
b. General-pul"}")ose cable routing as mbly 

(6) Communications wires and Types eMP. CMR, 
CMG, CM, and CMX cable installed in a raceway 
of a type r\.'Cognized in Chapter 3 

(7) Type CMUC undcrcarpet communication wires 
and cabl s installed under carpet 

~) One- and Two-Family Dwellings. The following 
cables and racc\\ays shall be permitted to be in tailed in one-
nd two-family dw mng in locations other th n th 

locations covered in 800.113(8) through (F : 

(I) Types CMP, CMR. CMG, and eM cable 
(2) Type CMX cable less than 6 mm (0.25 in. in diameter 
(3) Plenum. riser, and geoeral-purpose communications 

raceway. 
(4) Communications wires and Type CMP, CMR. CMG 

and CM cable installed in: 

B. Plenum communicat ion raceway 
b. Riser communications raceway 
c. General-pu!JlOsc communications raceway 

(S Types CMP. MR, CMG. and CM cables installed in: 
a. Riser cable routing assembly 
b. GeneraJ-purpose cable rouling assembly 

(6) CommWlication wire~ and Types CMP, CMR., CMG, 
eM, and CMX cables jnslalled in a raceway of a typ 
recognized in Chapter 3 

(7) Type eM UC undcrcarpet communications wires and 
cables installed undt:r carp t 

(8) Hybrid power and communications cable Ii led in 
accordanc with 800. 179(1) 

800.133 Installation of Communications Wires, 
Cables, and Equipment. Communications wires and 
cables from the protector to the equipment or, where no 
protector is required, communications wires and cables 
attached to the outside or inside of the building shall 
comply with 800. 133(A) through (C). 

(A) Separation from Other Conductors. 

(l) In Raceways, Cable Trays, Boxes, Cables, and Enclosures. 

(a) Optical Fibe,. and Communication Cuble .. 
Communications cables shall be permitted in til same 
raceway, cable tray, enclosure, or cable routing as embly 
with cables orany of the following: 
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11 Nonconductiw and conductive optical fiber cable in 
COl linnee with Parts I and IV of Article 770 

(2) Community antenna television and radio dislribution 
systems in compliance witb Parts I and IV of Aniele 
820 

3) Low-power network-powered broadband 
communications circuits in compliance with Parts I and 
JV of Article 830 

(b) Olllftr Circllil~. Communications cables hall be 
rmitted in the same raceway, cable tray, or enclosure with 

abl S of an of the followi . 

Class 2 and Class 3 remot ~ontrol. signaling, and 
power-limited circuits in compliance with Parts I and III 
of Anicle 725 

l2 Power-limited fire alarm systems in compliance with 
:parts I and III of Article 760 

(c) Class 2 and Class 3 Circuits. Class 1 circuits shall 
not be run in the same cable with communications circuits. 
Class 2 and Class 3 circuit conductors shall be permitted in 
the same cable with communications circuits, in which case 
the Class 2 and Class 3 circuits shall be classified as 
communications circuits and shall meet the requirements of 
this article. The cables shall be listed as communications 
cables. 

Exception: Cables constructed of individually listed Class 2, 
Class 3, and communications cables under a common jacket 
shall not be required to be classified as communications 
cable. The fire-resistance rating of the composite cable shall 
be determined by the pelformance of the composite cable. 

(d) Electric Light, Power, Class 1, Non-Power-Limited 
Fire Alarm, and Medium-Power Network-Powered 
Broadband Communications Circuits in Raceways, 
Compartments, and Boxes. Communications conductors shall 
not be placed in any raceway, compartment, outlet box, 
junction box, or similar fitting with conductors of electric light, 
power, Class 1, non-power-limited fire alann, or medium
power network-powered broadband communications circuits. 

Exception No.1 : Where all of the conductors of electric light, 
power, Class 1, non-power-limited fire alarm, and medium
power network-powered broadband communications circuits 
are separated from all of the conductors of communications 
circuits by a permanent barrier or listed divider. 

Exception No.2: Power conductors in outlet boxes, junction 
boxes, or similar fittings or compartments where such 
conductors are introduced solely for power supply to 
communications equipment. The power circuit conductors 
shall be routed within the enclosure to maintain a minimum 
of 6 mm (0.25 in.) separation from the communications 
circuit conductors. 

Exception No. 3: As permitted by 620.36. 
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(2) Other Applications. Communications wires and 
cables shall be separated at least 50 mm (2 in.) from 
conductors of any electric light, power, Class 1, non
power-limited fire alarm, or medium-power network
powered broadband communications circuits. 

Exception No.1: Where either (1) all of the conductors of 
the electric light, power, Class 1, non-power-limited fire 
alarm, and medium-power network-powered broadband 
communications circuits are in a raceway or in metal
sheathed, metal-clad, nonmetallic-sheathed, Type A C, or 
Type UF cables, or (2) all of the conductors of 
communications circuits are encased in raceway. 

Exception No. 2: Where the communications wires and 
cables are permanently separated from the conductors of 
electric light, power, Class 1, non-power-limited fire 
alarm, and medium-power network-powered broadband 
communications circuits by a continuous and firmly fixed 
nonconductor, such as porcelain tubes or flexible tubing, 
in addition to the insulation on the wire. 

(B) Support of Communication Wire aDd Cables. 
Raceways shall be used for their intended purpose. 

Communications wires and cables shall not be strapped, 
taped, or attached by any means to the exterior of any 
raceway as a means of support. 

Exception: Overhead (aerial) spans of communications 
wires and cables shall be permitted to be attached to the 
exterior of a raceway-type mast intended for the 
attachment and support of such wires and cables. 

800.154 ...... Application of Listed Communications 
Wires, Cable ~ and Raceways. P nnitted aml 
nonpermittcd applications of listed communication 
wir s. cables. and raceways shall be as indicated in Tabl 
~OO.154(a). The permitted applic tions shall be subject to 
the installation requirem nlS of 800.1 ) 0 and 800.113. The 
substin.tions for communications cables listed in Table 
800.154(b) and illustrated in Figure 800.154 shall be 
ennittedJ 

800.156 Dwelling Unit Communications Outlet. For 
new construction, a minimum of one communications 
outlet shall be installed within the dwelling jn 8 readily 
accessible area and cabled to the service provider 
demarcation point. 

Table 800.154(a) Applications of Listed Communications Wires, Cables, and Raceways in Buildines 
Applications Wire, Cable, and Raceways in Buildings 

CMP CMR CMG CMX CMUC Hybrid Commu Plenum Riser General 
CM power ni- Commu Commu purpose 

and cations ni- ni- Commu 
commun wires cations cations ni-
i-cations raceways raceways cations 
cables raceways 

In fabricated In fabricated y * N N N N N N N N N 
ducts as ducts 
described in 

In metal y* y* y* y* N N y* y* y* y* 
300.22(8) 

raceway that 
complies with 
300.22(B) 

In other In other spaces y* N N N N N N y* N N 
spaces used used for 
for environmental 
environmental aIr 
air as 

In metal y* y* y * y* N N y* y* y* y* 
described in 
300.22(C) 

raceway that 
complies with 
300.22(C) 

In plenum y* N N N N N N N N N 
optical fiber and 
communications 
raceways 

Supported by y* N N N N N N N N N 
open metal 
cable trays 

Supported by y* y* y* y * N N N y* y* y* 
solid bottom 
metal cable 
trays with solid 
metal covers 

70-678 2013 California Electrical Code 



ARTICLE 800 - COMMUNICATIONS CIRCUITS 800.156 

Table 800.154(a) Continued 

Applications Wire, Cable, and Raceways in Buildings 

CMP CMR CMG CMX CMUC Hybrid Commu Plenum Riser General 
CM power ni- Commu Commu purpose 

and cations ni- ni- Commu 
commun wires cations cations ni-
i~ations raceways raceways cations 
cables raceways 

In risers In vertical runs y* y * N N N N N y* y* N 
In metal y* y * y* y* N N N y* y * y* 
mceways 
Tn fireproof y* y* y* y* N N N y * y * y* 
shafts 
In plenum y* y * N N N N N N 
optical fiber and 
communications 
mceways 
In riser y* y* N N N N N N 
communications 
mceways 
In riser cable y* y* N N N N N N N N 
routing 
assemblies 
In one- and two- y* y* y* y* N y* N y * y* y* 
family 
dwellings 

Within Geneml y * y* y* y* N N N y * y* y* 
buildings in In one- and two- y * y* y* y >tc y * y * N y* y* y* 
other than air- family 
handling dwellings 
spaces and In multifamily y* y * y* y * y* N N y* y* y* 
risers dwellings 

In nonconcealed y* y* y * y* y* N N y* y* y* 
spaces 
Supported by y* y . y* N N N N y . y . y * 
cabletmys 
Under carpet N N N N y* N N N N N 
In distributing y* y* y* N N N y * y* y* y* 
frames and 
cross-connect 
arrays 
In any mceway y * y* y * y* N N y* y* y* y * 
recognized in 
Chapter 3 
In plenum y * y* y* N N N y* ''', 

conununications 
mceways 
In riser y . y . y . N N N y* 
communications 
mcewaysand 
riser cable 
routing 
assemblies 
In general- y * y* y* N N N y* 
purpose 
communications 
mcewaysand 
geneml-purpose 
cable routing 
assemblies 

Note: An "N" in the table indicates that the cable type is not permitted to be installed in the application. A "y*" indicates that the cable is permitted to be instaHed in the 
application, subject to the limitations described in 770.110 and 770.1 13. 
Jnformational Note I: Part V of Article 770 covers installation methods within buildings. This table covers the applications oflisted optical fiber cables and mceways, 
and cable routing assemblies in buildings. The definition of point of entronce is in 770.2. Optical fiber entrance cables that have not emerged from the rigid metal 
conduit or intermediate metal conduit are not considered to be in the building. 
Infonnational Note No. 2: For information on the restrictions to the installation of optical fiber cables in fabricated ducts see nO.Il3(B). 
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Table .. "" .. l ....... 'U 

Cable Type 
CMR 
CMG,CM 
CMX 

Plenum 

Riser 

Cable Substitutions 

Permitted Substitutions 
CMP 
CMP,CMR 
CMP, CMR, CMG, CM 

General purpose 

Dwellings 

Type CM-Communications cables 

Cable A shall be permitted to be used in place of Cable B, 

Cable Substitution Hierarchy. 

VI. Listing Requirements 

800.170 Equipment. Communications equipment shall 
be listed as being suitable for electrical connection to a 
COltlDllUJ1:icalliorls network 

Informational Note: One way to determine applicable 
requirements is to refer to UL 60950-1-2003, Standard 
for Safety of Information Technology Equipment; UL 
1459-1995, Standard for Safety, Telephone Equipment; 
or UL 1863-2004, Standard for Safety, Communications 
Circuit Accessories, For information on listing 
requirements for communications raceways, see UL 
2024-2004, Standard for Optical Fiber and 
Communication Cable Raceways. 

(A) Primary Protectors. The primary protector shall 
consist of an arrester connected between each line 
conductor and ground in an appropriate mounting. 
Primary protector terminals shall be marked to indicate 
line and ground as applicable. 

Informational Note: One way to determine applicable 
requirements for a listed primary protector is to refer to 
ANSIIUL 497-1995, Standard for Protectors for Paired 
Conductor Communications Circuits. 

(B) Secondary Protectors. The secondary protector shall 
be listed as suitable to provide means to safely limit 
currents to less than the current-carrying capacity of listed 
indoor communications wire and cable, listed telephone 
set line cords, and listed communications terminal 
equipment having ports for external wire line 
communications circuits. Any overvoltage protection, 
arresters, or grounding connection shall be connected on 
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the equipment terminals side of the secondary protector 
current-limiting means. 

Informational Note: One way to determine applicable 
requirements for a listed secondary protector is to refer 
to UL 497 A-1996, Standard for Secondary Protectors 
for Communications Circuits. 

800.173 Drop Wire and Cable. Communications wires 
and cab1es without a metallic shield, running from the last 
outdoor support to the primary protector, shall be listed as 
being suitable for the purpose and shall have current
carrying capacity as specified in 800.90(A)(1)(b) or 
(A)(l )(c). 

800.179 Communications Wires and Cables. 
Communications wires and cables shall be listed in 
accordance with 800.179(A) through (I) and marked in 
accordance with Table 800.179. Conductors in 
communications cables, other than in a coaxial cable, 
shall be copper. 

Communications wires and cables sha11 have a voltage 
rating of not less than 300 volts. The insulation for the 
individual conductors, other than the outer conductor of a 
coaxial cable, shall be rated for 300 volts minimum. The 
cable voltage rating shall not be marked on the cable or 
on the undercarpet communications wire. 
Communications wires and cables shall have a 
temperature rating of not less than 60°C. 

Exception: Voltage markings shall be permitted where 
the cable has multiple listings and voltage marking is 
required for one or more of the listings. 

Informational Note No. I: Voltage markings on cables 
may be misinterpreted to suggest that the cables may 
be suitable for Class 1, electric light, and power 
applications. 
Informational Note No.2: See 800.170 for listing 

Cable Markin 
CMP 
CMR 
CMG 
CM 

CMX 
CMUC 

Communications plenum cable 
Communications riser cable 
Communications general-purpose cable 
Communications general-purpose cable 
Communications cable, limited use 
Undercarpet communications wire and 

Informational Note: Cable types are listed in descending 
order of fire resistance rating. 

(A) Type CMP. Type CMP communications plenum 
cables shall be listed as being suitable for use in ducts, 
plenums, and other spaces used for environmental air and 
shall also be listed as having adequate fire-resistant and 
low smoke-producing characteristics. 

Informational Note: One method of defining a cable that 
is low smoke-producing cable and fire-resistant cable is 
that the cable exhibits a maximum peak optical density 
of 0.5 or less, an average optical density of 0.15 or less, 
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and a maximum flame spread distance of 1.52 m (5 ft) 
or less when tested in accordance with NFPA 262-2007, 
Standard Method of Test for Flame Travel and Smoke of 
Wires and Cablesfor Use in Air-Handling Spaces. 

(B) Type CMR. Type CMR communications riser cables 
shall be listed as being suitable for use in a vertical run in 
a shaft or from floor to floor and shall also be listed as 
having fire-resistant characteristics capable of preventing 
the carrying of fire from floor to floor. 

Informational Note: One method of defining fire
resistant characteristics capable of preventing the 
carrying of fire from floor to floor is that the cables pass 
the requirements of ANSI/UL 1666-2002, Standard Test 
for Flame Propagation Height of Electrical and 
Optical-Fiber Cable Installed Vertically in Shafts. 

(C) Type CMG. Type CMG general-purpose 
communications cables shall be listed as being suitable for 
general-purpose communications use, with the exception of 
risers and plenums, and shall also be listed as being resistant 
to the spread of fire. 

Informational Note: One method of defining resistant 
to the spread of fire is for the damage (char length) 
not to exceed 1.5 m (4 ft 11 in.) when performing the 
CSA "Vertical Flame Test - Cables in Cable 
Trays," as described in CSA C22.2 No. OJ-M-200l, 
Test Methods for Electrical Wires and Cables. 

(D) Type CM. Type CM communications cables shall be 
listed as being suitable for general-purpose communications 
use, with the exception of risers and plenums, and shall also 
be listed as being resistant to the spread of fire. 

Informational Note: One method of defining resistant to 
the spread of fire is that the cables do not spread fire to 
the top of the tray in the "UL Flame Exposure, Vertical 
Flame Tray Test" in UL 1685-2000, Standardfor Safety 
for Vertical-Tray Fire-Propagation and Smoke-Release 
Testfor Electrical and Optical-Fiber Cables. The smoke 
measurements in the test method are not applicable. 

Another method of defining resistant to the spread of 
fire is for the damage (char length) not to exceed 1.5 m 
(4 ft 11 in.) when performing the CSA "Vertical Flame 
Test- Cables in Cable Trays," as described in CSA 
C22.2 No. 0.3-M-2001, Test Methods for Electrical 
Wires and Cables. 

(E) Type CMX. Type CMX limited-use communications 
cables shall be listed as being suitable for use in dwellings 
and for use in raceway and shall also be listed as being 
resistant to flame spread. 

Informational Note: One method of determining that 
cable is resistant to flame spread is by testing the cable 
to the VW-l (vertical-wire) flame test in ANSIIUL 
1581-2001, Reference Standard for Electrical Wires, 
Cables and Flexible Cords. 

(F) Type CMUC Undercarpet Wires and Cables. 
Type CMUC undercarpet communications wires and 
cables shall be listed as being suitable for undercarpet 

2013 California Electrical Code 

use and shall also be listed as being resistant to flame 
spread. 

Informational Note: One method of determining that 
cable is resistant to flame spread is by testing the cable 
to the VW-l (vertical-wire) flame test in ANSIIUL 
1581-1991, Reference Standard for Electrical Wires, 
Cables and Flexible Cords. 

(G) Communications Circuit Integrity (CI) Cables. 
Cables suitable for use in communications systems to 
ensure survivability of critical circuits during a specified 
time under fire conditions shall be listed as circuit integrity 
(CI) cable. Cables identified in 800.l79(A) through (E) that 
meet the requirements for circuit integrity shall have the 
additional classification using the suffix "CI." 

Informational Note: One method of defining circuit 
integrity (Cl) cable is by establishing a minimum 2-
hour fire resistance rating for the cable when tested in 
accordance with UL 2196-1995, Standard for Tests of 
Fire Resistive Cables. 

(H) Communications Wires. Communications wires, 
such as distributing frame wire and jumper wire, shall be 
listed as being resistant to the spread of fire. 

Informational Note: One method of defining resistant to 
the spread of fire is that the cables do not spread fire to 
the top of the tray in the "UL Flame Exposure, Vertical 
Flame Tray Test" in UL 1685-2000, Standard for Safety 
for Vertical-Tray Fire-Propagation and Smoke-Release 
Testfor Electrical and Optical-Fiber Cables. The smoke 
measurements in the test method are not applicable. 

Another method of defining resistant to the spread of 
fire is for the damage (char length) not to exceed 1.5 m 
(4 ft 11 in.) when performing the CSA "Vertical Flame 
Test- Cables in Cable Trays," as described in CSA 
C22.2 No. 0.3-M-2001, Test Method<; for Electrical 
Wires and Cables. 

(I) Hybrid Power and Communications Cables. Listed 
hybrid power and communications cables shall be 
permitted where the power cable is a listed Type NM or 
NM-B conforming to the provisions of Article 334, and 
the communications cable is a listed Type CM, the jackets 
on the listed NM or NM-B and listed CM cables are rated 
for 600 volts minimum, and the hybrid cable is listed as 
being resistant to the spread of fire. 

Informational Note: One method of defining resistant to 
the spread offire is that the cables do not spread fire to 
the top of the tray in the "UL Flame Exposure, Vertical 
Flame Tray Test" in UL 1685-2000, Standard for Safety 
for Vertical-Tray Fire-Propagation and Smoke-Release 
Test for Electrical and Optical-Fiber Cables. The smoke 
measurements in the test method are not applicable. 

Another method of defining resistant to the spread of 
fire is for the damage (char length) not to exceed 1.5 
m (4 ft 11 in.) when performing the CSA "Vertical 
Flame Test - Cables in Cable Trays," as described in 
CSA C22.2 No. 0.3-M-2001, Test Methods for 
Electrical Wires and Cables. 
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800.182 Communications Raceways and Cable Routing 
As,~mblics. Communications raceways shall be listed in 
accordance with 800.182(A) through (C). 

(A) Plenum Communications Raceways. Plenum 
communications raceways listed as plenum optical fiber 
raceways shall be permitted for use in ducts, plenums, and 
other spaces used for environmental air and shall also be 
listed as having adequate fire-resistant and low smoke
producing characteri sti cs. 

Informational Note: One method of defining that 
an optical fiber raceway is a low smoke 
producing raceway and a fire-resistant raceway 
is that the raceway exhibits a maximum peak 
optical density of 0.5 or less, an average optical 
density of 0.15 or less, and a maximum flame 
spread distance of 1.52 m (5 ft) or less when 
tested in accordance with the plenum test in UL 
2024-2004, Standard for Optical Fiber Cable 
Raceway. 

(B) Riser Communications Raceways aDd Cable 
Routing Assemblies. Riser communications raceways 
and riser cable routing asscmblie" shall be listed as having 
adequate fire-resistant characteristics capable of 
preventing the carrying of fire from floor to floor. 

Informational Note: One method of defining fire
resistant characteristics capable of preventing the 
carrying of fire from floor to floor is that the raceways 
pass the requirements of the test for Flame Propagation 
(riser) in UL 2024-2004, Standard for Optical Fiber 
Cable Raceway, or U L 2024a-200S. Out/me of 
Illvt!sti~alicm for Oplica/ nber Cah/t' ROIl/illg 

rtS ~c:'nblie\ •. asapphcab Ie. 

(C) General-Purpose Communications Raceways ~ .. I!.~ 

Cable Jl.()utillg A semblies. General-purpose 
communications raceways illl~£~.~Je rouling 3. semblie 
shall be listed as being resistant to the spread of fire. 

Informational Note: One method of defining resistance 
to the spread of fire is that the raceways pass the 
requirements of the Vertical-Tray Flame Test (General 
Use) in UL 2024-2004, Standard for Optical Fiber 
Cable Raceway, or UL 2024a-2008, Olll/inc of 
Im'c,ligallon lor Oplka/ Fih('r CaMe ROlllill8 
,.1,. ('",hlil'~, a applicable. 

ARTICLE 810 
Radio and Television Equipment 

Informational Note: The general term grounding 
('ollducror a'i previollsly used in this article is replaced 
by cither the term bonding conductor or the term 
~ft)undinK electTude conductor (GEL,_ where 
applicable. to more accurately refl-ect the application and 
function (.)fthe conductor. 
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I. General 

810.1 Scope. This article covers antenna systems for radio 
and television receiving equipment, amateur al1~(;iti~f) 
"8114 radio transmitting and receiving equipment, and 
certain features of transmitter safety. This article covers 
antennas such as wire- lnmg type, multi-element, vertical 
rod, and dish and also covers the wiring and cabling that 
connects them to equipment. This article does not cover 
equipment and antennas used for coupling carrier current to 
power line conductors. 

810.2 Definitions. For definitions applicable to this article, 
see Article 100. 

810.3 Other Articles. Wiring from the source of power to 
and between devices connected to the interior wiring 
system shall comply with Chapters 1 through 4 other than 
as modified by Parts I and II of Article 640. Wiring for 
audio signal processing, amplification, and reproduction 
equipment shall comply with Article 640. Coaxial cables 
that connect antennas to equipment shall comply with 
Article 820. 

810.4 Community Television Antenna. The antenna shall 
comply with this article. The distribution system shall 
comply with Article 820. 

810.5 Radio Noise Suppressors. Radio interference 
eliminators, interference capacitors, or noise suppressors 
connected to power-supply leads shall be of a listed type. 
They shall not be exposed to physical damage. 

II. Receiving Equipment - Antenna Systems 

810.11 Material. Antennas and lead-in conductors shall be 
of hard-drawn copper, bronze, aluminum alloy, copper-clad 
steel, or other high-strength, corrosion-resistant material. 

Exception: Soft-drawn or medium-drawn copper shall be 
permitted for lead-in conductors where the maximum span 
between points of support is less than 11 m (35ft). 

810.12 Supports. Outdoor antennas and lead-in conductors 
shall be securely supported. The antennas or lead-in 
conductors shall not be attached to the electric service mast. 
They shall not be attached to poles or similar structures 
carrying open electric light or power wires or trolley wires 
of over 250 volts between conductors. Insulators 
supporting the antenna conductors shall have sufficient 
mechanical strength to safely support the conductors. Lead
in conductors shall be securely attached to the antennas. 

810.13 Avoidance of Contacts with Conductors of Other 
Systems. Outdoor antennas and lead-in conductors from an 
antenna to a building shall not cross over open conductors 
of electric light or power circuits and shall be kept well 
away from all such circuits so as to avoid the possibility of 
accidental contact. Where proximity to open electric light 
or power service conductors of less than 250 volts between 
conductors cannot be avoided, the installation shall be such 
as to provide a clearance of at least 600 mm (2 ft). 
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ARTICLE 810 - RADIO AND TELEVISION 810.18 

Where practicable, antenna conductors shall be 
installed so as not to cross under open electric light or 
power conductors. 

810.14 Splices. Splices and joints in antenna spans shall 
be made mechanically secure with approved splicing 
devices or by such other means as will not appreciably 
weaken the conductors. 

810.15 Grounding. Masts and metal structures 
supporting antennas shall be grounded in accordance with 
810.21. 

810.16 Size of Wire-Strung Antenna - Receiving 
Station. 

(A) Size of Antenna Conductors. Outdoor antenna 
conductors for receiving stations shall be of a size not less 
than given in Table 810.16(A). 

Table 810.16(A) Size of Receiving Station Outdoor Antenna 
Conductors 

Material 

Aluminum alloy, 
hard-drawn copper 

Copper-clad steel, 
bronze, or other 
high-strength 
material 

Minimum Size of Conductors (A WG) 
Where Maximum Open Span Length 

Is 

Less 11 m to 45 Over 45 
Than 11 m (35 ft to m(l50 
m (35 ft) 150 ft) ft) 

19 14 12 

20 17 14 

(B) Self-Supporting Antennas. Outdoor antennas, such 
as vertical rods, dishes, or dipole structures, shall be of 
corrosion-resistant materials and of strength suitable to 
withstand ice and wind loading conditions and shall be 
located well away from overhead conductors of electric 
light and power circuits of over 150 volts to ground, so as 
to avoid the possibility of the antenna or structure falling 
into or making accidental contact with such circuits. 

810.17 Size of Lead-in - Receiving Station. Lead-in 
conductors from outside antennas for receiving stations 
shall, for various maximum open span lengths, be of such 
size as to have a tensile strength at least as great as that of 
the conductors for antennas as specified in 810.16. Where 
the lead-in consists of two or more conductors that are 
twisted together, are enclosed in the same covering, or are 
concentric, the conductor size shall, for various maximum 
open span lengths, be such that the tensile strength of the 
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combination is at least as great as that of the conductors 
for antennas as specified in 810.16. 

810.18 Clearances Receiving Stations. 

(A) Outside of BuHdings. Lead-in conductors attached to 
buildings shall be installed so that they cannot swing 
closer than 600 mm (2 ft) to the conductors of circuits of 
250 volts or less between conductors, or 3.0 m (lOft) to 
the conductors of circuits of over 250 volts between 
conductors, except that in the case of circuits not over 150 
volts between conductors, where all conductors involved 
are supported so as to ensure pennanent separation, the 
clearance shall be permitted to be reduced but shall not be 
less than 100 mm (4 in.). The clearance between lead-in 
conductors and any conductor fonning a part of a 
lightning protection system shall not be less than 1.8 m (6 
ft). Underground conductors shall be separated at least 
300 mm (12 in.) from conductors of any light or power 
circuits or Class 1 circuits. 

Exception: Where the electric light or power conductors, 
Class 1 conductors, or lead-in conductors are installed in 
raceways or metal cable armor. 

Informational Note No.1: See 250.60 for use of air 
terminals. For further information, see NFPA 780-2011, 
Standard for the Installation of Lightning Protection 
Systems, which contains detailed information on 
grounding, bonding, and spacing from lightning 
protection systems. 

Informational Note No.2: Metal raceways, enclosures, 
frames, and other non-current-carrying metal parts of 
electrical equipment installed on a building equipped 
with a lightning protection system may require bonding 
or spacing from the lightning protection conductors in 
accordance with NFPA 780-2011, Standard for the 
Installation of Lightning Protection Systems. Separation 
from lightning protection conductors is typically 1.8 m 
(6 ft) through air or 900 mm (3 ft) through dense 
materials such as concrete, brick, or wood. 

(B) Antennas and Lead-ins Indoors. Indoor antennas 
and indoor lead-ins shall not be run nearer than 50 mm (2 
in.) to conductors of other wiring systems in the premises. 

Exception No.1: Where such other conductors are in 
metal raceways or cable armor. 

Exception No.2: Where permanently separated from 
such other conductors by a continuous and firmly fixed 
nonconductor, such as porcelain tubes orflexible tubing. 

(C) In Boxes or Other Enclosures. Indoor antennas and 
indoor lead-ins shall be permitted to occupy the same box 
or enclosure with conductors of other wiring systems 
where separated from such other conductors by an 
effective permanently installed barrier. 
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810.19 ARTICLE 810 - RADIO AND TELEVISION EQUIPMENT 

810.19 Electrical Supply Circuits Used in Lieu of 
Antenna - Receiving Stations. Where an electrical 
supply circuit is used in lieu of an antenna, the device by 
which the radio receiving set is connected to the supply 
circuit shall be listed. 

810.20 Antenna Discharge Units - Receiving Stations. 

(A) Where Required. Each conductor of a lead-in from 
an outdoor antenna shall be provided with a listed antenna 
discharge unit. 

Exception: Where the lead-in conductors are enclosed in 
a continuous metallic shield that either is grounded with a 
conductor in accordance with 810.21 or is protected by 
an antenna discharge unit. 

(B) Location. Antenna discharge units shall be located 
outside the building or inside the building between the 
point of entrance of the lead-in and the radio set or 
transformers and as near as practicable to the entrance of 
the conductors to the building. The antenna discharge unit 
shall not be located near combustible material or in a 
hazardous (classified) location as defined in Article 500. 

(C) Grounding. The antenna discharge unit shall be 
grounded in accordance with 810.21. 

810.21 Bonding Conductors and Grounding Electrode 
Conductors - Receiving Stations. Bonding conductors 
or grounding electrode conductors shall comply with 
810.21(A) through (K). 

(A) Material. The bonding conductor 0(, grounding 
el .. ctrode conductor shall be of copper, aluminum, 
~~pper-clad steel, bronze, or similar corrosion-resistant 
material. Aluminum or copper-c;lad aluminum ponding 
conductors or grounding electrode conductors shall not be 
used where in direct contact with masonry or the earth or 
where subject to corrosive conditions. Where used 
outside, aluminum or copper-clad aluminum ~onductors 
shall not be installed within 450 mm (18 in.) of the earth. 

(B) Insulation. Insulation on bonding conductors o~ 
grounding electrode conductors shall not be required. 

(~)§~pports. The bondin conductors and grounding 
electrode conductors shall be securely fastened in place 
and shall be permitted to be directly attached to the 
surface wired over without the use of insulating supports. 

Exception: Where proper support cannot be provided, 
the size of the bonding conductors and grounding 
electrode conductors shall be increased proportionately. 

(D) Mechanical Protection. The booding conductors and 
grounding electrode conductor shall be protected where 
exposed to physical damage. Where the bonding 
conductor or grounding electrode conductor is run in a 
metal raceway, both ends of the raceway shall be bonded 
to the containe~ conductor or to the same terminal or 
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electrode to which the conductor is connected. 
" w·,," ".W' _', ..... ...... . " •.. _ .. " ...• .•.• •.• _ •••••• . _____ _ " 

(E) Run in Straight Line. The bonding conductor or 
grounding electrode conductor for an antenna mast or 
antenna discharge unit shall be run in as straight a line as 
pract icable. 

(F) Electrode. The bonding conductor or grounding 
eleclrodd conductor shall be connected as required in 
(F)(l) through (F)(3). 

(1) In Buildings or Structures with an Intersystem 
Bonding Termination. If the building or structure served 
has an intersystem bonding termination as requir~d by 
~?Q:24 . the bonding conductor shall be connected to the 
intersystem bonding termination. 

Infonnational Note: See Articl~ 100 tor the delinition o( 
Inll'r\ysUtm Bo"di'1K[et!!'ilJ:,ql[t:J..t!~ 

(2) In Buildings or Structures with Grounding Means. 
If the building or structure served has no intersystem 
bonding termination, the ~onding conductor or grounding 
fcirodc conductor shall be connected to the nearest 

accessible location on the following: 

(1) The building or structure grounding electrode system 
as covered in 250.50 

(2) The grounded interior metal water piping systems, 
within 1.52 m (5 ft) from its point of entrance to the 
building, as covered in 250.52 

(3) The power service accessible means external to the 
building, as covered in 250.94 

(4) The non flexible metallic power service raceway 

(5) The service equipment enclosure, or 

(6) The grounding e1ectrode conductor or the grounding 
electrode conductor metal enclosures of the powe 
, ervice 

A bonding device intended to provide a termination 
point for the bondi~g conductor (intersystem bonding) 
shall not interfere with the opening of an equipment 
enc10sure. A bonding device sha1l be mounted on non
removable parts. A bonding device shall not be mounted 
on a door or cover even if the door or cover is non
removable. 

(3) In Buildings or Structures Without an Intersystem 
Bonding Termination or Grounding Means. If the 
building or structure served has no intersystem bonding 
termination or grounding means as described in 
810.21 (F)(2). the grounding electrode conductor shall he 
connected to an electrode as described in ~S.Q.~2. 

(G) Inside or Outside Building. The bonding conductor 
ot- grounding electrod~ conductor shall be permitted to be 
run either inside or outside the building. 
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ARTICLE 810 - RADIO AND TELEVISION EQUIPMENT 810.58 

(H) Size. The bonding conductor o~ grounding ~Iectrode 
conductor shall not be smaller than 10 AWG copper, 8 
A WG aluminum, or 17 A WG copper-clad steel or bronze. 

(I) Common Ground. A single bonding conductor or 
grounding ~Icctrode conductor shall be permitted for both 
protective and operating purposes. 

(J) Bonding of Electrodes. A bonding jumper not 
smaller than 6 A WG copper or equivalent shall be 
connected between the radio and television equipment 
grounding electrode and the power grounding electrode 
system at the building or structure served where separate 
electrodes are used. 

(K) Electrode Connection. Connections to grounding 
electrodes shall comply with 250.70. 

III. Amateur 8Dd Citizen Band Transmitting and 
Receiving Stations - Antenna Systems 

810.51 Other Sections. In addition to complying with 
Part III, antenna systems for amateur and citizen band 
transmitting and receiving stations shall also comply with 
810.11 tlll"ough 810.15. 

810.52 Size of Antenna. Antenna conductors for 
transmitting and receiving stations shall be of a size not 
less than given in Table 810.52. 

Table 810.52 Size ofOuldoor Antenna Conductors 

Material 

Hard-drawn copper 

Copper-clad steel, 
bronze, or other 
high-strength 
material 

Minimum Size of Conductors 
(A WG) Where Maximum Open 

Span Length Is 

Less Than 45 
m (150 ft) 

14 

14 

Over 45 m (150 
ft) 

10 

12 

810.53 Size of Lead-in Conductors. Lead-in conductors 
for transmitting stations shall, for various maximum span 
lengths, be of a size at least as great as that of conductors 
for antennas as specified in 810.52. 

810.54 Clearance on Building. Antenna conductors for 
transmitting stations, attached to buildings, shall be firmly 
mounted at least 75 mm (3 in.) clear of the surface of the 
building on nonabsorbent insulating supports, such as 
treated pins or brackets equipped with insulators having 
not less than 75-mm (3-in.) creepage and airgap distances. 
Lead-in conductors attached to buildings shall also 
comply with these requirements. 
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Exception: Where the lead-in conductors are enclosed in a 
continuous metallic shield that is grounded with a 
conductor in accordance with 810.58, they shall not be 
required to comply with these requirements. Where 
grounded, the metallic shield shall also be permitted to be 
used as a conductor. 

810.55 Entrance to Building. Except where protected 
with a continuous metallic shield that is grounded with a 
conductor in accordance with 810.58, lead-in conductors 
for transmitting stations shall enter buildings by one of 
the following methods: 

(1) Through a rigid, noncombustible, nonabsorbent 
insulating tube or bushing 

(2) Through an opening provided for the purpose in 
which the entrance conductors are firmly secured so 
as to provide a clearance of at least 50 mm (2 in.) 

(3) Through a drilled window pane 

810.56 Protection Against Accidental Contact. Lead-in 
conductors to radio transmitters shall be located or installed 
so as to make accidental contact with them difficult. 

810.57 Antenna Discharge Units - Transmitting 
Stations. Each conductor of a lead-in for outdoor 
antennas shall be provided with an antenna discharge unit 
or other suitable means that drain static charges from the 
antenna system. 

Exception No.1: Where the lead-in is protected by a 
continuous metallic shield that is grounded with a 
conductor in accordance with 810.58, an antenna discharge 
unit or other suitable means shall not be required. 

Exception No.2: Where the antenna is grounded with a 
conductor in accordance with 810.58, an antenna discharge 
unit or other suitable means shall not be required. 

810.58 Bonding Conductors and Grounding Electrode 
Conductors Amateur and Citizen Band 
Transmitting and Receiving Stations. Bondulg 
conductors and grounding kl\!<;trpde conductors shall 
comply with 810.58(A) through (C). 

(A) Other Sections. All bonding conductors anq 
grounding ~lectrodc conductors for amateur ~!l~~i~i:z~g 
ban~ transmitting and receiving stations shall comply 
with 810.21(A) through (K). 

(B) Size of Protective Bonding Conductor ori Grounding 
Electrode Conductor. The protective bonding conducto~ 
or ground ing lectrodc conductor for transmitting stations 
shall be as large as the lead-in but not smaller than 10 
AWG copper, bronze, or copper-clad steel. 

(C) Size of Qperating Bonding Conductor or 
Grounding Electrode Conductor. The operating ponding 
conductor or grounding electrode conductor for 
transmitting stations shall not be less than 14 AWG copper 
or its equivalent. 
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IV. Interior Instal1ation - Transmitting Stations 

810.70 Clearance from Other Conductors. All 
conductors inside the building shall be separated at least 
100 mm (4 in.) from the conductors of any electric light, 
power, or signaling circuit. 

Exception No.1: As provided in Article 640. 

Exception No.2: Where separated/rom other conductors 
by raceway or some firmly .fixed nonconductor, such as 
porcelain tubes or flexible tubing. 

810.71 General. Transmitters shaH comply with 
810.71(A) through (C). 

(A) Enclosing. The transmitter shall be enclosed in a 
metal frame or grille or separated from the operating 
space by a barrier or other equivalent means, all metallic 
parts of which are effectively connected to a bonding or 
grounding electrode conductor. 

(B) Grounding of Controls. All external metal handles 
and controls accessible to the operating personnel shall be 
effectively connected to an equipment grounding 
conductor if the transmitter is powered by the premises 
wiring system or grounded with a conductor in 
accordance with 810.21. 

(C) Interlocks on Doors. All access doors shall be 
provided with interlocks that disconnect all voltages of 
over 350 volts between conductors when any access door 
is opened. 

ARTICLE 820 
Community Antenna Television and Radio 

"._. ".~, Qis!.t:!!>~g~Il .. ~ystems 
InfofI11~tioIlal ~()te: The general term grol4nc/i"g 
c;;;:'{Jilcloi;" pie 'iously used in this artid is replaced 
by either tbe tenn houdillg condlJ('wl' or tbe tern, 
groundiug elecll'Oc/e C'(Jlldll~/o" (GEe). where 
applicable. 10 more accurately reflect the ap licalion and 
function of the conductor. 

I. General 

820.1 Scope. This article covers coaxial cable distribution 
of radio frequency signals typically employed in 
community antenna television (CATV) systems. 

lnfonnational Note: See 90.2(B)( 4) for installations of 
CATV and radio distribution systems that are not 
covered. 

820.2 Definitions. See Article 100. For the purposes of 
this article, the following additional definitions apply. 
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Abandoned Coaxial Cable. Installed coaxial cable that is 
not terminated at equipment other than a coaxial 
connector and not identified for future use with a tag. 

lnfonnational Note: See Article 100 for a definition of 
Equipment. 

Coaxial Cable. A cylindrical assembly composed of a 
conductor centered inside a metallic tube or shield, 
separated by a dielectric material, and usually covered by 
an insulating jacket. 

Exposed (to Accidental Contact). A circuit in such a 
position that, in case of failure of supports and or 
insulation, contact with another circuit may result. 

lnfonnational Note: See Article 100 for two other 
definitions of Exposed. 

Point of Entrance. The point within a building at which 
the coaxial cable emerges from an external wall, from a 
concrete floor slab, or from a rigid metal conduit (Type 
RMC) or an intermediate metal conduit (Type IMC) 
connected by a bonding conductor 0 grounding Icctrode 
~~~~~~tgri.!1: accordance with 820.100(B). 

Premises. The land and buildings of a user located on the 
user side of utility-user network point of demarcation. 

820.3 Other Articles. Circuits and equipment shall 
comply with 820.3(A) through (G). 

(A) Hazardous (Classified) Locations. CATV 
equipment installed in a location that is classified in 
accordance with 500.5 a~~:.' ?Q?? shall comply with the 
applicable requirements of Chapter 5. 

(B) Installation and Use. The requirements of 110.3 shall 
apply. 

(C) Installations of Conductive and Nonconductive 
Optical Fiber Cables. The requirements of Article 770 
shall apply. 

(D) Communications Circuits. The requirements of 
Article 800 shall apply. 

(E) Network-Powered Broadband Communications 
Systems. The requirements of Article 830 shall apply. 

(f) Premises-Powered Broadband Communications 
Systems. The requirements of Article ~4.9 shall apply. 

(G) Alternate Wiring Methods. The wiring methods of 
Article 830 shall be permitted to substitute for the wiring 
methods of Article 820. 

Infonnational Note: Use of Article 830 wiring methods 
will facilitate the upgrading of Article 820 installations 
to network-powered broadband applications. 
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ARTICLE 820 - COMMUNITY ANTENNA TELEVISION AND RADIO DISTRIBUTION SYSTEMS 820,44 

(H) Cable Routing ·Aemblle . The definition in 770.2, lh 
~plication in 770.154. and installation rule in 770.113 
hall apply- to Articl 820, 

820.15 Power Limitations. Coaxial cable shall be permitted 
to deliver power to equipment that is directly associated with 
the radio frequency distribution system if the voltage is not 
over 60 volts and if the current is supplied by a transformer 
or other device that has power-limiting characteristics, 

Power shall be blocked from premises devices on the 
network that are not intended to be powered via the coaxial 
cable. 

820.21 Access to Electrical Equipment Behind Panels 
Designed to Allow Access. Access to electrical equipment 
shall not be denied by an accumulation of coaxial cables that 
prevents removal of panels, including suspended ceiling 
panels. 

820.24 Mechanical Execution of Work. Community 
television and radio distribution systems shall be installed in 
a neat and workmanlike manner. Coaxial cables installed 
exposed on the surface of ceiling and sidewalls shall be 
supported by the building structure in such a manner that the 
cables will not be damaged by normal building use. Such 
cables shall be secured by hardware including straps, staples, 
cable ties, hangers, or similar fittings designed and installed 
so as not to damage the cable. The installation shall also 
conform to 300.4(D) and 300.11. 

Infonnational Note No. 1: Accepted industry practices are 
described in ANSIlNECAJBICSI 568-2006, Standard for 
Installing Commercial Building Telecommunications 
Cabling; ANSVTIAlEIA-568-B.1 2004 - Part 1, General 
Requirements Commercial Building Telecommunications 
Cabling Standard; ANSVTIA-569-B 2004, Commercial 
Building Standard for Telecommunications Pathways and 
Spaces; ANSIITIA-570-B, Residential Telecommunications 
Infrastructure, and other ANSI-approved installation 
standards. 

Infonnational Note No. 2: S NFPA 9OA-2009. Standard 
101' IILS'taJla:lion of A~Condilion;ng alia Vemilaling 

!> lellIS, lor discrct combu tibl compoO(..~ installed in 
cordance "1fh 300.22(B) and (C). 

820.25 Abandoned Cables. The accessible portion of 
abandoned coaxial cables shall be removed. Where cables 
are identified for future use with a tag, the tag shall be of 
sufficient durability to withstand the environment involved. 

820.26 Spread of Fire or Products of Combustion. 
Installations of coaxial cables and CATV raceways in hollow 
spaces, vertical shafts, and ventilation or air-handling ducts 
shall be made so that the possible spread of fire or products 
of combustion will not be substantially increased. Openings 
around penetrations of coaxial cables and CATV raceways 
through fire-resistant-rated walls, partitions, floors, or 
ceilings shall be firestopped using approved methods to 
maintain the fire resistance rating. 
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Infonnational Note: Directories of electrical construction 
materials published by qualified testing laboratories contain 
many listing installation restrictions necessary to maintain 
the fire-resistive rating of assemblies where penetrations or 
openings are made. Building codes also contain restrictions 
on membrane penetrations on opposite sides of a fire 
resistance-rated wall assembly. An example is the 600-mm 
(24-in.) minimum horizontal separation that usually applies 
between boxes installed on opposite sides of the wall. 
Assistance in complying with 820.26 can be fOlmd in 
building codes, fire resistance directories, and product 
listings. 

II. Coaxial Cables Outside and Entering Buildings 

820.44 Overhead (t\~ri~n Coaxial Cables. Overhead 
(aerial) coaxial cables, prior to the point of grou~ding, as 
specified in 820.93, shall comply with 820.44(A) through 
F.). 

(A) On Poles and In-Span. -Where coaxial cable and 
electric light or power conductors are supported by the same 
pole or are ruo paraU I to each other in-span, the condition 
d ... 'SCribed in 820.44(AXI) through (A)l4) shall be met. 

(I) Relative Location. Where practicable. the coaxial cabl ~ 

shall be located below the electric light or power conductors. 

(2) Attachment to Cross-Arms. Coaxial cnbJes hall not be 
flttached to ero s-arrn that carries electric light or power 
conductors, 

(3) Climbing Spac . The climbing space through coaxial 
cables shall comply with the requirements of225.14(0). 

(4) Clearance. Lead-in or overhead (aerial) -drop coaxial 
cables from a pole or other support. including the point of 
initial attachment to a building or stmcture. shall be kept 
away from electric light, power, Class I, or non--pow~r~ 
limited nr~ alann circuit conductors so as to a oid the 
po ibility of accidental contact. 

Exception: Where proximity 10 elecn-ic light. power. Class I. 
01' non power-limited jiJ'e alarm cireuit conductors cannot 
be ({voided. the ills/tll/alion shall provide clearance of flot 
le.ys than 300 mm (12 in.) ji'Ul1l electric light. power. ClflS ' /. 
PI' lion powc'f-limited fire alann Cil"CII;1 ('on(/,.u:101". The 
clearallce reqllirelm'nl shall app~l' al all points alon Ihe 
drop. and it Jzall incI'ease to I. () III (40 in.) at Ihe pole. 

(8) Above Roofs. Coaxial cables shall have a vertical 
clearance of not less than 2.5 m (8 ft) from all points of roofs 
above which they pass. 

Exception No.1: Auxiliary buildings such as garages and 
the like. 

Exception No.2: A reduction in clearance above only the 
overhanging portion of the roof to not less than 450 mm (18 
in.) shall be permitted tl (1) not more than 1.2 m (4 It) of 
communications service drop conductors pass above the roof 
overhang, and (2) they are terminated at a raceway mast or 
other approved support. 
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820.47 ARTICLE 820 - COMMUNITY ANTENNA TELEVISION AND RADIO DISTRIBUTION SYSTEMS 

Exception No.3: Where the roof has a slope of not less 
than 100 mm in 300 mm (4 in. in 12 in.), a reduction in 
clearance to not less than 900 mm (3 ft) shall be 
permitted. 

(C) On Masts. Overhead (aerial) coaxial cables shall be 
permitted to be attached to an above-the-roof raceway 
mast that does not enclose or support conductors of 
electric light or power circuits. 

(D) Between Buildings. Coaxial cables extending 
between buildings br structures and also the supports or 
attachment fixtures, shall be identified for the purpose and 
shall have sufficient strength to withstand the loads to 
which they might be subjected. 

Exception: Where a coaxial cable does not have 
sufficient strength to be self-supporting, it shall be 
attached to a supporting messenger cable that, together 
with the attachment fixtures or supports, shall be 
acceptable for the purpose and shall have sufficient 
strength to withstand the loads to which they may be 
subjected. 

( ~ On Buildings. Where attached to buildings, coaxial 
cables shall be securely fastened in such a manner that 
they will be separated from other conductors in 
accordance with 820.44( )( I), )(2), and (13)(3). 

(1) Electric Light or Power. The coaxial cable shall have 
a separation of at least 100 mm (4 in.) from electric light, 
power, Class 1, or non-power-limited fire alarm circuit 
conductors not in raceway or cable, or shall be 
permanently separated from conductors of the other 
system by a continuous and firmly fixed nonconductor in 
addition to the insulation on the wires. 

(2) Other Communications Systems. Coaxial cable shall 
be installed so that there will be no unnecessary 
interference in the maintenance of the separate systems. 
In no case shall the conductors, cables, messenger strand, 
or equipment of one system cause abrasion to the 
conductors, cable, messenger strand, or equipment of any 
other system. 

(3) Lightning Conductors. Where prac9+8-*ticable, a 
separation of at least l.8 m (6 ft) shall be maintained 
between any coaxial cable and lightning conductors. 

Informational Note: For additional information 
regarding overhead (enal) wires and cables, see ANSI 
C2-2007, National Electric Safety Code, Part 2, Safety 
Rules for Overhead Lines. 

820.47 Underground Cos is. Cables Entering 
Buildings. Underground coaxial cables entering buildings 
shall comply with 820.47(A) and (B). 
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(A) Underground Systems with Electric Light and 
Power Conductors. Underground coaxial cables in a 
duct, pedestal, handhole enclosure, or manhole that 
contains electric light or power conductors or Class I 
circuits shall be in a section permanently separated from 
such conductors by means of a suitable barrier. 

(B) Direct-Buried Cables and Raceways. Direct-buried 
coaxial cable shall be separated at least 300 mm (12 in.) 
from conductors of any light or power or Class I circuit. 

Exception No.1: Where electric service conductors or 
coaxial cables are installed in raceways or have metal 
cable armor. 

Exception No.2: Where electric light or power branch
circuit or feeder conductors or Class 1 circuit conductors 
are installed in a raceway or in metal-sheathed, metal
clad, or Type UF or Type USE cables; or the coaxial 
cables have metal cable armor or are installed in a 
raceway. 

820.48 Unlisted Cables Entering Buildings. Unlisted 
outside plant coaxial cables shall be permitted to be 
installed in building spaces other than risers. ducts used 
or environmental air. pi nums used for environ~C!~~! 
ir. and other spaces used for environmental ajr where 

the length of the cable within the building, measured from 
its point of entrance, does not exceed 15 m (50 ft) and the 
cable enters the building from the outside and is 
terminated at a grounding block. 

III. Protection 

820.93 Grounding of the Outer Conductive Shield of 
Coaxial Cables. Coaxial cables entering buildings or 
attached to buildings shall comply with 820.93(A) or (B). 
Where the outer conductive shield of a coaxial cable is 
grounded, no other protective devices shall be required. 
For purposes of this section, grounding located at mobile 
home service equipment located within 9.0 m (30 ft) of 
the exterior wall of the mobile home it serves, or at a 
mobile home disconnecting means grounded in 
accordance with 250.32 and located within 9.0 m (30 ft) 
of the exterior wall of the mobile home it serves, shall be 
considered to meet the requirements of this section. 

Informational Note: Selecting a grounding location to 
achieve the shortest practicable bonding conductor or 
grounding electrode conductor helps limit potential 
differences between CATV and other metallic systems. 

(A) Entering Buildings. In installations where the 
coaxial cable enters the building, the outer conductive 
shield shall be grounded in accordance with 820.100. The 
grounding shall be as close as practicable to the point of 
entrance. 
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(B) Terminating Outside of the Building. In 
installations where the coaxial cable is terminated outside 
of the building, the outer conductive shield shall be 
grounded in accordance with 820.100. The grounding 
shall be as close as practicable to the point of attachment 
or termination. 

(C) Location. Where installed, a listed primary protector 
shall be applied on each community antenna and radio 
distribution (CATV) cable external to the premises. The 
listed primary protector shall be located as close as 
practicable to the entrance point of the cable on either side 
or integral to the ground block. 

(D) Hazardous (Classified) Locations. Where a primary 
protector or equipment providing the primary protection 
function is used, it shall not be located in any hazardous 
(classified) location as defined in 500.5 and 505.5 or in 
the vicinity of easily ignitible material. 

Exception: As permitted in 501.150, 502.150, and 
503.150. 

IV. Grounding Methods 

820.100 Cable Bonding and Grounding. The shield of 
the coaxial cable shall be bonded or grounded as specified 
in 820.1 OO(A) through (D). 

Exception: For ('ommunication~ systems using coaxial 
cahle confined within the prem; es and isolaled from 
vlltsid(~ cable plant. Ihe shield shall b . pennit/ed 10 he 
grolltuJed by a conneCTion to an equipment grounding, 
conductor as dt!scribed in 250. J 18. COllnecting 10 at" 
equipment groulldblg conductor through (l grounded: 
receptacle using a dedicated grou"din conductor anti 
permanently connected listed device shall be permi/led., 
Use of a cord and plug for the conlll!t:tion 10 all 

equipment grou"ding c(')'![:{IIc:tC!~:~/ll!(I"f?I!J~p~,:~,.,!I!~c!. 

(A) Bonding Conductor or Grounding Electrode Conductor. 

(1) Insulation. The bonding conductor or grounding 
el ctrode conductor shall be listed and shall be pemlitt~ 
10 be insulat d. covered. or b re, 

(2) Material. The handing conductor o~ grounding 
el ctrod conductor shall be copper or other corrosion
resistant conductive material, stranded or solid. 

(3) Size. The bonding conductor or grounding elcctrodt1 
conductor shall not be smaller than 14 AWG. It shall have a 
current-carrying capacity not les!S than the outer sheath of the 
coaxial cable. The ~ondinB conductor or grounding electrod~ 
conductor shall not be required to exceed 6 A W G. 

(4) Length. The grounding ~14;!,?~~~4;! conductor shall be 
as short as practicable. In one- and two-family dwellings, 
the bonding conductor or grounding electrode conductor 
shall be as short as practicable, not to exceed 6.0 m (20 ft) 
in length. 
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Informational Note: Similar bonding conductor or 
grounding electrode conductor length limitations applied 
at apartment buildings and commercial buildings belp to 
reduce voltages that may be developed between the 
building'S power and communications systems during 
lightning events. 

Exception: In one- and two-family dwellings where it is not 
practicable to achieve an overall maximum tXJIldil18 
C()IJcIt'e"I()/'(Jr grounding elec.1rode conductor length of 6.0 m 
(20 it), a separate grounding electrode as specified in 
250. 52(A) (5), (A) (6), or (A)(7) shall be used, the grounding 
electrode conductor shall be connected to the separate 
grounding electrode in accordance with 250.70, and the 
separate grounding electrode shall be connected to the power 
grounding electrode system in accordance with 820.100(D). 

(5) Run in Straight Line. The bonding conductor or 
grounding electrode conductor shall be run in as straight a 
line as practicable. 

(6) Physical Protection. Bonding ···· conduciorsand 
grounding electrode conductors shall be protecte4\\'~~E~ 
exposed to physical damage. Where the bonding 
conductor or grounding electrode conductor is installed in 
a metal race\\'Cly,~()th ends of the raceway shall be 
bonded to the contained conductor or to the same terminal 
or electrode to which the bondillgconductor or grounding 
I ctrode conductor is connected. 

(B) Electrode. The bonding conductor or grounding 
eI clrode conductor shall be connected in accordance with 
820.100(B)(l), (B)(2), or (B)(3). 

(1) In Buildings or Structures with an Intersystem 
Bonding Termination. If the building or structure served 
has an intersystem bonding termination as required by 
250,94. the bonding conductor shall be connected to the 
intersystem bonding termination. 

Informational Note: Sec Article 100 for the definitiol1 ()f 
Im4!rsy.'fIt!m Bondi"g Termmfllion. 

(2) In Buildings or Structures with Grounding Means. 
If the building or structure served has no intersystem 
bonding termination, the bonding conductor or grounding 
electrode conductor shall be connected to the nearest 
accessible location on pnt! of the following: 

(1) The building or structure grounding electrode system 
as covered in 250.50 

(2) The grounded interior metal water piping system, 
within 1.5 m (5 ft) from its point of entrance to the 
building, as covered in 250.52 

(3) The power service accessible means external to 
enclosures as covered in 250.94, Exception, 

(4) The nonflexible metallic power service raceway 

(5) The service equipment enclosure 
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(6) The grounding electrode conductor or the grounding 
electrode conductor metal enclosure of the power: 
crvice, or 

(7) The grounding electrode conductor or the grounding 
electrode of a building or structure disconnecting 
means that is connected to an electrode as covered in 
250.32 

A bonding device intended to provide a termination 
point for the grounding ~Iectrode conductor (intersystem 
bonding) shall not interfere with the opening of an 
equipment enclosure. A bonding device shall be mounted 
on non-removable parts. A bonding device shall not be 
mounted on a door or cover even if the door or cover is 
nonremovable. 

For purposes of this section, the mobile home service 
equipment or the mobile home disconnecting means, as 
described in 820.93, shall be considered accessible. 

(3) In Buildings or Structures Without an Intersystem 
Bonding Termination or Grounding Means. If the 
building or structure served has no intersystem bonding 
termination or grounding means, as described in 
820.100(B)(2), the grounding electrode conductor shall be 
connected to either of the following: 

(1) To anyone of the individual electrodes described in 
250.52(A)(1), (A)(2), (A)(3), or (A)(4) 

(2) If the building or structure served has no intersystem 
bonding termination or grounding means, as 
described in 820.100(B)(2) or (B)(3)(1), to anyone 
of the individual grounding electrodes described in 
250.52(A)(5), (A)(7) and (A)(8). 

(C) Electrode Connection. Connections to grounding 
electrodes shall comply with 250.70. 

(D) Bonding of Electrodes. A bonding jumper not 
smaller than 6 AWG copper or equivalent shall be 
connected between the community antenna television 
system's grounding electrode and the power grounding 
electrode system at the building or structure served where 
separate electrodes are used. 

Exception: At mobile homes as covered in 820.106. 

Informational Note No.1: See 250.60 for use of air 
terminals (lightning rods). 

Informational Note No.2: Bonding together of all 
separate electrodes limits potential differences between 
them and between their associated wiring systems. 

(E) Shield Protection Devices. Grounding of a coaxial 
drop cable shield by means of a protective device that 
does not interrupt the grounding system within the 
premises shall be permitted. 

820.103 Equipment Grounding. Unpowered equipment 
and enclosures or equipment powered by the coaxial cable 
shall be considered grounded where connected to the 
metallic cable shield. 
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820.106 Grounding and Bonding at Mobile Homes. 

(A) Grounding. Grounding shall comply with 
820.106(A)(1) and (A)(2). 

(1) Where there is no mobile home service equipment 
located within 9.0 m (30 ft) of the exterior wall of the 
mobile home it serves, the coaxial cable shield 
ground, or surge arrester ground, shall be connected 
to a grounding electrodt; conductor or grounding 
el ctrod in accordance with 820.100(B)(3). 

(2) Where there is no mobile home disconnecting means 
grounded in accordance with 250.32 and located 
within 9.0 m (30 ft) of the exterior wall of the mobile 
home it serves, the coaxial cable shield ground, or 
surge arrester ground, shall be connected to a 
grounding electrode III accordance with 
820.100(B)P)· 

(B) Bonding. The coaxial cable shield grounding 
terminal, surge arrester grounding terminal, or grounding 
electrode shall be connected to the metal frame or 
available grounding terminal of the mobile home with a 
copper conductor not smaller than 12 AWG under any of 
the following conditions: 

(1) Where there is no mobile home service equipment or 
disconnecting means as in 820.1 06(A) 

(2) Where the mobile home is supplied by cord and plug 

V. Installation Methods Within Buildings 

820.110 Raceways for Coaxial Cables. 

(A) Types of Raceways. Coaxial cables shall be 
permitted to b installed in any raceway that complies 
with hher (A I) or (A)(2)~ 

(I) Raceways Rfcogoized in Chapter 3. Coaxial cable 
shall be permitted to be installed in any raceway includ 
in Chapter 3. The raceways shall be installed in 
accordance with the requirements of Chapter 3. 

(2) Other Permitted Raceways. Coaxial cables shall be 
permitted to be installed in listed plenum communication 
raceway. listed ri er communications raceway, or Ii t 
general-purpose communications raceway selected in 
accordance with the provisions of g20.113, and installe , 
~ accordance with 362.24 through 362.56, where the 
requirements 81mlicable to electrical nonmetallic tubing 
~p. Iy,. 

(B) Raceway Fill for Coaxial Cables. The raceway fill 
~quiremcnts of Chapters 3 and 9 shall not apply to 
Coaxial cablesJ 

820.113 Installation of Coaxial Cables. Installation 0 

~axjaI cables shall comply with 82t>.113(A) through (K)'j 
In tallation of raceway shall comply with 820.110. 
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(AYIi;tIng~" Coax'iarcables installcd 'Tr~hllildinBs shall , ~~ 
Ii t dJ 
Exception: Coaxial cables that comply with 820.48 shall 
not be required to be listed. 

(8) Fabricated Duct Usedior"-EnViroDmeDtafAir~Th~ 
'-ollowing cable hall be pennitted in ducts a described 
~ n 300.22(8) if they ar directly a ' ociatcd with the air 
~istribution system: 

(1) Up to 1.22 m (4 ft) of Type CATVP cable 

(2) Types CA TVP. CA TVR. CATV» and CA TVX cahles 
installed in race' ays that arc instan~d in compliance 
with 300.22(8) 

Infonnational Note: For infonnalion on fire protection of 
wiring in lalk-d in fabrkah."'<I due ~ 4.3.4.1 and 
4.3.11.3.3 in FPA 90A-::W09. Stal1dard for Ih 
/n<.;:lalfalion of A ir-CondiNonill .. lmc.lye"lflqW!'~1 : /~nI5 ~ 

(C) Other Spaces Used For EO\'ironmental Air 
(plenums). The folJowin cables shaH be pemliucd in other 
paces used for environmental air as d scribt'<i in 300.22(C): 

(1) Type CATVP cable 

(2) ype CATVP cable in tailed in plenum 
communication raceway 

(3 ) Type CATV P cable supported · by openmeialJ ic cable 
trays or cable tray systems 

(4) Types CATVP. CATYR. CATV, and CATVX cables 
jnstalled in raceways that arc installed in compliance 
with 300.22((') 

(5) tfyps 'CATVP-~ ' CAfVR: 'cAt\< ' imd CATYX cables 
supported by solid bottom metal cable trays with solid 
metal covers in other spac 's used for en ironmental air 
(plenums) a de crib din 300.22(C) 

lnformational Note: For in lonna I ion on lir prot~ctio" 

of "iring in t 1Ic!d in oth r paces used for 
environmental air c 4.3.11,2 4.),11.4. and 4.3.11.5 of 

FPA 90A-2009. tandClrd for Iht.' Illstal/ation of Air-
Conditioning and V"IlIi/cui"g SYfi/f.'fILS. 

(D) Risers - Cables in Vertical Run. The following 
cables shall b permitled in vertical runs penetrating one 
or more fl ors and in vertical runs in a shaft: 

(1) rrypes CA TVP and CA TVR cables 

(2) Types CATVP and CATVR cables in ~alled in: 

a. Plenum communication raceway 

b. ftT'er cOlnnll'lnlcallollsrac\vay 
c. Ri cr cabl.: routing as cmbly 

Infonnationa1 Note: Sec R20.26 '- ---Co"i' "'·"flrt:sIQP 
requirem..:nts for floor penetration " 

(E) Ri ers - Cable in Metal Raceways. The following 
cables shall be pemliued in metal raceways in a ri r 
having tire lOp at each tloor: 
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(1) Typcs '('AfVp; '·EAT\lR~CATV: and"c "fVx cables 

(2) Types CATVji;CATVR~CAfV:andcATVj(cables 
installed in; 
a. Plenum communicat ions raceway 

b. Ris r communications raceway 

c. Ocneral-purpo e communications raceway 

Informational Note: Sec 820.26 for fire tOB 

reqlJi~<;~~~t ..... r<?r.Q()2r.PI!~~~ 1~",i911.~:: 
(F) Risers - Cables in Fireproof Shafts. The following 
cables shall be permitted to be installed in fireproof riser 
shafts with firestops at each 11001': 

(1) jrypes CATVPt CATVR. CATV. and CATVX cables 

(2) !Types CATVP. CATYR. and CATV cabl s installed in: 

a. Plenum communications raceway 
b. Risc'r'~orom~l-nTca'iions-raceway 

c. pcneiii=ptlrposecom"nlunfcatTo"ils"rnceway 
(t. Rlser"cable routing a scmbly 
e. Gcneral-purpo e cable routing assembly 
Informational Note: See 820.26 for firestop 
rcqwremenl ~"ibr 'f1oo';: "penetralion . 

(G) Riser - One- and Two-Family Dwellings. Th~ 
following cable hall be permitted in onc- and two
Jamily d elling: 
(1) Type CATVP, CATVR, and CATV cables 

(2) Type C TVX cable Ie than 10 mm (0.375 in.) in 
diameter 

(3) Types"'~AtvP~"ci\tVR~" andCATV cables "in tal1edm: 
a. 

b. Ri ~r communications raceway 

c. Gen~ral-p~rpo'c commllnjc~tioJ1s rac~\Vay 

d. !Riser cable rouling assembly 

e. pcneral-purpose cable routing H sembly 
Infonnational Note: 't!e 820.26 for fire top 
rcquir menb for floor p n tration:). 

(H) Cable Tra . The following cables shall be permitted 
to be supported by cable trays: 

(1) Types CATVP. CATVR. and CATV cables 
(2) Typs"CAT\fp~cAf\frtalldcAtv "cables'instaIlCdill~ 

a. Plcnum communications raceway 

b. Ris or communications rae way 

c. General-purpose communications raceway 

(I) Distributing Frame and Cro s-Connect Array. 
The following cabk shall b pl:rmitted to be install d in 
~.t~~ributing frame~ and cross-connect arrays~ 
(1) Types CATV P. CA TYR, and CATV cables 

(2) Types CA TVP, C A TYR, and CATV cables in taUed in: 

a. Plenum communications raceway 
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b. Riser communications raceway 

c. Gcneral~purp()se communications raceway 

d. Riser cable routing assembly 

e. General-purPose cabl routing assembly 

(J) ()tberBulldIng"LOeatlons. The following cables and 
~able routing assemblies shall be pcnnilted to be installed in 
puilding locations other than the location co cred in 
820.113tB) through (I): 
(1) Typcs·CATVP:-CATvR.alld CATV cables 

(2) A maximum of 3 m (10 ft) of exposed Type CATVX 
cable in nonconcealed spaces 

(3) Types CATVP. CATVR. and CATV cables installed in; 

a. Plenum communications raceway 
b. Riser communications racl;way 

c. General-purpose commwlications racewaYj 

d. Riser cable routing assembly 

e. gen~~~!:pl!lPQ~~.~~~~~}·211tirlg~s~Il!~ly 
(4) Types CATVP. CATVR. CATV. and Type CATVX 

cables installe4 . i,~~ __ ~.l!:'c(!'t\'l:lYQLa.type .... ~~~ lI~~ ... in 
Chapter 3 

(K) One- and Two-Family and Multifamily Dwellings. 
The following cables and cable routing assemblies hall be 
pemlincd to be installed in one- and [\Vo-family and 
multifamily dwellings in locations olh r tJlan those locations 
covered in 820.113(8) through (I): 

(1) Types CATVP, CATVR, and CATV cables 

(2) Type CATVX cable less than lO mm (0.375 in.) in 
diameter 

(3) Types CAIY~.~~!y~} _~.I)~L~,~IY _ ~~~t~~ " installed 
in: 

a. Plenum communications raceway 

b. Riser communications raceway 

c. G nersl-purpose communications raceway 

d. Riser cable rout ing assembly 

e. Oeneral~pllrpose cable routing assembly 

(4) Types CATVP. CATVR, CATV, and Type CATVX 
cables installed in a raceway of a type recognized in 
Chapter 3 

820.133 Installation of Coaxial Cables and Equipment. 

Beyond the point of grounding, as defined in 820.93, the 
coaxial cable installation shall comply with 820.l33(A) and 
(B). 

(A) Separation from Other Conductors. 

(1) In Raceways, Routing Assemblie Cable Trays, 
Boxes, and Enclosures. 

(a) Optical Fiber and Communications Cables. 
Coaxial cables shall be pennined in the same raceway, cable 
tray or cnclo ure. or cable routing assembly with jacketed 
cables of an}': of the following: 
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(1) onconductive and conductive optical fiber cabl s in 
compliance with Parts I and I V of Article 770 

(2) Communication(;i!(;lli~iI)CQIl1pHa_l)ce with Parts I and 
IV of Article 800 

(3) low-power network-powered broadba~ 

communication ~!!cuitsjl! ,?o!llQliance with Parts I and 
.I V ~CAl'ti(!I ~ ~JQ 
[~) Other Circuits. Coaxial cables shall be pennitted in 

the same raceway, cable tray, or enclosure with jacketed 
cables of any of the following: 

(1) Class 2 and Class 3 remote-control, signaling, and 
power-limited circuits in compliance with Parts I and III 
of Article 725 

(2) Power~limited fIre alann systems in compliance with 
arts I and II of Article 760 

lc) Electric Light, Power, Class 1, Non-Power-Limited 
Fire Alarm, and Medium-Power Network-Powered 
Broadband Communications Circuits. Coaxial cable shall 
not be placed in any raceway, compartment, outlet box, 
junction box, or other enclosures with conductors of electric 
light, power, Class 1, non-power-limited fire alarm, or 
medium-power network-powered broadband 
communications circuits. 

Exception No.1: Where all of the conductors of electric 
light, power, Class 1, non-power-limited .fire alarm, and 
medium-power netwprk-powered broadband 
communications circuits are separated from all of the 
coaxial cables by a permanent barrier or listed divider. 

Exception No.2: Power circuit conductors in outlet boxes, 
junction boxes, or similar fittings or compartments where 
such conductors are introduced solely for power supply to 
the coaxial cable system distribution equipment. The power 
circuit conductors shall be routed within the enclosure to 
maintain a minimum 6-mm (O.25-in.) separation from 
coaxial cables. 

(2) Other Applications. Coaxial cable shall be separated at 
least 50 mm (2 in.) from conductors of any electric light, 
power, Class 1, non-power-limited fire alann, or medium
power network-powered broadband communications circuits. 

Exception No.1: Where either (1) all of the conductors of 
electric light, power, Class 1, non-power-limited fire alarm, 
and medium-power network-powered broadband 
communications circuits are in a raceway, or in metal
sheathed, metal-clad, nonmetallic-sheathed, Type AC or 
Type UF cables, or (2) all of the coaxial cables are encased 
in raceway. 

Exception No.2: Where the coaxial cables are permanently 
separated from the conductors of electric light, power, Class 
1, non-power-limitedfire alarm, and medium-power network
powered broadband communications circuits by a continuous 
and firmly fixed nonconductor~ such as porcelain tubes or 
flexible tubing, in addition to the insulation on the wire. 
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(B) Support of Coaxial Cables. Raceways shall be used 
for their intended purpose. Coaxial cables shall not be 
strapped, taped, or attached by any means to the exterior 
of any conduit or raceway as a means of support. 

Exception: Overhead (aerial) spans of coaxial cables 
shall be permitted to be attached to the exterior of a 
raceway-type mast intended for the attachment and 
support of such cables. 

820.154 Applications of Listed CATV _ Cable . 
ennitted and nonpermitted applications of listed coaxial 
ble shall be as indicated in Table 820. I 54(a). The 

ermiued applications shall be ubject to the installation 
equiremcnts of 820.113. The ub titutions for coaxial 
abies in Table 820.154(b) and iIIustrat d in Figure. 

820.154 shall be permitted. 

Informational Note: The substitute cables in Table 
820.154 band igure 820.154 are only coaxial-type 
cables. 

Table 820.154(b) Coaxial Cable Uses and Permitted 
Substitutions 

Cable Type 
CATVP 
CATVR 
CATV 

CATVX 

Plenum 

Riser 

General 
purpose 

Permitted Substitutions 
CMP,BLP 
CA TVP, CMP, CMR, BMR, BLP, BLR 
CATVP, CMP, CATVR, CMR, CMG, CM, 
BMR, BM, BLP, BLR, BL 
CATVP, CMP, CATVR, CMR, CATV, CMG, 
CM, BMR, BM, BLP, BLR, BL, BLX 

CMP BLP 

Dwellings I ..... __ C_M_X_ ....... 
BMR. BM 

BLP, BLR,BL,BLX 

~ Coaxial cable A shall be permitted to be used in 
place of coaxial cable B. 

Type BL - Network-powered broadband communications low
power cable 

Type BM- Network-powered broadband communications medium
power cable 

Type CATV - Community antenna television cables 

Type CM - Communications cables 

i re 820.154 Cable Substitution Hierarchy. 
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VI. Listing Requirements 

820.179 Coaxial Cables. Cables shall be listed in 
accordance with 820.179(A) through (D) and marked in 
accordance with Table 820.179. The cable voltage rating 
shall not be marked on the cable. 

Informational Note: Voltage markings on cables could 
be misinterpreted to suggest that the cables may be 
suitable for Class 1, electric light, and power 
applications. 

Exception: Voltage markings shall be permitted where 
the cable has multiple listings and voltage marking is 
required for one or more of the listings. 

Table 820. 154(b) 
Substitutions 

Cable Type 

CATVP 

CATVR 

CATV 

CATVX 

Coaxial Cable Uses and Permitted 

Permitted Substitutions 

CA TV plenum cable 

CA TV riser cable 

CATV cable 

CATV cable, limited use 

Informational Note: Cable types are listed In 

descending order of fire resistance rating. 

(A) Type CATVP. Type CATVP community antenna 
television plenum coaxial cables shall be listed as being 
suitable for use in ducts, plenums, and other spaces used 
for environmental air and shall also be listed as having 
adequate fire-resistant and low smoke-producing 
characteristics. 

Informational Note: One method of defining a cable that 
is low smoke-producing cable and fire-resistant cable is 
that the cable exhibits a maximum peak optical density 
of 0.5 or less, an average optical density of 0.15 or less, 
and a maximum flame spread distance of 1.52 m (5 ft) 
or less when tested in accordance with NFPA 262-2007, 
Standard Method of Test for Flame Travel and Smoke of 
Wires and Cables for Use in Air-Handling Spaces. 

(B) Type CA TVR. Type CATVR community antenna 
television riser coaxial cables shall be listed as being 
suitable for use in a vertical run in a shaft or from floor to 
floor and shall also be listed as having fire-resistant 
characteristics capable of preventing the carrying of fire 
from floor to floor. 

Informational Note: One method of defining fire
resistant characteristics capable of preventing the 
carrying of fire from floor to floor is that the cables pass 
the requirements of ANSI/UL 1666-2002, Standard Test 
for Flame Propagation Height of Electrical and 
Optical-Fiber Cable Installed Vertically in Shafts. 

70-693 



820.179 ARTICLE 820 - COMMUNITY ANTENNA TELEVISION AND RADIO DISTRIBUTION SYSTEMS 

Table 820.1S4(a) Applications of Listed Coaxial Cables in Buildings 

Applications Cable Type 

CATVP CATVR CATV CATVX 

In fabricated In fabricated ducts as described in 300.22(B) y* N N N 
ducts as In metal raceway that complies with 300.22(B) y* y* y* y* 
described in 
300.22(B) 

In other spaces In other spaces used for environmental air as y* N N N 
used for described in 300.22(C) 
environmental air 

I In metal raceway that complies with 300.22(C) y* y* y* y* 
as described in 
300.22(C) In plenum communications raceways y* N N N 

Supported by open metal cable trays y* N N N 

Supported by solid bottom metal cable trays y* y* y* y* 
with solid metal covers 

In risers In vertical runs y* y* N N 

In metal raceways y* y* y* y* 

In fireproof shafts y* y* y* y* 

In plenum communications raceways y* y* N N 

In riser communications raceways y* y* N N 

In riser cable routing assemblies y* y* N N 

In one- and two- family dwellings y* y* y* y* 

Within buildings General y* y* y* y* 
in other than air- In one- and two-family dwellings y* y* y* y* 
handling spaces 
and risers In multifamily dwellings y* y* y* y* 

In nonconcealed spaces y* y* y* y* 

pported by cable trays y* y* y* N 

In distributing frames and cross-connect arrays y* y* y* N 

In any raceway recognized in Chapter 3 y* y* y* N 

In plenum communications raceways y* y* y* N 

In riser communications raceways y* y* y* N 

In general-purpose communications raceways y* y* y* N 

In riser cable routing assemblies y* y* y* N 

In general-purpose cable routing assemblies y* y* y* N 

Note: An "N" in the table indicates that the cable type is not permitted to be installed in the application. A "y*" indicates that 
the cable is permitted to be installed in the application, subject to the limitations described in 820.113. 

Informational Note 1: Part V of Article 820 covers installation methods within buildings. This table covers the applications of 
listed coaxial cables in buildings. The definition of point of entrance is in 820.2. Coaxial entrance cables that have not emerged 
from the rigid metal conduit or intermediate metal conduit are not considered to be in the building. 

Informational Note No.2: For information on the restrictions to the installation of communications cables in fabricated ducts see 
820.113(B). 
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ARTICLE 830 - NETWORK-POWERED BROADBAND COMMUNICATIONS SYSTEMS 830.3 

(C) Type CA TV. Type CATV community antenna 
television coaxial cables shall be listed as being suitable for 
general-purpose CATV use, with the exception of risers and 
plenums, and shall also be listed as being resistant to the 
spread of fire. 

Informational Note: One method of defining resistant to the 
spread of fire is that the cables do not spread fire to the top 
ofthe tray in the "UL Flame Exposure, Vertical Tray Flame 
Test" in UL 1685-2000, Standardfor Safety for Vertical
Tray Fire-Propagation and Smoke-Release Test for 
Electrical and Optical-Fiber Cables. The smoke 
measurements in the test method are not applicable. 

Another method of defining resistant to the spread ~f fire is 
for the damage (char length) not to exceed 1.5 m (4 ft 11 
in.) when performing the CSA "Vertical Flame Test -
Cables in Cable Trays," as described in CSA C22.2 No. 
0.3-M-2001, Test Methodsfor Electrical Wires and Cables. 

(D) Type CATVX. Type CA TVX limited-use community 
antenna television coaxial cables shall be listed as being 
suitable for use in dwellings and for use in raceway and shall 
also be listed as being resistant to flame spread. 

Informational Note: One method of determining that cable 
is resistant to flame spread is by testing the cable to the 
VW-l (vertical-wire) flame test in ANSIIUL 1581-2001, 
Reference Standard for Electrical Wires, Cables and 
Flexible Cords. 

ARTICLE 830 
Network-Powered Broadband 

COlnmunications Systems 

Informational Note: The g n~ tenn g1'Oumiing conductor 
as prevloUSlyusetfin tbis anicle is replaced by ither the 
lenn bonding ,·ollduc(v,. or th tenn groundi;, dec/rode 
condllctor (GEe), where applicabl . 10 more accurately 
reflect the applicatkm and limction ofthc: conductor. 

I. General 

830.1 Scope. This article covers network-powered 
broadband communications systems that provide any 
combination of voice, audio, video, data, and interactive 
services through a network interface unit. 

Informational Note No.1: A typical basic system 
configuration includes a cable supplying power and 
broadband signal to a network interface unit that converts 
the broadband signal to the component signals. Typical 
cables are coaxial cable with both broadband signal and 
power on the center conductor, composite metallic cable 
with a coaxial member for the broadband signal and a 
twisted pair for power, and composite optical fiber cable 
with a pair of conductors for power. Larger systems may 
also include network components such as amplifiers that 
require network power. 
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Informational Note No.2: See 90.2(B)(4) for installations 
of broadband communications systems that are not covered. 

830.2 Definitions. See Article 100. For purposes 
of this article, the following additional 
definitions apply. 

Abandoned Network-Powered Broadband Communica
tions Cable. Installed network-powered broadband com
munications cable that is not tenninated at equipment other 
than a connector and not identified for future use with a tag. 

Informational Note: See Article 100 for a definition of 
Equipment. 

Block. A square or portion of a city, town, or village 
enclosed by streets, including the alleys so enclosed but not 
any street. 

Exposed (to Accidental Contact). A circuit in such a 
position that, in case of failure of supports or insulation, 
contact with another circuit may result. 

Informational Note: See Article 100 for two other 
definitions of Exposed. 

Fault Protection Device. An electronic device that is 
intended for the protection of personnel and functions under 
fault conditions, such as network-powered broadband 
communications cable short or open circuit, to limit the 
current or voltage, or both, for a low-power network
powered broadband communications circuit and provide 
acceptable protection from electric shock. 

Network Interface Unit (NIU). A device that converts a 
broadband signal into component voice, audio, video, data, 
and interactive services signals. The NIU provides isolation 
between the network power and the premises signal circuits. 
The NIU may also contain primary and secondary protectors. 

Network-Powered Broadband Communications Circuit. 
The circuit extending from the communications utility's 
serving tenninal or tap up to and including the NIU. 

Informational Note: A typical single-family network
powered communications circuit consists of a 
communications drop or communications service cable and 
an NIU and includes the communications utility's serving 
terminal or tap where it is not under the exclusive control of 
the communications utility. 

Point of Entrance. The point within a building at which the 
cable emerges from an external wall, from a concrete floor 
slab, or from a rigid metal conduit (Type RMC) or an 
intermediate metal conduit (Type IMC) connected by a 
~~~~~g~t?~~f.lc.l()r or grounding lectrode conductor in 
accordance with 830.1 OO(B). 

830.3 Other Articles. Circuits and equipment shall comply 
with 830.3(A) through (F). 
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830.15 ARTICLE 830 - NETWORK-POWERED BROADBAND COMMUNICATIONS SYSTEMS 

(A) Hazardous (Classified) Locations. Network-powered 
broadband communications circuits and equipment installed 
in a location that is classified in accordance with 500.5 and 
505.5: shall comply with the applicable requirements of 
Chapter 5. 

(8) Equipment in Other Space Used for Environmental 
Air. Section 300.22(C) shall apply. 

(C) Output Circuits. As appropriate for the services 
provided, the output circuits derived from the network 
interface unit shall comply with the requirements of the 
following: 

(I) Installations of communications circuits - Article 800 

(2) Installations of community antenna television and radio 
distribution circuits - Article 820 

Exception: 830.90(B)(3) shall apply where protection is 
provided in the output of the NIU 

(3) Installations of optical fiber cables - Article 770 

(4) Installations of Class 2 and Class 3 circuits - Article 
725 

(5) Installations of power-limited fire alarm circuits 
Article 760 

(D) Installation and Use. The requirements 0 

110.3(8 shall apply. 

(E) Protection Against Physical Damage. The 
reguir m nt of 300.4 shall apyly. 

(F) Cable Routing As emblies. The definition i~ 

r770.2, th applications in 770.154, and the installation 
rul s in 770.113 shall apply to Article 830. 

830.15 Power Limitations. Network-powered broadband 
communications systems shall be classified as having low
or medium-power sources as specified in 830.15(1) or (2). 

(1) Sources shall be classified as defined in Table 830.15. 

(2) Direct-current power sources exceeding 150 volts to 
ground, but no more than 200 volts to ground, with the 
current to ground limited to lOrnA dc, that meet the 
current and power limitation for medium-power sources 
in Table 830.15 shall be classified as medium-power 
sources. 

Informational Note: One way to determine compliance 
with 830.15(2) is listed information technology 
equipment intended to supply power via a 
commwlication network that complies with the 
requirements for RFT-V circuits as defined in UL 60950-
21-2003, Standardfor Safety for Information Technology 
Equipment - Safety - Part 21: Remote Power Feeding. 

830.21 Access to Electrical Equipment Behind Panels 
Designed to Allow Access. Access to electrical equipment 
shall not be denied by an accumulation of network-powered 
broadband communications cables that prevents removal of 
panels, including suspended ceiling panels. 
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Table 830.15 Limitations for Network-Powered Broadband 
Communications Systems 

Network Power Source Low Medium 
1 0-100 0-150 Circuit voltage, ~nax (volts) 

Power limitation, VA ma,(volt- 250 250 
1 

amperes) 
1 100O/v 1000/ V Current limitation, Ima, (amperes) ma.'\ max 

Maximum power rating (volt- 100 100 
amperes) 

Maximum voltage rating (volts) 100 150 
Maximum overcurrent protection 100IV NA 

2 max 

(amperes) 
1 Vma" Imax , and VAmax are determined with the current-limiting 
impedance in the circuit (not bypassed) as follows: 

Vrnax-Maximum system voltage regardless of load with rated input 
applied. 

Imax-Maximum system current under any noncapacitive load, including 
short circuit, and with overcurrent protection bypassed if used. Imax limits 
apply after I minute of operation. 

VAmax-Maximum volt-ampere output after J minute of operation 
regardless of load and overcurrent protection bypassed if used. 

20vercurrent protection is not required where the current-limiting 
device provides equivalent current limitation and the current-limiting 
device does not reset until power or the load is removed. 

830.24 Mechanical Execution of Work. Network-powered 
broadband communications circuits and equipment shall be 
installed in a neat and workmanlike manner. Cables 
installed exposed on the surface of ceilings and sidewalls 
shall be supported by the building structure in such a 
manner that the cable will not be damaged by nonnal 
building use. Such cables shall be secured by hardware 
including straps, staples, cable ties, hangers, or similar 
fittings designed and installed so as not to damage the cable. 
The installation shall also confonn to 300.4(D) and 300.11. 

Informational Note No.1: Accepted industry practices are 
described in ANSIINECAIBICSI 568-2006, Standard for 
Installing Commercial Building Telecommunications 
Cabling; ANSI/TIAIEIA-568-B.1-2004 - Part 1 General 
Requirements Commercial Building Telecommunications 
Cabling Standard; ANSI/TIA-569-B-2004, Commercial 
Building Standard jor Telecommunications Pathways and 
Spaces; ANSIITIA-570-B-2009, Residential 
Telecommunications Infrastructure; and other ANSI· 
approved installation standards. 

Informational Note No.2: See FPA 90A-2009, 
Sia~;dard lor Installatioll of Air-Conditioning and 
Yentilating ~ ttlm.~. for discrete combu tible components 
installed in accordance with 300.22(8) and (C)~ 

830.25 Abandoned Cables. The accessible portion of 
abandoned network-powered broadband cables shall be 
removed. Where cables are identified for future use with a 
tag, the tag shall be of sufficient durability to withstand 
the environment involved. 
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ARTICLE 830 - NETWORK-POWERED BROADBAND COMMUNICATIONS SYSTEMS 830.44 

830.26 Spread of Fire or Products of Combustion. 
Installations of network-powered broadband cables in 
hollow spaces, vertical shafts, and ventilation or air
handling ducts shall be made so that the possible spread 
of fire or products of combustion will not be substantially 
increased. Openings around penetrations of network
powered broadband cables through fire-resistant-rated 
walls, partitions, floors, or ceilings shall be firestopped 
using approved methods to maintain the fire resistance 
rating. 

Informational Note: Directories of electrical 
construction materials published by qualified testing 
laboratories contain many listing installation restrictions 
necessary to maintain the tire-resistive rating of 
assemblies where penetrations or openings are made. 
Building codes also contain restrictions on membrane 
penetrations on opposite sides of a fire resistance-rated 
wall assembly. An example is the 600-mm (24-in.) 
minimum horizontal separation that usually applies 
between boxes installed on opposite sides of the wall. 
Assistance in complying with 830.26 can be found in 
building codes, tire resistance directories, and product 
listings. 

II. Cables Outside and Entering Buildings 

830.40 Entrance Cables. Network-powered broadband 
communications cables located outside and entering 
buildings shall comply with 830.40(A) and (B). 

(A) Medium-Power Circuits. Medium-power network
powered broadband communications circuits located 
outside and entering buildings shall be installed using 
Type HMU, Type BM, or Type BMR network-powered 
broadband communications medium-power cables. 

(B) Low-Power Circuits. Low-power network-powered 
broadband communications circuits located outside and 
entering buildings shall be installed using Type BLU or 
Type BLX low-power network-powered broadband 
communications cables. Cables shown m Table 
830.l54(b) shall be permitted to substitute. 

Exception: Outdoor community antenna television and 
radio distribution system coaxial cables installed prior to 
January 1, 2000, and installed in accordance with Article 
820, shall be permitted for low-power-type, network
pOl-,vered broadband communications circuits. 

830.44 O;:erhead (Aerial) Cables. Overhead (aerial) 
network-powered broadband communications cables shall 
comply with 830.44(A) through (G). 

Informational Note: For additional infonnation 
regarding overhead (aerial) wires and cables, see ANSI 
C2-2007, National Electric Safe~y Code, Part 2, Safety 
Rules for Overhead Lines. 

(A) On Poles and In-..fiipan. Wher network-powered 
hroadhand communications cables and electric light or 
power conductors are supported by til amc pole or are 
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run parallel to each other · ifl-spall, .. the ··· coodilion 
de cribed in 830.44 A (I) through (A 4) sh II be m 1. 

(ij · · · Rejati~,eLOcation. whcrepracticable~thcJlet;()rk~ 
po ered broadband communications cable shall be 

~<?~.~t~~ .... ~(!. I<:)~ .. t .~~ .......... I~'?t~i£ .. lig}lt. t:>!. Pc?~~.~~t:>~4~.I£~<?~~ 

(2) Attacbment to eros -Arm . Network-powered 
broadband communications cables shall not be attached to 

~ .~.r9~~:~rl!I . ~~~!~al!i{!~sle1:tricJigh~().!~p()~yrC:()J1~¥C?t() .. ' 

(3jClimbingSpaee . ... thcclimbln space throug 
network-powert!d broadband communication' wire an~ 
cables shall comply \\ ith the requircm nts of225.14(D). 

(4) Clearance. Lead-in or overhead (a~rial)-drop 

net\ ork-po~ered broadband communications cabl s frO"l 
8 pole or other SUpp0l1, including th point 01 init ial 
ttacbment to a building or structure shall be kept 8wa~ 

from electric light, power. C1. J. or nOll-power-limite 
fire alarm circuit conductors so as to avoid the possibilit 
of accidental contact. 

Exception: Where proximity to electric light, power, 
Class 1, or non-power-limited fire alarm circuit 
conductors cannot be avoided. the installation shall 
provide clearances of not less than 300 mm (12 in.) from 
~Tecfria light, power, Class 1, or non-power-limited fire 
alarm circuit c()nciuc/ors.) The clearance requirement 
shall apply to all points along the drop, and it shall 
increase to 1.02 m (40 in.) at the pole. 

(8) Above Roofs. Network-powered broadband 
communications cables shall have a vertical clearance of 
not less than 2.5 m (8 ft) from all points of roofs above 
which they pass. 

Exception No.1: Auxilimy buildings such as garages and 
the like. 

Exception No.2: A reduction in clearance above only the 
overhanging portion of the roof to not less than 450 mm 
(18 in.) shall be permitted ~l (I) not more than 1.2 m (4ft) 
of the broadband communications drop cables pass above 
the roof overhang, and (2) they are terminated at a 
through-the-roof raceway or support. 

Exception No.3: Where the roof has a slope of not less 
than 100 mm in 300 mm (4 in. in 12 in.), a reduction in 
clearance to not less than 900 mm (3 ft) shall be 
permitted. 

(C) Clearance from Ground. Overhead (aerial) spans of 
network-powered broadband communications cables shall 
conform to not less than the following: 

(1) 2.9 m (9.5 ft) - above finished grade, sidewalks, or 
from any platform or projection from which they 
might be reached and accessible to pedestrians only 

(2) 3.5 m (11.5 ft) ~ over residential property and 
driveways, and those commercial areas not subject to 
truck traffic 
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ARTICLE 830 NETWORK-POWERED BROADBAND COMMUNICATIONS SYSTEMS 

(3) 4.7 m (15.5 ft) - over public streets, alleys, roads, 
parking areas subject to truck traffic, driveways on 
other than residential property, and other land 
traversed by vehicles such as cultivated, grazing, 
forest, and orchard 

Informational Note: These clearances have been 
specifically chosen to correlate with ANSI C2-2007, 
National Electrical Safety Code, Table 232-1, which 
provides for clearances of wires, conductors, and cables 
above ground and roadways, rather than using the 
clearances referenced in 225.] 8. Because Article 800 and 
Article 820 have had no required clearances, the 
communications industry has used the clearances from the 
NESC for their installed cable plant. 

Over Pools. Clearance of network-powered broadband 
communications cable in any direction from the water level, 

of pool, base of diving platform, or anchored raft shall 
with those clearances in 680.8. 

Final Spans. Final spans of network-powered broadband 
communications cables without an outer jacket shall be 
permitted to be attached to the building, but they shall be 
kept not less than 900 mm (3 ft) from windows that are 
designed to be opened, doors, porches, balconies, ladders, 
stairs, fire escapes, or similar locations. 

Exception: Conductors run above the top level of a window 
shall be permitted to be less than the 900-mm (3-fi) 
requirement above. 

Overhead network-powered broadband 
communications cables shall not be installed beneath 
openings through which materials might be moved, such as 
openings in farm and commercial buildings, and shall not be 
installed where they obstruct entrance to these building 
openings. 

Between Buildings. Network-powered broadband 
communications cables extending between buildings 
slnlcblres. and also the or attachment fixtures, shall 
be identified and 
shall have sufficient strength to withstand the loads to which 
they may be subjected. 

Exception: Where a network-powered broadband 
communications cable does not have sufficient strength to be 
se/fsupporting, it shall be attached to a supporting 
messenger cable that, together with the attachment fIXtures 
or supports, shall be acceptable for the purpose and shall 
have sufficient strength to withstand the loads to which they 
may be subjected. 

On Buildings. Where attached to buildings, network
powered broadband communications cables shall be securely 
fastened in such a manner that they are separated from other 
conductors in accordance with 830.44(1)(1) through (1)(4). 

(1) Electric Light or Power. The network-powered 
broadband communications cable shall have a separation of 
at least 100 mm (4 in.) from electric light, power, Class 1, or 
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non-power-limited fire alarm circuit conductors not in 
raceway or cable, or be permanently separated from 
conductors of the other system by a continuous and firmly 
fixed nonconductor in addition to the insulation on the wires. 

(2) Other Communications Systems. Network-powered 
broadband communications cables shall be installed so that 
there will be no unnecessary interference in the maintenance 
of the separate systems. In no case shall the conductors, 
cables, messenger strand, or equipment of one system cause 
abrasion to the conductors, cables, messenger strand, or 
equipment of any other system. 

(3) Lightning Conductors. Where practicable, a separation 
of at least 1.8 m (6 ft) shall be maintained between any 
network-powered broadband communications cable and 
lightning conductors. 

(4) Protection from Damage. Network-powered broadband 
communications cables attached to buildings 
and located within 2.5 m (8 ft) of finished grade shall be 
protected by enclosures, raceways, or other approved means. 

Exception: A low-power network-powered broadband 
communications circuit that is equipped with a listed fault 
protection device, appropriate to the network-powered 
broadband communications cable used, and located on the 
network side of the network-powered broadband 
communications cable being protected. 

830.47 Underground 
Entering Buildings. 

Underground network-powered broadband 
communications cables entering buildings shall comply with 
830.47(A) through (D). 

(A) Underground Systems with Electric Light and Power 
Conductors. Underground network-powered broadband 
communications cables in a duct, pedestal, handhole 
enclosure, or manhole that contains electric light, power 
conductors, non-power-limited fire alarm circuit conductors, 
or Class 1 circuits shall be in a section permanently separated 
from such conductors by means of a suitable barrier. 

(B) Direct-Buried Cables and Raceways. Direct-buried 
network-powered broadband communications cables shall be 
separated by at least 300 mm (12 in.) from conductors of any 
light, power, non-power-limited fire alarm circuit conductors 
or Class 1 circuit. 

Exception No.1.' Where electric service conductors or 
network-powered broadband communications cables are 
installed in raceways or have metal cable amwr. 

Exception No.2: Where electric light or power branch
circuit or feeder conductors, non-power-limited fire almw 
circuit conductors, or Class 1 circuit conductors are 
installed in a raceway or in metal-sheathed, metal-clad, or 
Type UF or Type USE cables,' or the network-powered 
broadband communications cables have metal cable armor 
or are installed in a raceway. 
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ARTICLE 830 NETWORK-POWERED BROADBAND COMMUNICATIONS SYSTEMS 830.90 

(C) Mechanical Protection. Direct-buried cable, 
conduit, or other raceways shall be installed to meet the 
minimum cover requirements of Table 830.47. In 
addition, direct-buried cables emerging from the ground 
shall be protected by enclosures, raceways, or other 
approved means extending from the minimum cover 
distance required by Table 830.47 below grade to a point 
at least 2.5 m (8 ft) above finished grade. In no case shall 
the protection be required to exceed 450 mm (18 in.) 
below finished grade. Type BMU and BLU direct-buried 
cables emerging from the ground shall be installed in 
rigid metal conduit, intermediate metal conduit, rigid 
nonmetallic conduit, or other approved means extending 
from the minimum cover distance required by Table 
830.47 below grade to the point of entrance. 

Exception: A low-power network-powered broadband 
communications circuit that is equipped with a listed fault 
protection device, appropriate to the network-powered 
broadband communications cable used, and located on 
the network side of the network-powered broadband 
communications cable being protected. 

(D) Pools. Cables located under the pool or within the area 
extending 1.5 m (5 ft) horizontally from the inside wall of 
the pool shall meet those clearances and requirements 
specified in 680.10. 

III. Protection 

830.90 Primary Electrical Protection. 

(A) Application. Primary electrical protection shall be 
provided on all network-powered broadband 
communications conductors that are neither grounded nor 
interrupted and are run partly or entirely in aerial cable not 
confined within a block. Also, primary electrical protection 
shall be provided on all aerial or underground network
powered broadband communications conductors that are 
neither grounded nor interrupted and are located within the 
block containing the building served so as to be exposed to 
lightning or accidental contact with electric light or power 
conductors operating at over 300 volts to ground. 

Exception: Where electrical protection is provided on the 
derived circuit(s) (output side of the NIU) in accordance with 
830. 90(B) (3). 

Table 830.47 Network-Powered Broadband Communications Systems Minimum Cover Requirements (Cover is the shortest 
distance measured between a point on the top surface of any direct-buried cable, conduit, or other raceway and the top surface of 
finished grade, concrete, or similar cover.) 

Location of 

Wiring Method 

or Circuit 

AI110cations not specified below 

In trench below 50-mm (2-in.) thick concrete 
or equivalent 

Under a building (in raceway only) 

Under minimum of 100-mm (4-in.) thick 
concrete exterior slab with no vehicular 
traffic and the slab extending not less than 
150 mm (6 in.) beyond the underground 
installation 

One- and two-family dwelling driveways and 
outdoor parking areas and used only for 

Notes: 

Direct Burial Cables 

mm in. 

450 18 

300 12 

0 0 

300 12 

300 12 

Nonmetallic Raceways Listed 

Rigid Metal Conduit or for Direct Burial; Without 

Intermediate Metal Concrete Encasement or Other 

Conduit Approved Raceways 

mm in. mm in. 

150 6 300 12 

150 6 150 6 

0 0 0 0 

100 4 100 4 

300 12 300 12 

1. Raceways approved for burial only where concrete encased shall require a concrete envelope not less than 50 mm (2 in.) thick. 

2. Lesser depths shall be permitted where cables rise for terminations or splices or where access is otherwise required. 

3. Where solid rock is encountered, all wiring shall be installed in metal or nonmetallic raceway permitted for direct burial. The raceways shall be covered 
by a minimum of 50 mm (2 in.) of concrete extending down to rock. 

4. Low-power network-powered broadband communications circuits using directly buried community antenna television and radio distribution system 
coaxial cables that were installed outside and entering buildings prior to January 1, 2000, in accordance with Article 820 shall be pennitted where buried 
to a minimum depth of300 mm (12 in.). 
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ARTICLE 830 NETWORK-POWERED BROADBAND CONIMUNICATIONS SYSTEMS 

Informational Note No.1: On network-powered broadband 
communications conductors not exposed to lightning or 
accidental contact with power conductors, providing primary 
electrical protection in accordance with this article helps 
protect against other hazards, such as ground potential rist~ 

caused by power fault currents, and above-normal voltages 
induced by fault currents on power circuits in proximity to the 
network-powered broadband communications conductors. 

Informational Note No.2: Network-powered broadband 
communications circuits are considered to have a lightning 
exposure unless one or more of the following conditions exist: 

(1) Circuits in large metropolitan areas where buildings are 
close together and sufficiently high to intercept lightning. 

(2) Areas having an average of five or fewer thunderstorm 
days year and earth resistivity of less than 100 ohm-
meters. Such areas are found along the Pacific coast. 

(1) Fuseless Primary Protectors. Fuseless-type primary 
protectors shall be permitted where power fault currents on all 
protected conductors in the cable are safely limited to a value no 
greater than the current-carrying capacity of the primary 
protector and of the primary protector grounding conductor. 

(2) Fused Primary Protectors. Where the requirements listed 
in 830.90(A)(1) are not met, fused-type primary protectors shall 
be used. Fused-type primary protectors shall consist of an 
arrester connected between each conductor to be protected and 
ground, a fuse in series with each conductor to be protected, and 
an appropriate mounting arrangement. Fused primary protector 
terminals shall be marked to indicate line, instrument, and 
ground, as applicable. 

(B) Location. The location of the primary protector, where 
required, shall comply with (B)(1), (B)(2), or (B)(3): 

(1) A listed primary protector shall be applied on each 
network-powered broadband communications cable 
external to and on the network side of the network interface 
unit. 

(2) The primary protector function shall be an integral part of 
and contained in the network interface unit. The network 
interface unit shall be listed as being suitable for 
application with network-powered broadband 
communications systems and shall have an external 
marking indicating that it contains primary electrical 
protection. 

(3) The primary protector(s) shall be provided on the derived 
circuit( s ) (output side of the NIU), and the combination of 
the NIU and the protector( s) shall be listed as being suitable 
for application with network-powered broadband 
communications systems. 

A primary protector, whether provided integrally or 
external to the network interface unit, shall be located as close 
as practicable to the point of entrance. 

For purposes of this section, a network interface unit and 
any externally provided primary protectors located at mobile 
home service equipment located in sight from and not more 
than 9.0 m (30 ft) from the exterior wall of the mobile home it 
serves, or at a mobile home disconnecting means grounded in 

70-700 

accordance with 250.32 and located in sight from and not 
more than 9.0 m (30 ft) from the exterior wall of the 
mobile home it serves, shall be considered to meet the 
requirements of this section. 

Informational Note: Selecting a network interface unit 
and primary protector location to achieve the shortest 
practicable protector 
grounding conductor helps limit potential 
differences between communications circuits and other 
metallic systems. 

(C) Hazardous (Classified) Locations. The primary 
protector or equipment providing the primary protection 
function shall not be located in any hazardous (classified) 
location as defined in 500.5 and 505.5 or in the vicinity of 
easily ignitible material. 

Exception: As permitted in 501.150, 502.150, and 
503.150. 

830.93 Grounding or Interruption of Metallic 
Members of Network-Powered Broadband 
Communications Cables. Network-powered 
communications cables entering buildings or attaching to 
buildings shall comply with 830.93(A) or (B). 

For purposes of this section, grounding located at 
mobile home service equipment located within 9.0 m (30 
ft) ofthe exterior wall of the mobile home it serves, or at a 
mobile home disconnecting means grounded in 
accordance with 250.32 and located within 9.0 m (30 ft) 
of the exterior wall of the mobile home it serves, shall be 
considered to meet the requirements ofthis section. 

Informational Note: Selecting a grounding location to 
achieve the practicable 
grounding conductor helps potential 
differences between the network-powered broadband 
communications circuits and other metallic systems. 

(A) Entering Buildings. In installations where the 
network-powered communications cable enters the 
building, the shield shall be grounded in accordance with 
830.100 and metallic members of the cable not used for 
communications or powering shall be grounded in 
accordance with 830.100, or interrupted by an insulating 
joint or equivalent device. The grounding or interruption 
shall be as close as practicable to the point of entrance. 

(B) Terminating Outside of the Building. In 
installations where the network-powered communications 
cable is terminated outside ofthe building, the shield shall 
be grounded in accordance with 830.100, and metallic 
members of the cable not used for communications or 
powering shall be grounded in accordance with 830.100 
or interrupted by an insulating joint or equivalent device. 
The grounding or interruption shall be as close as 
practicable to the point of attachment ofthe NIU. 

Informational Note: See 830.2 for the definition 
of Point of Entrance. 
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IV. Grounding Methods 

830.100 Cable, Network Interface Unit, and Primary 
Protector Bondin aDd Grounding. 

Network interface units containing protectors, NIUs with 
metallic enclosures, primary protectors, and the metallic 
members of the network-powered broadband communications 
cable that are intended to be bonded or grounded shall be 
connectec{ as specified in 830.1 OO(A) through (D). 

(A) Bonding Conductor or Grounding Electrode 
Conducto.r., 

(1) Insulation. The bonding conductor or grounding I clTode 
conductor shall be ~isted and shall be permitted to be insulated, 
blVCre{[orbare: -
(2) Material. The bonding conc:lllctor or grounding ~lectrode 
conductor shall be copper or other corrosion-resistant 
conductive material, stranded or solid. 

(3) Size. The bonding conductor or grounding ~~~(;tr,->de 
conductor shal1 not be smaller than 14 A WG and shall have a 
current-carrying capacity not less than that of the grounded 
metallic member( s) and protected conductor( s ) of the 
network-powered broadband communications cable. The 
bonding conductor or grounding electrode conductor shall not 
be required to exceed 6 AWG. 

(4) Length. The bonding conductor and grounding electrode 
conductor shall be as short as practicable. In one- and two..: 
family dwellings, the ~Q!l~i~g~Qn.<:lllctor and grounding 
electrode conductor shall be as short as pr~<:ticable, not to 
exceed 6.0 m (20 ft) in length. 

Informational Note: Similar bonding conductor or grounding 
electrode conductor length limitations applied . at apartment 
buildings and commercial buildings help to reduce voltages 
that may be developed between the building'S power and 
communications systems during lightning events. 

Exception: In one- and two-family dwellings where it is not 
practicable to achieve an overall maximum 1x!1J..c!in (~C!~/"clor m' 
grounding electrode conductor length of 6.0 m (20ft), a separate 
communications ground rod meeting the minimum dimensional 
criteria of 830. 1 OO(B) (3) (2) shall be driven, and the grounding 
electrode conductor shall be connected to the communications 
ground rod in accordance with 830.100(e). The communications 
ground rod shall be bonded to the power grounding electrode 
system in accordance with 830.100(D). 

(5) Run in Straight Line. The bonding conductor or grounding 
electrode conductor shall be nm ~ as straight a line as practicable. 

(6) Physical Protection. Bonding conductors and grounding 
electrodd conductors shall be protected where exposed to 
physical damage. Where the bonding conductor or grounding 
(;;lectrod~ conductor is installed in a metal raceway, both ends 
of the raceway shall be bonded to the contained conductor or 
to the same terminal or electrode to which the bonding 
conductor: or grounding ~lectTode conductor is connected. 
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(B) Electrode. The bonding conductor or grounding 
electrode conductor shall be connected in accordance 
with 830.100(B)(l), (8)(2), or (B)(3). 

(1) In Buildings or Structures with an Intersystem 
Bonding Termination. If the building or structure 
served has an intersystem bonding termination 
required by 250.94, the bonding conductor sha11 be 
connected to the intersystem bonding termination. 

Informational Note: s~eAiilcieioofor the d fmilion 
pf Inlef'S)/a/tW' Bonding Termmolion. 

(2) In Buildings or Structures with Grounding 
Means. If the building or structure served has no 
intersystem bonding termination, lhe bonding conductor 
or grounding Ciectrod~ conductor shall be connected to 
the nearest accessible location on on of the following: 

(1) The building or structure grounding electrode 
system as covered in 250.50 

(2) The grounded interior metal water piping system, 
within 1.5 m (5 ft) from its point of entrance to the 
building, as covered in 250.52 

(3) The power service accessible means external to 
enclosures as covered in 250.94 Exception 

(4) The non flexible metallic power service raceway 

(5) The service equipment enclosure 

(6) The grounding electrode conductor or the 
grounding electrode conductor; metal enclosure o~ 
the power servic • or 

(7) The grounding electrode conductor or the 
grounding electrode of a building or structure 
disconnecting means that is connected to an 
electrode as covered in 250.32 

A bonding device intended to provide a termination 
point for the grounding electrod~ conductor (intersystem 
bonding) shall not interfere with the opening of an 
equipment enclosure. A bonding device shall be 
mounted on non-removable parts. A bonding device 
shall not be mounted on a door or cover even if the door 
or cover is non-removable. 

For purposes of this section, the mobile home 
service equipment or the mobile home disconnecting 
means, as described in 830.93, shall be considered 
accessible. 

(3) In Buildings or Structures Without an 
Intersystem Bonding Termination or Grounding 
Means. If the building or structure served has no 
intersystem bonding termination or grounding 
electrode(s) means, as described in 830.100(B)(2), the 
grounding electrode conductor shall be connected to 
either of the following: 

(1) To anyone of the individual electrodes described 
in 250.52(A)(1), (A)(2), (A)(3), or (A)(4) 
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(2) If the building or structure served has no intersystem 
bonding termination or has no grounding means, as 
described in 830.1 00(B)(2) or (B)(3)(1), to anyone of 
the individual electrodes described in 250.52(A)(7) and 
(A)(8), or to a ground rod or pipe not less than 1.5 m (5 
ft) in length and 12.7 mm (1'2 in.) in diameter, driven, 
where practicable, into permanently damp earth and 
separated from lightning conductors as covered in 
800.53 and at least 1.8 m (6 ft) from electrodes of other 
systems. Steam or hot water pipes or lightning-rod 
conductors shall not be employed as grounding 
electrodes for protectors, NIU s with integral protection, 
grounded metallic members, NIUs with metallic 
enclosures, and other equipment. 

(C) Electrode Connection. Connections to grounding 
electrodes shall comply with 250.70. 

(D) Bonding of Electrodes. A bonding jumper not smaller 
than 6 AWG copper or equivalent shall be connected between 
the network-powered broadband communications system 
grounding electrode and the power grounding electrode 
system at the building or structure served where separate 
electrodes are used. 

Exception: At mobile homes as covered in 830.106. 

Informational Note No.1: See 250.60 for use of air terminals 
(lightning rods). 

Informational Note No. 2: Bonding together of all separate 
electrodes limits potential differences between them and 
between their associated wiring systems. 

830.106 Grounding and Bonding at Mobile Homes. 

(A) Grounding. Grounding shall comply with 830.1 06(A)(1) 
or (A)(2). 

(1) Where there is no mobile home service equipment located 
within 9.0 m (30 ft) of the exterior wall of the mobile 
home it serves, the network-powered broadband 
communications cable, network interface unit, and 
primary protector ground shall be installed connected to ~ 
grounding electrode conductor or grounding electrode in 
accordance with 830.1 00(B)(3). 

(2) Where there is no mobile home disconnecting means 
grounded in accordance with 250.32 and located within 
sight from, and not more than 9.0 m (30 ft) of, the exterior 
wall of the mobile home it serves, the network-powered 
broadband communications cable, network interface unit, 
and primary protector ground shall be installed connected 
to a grounding electrode 10 accordance with 
830.1 OO(B){3). 

(B) Bonding. The network-powered broadband 
communications cable grounding terminal, network interface 
unit grounding terminal, if present, and primary protector 
grounding terminal shall be bonded together with a copper 
bonding conductor not smaller than 12 AWG. The network-
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powered broadband communications cable grounding 
terminal, network interface unit grounding terminal, 
primary protector grounding terminal, or the grounding 
electrode shall be bonded to the metal frame or available 
grounding terminal of the mobile home with a copper 
bonding conductor not smaller than 12 AWG under any 
of the following conditions: 

(1) Where there is no mobile home service equipment 
or disconnecting means as in 830.1 06(A) 

(2) Where the mobile home is supplied by cord and 
plug 

V. Installation Methods Within Buildings 

830.110 Raceways for Low- and Medium-Power 
Network-Powered Broadband Communications 
Cables. 

(A) Raceway Recognized in Chapter 3. Low-and 
ncdium-pow r network-powered broadband 

conununications cable shall be pennitted to be installed ill 
any raceway included in Chapter 3. The raceways shall b 
Installed in accordance with the requirem nts of Chapter 3. 

(B) Raceway FlU for Network-Powered Broadband 
Communications Cables. Raceway fiI) for network .. 
powered broadband communication cables hall 
comply with either B)( I) or (8)(2). 

(I) Low-Power 'etwork-Powered Broadband 
Communications Cables. The raceway till 
requirement of Chapters 3 and 9 shall not apply to low
power network-powered broadband cornmunicatio 
cables. 

(2) Medium-Power Network-Powered Broadband 
Communications Cables. Where medium-power 
net work- powered broadband communications cable 
are installed in a raceway, the raceway till requirement 
of Chapters 3 and 9 shall apply. 

830.113 Installation of Network-Powered Broadband 
Communications Cables. Installation of network
powered broadband communications cables shall 
comply with 830.113(A) through (H). 

(A) Listing. Network-powered broadband communications 
cables installed in buildings shall be listed. 

(B) Fabricated Ducts Used for Environmental Air .. 
The following cables shall be permitted in ducts as 
described in 300.22(B) if they are directly associated 
with the air distribution system: 

(I) Up to 1.22 m (4 ft) of Type BLP cable 

(2) Types BLP, BMR, BLR, BM, BL, and BLX cables 
installed in raceways that are installed in 
compliance with 300.22(B) 

Informational Note: For information on fire protection of 
wiring installed in fabricated ducts see 4.3.4.1 and 
4.3.11.3.3 in NFPA 90A-2009, Standard for the 
Installation of Air-Conditioning and Ventilating Systems. 
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(C) Other Spaces Used For Environmental Air 
(Plenums). The following cables shall be permitted in other 
spaces used for environmental air as described in 300.22(C): 

(1) Type BLP cable 

(2) Type BLP cable installed in plenum communications 
raceway 

(3) Type BLP cable supported by open metallic cable trays 
or cable tray systems 

(4) Types BLP, BMR, BLR, BM, BL, and BLX cables 
installed in raceways that are installed in compliance 
with 300.22(C) 

(5) Types BLP, BMR, BLR, BM, BL, and BLX cables 
supported by solid bottom metal cable trays with solid 
metal covers in other spaces used for environmental air 
(plenums) as described in 300.22(C) 
Informational Note: For information on fire protection of 
wiring installed in other spaces used for environmental air see 
4.3.11.2,4.3.11.4 and 4.3.11.5 of NFPA 90A-2009, Standard 
for the Installation of Air-Conditioning and Ventilating 
Systems. 

(D) Risers - Cables in Vertical Runs. :rhe following 
cables shall be permitted in vertical runs penetrating one or 
more floors and in vertical runs in a shaft: 

(1) Types BLP, BMR, and BLR cables 

(2) Types BLP and BLR cables installed in: 

a. Plenum communications raceway 

b. Riser communications raceway 

c. Riser cable routing assembly 
Informational Note: See 830.26 for firestop requirements for 
floor penetrations. 

(E) Risers - Cables in Metal Raceways. The following 
cables shall be permitted in a metal raceway in a riser with 
firestops at each floor: 

(1) Types BLP, BMR, BLR, BM, BL, and BLX cables 

(2) Types BLP, BLR, and BL cables installed in: 

a. Plenum communications raceway 

h. Riser communications raceway 

c. General-purpose communications raceway 
Informational Note: See 830.26 for firestop requirements for 
floor penetrations. 

(F) Risers - Cables in Fireproof Shafts. The following 
cables shall be permitted to be installed in fireproof riser 
shafts with firestops at each floor: 

(I) Types BLP, BMR, BLR, BM, BL, and BLX cables 

(2) Types BLP, BLR, and BL cables installed in: 

a. Plenum communications raceway 

b. Riser communications raceway 

c. General-purpose communications raceway 

d. Riser cable routing assembly 

e. General-purpose cable routing assembly 
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Informational Note: See 830.26 for tirestop 
requirements for floor penetrations. 

(G) Risers One- and Two-Family Dwellings. The 
following cables shall be permitted in one- and two
family dwellings: 

(1) Types BLP, BMR, BLR, BM, and BL cables and 
Types BL and BLX cables less than 10 mm (0.375 
in.) in diameter 

(2) Types BLP, BLR, and BL cables installed in: 

a. Plenum communications raceway 

b. Riser communications raceway 

c. General-purpose communications raceway 

d. Riser cable routing assembly 

e. General-purpose cable routing assembly 

Informational Note: See 830.26 for firestop 
requirements for floor penetrations. 

(H) Other Building Locations. The following cables 
and raceways shall be permitted to be installed in 
building locations other than those covered in 
830.1 13 (B) through (G): 

(1) Types BLP, BMR, BLR, BM, and BL cables 

(2) Types BLP, BMR, BLR, BM, BL, and BLX 
cables installed in a raceway 

(3) Types BLP, BLR, and BL cables 

a. Plenum communications raceway 

b. Riser communications raceway 

c. General-purpose communications raceway 

d. Riser cable routing assembly 

e. General-purpose cable routing assembly 

(4) Types BLX and BL cables less than 10 mm (0.375 
in.) in diameter in one- and two-family dwellings 

(5) Types BMU and BLU cables entering the building 
from outside and run in rigid metal conduit or 
intermediate metal conduit where the conduit is 
connected by a bonding conductor or grounding 
electrode conductor in accordance with 
830.100(B) 
Informational Note: This provision limits the length of 
Type BLX cable to 15 m (50 ft), while 830.90(B) 
requires that the primary protector, or NIU with integral 
protection, be located as close as practicable to the point 
at which the cable enters the building. Therefore, in 
installations requiring a primary protector, or NIU with 
integral protection, Type BLX cable may not be 
permitted to extend 15 m (50 ft) into the building ifit is 
practicable to place the primary protector closer than 15 
m (50 ft) to the entrance point. 

(6) A maximum length of 15 m (50 ft), within the 
building, of Type BLX cable entering the building 
from outside and terminating at an NIU or a 
primary protection location 
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830.133 Installation of Network-Powered Broadband 
Communications Cables and Equipment. Cable and 
equipment installations within buildings shall comply with 
830.133(A) through (C), as applicable. 

(A) Separation of Conductors. 

(1) In Raceways, Cable Trays, Bo es, and Enclosures. 

(a) Low- and Medium-Power Network-Powered 
Broadband Communications Circuit Cables. Low- and 
medium-power network-powered broadband communications 
cables shall be permitted in the same raceway, cable tray, or 
enclosure. 

(b) Low-Power Network-Powered Broadband 
Communications Circuit Cables with Optical Fiher Cable and 
Q~fl!!trq/t!~I!Y'!!f~ations C;'!~!~:~.:, Low-power network-powered 
broadband communications cables shall be pennitted in the 
same raceway, cable tray, enclosure, or cable routing assembly 
with jacketed cables of any of the following circuits: 

(1) Communications circuits in compliance with PartSl3.lld t~ 
of Article 800 

(2) Nonconductive and conductive optical fiber cables in 
compliance with raftS I and lYi of Article 770 

(3) Community antenna television and radio distribution 
systems in compliance with Par I and IV of Article 820 

(cj' --~ i<);" ~Power Network-Pm,,'eI"fJd Broadband 
Communications Circuit Cahles with Other CirclIifj. Low ... 
power network-powered broadband communication cables 
shall be pennitted in the same raceway cab I tray, 0(' 

~nclosure with jacketed cable of any of th following circuits: 

(I) Class 2 and Class 3 remotc-conlJ'ol, signaling, and power~ 
limited circuilS in compliance with Parts I and III of Articl~ 
72j 

(2) Power-limited fire alann systems in compliance with Part 
land LIt of Article 760 

(d) A-feuium-Power Network-Powered Broadband 
Communications Circuit Cables with Optical Fiber Cables 
alld Otlle,' CommuTtication. Cable~. Medium-powe1i 
network-powered broadband communications cables shall 
110t be pennitted in the same! raceway. cable tray, cnclosur 
or cable routing a cmbly with conductors of any of the 
following circuits: 

I) Communications circuit in compliance with Parts I and tV 
of Article ROO 

(2) Conductive optical fiber cables in compliance with p, rts I 
and IV of Artie Ie 770 

3) Community antenna television and radio distribution 
systems in c()Jl1pli~!1~C!~(~fJ(l~,I,,(lI!d IV of Articl 820 

(e) Medium-Power Network-Powered Broadband 
Communications Circuit Cables with Other Circuits. 
Medium-power network-powered broadband 
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communications cables shall not be pennitted in the 
same raceway, cable tray, or enclosure with conductors 
of any of the following circuits: 

(l) Class 2 and Class 3 remote-control, signaling, and 
power-limited circuits in compliance with Parts I an : 
III of Article 725 

(2) Power-limited fIre alarm systems in compliance with 
Parts I and III of Article 760 

C() Electric Light, Power, Class 1, Non-Powered 
Broadband Communications Circuit Cables. Network
powered broadband communications cable shall not be 
placed in any raceway, cable tray, compartment, outlet 
box, junction box, or similar fittings with conductors of 
electric light, power, Class 1, or non-power-limited fITe 
alann circuit cables. 

Exception No.1: Where all of the conductors of electric 
light, power, Class 1, non-power-limited fire alarm 
circuits are separated from all of the network-powered 
broadband communications cables by a permanent 
barrier or listed divider. 

Exception No.2: Power circuit conductors in outlet 
boxes, junction boxes, or similar fittings or 
compartments where such conductors are introduced 
solely for power supply to the network-powered 
broadband communications system distribution 
equipment. The power circuit conductors shall be routed 
within the enclosure to maintain a minimum 6-mm 
(O.25-in.) separation from · network-powered broadband 
communications cables. 

(2) Other Applications. Network-powered broadband 
communications cable shall be separated at least 50 mm 
(2 in.) from conductors of any electric light, power, Class 
1, and non-power-limited fire alarm circuits. 

Exception No.1: Where either (J) all of the conductors of 
electric light, power, Class 1, and non-power-limited fire 
alarm circuits are in a racewcry, or in metal-sheathed, 
metal-clad, nonmetallic-sheathed, Type A C, or Type UF 
cables, or (2) all of the network-powered broadband 
communications cables are encased in raceway. 

Exception No.2: Where the network-powered broadband 
communications cables are permanently separated from 
the conductors of electric light, power, Class 1, and non
power-limited fire alarm circuits by a continuous and 
firmly fixed nonconductor, such as porcelain tubes or 
flexible tubing, in addition to the insulation on the wire. 

(B) Support of etwork~Po;e;ed . Broadband 
Communications Cables. Raceways shall be used iC;~ 
their intended purpose. Network-powered broadband 
communications cables shall not be strapped, taped, or 
attached by any means to the exterior of any conduit or 
raceway as a means of support. 
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830.154 Applications of Network-Powered Broadband 
<=om.ll1unications System Cables. permitted and 
~oiip rnlittcd application of Ii t. d n twork-powere 
broadband communication ystem cables shall be as 
indicated in Table 830.154(8). Tile pennitted application 
shall be subject to the im lallation requircm nts of 830.40; 
830.110 and 830.113. The substitutions for network~ 
powered broadband system cable listed in Table 830.1 54(b) 
shaH b ermiUcd. 

Table 830.1S4(b) Cable Substitutions 

Cable Permitted Cable Substitutions 
Type 

BM BMR 

BLP 

BLR 

BL 

BLX 

CMP, CL3P 

CMP, CL3P, CMR, CL3R, BLP, BMR 

CMP, CMR, CM, CMG, CL3P, CL3R, CL3, 

BMR, BM, BLP, BLR 

CMP, CMR, CM, CMG, CMX, CL3P, CL3R, 
CL3, CL3X, BMR, BM, BLP, BRP, BL 

830.160 Bends. Bends in network broadband cable shall be 
made so as not to damage the cable. 

VI. Listing Requirements 

830.179 Network-Powered Broadband Communications 
Equipment and Cables. Network-powered broadband 
communications equipment and cables shall be listed and 
narkc(f in accordance with 830.179 A or B). 

Exception No.1: This listing requirement shall not apply to 
community antenna television and radio distribution system 
coaxial cables that were installed prior to January 1, 2000, in 
accordance with Article 820 and are used for low-power 
network-powered broadband communications circuits. 

Exception No.2: Substitute cables for network-powered 
broadband communications cables shall be permitted as shown 
in Table 830. 154(b). 

lA) Network ... Powered Broadband CommnDlcation~ 
edium-Power CabJe . Network-~ ~red broadbanq 

i ommunicarions medium-power cables shall be factory
assembled cables consisting of a jacketed coaxial cable, a 
jacketed combination of coaxial cable and multiple individual 
conductors, or a jacketed combination of an optical fiber cable 
and multiple individual conductors. The insulation for the 
individual conductors shall be rated for 300 volts minimum. 
Cables intended for outdoor use shall be listed as suitable for the 
application. Cables shall be marked in accordance with 310.120. 
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(1) Type B R. Type BMR cables shall be Ii ted as bein 
suitabl for use in a vcnical run in a hafi or from t100r to 
noor and shall also be listeu as having fire-resi ton, 
.characteristics capable of preventing the canying of fIre 
1fom floor to floor. 

Infonnational Noh:: One m~thod of defining tire
R'Sistant cbarncreristics capable of preventing th~ 
carryin of fire from floor fO floor ' that the cables p -
the requirements of ANSIIUL 1666-2007, Standard Te I 
for FlunI Propagalion /Ieighl of E!t:,ctricul ,mel 
QE.lical-FilNr Cab/c' InSI(I'" d Vt:l1ic'ally in Shal!. 

~2jTj;pe · BM~~Typ~ ·B·M cables 'luil1· be listed ·a being 
nitabl for general-purpo usc, with the exception of 

!risers and plenums. and hall also b.e lis~~ as JJeing 
re iSlam to the prcad of fire. 

Infonnational Note: One method of defining resistant to 
the spread of fire is that the cables do not spread fire to 
the top of the tray in the UL Flame Exposure, Vertical 
Tray Flame Test in UL 1685-2007, Standardfor Safety 
for Ve11ical-Tray Fire-Propagation and Smoke-Release 
Test for Electrical and Optical-Fiber Cables. The 
smoke measurements in the test method are not 
applicable. 

Another method of detlning resistant to the spread 
of tire is for the damage (char length) not to exceed 1.5 
ill (4 ft t 1 in.) when performing the CSA Vertical Flame 
Test - Cables in Cable Trays, as described in CSA 
C22.2 No. OJ-M-2001, Test Method~ fbI' Electrical 
Wires and Cables. 

(3) Type B U. Type BMU cable shall ~ jacketed and 
list d as being uitablc for outdoor und~rground usc. 

(B) e~o .. k-Powered Broftdband Communication 
Lo\\'-Power Cables. Nctwork~powercd broadband 
communicat ions low-power cables shaH be factory
assembled cables consisting of a jacketed coaxial cable, a 
jacketed combination of coaxial cable and multiple 
individual conductors, or a jacketed combination of an 
optical fiber cable and multiple individual conductors. 
The insulation for the individual conductors shall be rated 
for 300 volts minimum. Cables intended for outdoor use 
shall be listed as suitable for the application. Cables shall 
be marked in accordance with 310.120. 

(I) Type OLP. Type BLP cables 'hall be Ii. ted as being 
suitablc for use ill dUClS, plenums. and other spaces used 
tor nvironml:nlal air and shall al 0 be listed as having 
adequate t1re .. resislant and low smoke- producing 
characterist ics. 
~ .. '~ 

Informational Note: On method of defining a cabl that 
,is low moke--producing and fire resiSl~ nl is that lh 
Cabl~ exhibits a m"ximum peak opdeal density orO.5 or 
less. an a, crase optical der . ty of 0.15 or Ie P o and :l 

~imum flame spread dirulllce of 1.52 m (S 8) or I 
When t~1ed in accon.lam."t! with NFPA 262~2007. 
Sta"dard .!vfetlmd nITe\l/or Hallie 7hmd and Smoke of 
Win'5 ufld Cubk·/\ for Usc in Air-Hmtdlill¥. Spaces. 
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Table 820.154(a) Applications of Network-Powered Broadband Cables in Buildings 

Cable Types 

MBU, 
Applications BLP BLR BL BMR BM BLX 

In fabricated I In fabricated ducts as described in y* N N N N N 
ducts as 300.22(B) 
described in In metal raceway that complies with y* y* y* y* y* y* 
300.22(B) 300.22(B) 

In other spaces In other spaces used for environmental air y* N N N N N 
used for as described in 300.22(C) 
environmental In metal raceway that complies with y* y* y* y* y* y* 
air as 
described in 

300.22(C) 

300.22(C) In plenum communications raceways y* N N N N N 

Supported by open metal cable trays y* N N N N N 

Supported by solid bottom metal cable y* y* y* y* y* ! y* 
trays with solid metal covers 

In risers In vertical runs y* y* N y* J. . 
In metal raceways y* y* y* y* y* y* 

In fireproof shafts y* y* y* y* y* y* 

In plenum communications raceways y* y* N N N N 

In riser communications raceways y* y* N N N N 

In riser cable routing assemblies y* y* N N N N 

In one- and two- family dwellings y* y* y* y* y* y* 

Within buildings General y* y* y* y* y* y* 
in other than In one- and two-family dwellings y* y* y* y* y* y* 
air-handling 
spaces and Supported by cable trays y* y* y* y* y* N 
risers In rigid metal conduit and intermediate y* y* y* y* y* y* 

metal conduit 

In any raceway recognized in Chapter 3 y* y* y* y* y* y* 

In plenum communications raceways y* y* y* N N N 
I 

In riser communications lavvVYUY'" y* ~ y* N N N 

In general-purpose communications y* y* y* N N N 
raceways 

In riser cable routing assemblies y* y* y* N N N 

In general-purpose cable routing y* y* y* N N N 
assemblies 

Note: An "N" in the table indicates that the cable type is not permitted to be installed in the application. A "y*" indicates that 
the cable is permitted to be installed in the application, subject to the limitations described in 820.113. 

Informational Note 1: Part V of Article 820 covers installation methods within buildings. This table covers the applications of 
listed coaxial cables in buildings. The definition of point of entrance is in 820.2. Coaxial entrance cables that have not emerged 
from the rigid metal conduit or intermediate metal conduit are not considered to be in the building. 

BLU 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

y* 

N 

N 

N 

N 

N 

N 

Informational Note No.2: For information on the restrictions to the installation of communications cables in fabricated ducts see 
820.113(B). 
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ARTICLE 840 - PREMISES-POWERED BROADBAND COMMUNICATIONS SYSTEMS 840.3 

(2) Type BLR. Type BLR cables hall be listed s being 
uitablc for use in a vertical run in a shaft. or from floor to 

floor, and hall also be listed as having fire~rc istanl 
characteristics capable of preventing the carrying of fir 
from floor to floor. 

Infom18tiona.1 ate: One melhod of defining fire-re 'islan' 
charac":ri tic c pable of preventing the carrying of fire 
trom floor to Hoor is that the c blc;s pass the rcquireDlen 
pf ANSlfUL 1666-2007, Stantlurd Te I for Flame 
P1'Optlgali()n Height vi El errical anti Optical-Fib,!,. Cabl 
Imlall(~ J'erticall, in Shaflfj . 

(3) Type BL. Type BL cables shall be listed as bein~ 
uitable for general-purpose use, with the exception of riser 
nd plenums. and shall also be listed as b in re istant to the 
pr ad of fire. 

Infonnational Note: One method of defining rc i tant to th ' 
! pr ad of fire is thai the cables do not spread fire to tb top 
of the tray in th UL Flame Expo ure. Vertical Tray Flam 
'Test in UL 16R5-2007, Sl lidoI'd for Safe~v for Verllcal
Troy Fire-Propagat;ol1 und Smoke-Rele~C! Te./ for 
Electrical and Optical-Fiber Cables. Th~ mok 
m uremen in III 1 t m shod are Dot apQlicable 

Another method of defining resistant to thl! spread of fire is 
for the damag l char Itmgth) not to exceed 1.5 m (4 f\ II 
Ion.) when performing the CSA Vertical Flame Test -

abies in Cable Trays. as described in (SA ('22.2 No. 0.3 ... 
2001 Te~t Methot for Electrical W;rt'~ anti Cabl 

(4) TypeBLX" TyPe BLX limited-u cables shall be list 
a being suitable for use outsid for use in dwell ings, and 
for use in raceways and hall also be Ii ted s being r sistaD 
l«?name read. 

Infonnational Note: One method of determining that cable 
is resistant to flame spread is by testing the cable to VW-l 
(vertical-wire) flame test in ANSVUL 1581-2001, 
Reference Standard for Electrical Wires, Cables and 
Flexible Cords. 

(5) Type BLU. Type BLU cable shall be jacketed and Ii te 
s being uitable tor outdoor und rground use 

I. General 

ARTICLE 840 
Premises-Powered Broadband 

Communications Systems 

840.1 Scope. 

This article covers premises-powered optical fiber-based 
broadband communications systems that provide any 
combination of voice, video, data, and interactive services 
through an optical network terminal (ONT). 
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Infonnational Note No. I: A typical basic system 
configuration consists of an optical fiber cable to the 
premises (FTTP) supplying a broadband signal to an 
ONT that converts the broadband optical signal into 
component electrical signals, such as traditional 
telephone, video, high-speed internet, and interactive 
services. Powering of the ONT is typically 
accomplished through an ONT power supply unit 
(OPSU) and battery backup unit (BBU) that derive their 
power input from the available ac at the premises. The 
optical fiber cable is unpowered and may be 
nonconductive or conductive. 

In fonnational Note No.2: See 90.2(B)(4) for 
installations of premises-powered broadband 
communications systems that are not covered in this 
article. 

840.2 Definitions. The definitions in Article 100 and 
770.2, 800.2, and 820.2 shall apply. For purposes of 
this article, the following additional definitions apply. 

Fiber-to-the-Premises (FTTP). Conductive or non
conductive optical cable that is either aerial, buried, or 
through a raceway and is terminated at an optical 
network terminal (ONT) and establishing a 
communications network. 

Optical Network Terminal (ONT). A device that 
converts an optical signal into component signals, 
including voice, audio, video, data, wireless, and 
interactive service electrical, and is considered to be 
network interface equipment. 

Premises Communications Circuit. The circuit that 
extends voice, audio, video, data, interactive services, 
telegraph ( except radio), and outside wiring for fire 
alarm and burglar alarm from the service provider's 
ONT to the customer's communications equipment up 
to and including terminal equipment, such as a 
telephone, a fax machine, or an answering machine. 

Premises Community Antenna Television (CATV) 
Circuit. The circuit that extends community antenna 
television (CATV) systems for audio, video, data, and 
interactive services from the service provider's ONT to 
the appropriate customer equipment. 

840.3 Other Articles. 

(A) Hazardous (Classified) Locations. Premises
powered broadband communications circuits and 
equipment installed in a location that is classified in 
accordance with 500.5 and 505.5 shall comply with the 
applicable requirements of Chapter 5. 

(B) Equipment in Other Space Used for 
Environmental Air. The requirements of 300.22(C) 
shall apply. 

(C) Output Circuits. As appropriate for the services 
provided, the output circuits derived from the optical 
network terminal shall comply with the requirements 
of the following: 
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840.21 ARTICLE 840 - PREMISES-POWERED BROADBAND COMMUNICATIONS SYSTEMS 

(1) Installations of premises communications circuits 
Article 800 

(2) Installations of premises community antenna television 
and radio distribution circuits - Article 820 

(3) Installations of optical fiber cables - Article 770 

(4) Installations of Class 2 and Class 3 circuits - Article 
725 

(5) Installations of power-limited fire alarm circuits -
Article 760 

840.21 Access to Electrical Equipment Behind Panels 
Designed to Allow Access. Access to electrical equipment 
shall not be denied by an accumulation of premises-powered 
broadband cables that prevents removal of panels, including 
suspended ceiling panels. 

840.24 Mechanical Execution of Work. The requirements 
of 770.24, 800.24, and 820.24 shall apply. 

840.25 Abandoned Cables. The requirements of 770.25, 
800.25, and 820.25 shall apply. 

840.26 Spread of Fire or Products of Combustion. The 
requirements of770.26, 800.26, and 820.26 shall apply. 

II. Cables Outside and Entering Buildings 

840.44 Overhead Optical Fiber Cables. Overhead optical 
fiber cables containing a non-current-carrying metallic 
member entering buildings shall comply with 840.44(A) and 
(B). 

(A) On Poles and In-Span. Where outside p]ant optical 
fiber cables and electric light or power conductors are 
supported by the same pole or are run parallel to each other 
in-span, the conditions described in 840.44(A)(1) through 
(A)( 4) shall be met. 

(1) Relative Location. Where practicable, the outside plant 
optical fiber cables shall be located below the electric light 
or power conductors. 

(2) Attachment to Cross-Arms. Attachment of outside 
plant optical fiber cables to a cross-arm that carries electric 
light or power conductors shall not be permitted. 

(3) Climbing Space. The climbing space through outside 
plant optical fiber cables shall comply with the requirements 
of 225. 14(D). 

(4) Clearance. Supply service drops of 0 to 750 volts 
running above and parallel to premises-powered broadband 
communications service drops shall have a minimum 
separation of 300 mm (12 in.) at any point in the span, 
including the point of and at their attachment to the building. 
Clearance of not less than 1.0 m (40 in.) shall be maintained 
between the two services at the pole. 
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(B) Above Roofs. Outside plant optical fiber cables 
shall have a vertical clearance of not less than 2.5 m (8 
ft) from all points of roofs above which they pass. 

Exception No.1: The requirement of 840.44(B) shall 
not apply to auxiliary buildings, such as garages and 
the like. 

Exception No.2: A reduction in clearance above only 
the overhanging portion of the roof, to not less than 
450 mm (/8 in.), shall be permitted if (a) not more than 
1.2 m (4 ft) of premises-powered broadband 
communications service-drop cable passes above the 
roof overhang, and (b) the cable is terminated at a 
through- or above-the-roof raceway or approved 
support. 

Exception No.3: Where the roof has a slope of not 
less than 100 mm in 300 mm (4 in. in 12 in.), a 
reduction in clearance to not less than 900 mm (3 ft) 
shall be permitted. 

Informational Note: For additional information 
regarding overhead wires and cables, see ANSI C2-
2007, National Electric Safety Code, Part 2, Safety 
Rulesfor Overhead Lines. 

830.47 Underground Optical Fiber Cables Entering 
Buildings. Underground optical fiber cables entering 
buildings shall comply with 830.47(A) through (C). 

(A) Class 1 or Non-Power-Limited Fire Alarm 
Circuits. Underground optical fiber cables with a non
current-carrying metallic member entering buildings 
with electric light, power, Class 1, or non-power
limited fire alarm circuit conductors in a raceway, 
handhole enclosure, or manhole shall be located in a 
section separated from such conductors by means of 
brick, concrete, or tile partitions or by means of a 
suitable barrier. 

(B) Direct-Buried Cables and Raceways. Direct
buried optical fiber cables with a non-current-carrying 
metallic member shall be separated by at least 300 mm 
(12 in.) from conductors of any electric light, power, or 
non-power-limited fire alarm circuit conductors or 
Class 1 circuit. 

Exception No.1: Where electric service conductors 
are installed in raceways or have metal cable armor. 

Exception No.2: Where electric light or power 
branch-circuit or feeder conductors, non-power
limited fire alarm circuit conductors, or Class 1 circuit 
conductors are installed in a raceway or in metal
sheathed, metal-clad, or Type UF or Type USE cables. 

(C) Mechanical Protection. Direct-buried cable, 
conduit, or other raceway shall be installed to have a 
minimum cover of 150 mm (6 in.). 

840.48 Unlisted Cables and Raceways Entering 
Buildings. The requirements of 770.48 shall apply. 
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ARTICLE 840 PREMISES-POWERED BROADBAND COMMUNICATIONS SYSTEMS 840.113 

III. Protection 

840.90 Protective Devices. 

The requirements of800.90 shall apply. 

840.93 Grounding or Interruption. 

(A) Non-Current-Carrying Metallic Members of Optical 
Fiber Cables. Non-current-carrying metallic members of 
optical fiber cables entering a building or terminating on the 
outside of a building shall comply with 770.93(A) or (B). 

(B) Communications Cables. The grounding or interruption of 
the metallic sheath of communications cable shall comply with 
800.93. 

(C) Coaxial Cables. Where the ONT is installed inside or 
outside of the building, with coaxial cables terminating at the 
ONT, and is either entering, exiting, or attached to the outside of 
the building, 820.93 shall apply. 

IV. Grounding Methods 

840.100 ONT and Optical Fiber Cable Grounding. 

Grounding required for protection of the ONT and optical fiber 
cable shall comply with 770.100, 800.100, or 820.100, as 
applicable. 

840.101 Premises Circuits Not Leaving the Building. 

Where the ONT is served by a nonconductive optical fiber 
cable, or where any non-current-carrying metallic member is 
interrupted by an insulating joint or equivalent device, and 
circuits that terminate at the ONT and are completely contained 
within the building (i.e., they do not exit the building), 
840. 10 1 (A), (B), and (C) shall apply, as applicable. 

(A) Coaxial Cable Shield Grounding. The shield of coaxial 
cable shall be grounded by one of the following: 

(l) Any ofthe methods described in 820.100 or 820.1 06 

(2) A fixed connection to an equipment grounding conductor 
as described in 250.118 

(3) Connection to the ONT grounding terminal provided that 
the terminal is connected to ground by one of the methods 
described in 820.100 or 820.106, or to an equipment 
grounding conductor through a listed grounding device that 
will retain the ground connection if the ONT is unplugged 

(B) Communications Circuit Grounding. Communications 
circuits shall not be required to be grounded. 

(C) ONT Grounding. The ONT shall not be required to be 
grounded unless required by its listing. If the coaxial cable 
shield is separately grounded as described in 840.101(A)(1) or 
840. 10 1 (A)(2), the use ofa cord and plug for the connection to 
the ONT grounding connection shall be permitted. 
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Infonnational Note: Where required to be grounded, a 
listed device that extends the equipment grounding 
conductor from the receptacle to the ONT equipment 
grounding tenn.inal is pennitted. Sizing of the extended 
equipment grounding conductor is covered in Table 
250.122. 

840.103 Equipment Grounding. The grounding of the 
ONT shall be as required by the equipment listing. 

840.106 Grounding and Bonding at Mobile Homes. 

(A) Grounding. Grounding shall comply with (1) and 
(2). 

(1) Where there is no mobile home service equipment 
located within 9.0 m (30 ft) of the exterior wall of the 
mobile home it serves, the ONT, if required to be 
grounded, shall be connected to a grounding electrode in 
accordance with 840.1 00. Premises communications 
circuits and premises CATV circuits shall be grounded in 
accordance with 840.93. 

(2) Where there is no mobile home disconnecting means 
grounded in accordance with 250.32 and located within 
9.0 m (30 ft) of the exterior wall of the mobile home it 
serves, the ONT, if required to be grounded, shall be 
connected to a grounding electrode in accordance with 
800.100(B)(3). Premises communications circuits and 
premises CATV circuits shall be grounded in accordance 
with 840.93. 

(B) Bonding. The ONT grounding terminal or grounding 
electrode shall be connected to the metal frame or 
available grounding terminal of the mobile home with a 
copper conductor not smaller than 12 AWG under any of 
the following conditions: 

(1) Where there is no mobile home service equipment or 
disconnecting means as specified in 840.106(A). 

(2) Where the mobile home is supplied by cord and plug. 

v. Installation Methods Within Buildings 

840.110 Raceways for Premises-Powered Broadband 
Communications Optical Fiber Cables. The 
requirements of770.110 shall apply. 

840.113 Installation Past the ONT. Installation of 
premises communications circuits and premises coaxial 
circuits shall comply with 840.1] 3(A) and (B). 

(A) Premises Communications Circuits. Premises 
communications wires and cables installed in a building 
from the ONT shall be listed in accordance with 800.179, 
and the installation shall comply with 800.113 and 
800.133. 

(B) Premises Community Antenna Television (CATV) 
Circuits. Premises CATV coaxial cables installed in a 
building from the ONT shall be listed in accordance with 
820.179, and the installation shall comply with 820.113 
and 820.133. 
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840.133 ARTICLE 840 - PREMISES-POWERED BROADBAND COMMUNICATIONS SYSTEMS 

840.133 Installation of Optical Fibers and Electrkal 
Conductors Associated with Premises-Powered 
Broadband Communications Systems. 

The requirements of 770.133 shall apply. 

840.154 Applications of Listed Optical Fiber Cables and 
Raceways. 

The requirements of 770.154 shall apply. 

VI. Listing Requirements 

840.170 Equipment and Cables. 

Premises-powered broadband communications systems 
equipment and cables shall comply with 840. 170(A) 
through (D). 

(A) Optical Network Terminal. The ONT and applicable 
grounding means shall be listed for application with 
premises-powered broadband communications systems. 

Informational Note No.1: One way to determine applicable 
requirements is to refer to UL 60950-1-2003, Standard for 
Scifety of Information Technology Equipment, UL 498A-2008, 
Current Taps and Adapters, or UL 467-2007, Grounding and 
Bonding Equipment. 
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Informational Note No.2: There are no requirements on 
the ONT and its grounding methodologies except for 
those covered by the listing of the product. 

(B) Optical Fiber Cables. Optical fiber cables shall be 
listed in accordance with 770.179(A) through CD) and 
shall be marked in accordance with Table 770.179. 

(C) Premises Communications Circuits. Premises 
communications wires and cables connecting to the 
ONT shall be listed in accordance with 800.179. 
Communications raceways associated with the 
premises-powered broadband communications system 
shall be listed in accordance with 800.182. 

(D) Premises Community Antenna Television 
(CATV) Circuits. Premises community antenna 
television (CATV) coaxial cables connecting to the 
ONT shall be listed in accordance with 820.179. 
Applicable grounding means shaH be listed for 
application with premises-powered broadband 
communications systems. 
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CHAPTER 9 CALIFORNIA MATRIX ADOPTION TABLES 

CHAPTER 9 - TABLES 
Adopting Agency SSC SFM HCD DSA OSHPD DPH 

1 2 AC SS SS/CC 1 2 3 4 

Adopt Entire Article X X X X X X X X X X 

Adopt Entire Article as amended 
(amended sections listed below) 

Adopt only those sections that are 
listed below 

Article / Section 
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TABLES CHAPTER 9 

Chapter 9 Tables 

Table 1 Percent of Cross Section of Conduit and Tubing for 
Conductors 

Number of Conductors 

1 
2 

Over 2 

AU Conductor Types 

53 
31 
40 

Infonnational Note No.1: Table 1 is based on common 
conditions of proper cabling and alignment of conductors 
where the length of the pull and the number of bends are 
within reasonable limits. It should be recognized that, for 
certain conditions~ a larger size conduit or a lesser conduit 
fil should be considered. 

Infonnational Note No.2: When pulling three conductors 
or cables into a raceway, if the ratio of the raceway (inside 
diameter) to the conductor or cable (outside diameter) is 
between 2.8 and 3.2, jamming can occur. While jamming 
can occur when pulling four or more conductors or cables 
into a raceway, the probability is very low. 

Notes to Tables 

(1) See Intbmnalive Annex C for the maximum number of 
conductors and fixtur wires, all of the same size (total 
cross-sectional area including insulation) permitted in 
trade sizes of the applicable conduit or tubing. 

(2) Table 1 applies only to complete conduit or tubing sys
tems and is not intended to apply to sections of conduit 
or tubing used to protect exposed wiring from physical 
damage. 

(3) Equipment grounding or bonding conductors, where in
stalled, shall be included when calculating conduit or tub-

Table 2 Radius of Conduit and Tubing Bends 

ing tlll The actual dimensions of the equipment ground
ing or bonding conductor (insulated or bare) shall be used 
in the calculation. 

(4) Where conduit or tubing nipples having a maximum 
length not to exceed 600 mm (24 in.) are installed be
tween boxes, cabinets, and similar enclosures, the 
nipples shall be permitted to be fille to 60 percent of 
their total cross-sectional area, and ad
justment factors need not apply to this condition. 

(5) For conductors not included in Chapter 9, such as mul-
ticonductor cables the actual 
dimensions shall be used. 

(6) For combinations of conductors of different sizes, use 
Table 5 and Table 5A for dimensions of conductors and 
Table 4 for the applicable conduit or tubing dimensions. 

(7) When calculating the maximum number of conductors 
permitted in a conduit or tubing, all of the same size 
(total cross-sectional area including insulation), the 
next higher whole number shall be used to detemline 
the maximum number of conductors permitted when 
the calculation results in a decimal of 0.8 or larger. 

(8) Where bare conductors are permitted by other sections 
of this Code, the dimensions for bare conductors in 
Table 8 shall be permitted. 

(9) A multiconductor cable or fl.exibl cord of two or more 
conductors shall be treated as a single conductor for 
calculating percentage conduit til area. For cables that 
have elliptical cross sections, the cross-sectional area 
calculation shall be based on using the major diameter 
of the ellipse as a circle diameter. 

One Shot and Full Shoe 
Conduit or Tubing Size Benders Other Bends 

Metric Designator Trade Size mm in. mm in. 

16 1/2 101.6 4 101.6 4 
2] % 114.3 41/2 127 5 
27 1 146.05 5% 152.4 6 
35 11/4 184.15 71/4 203.2 8 
41 11/2 209,55 81/4 254 10 
53 2 241.3 91h 304.8 12 
63 2V2 266.7 10th 381 15 
78 3 330.2 13 457.2 18 
91 31/2 381 15 533.4 21 

103 4 406.4 16 609.6 24 
129 5 609.6 24 762 30 
155 6 762 30 914.4 36 
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CHAPTER 9 TABLES 

Table 4 Dimensions and Percent Area of Conduit and Tubing 
(Areas of Conduit or Tubing for the Combinations of Wires Permitted in Table 1, Chapter 9) 

Article 358 - Electrical Metallic Tubing (EMT) 

Nominal 
Internal Total Area 1 Wire 2 Wires Over 2 Wires 

Diameter 100% 60% 53% 31% 40% 
Metric Trade 

Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 

16 '/2 15.8 0.622 196 0.304 118 0.182 104 0.161 61 0.094 78 0.122 
21 % 20.9 0.824 343 0.533 206 0.320 182 0.283 106 0.165 137 0.213 
27 1 26.6 1.049 556 0.864 333 0.519 295 0.458 172 0.268 222 0.346 
35 1'/4 35.1 1.380 968 1.496 581 0.897 513 0.793 300 0.464 387 0.598 
41 P/2 40.9 1.610 1314 2.036 788 1.221 696 1.079 407 0.631 526 0.814 
53 2 52.5 2.067 2165 3.356 1299 2.013 1147 1.778 671 1.040 866 1.342 
63 21/2 69.4 2.731 3783 5.858 2270 3.515 2005 3.105 1173 1.816 1513 2.343 
78 3 85.2 3.356 5701 8.846 3421 5.307 3022 4.688 1767 2.742 2280 3.538 
91 31/2 97.4 3.834 7451 11.545 4471 6.927 3949 6.119 2310 3.579 2980 4.618 

103 4 110.1 4.334 9521 14.753 5712 8.852 5046 7.819 2951 4.573 3808 5.901 

Article 362 - Electrical Nonmetallic Tubing (ENT) 

Nominal 
Internal Total Area 1 Wire 2 Wires Over 2 Wires 

Diameter 100% 60% 53% 31% 40% 
Metric Trade 

Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 

16 1/2 14.2 0.560 158 0.246 95 0.148 84 0.131 49 0.076 63 0.099 
21 % 19.3 0.760 293 0.454 176 0.272 155 0.240 91 0.141 117 0.181 
27 1 25.4 1.000 507 0.785 304 0.471 269 0.416 157 0.243 203 0.314 
35 }l/4 34.0 1.340 908 1.410 545 0.846 481 0.747 281 0.437 363 0.564 
41 11/2 39.9 1.570 1250 1.936 750 1.162 663 1.026 388 0.600 500 0.774 
53 2 5l.3 2.020 2067 3.205 1240 1.923 1095 1.699 641 0.993 827 1.282 
63 21/2 
78 3 
91 31/2 

Article 348 Flexible Metal Conduit (FMC) 

Nominal 
Internal Total Area 1 Wire 2 Wires Over 2 Wires 
Diameter 100% 60% 53% 31% 400/0 

Metric Trade 
Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in? mm2 in.2 mm2 in.2 

12 3/8 9.7 0.384 74 0.116 44 0.069 39 0.061 23 0.036 30 0.046 
16 '/2 16.1 0.635 204 0.317 122 0.190 108 0.168 63 0.098 81 0.127 
21 % 20.9 0.824 343 0.533 206 0.320 182 0.283 106 0.165 137 0.213 
27 1 25.9 L020 527 0.817 316 0.490 279 0.433 163 0.253 211 0.327 
35 11/4 32.4 1.275 824 1.277 495 0.766 437 0.677 256 0.396 330 0.511 
41 11/2 39.1 1.538 1201 1.858 720 1.115 636 0.985 372 0.576 480 0.743 
53 2 51.8 2.040 2107 3.269 1264 1.961 1117 1.732 653 1.013 843 1.307 
63 21/2 63.5 2.500 3167 4.909 1900 2.945 1678 2.602 982 1.522 1267 1.963 
78 3 76.2 3.000 4560 7.069 2736 4.241 2417 3.746 1414 2.191 1824 2.827 
91 31/2 88.9 3.500 6207 9.621 3724 5.773 3290 5.099 1924 2.983 2483 3.848 

103 4 101.6 4.000 8107 12.566 4864 7.540 4297 6.660 2513 3.896 3243 5.027 
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Table 4 Continued 

Artic1e 342 - Intermediate Metal Conduit (IMC) 

Nominal 
Internal Total Area 1 Wire 2 Wires Over 2 Wires 

Diameter 100% 60% 53% 31% 40% 
Metric Trade 

Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 

12 3/8 
16 lh 16.8 0.660 222 0.342 133 0.205 117 0.181 69 0.106 89 0.137 
21 % 21.9 0.864 377 0.586 226 0.352 200 0.311 117 0.182 151 0.235 
27 1 28.1 1.105 620 0.959 372 0.575 329 0.508 192 0.297 248 0.384 
35 11/4 36.8 1.448 1064 1.647 638 0.988 564 0.873 330 0.5]0 425 0.659 
41 }I/2 42.7 1.683 1432 2.225 859 1.335 759 1.179 444 0.690 573 0.890 
53 2 54.6 2.150 2341 3.630 1405 2.178 1241 1.924 726 1.125 937 1.452 
63 2lh 64.9 2.557 3308 5.135 1985 3.081 1753 2.722 1026 1.592 1323 2.054 
78 3 80.7 3.176 5115 7.922 3069 4.753 2711 4.199 1586 2.456 2046 3.169 
91 31/2 93.2 3.671 6822 10.584 4093 6.351 3616 5.610 2115 3.281 2729 4.234 

103 4 105.4 4.166 8725 13.631 5235 8.179 4624 7.224 2705 4.226 3490 5.452 

Article 356 - Liquidtigbt Flexible Nonmetallic Conduit (LFNC-B*) 

Nominal 
Internal Total Area 1 Wire 2 Wires Over 2 Wires 

Diameter 100% 60% 53% 31% 40% 
Metric Trade 

Designator Size mm in. mm2 in? mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 

12 % 12.5 0.494 123 0.192 74 0.1] 5 65 0.102 38 0.059 49 0.077 
16 lh 16.1 0.632 204 0.314 122 0.188 108 0.166 63 0.097 81 0.125 
21 % 21.1 0.830 350 0.541 210 0.325 185 0.287 108 0.168 140 0.216 
27 1 26.8 1.054 564 0.873 338 0.524 299 0.462 175 0.270 226 0.349 
35 IV4 35.4 1.395 984 1.528 591 0.917 522 0.810 305 0.474 394 0.611 
41 Ph 40.3 1.588 1276 1.981 765 1.188 676 1.050 395 0.614 510 0.792 
53 2 51.6 2.033 2091 3.246 1255 1.948 1108 1.720 648 1.006 836 1.298 

*Corresponds to 356.2(2). 

Article 356 Liquidtight Flexible Nonmetallic Conduit (LFNC-A *) 

Nominal 
Internal Total Area 1 Wire 2 Wires Over 2 Wires 
Diameter 100% 60''10 53% 31% 40% 

Metric Trade 
Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 

12 3/s 12.6 0.495 125 0.192 75 0.115 66 0.102 39 0.060 50 0.077 
16 V2 16.0 0.630 201 0.312 121 0.187 107 0.165 62 0.097 80 0.125 
21 3/4 21.0 0.825 346 0.535 208 0.321 184 0.283 107 0.166 139 0.214 
27 1 26.5 1.043 552 0.854 331 0.513 292 0.453 171 0.265 221 0.342 
35 }I/4 35.1 1.383 968 1.502 581 0.901 513 0.796 300 0.466 387 0.601 
41 Ph 40.7 1.603 1301 2.018 781 1.211 690 1.070 403 0.626 520 0.807 
53 2 52.4 2.063 2157 3.343 1294 2.006 1143 1.772 669 1.036 863 1.337 

*Corresponds to 356.2( I). (Continues) 
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Table 4 Continued 

Article 350 Liquidtigbt Flexible Metal Conduit (LFMC) 

Nominal 
Internal Total Area 1 Wire 2 Wires Over 2 Wires 

Diameter 100% 60% 53% 31% 40% 
Metric Trade 

Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 

12 3Js 12.5 0,494 123 0.192 74 0.115 65 0.102 38 0.059 49 0.077 
16 16.1 0.632 204 0.314 122 0.188 108 0.166 63 0.097 81 0.125 
21 3/4 21.1 0.830 350 0.541 210 0.325 185 0.287 108 0.168 140 0.216 
27 1 26.8 1.054 564 0.873 338 0.524 299 0,462 175 0.270 226 0.349 
35 11/4 35,4 1.395 984 1.528 591 0.917 522 0.810 305 0,474 394 0.611 
41 1 l/2 40.3 1.588 1276 1.981 765 1.188 676 1.050 395 0.614 510 0.792 
53 2 51.6 2.033 2091 3.246 1255 1.948 1108 1.720 648 1.006 836 1.298 
63 21/2 63.3 2,493 3147 4.881 ]888 2.929 1668 2.587 976 1.513 1259 1.953 
78 3 78,4 3.085 4827 7.475 2896 4.485 2559 3.962 1497 2.317 1931 2.990 
91 3112 89.4 3.520 6277 9.731 3766 5.839 3327 5.158 1946 3.017 2511 3.893 

103 4 102.1 4.020 8187 12.692 4912 7.615 4339 6.727 2538 3.935 3275 5.077 
129 5 
155 6 

Article 344 -- Rigid Metal Conduit (RMC) 

Nominal 
Internal Total Area 1 Wire 2 Wires Over 2 Wires 
Diameter 100% 60% 53% 31% 40% 

Metric Trade 
Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in? 

12 3/8 

16 112 16.1 0.632 204 0.314 122 0.188 108 0.166 63 0.097 81 0.125 
21 % 21.2 0.836 353 0.549 212 0.329 187 0.291 109 0.170 141 0.220 
27 1 27.0 1.063 573 0.887 344 0.532 303 0.470 177 0.275 229 0.355 
35 1 l/4 35.4 1.394 984 1.526 591 0.916 522 0.809 305 0.473 394 0.610 
41 1 l/2 41.2 1.624 1333 2.071 800 1.243 707 1.098 413 0.642 533 0.829 
53 2 52.9 2.083 2198 3.408 1319 2.045 1165 1.806 681 1.056 879 1.363 
63 2lj2 63.2 2.489 3137 4.866 1882 2.919 1663 2.579 972 1.508 1255 1.946 
78 3 78.5 3.090 4840 7.499 2904 4,499 2565 3.974 1500 2.325 1936 3.000 
9] 3 l/2 90.7 3.570 6461 10.010 3877 6.006 3424 5.305 2003 3.103 2584 4.004 

103 4 102.9 4.050 8316 12.882 4990 7.729 4408 6.828 2578 3.994 3326 5.153 
129 5 128.9 5.073 13050 20.212 783012.127 6916 10.713 4045 6.266 5220 8.085 
155 6 154.8 6.093 18821 29.158 11292 17.495 9975 15.454 5834 9.039 7528 11.663 

Article 352 - Rigid PVC Conduit (PVC), Schedule 80 

Nominal 
Internal Total Area 1 Wire 2 Wires Over 2 Wires 

Diameter 100% 60% 53% 31% 40% 
Metric Trade 

Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 

12 3Js 
16 lj2 13.4 0.526 141 0.217 85 0.130 75 0.115 44 0.067 56 0.087 
21 % 18.3 0.722 263 0.409 158 0.246 139 0.217 82 0.127 105 0.164 
27 1 23.8 0.936 445 0.688 267 0.413 236 0.365 138 0.213 178 0.275 
35 ] 1/4 31.9 1.255 799 1.237 480 0.742 424 0.656 248 0.383 320 0.495 
41 1112 37.5 1.476 1104 1.711 663 1.027 585 0.907 342 0.530 442 0.684 
53 2 48.6 1.913 1855 2.874 lIB 1.725 983 1.523 575 0.891 742 1.150 
63 2Y2 58.2 2.290 2660 4.119 1596 2.471 1410 2.183 825 1.277 1064 1.647 
78 3 72.7 2.864 4151 6.442 2491 3.865 2200 3.414 1287 1.997 1660 2.577 
91 31/2 84.5 3.326 5608 8.688 3365 5.213 2972 4.605 1738 2.693 2243 3.475 

103 4 96.2 3.786 7268 11.258 4361 6.755 3852 5.967 2253 3.490 2907 4.503 
129 5 121.1 4.768 11518 17.855 6911 10.713 6105 9.463 3571 5.535 4607 7.142 
155 6 145.0 5.709 16513 25.598 9908 15.359 8752 13.567 5119 7.935 6605 10.239 
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Table 4 Continued 

Articles 352 and 353 - Rigid PVC Conduit (PVC), Schedule 40, and HDPE Conduit (HDPE) 

Nominal 
Internal Total Area 1 Wire 2 Wires Over 2 Wires 
Diameter 100% 60% 53% 31% 40% 

Metric Trade 
Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 

12 % 
16 V2 15.3 0.602 184 0.285 110 0.171 97 0.151 57 0.088 74 0.114 
21 % 20.4 0.804 327 0.508 196 0.305 173 0.269 101 0.157 131 0.203 
27 1 26.1 1.029 535 0.832 321 0.499 284 0.441 166 0.258 214 0.333 
35 1 V4 34.5 1.360 935 1.453 561 0.872 495 0.770 290 0.450 374 0.581 
41 1 40.4 1.590 1282 1.986 769 1.191 679 1.052 397 0.616 513 0.794 
53 2 52.0 2.047 2124 3.291 1274 1.975 1126 1.744 658 1.020 849 1.316 
63 21/2 62.1 2.445 3029 4.695 1817 2.817 1605 2.488 939 1.455 1212 1.878 
78 3 77.3 3.042 4693 7.268 2816 4.361 2487 3.852 1455 2.253 1877 2.907 
91 3 lh 89.4 3.521 6277 9.737 3766 5.842 3327 5.161 1946 3.018 2511 3.895 

103 4 101.5 3.998 8091 12.554 4855 7.532 4288 6.654 2508 3.892 3237 5.022 
129 5 127.4 5.016 12748 19.761 7649 11.856 6756 10.473 3952 6.126 5099 7.904 
155 6 153.2 6.031 18433 28.567 1106017.140 9770 15.141 5714 8.856 7373 11.427 

Article 352 - Type A, Rigid PVC Conduit (PVC) 

Nominal 
Internal Total Area 1 Wire 2 Wires Over 2 Wires 

Diameter 100% 60% 53% 31% 40% 
Metric Trade 

Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 

16 V2 17.8 0.700 249 0.385 149 0.231 132 0.204 77 0.119 100 0.154 
21 % 23.1 0.910 419 0.650 251 0.390 222 0.345 130 0.202 168 0.260 
27 1 29.8 1.175 697 1.084 418 0.651 370 0.575 216 0.336 279 0.434 
35 Jlf,t 38.1 1.500 1140 1.767 684 1.060 604 0.937 353 0.548 456 0.707 
41 1 V2 43.7 1.720 1500 2.324 900 1.394 795 1.231 465 0.720 600 0.929 
53 2 54.7 2.155 2350 3.647 1410 2.188 1245 1.933 728 1.131 940 1.459 
63 2V2 66.9 2.635 3515 5.453 2109 3.272 1863 2.890 1090 1.690 1406 2.181 
78 3 82.0 3.230 5281 8.194 3169 4.916 2799 4.343 1637 2.540 2112 3.278 
91 3V2 93.7 3.690 6896 10.694 4137 6.416 3655 5.668 2138 3.315 2758 4.278 

103 4 106.2 4.180 8858 13.723 5315 8.234 4695 7.273 2746 4.254 3543 5.489 
129 5 
155 6 

Article 352 Type EB, Rigid PVC Conduit (PVC) 

Nominal 
Internal Total Area 1 Wire 2 Wires Over 2 Wires 
Diameter 100% 600/0 53% 31% 40% 

Metric Trade 
Designator Size mm in. mm2 in.2 mm2 in? mm2 in.2 mm2 in.2 mm2 in.2 

16 
21 % 
27 1 
35 JI/4 
41 JI/2 
53 2 56.4 2.221 2498 3.874 1499 2.325 1324 2.053 774 1.201 999 1.550 
63 2V2 
78 3 84.6 3.330 5621 8.709 3373 5.226 2979 4.616 1743 2.700 2248 3.484 
91 3 112 96.6 3.804 7329 11.365 4397 6.819 3884 6.023 2272 3.523 2932 4.546 

103 4 108.9 4.289 9314 14.448 5589 8.669 4937 7.657 2887 4.479 3726 5.779 
129 5 135.0 5.316 14314 22.195 858813.317 7586 11.763 4437 6.881 5726 8.878 
155 6 160.9 6.336 20333 31.530 1220018.918 10776 16.711 6303 9.774 8133 12.612 
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Table 5 Dimensions of Insulated Conductors and Fixture Wires 

Approximate Diameter Approximate Area 
Size (AWG or 

Type kcmil) mm in. mm2 in.2 

Type: FFH-2, RFH-I, RFH-2, RHH*, RHW*, RHW-2*, RHH, RHW, RHW-2, SF-I, SF-2, SFF-l, SFF-2, TF, TFF, THHW, 
THW, THW-2, TW, XF, XFF 

RFH-2, 18 3.454 0.136 9.355 0.0145 
FFH-2 16 3.759 0.148 11.10 0.0172 

RHH, RHW, 14 4.902 0.193 18.90 0.0293 
RHW-2 12 5.385 0.212 22.77 0.0353 

10 5.994 0.236 28.19 0.0437 
8 8.280 0.326 53.87 0.0835 
6 9.246 0.364 67.16 0.1041 
4 10.46 0.412 86.00 0.1333 
3 11.18 0.440 98.13 0.1521 
2 11.99 0.472 112.9 0.1750 
1 14.78 0.582 171.6 0.2660 

1/0 15.80 0.622 196.1 0.3039 
2/0 16.97 0.668 226.1 0.3505 
3/0 18.29 0.720 262.7 0.4072 
4/0 19.76 0.778 306.7 0.4754 

250 22.73 0.895 405.9 0.6291 
300 24.13 0.950 457.3 0.7088 
350 25.43 1.001 507.7 0.7870 
400 26.62 1.048 556.5 0.8626 
500 28.78 1.133 650.5 1.0082 
600 31.57 1.243 782.9 1.2135 

700 33.38 1.314 874.9 1.3561 
750 34.24 1.348 920.8 1.4272 
800 35.05 1.380 965.0 1.4957 
900 36.68 1.444 1057 1.6377 

1000 38.15 1.502 1143 1.7719 

1250 43.92 1.729 1515 2.3479 
1500 47.04 1.852 1738 2.6938 
1750 49.94 1.966 1959 3.0357 
2000 52.63 2.072 2175 3.3719 

SF-2, SFF-2 18 3.073 0.121 7.419 0.0115 
16 3.378 0.133 8.968 0.0139 
14 3.759 0.148 11.10 0.0172 

SF-I, SFF-l 18 2.311 0.091 4.194 0.0065 

RFH-l, XF, XFF 18 2.692 0.106 5.161 0.0080 

TF, TFF, XF, XFF 16 2.997 0.118 7.032 0.0109 

TW, XF, XFF, 14 3.378 0.133 
THHW, THW, 
THW-2 
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Size (AWG or 
Type kcmil) 

TW, THHW, 12 
THW, THW-2 10 

8 

RHH*, RHW*, 14 
RHW-2* 

RHH*, RHW*, 12 
RHW-2*, XF, 
XFF 

TABLES 

Approximate Diameter 

mm 

3.861 
4.470 
5.994 

4.140 

4.623 

in. 

0.152 
0.176 
0.236 

0.163 

0.182 

11.68 
15.68 
28.19 

13.48 

16.77 

Approximate Area 

CHAPTER 9 

0.0181 
0.0243 
0.0437 

0.0209 

0.0260 

Type: RHH*, RHW*, RHW-2*, THHN, THHW, THW, THW-2, TFN, TFFN, THWN, THWN-2, XF, XFF 

RHH,* RHW,* 10 5.232 0.206 21.48 0.0333 
RHW-2,* XF, 
XFF 

RHH*,RHW*, 8 6.756 0.266 35.87 0.0556 
RHW-2* 

TW, THW, 6 7.722 0.304 46.84 0.0726 
THHW, THW-2, 4 8.941 0.352 62.77 0.0973 
RHH*, RHW*, 3 9.652 0.380 73.16 0.1134 
RHW-2* 2 10.46 0.412 86.00 0.1333 

1 12.50 0.492 122.6 0.1901 

1/0 13.51 0.532 143.4 0.2223 
2/0 14.68 0.578 169.3 0.2624 
3/0 16.00 0.630 201.1 0.3117 
4/0 17.48 0.688 239.9 0.3718 

250 19.43 0.765 296.5 0.4596 
300 20.83 0.820 340.7 0.5281 
350 22.12 0.871 384.4 0.5958 
400 23.32 0.918 427.0 0.6619 
500 25.48 1.003 509.7 0.7901 
600 28.27 1.113 627.7 0.9729 

700 30.07 1.184 710.3 1.1010 
750 30.94 1.218 751.7 1.1652 
800 31.75 1.250 791.7 1.2272 
900 33.38 1.314 874.9 1.3561 

1000 34.85 1.372 953.8 1.4784 

1250 39.09 1.539 1200 1.8602 
1500 42.21 1.662 1400 2.1695 
1750 45.11 1.776 1598 2.4773 
2000 47.80 1.882 1795 2.7818 

TFN, TFFN 18 2.134 0.084 3.548 0.0055 
16 2.438 0.096 4.645 0.0072 

(Continues) 
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Table 5 Continued 

Approximate Diameter Approximate Area 
Size (AWG or 

Type kcmil) mm in. mm2 in.2 

THHN, THWN, 14 2.819 0.111 6.258 0.0097 
THWN-2 12 3.302 0.130 8.581 0.0133 

10 4.166 0.164 13.61 0.0211 
8 5.486 0.216 23.61 0.0366 
6 6.452 0.254 32.71 0.0507 
4 8.230 0.324 53.16 0.0824 
3 8.941 0.352 62.77 0.0973 
2 9.754 0.384 74.71 0.1158 
1 11.33 0.446 100.8 0.1562 

1/0 12.34 0.486 119.7 0.1855 
2/0 13.51 0.532 143.4 0.2223 
3/0 14.83 0.584 172.8 0.2679 
4/0 16.31 0.642 208.8 0.3237 

250 18.06 0.711 256.1 0.3970 
300 19.46 0.766 297.3 0.4608 

Type: FEP, FEPB, PAF, PAFF, PF, PFA, PFAH, PFF, PGF, PGFF, PTF, PTFF, TFE, THHN, THWN, THWN-2, Z, ZF, ZFF 

THHN, THWN, 350 20.75 0.817 338.2 0.5242 
THWN-2 400 21.95 0.864 378.3 0.5863 

500 24.10 0.949 456.3 0.7073 
600 26.70 1.051 559.7 0.8676 
700 28.50 1.122 637.9 0.9887 
750 29.36 1.156 677.2 1.0496 
800 30.18 1.188 715.2 1.1085 
900 31.80 1.252 794.3 1.2311 

1000 33.27 1.310 869.5 1.3478 

PF, PGFF, PGF, 18 2.184 0.086 3.742 0.0058 
PFF, PTF, PAF, 

16 2.489 0.098 4.839 0.0075 
PTFF,PAFF 

PF, PGFF, PGF, 14 2.870 0.113 6.452 0.0100 
PFF, PTF, PAF, 
PTFF, PAFF, 
TFE, FEP, PFA, 
FEPB, PFAH 

TFE, FEP, PFA, 12 3.353 0.132 8.839 0.0137 
FEPB, PFAH 10 3.962 0.156 12.32 0.0191 

8 5.232 0.206 21.48 0.0333 
6 6.198 0.244 30.19 0.0468 
4 7.417 0.292 43.23 0.0670 
3 8.128 0.320 51.87 0.0804 
2 8.941 0.352 62.77 0.0973 

TFE, PFAH 1 10.72 0.422 90.26 0.1399 

TFE, PFA, PFAH, 110 11.73 0.462 108.1 0.1676 
Z 2/0 12.90 0.508 130.8 0.2027 

3/0 14.22 0.560 158.9 0.2463 
4/0 15.70 0.618 193.5 0.3000 

ZF,ZFF 18 1.930 0.076 2.903 0.0045 
16 2.235 0.088 3.935 0.0061 
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Table 5 Continued 

Approximate Diameter Approximate Area 
Size (AWG or 

Type kcmil) mm in. mm2 in. l 

Z, ZFF 14 2.616 0.103 5.355 0.0083 

Z 12 3.099 0.122 7.548 0.0117 
10 3.962 0.156 12.32 0.0191 
8 4,978 0.196 19.48 0.0302 
6 5.944 0.234 27.74 0,0430 
4 7.163 0.282 40.32 0.0625 
3 8.382 0.330 55.16 0,0855 
2 9.195 0.362 66.39 0.1029 
1 10.2] 0.402 81.87 0.1269 

Type: KF-l, KF-2, KFF-J, KFF-2, XHH, XHHW, XHHW-2, ZW 

XHHW,ZW, 14 3.378 0,133 8.968 0.0139 
XHHW-2, XHH 12 3.861 0.152 11.68 0.018] 

10 4.470 0.176 15.68 0.0243 
8 5.994 0.236 28.19 0.0437 
6 6.960 0.274 38.06 0.0590 
4 8.179 0.322 52.52 0.0814 
3 8.890 0.350 62.06 0.0962 
2 9.703 0.382 73.94 0.1146 

XHHW, 1 11.23 0.442 98.97 0.1534 
XHHW-2, XHH 110 12.24 0.482 117.7 0.1825 

2/0 13.41 0.528 141.3 0.2190 
3/0 14.73 0.58 170.5 0.2642 
4/0 16.21 0.638 206.3 0.3197 

250 17.91 0.705 251.9 0.3904 
300 19.30 0.76 292.6 0.4536 
350 20.60 0.811 333.3 0.5166 
400 21.79 0.858 373.0 0.5782 
500 23.95 0.943 450.6 0.6984 

600 26.75 1.053 561.9 0.8709 
700 28.55 1.124 640.2 0.9923 
750 29.41 1.158 679.5 1.0532 
800 30.23 1.190 717.5 1.11 22 
900 31.85 1.254 796.8 1.2351 

1000 33.32 1.312 872.2 1.3519 
1250 37.57 1.479 1108 1.7180 
1500 40.69 1.602 1300 2.0157 
1750 43.59 1.716 1492 2.3127 
2000 46.28 1.822 1682 2.6073 

KF-2, KFF-2 18 1.600 0.063 2.000 0.003] 
16 1.905 0.075 2.839 0.0044 
14 2.286 0.090 4.129 0.0064 
12 2.769 0.109 6.000 0.0093 
10 3.378 0.133 8.968 0.0139 

KF-l, KFF-l 18 1.448 0.057 1.677 0.0026 
16 1.753 0.069 2.387 0.0037 
14 2.134 0.084 3.548 0.0055 
12 2.616 0.103 5.355 0.0083 
]0 3.226 0.127 8.194 0.0127 

*Types RHH, RHW, and RHW-2 without outer covering. 

20] 3 California Electrical Code 70-719 



CHAPTER 9 TABLES 

Table SA Compact Copper and Aluminum Building Wire Nominal Dimensions* and Areas 

Bare Types RHH**, RHW**, 
Conductor or USE THW and THHW THHN XHHW 

Size Approximate Approximate Approximate Approximate Approximate Approximate Approximate Approximate Size 
(AWG Diameter Diameter Area Diameter Area Diameter Area Diameter Area (AWG 

or or 
mm in. mm in. mm2 in.2 mm in. mm l in. l mm in. mm l in. l mm in. mml in. l 

8 3.404 0.134 6.604 0.260 34.25 0.0531 6.477 0.255 32.90 0.0510 5.690 0.224 25.42 0.0394 8 
6 4.293 0.169 7.493 0.295 44.10 0.0683 7.366 0.290 42.58 0.0660 6.096 0.240 29.16 0.0452 6.604 0.260 34.19 0.0530 6 
4 5.410 0.213 8.509 0.335 56.84 0.0881 8.509 0.335 56.84 0.0881 7.747 0.305 47.10 0.0730 7.747 0.305 47.100.0730 4 
2 6.807 0.268 9.906 0.390 77.03 0.1194 9.906 0.390 77.03 0.1194 9.144 0.360 65.61 0.1017 9.144 0.360 65.61 0.1017 2 
I 7.595 0.299 11.81 0.465 109.5 0.1698 11.81 0.465 109.5 0.1698 10.54 DA15 87.23 0.1352 10.54 0.415 87.23 0.1352 1 

1/0 8.534 0.336 12.70 0.500 126.6 0.1963 12.70 0.500 126.6 0.1963 11.43 0.450 102.6 0.1590 11.43 0.450 102.6 0.1590 1/0 
2/0 9.550 0.376 13.72 0.540 147.8 0.2290 13.84 0.545 150.5 0.2332 12.57 0.495 124.1 0.1924 12.45 0.490 121.6 0.1885 2/0 
3/0 10.74 0.423 14.99 0.590 176.3 0.2733 14.99 0.590 176.3 0.2733 13.72 0.540 147.7 0.2290 13.72 0.540 147.7 0.2290 3/0 
4/0 12.07 0.475 16.26 0.640 207.6 0.3217 16.38 0.645 210.8 0.3267 15.11 0.595 179.4 0.2780 14.99 0.590 176.3 0.2733 4/0 

250 13.21 0.520 18.16 0.715 259.0 0.4015 18.42 0.725 266.3 0.4128 17.02 0.670 227.4 0.3525 16.76 0.660 220.7 0.3421 250 
300 14.48 0.570 19.43 0.765 296.5 0.4596 19.69 0.775 304.3 0.4717 18.29 0.720 262.6 0.4071 18.16 0.715 259.0 0.4015 300 
350 15.65 0.616 20.57 0.810 332.3 0.5153 20.83 0.820 340.7 0.5281 19.56 0.770 300.4 0.4656 19.30 0.760 292.6 0.4536 350 
400 16.74 0.659 21.72 0.855 370.5 0.5741 21.97 0.865 379.1 0.5876 20.70 0.815 336.5 0.5216 20.32 0.800 324.3 0.5026 400 

500 18.69 0.736 23.62 0.930 438.2 0.6793 23.88 0.940 447.7 0.6939 22.48 0.885 396.8 0.6151 22.35 0.880 392.4 0.6082 500 
600 20.65 0.813 26.29 1.035 542.8 0.8413 26.67 1.050 558.6 0.8659 25.02 0.985 491.6 0.7620 24.89 0.980 486.6 0.7542 600 
700 22.28 0.877 27.94 1.100 613.1 0.9503 28.l9 1.110 624.3 0.9676 26.67 1.050 558.6 0.8659 26.67 1.050 558.6 0.8659 700 
750 23.06 0.908 28.83 1.135 652.8 LOll 8 29.21 1.150 670.1 1.0386 27.31 1.075 585.5 0.9076 27.69 1.090 602.0 0.9331 750 
900 25.37 0.999 31.50 1.240 779.3 1.2076 31.09 1.224 759.1 1.1766 30.33 1.194 722.5 1.1196 29.69 1.169 692.3 1.0733 900 

1000 26.92 1.060 32.64 1.285 836.6 1.2968 32.64 1.285 836.6 1.2968 31.88 1.255 798.1 1.2370 31.24 1.230 766.6 1.1882 1000 

*Dirnensions are from industry sources. 
**Types RHH and RHW without outer coverings. 
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Table 8 Conductor Properties 

Conductors Direct-Current Resistance at 75°C 

Overall 

Size Area Di.ameter Diameter Area Uncoated Coated Aluminum 
(AWG 

or Circular ohm! ohm! ohm! ohm! ohm! ohm! 
mm2 mils mm in. mm in. mm2 in.2 km kFT km kFT km kFT 

18 0.823 1620 1 1.02 0.040 0.823 0.001 25.5 7.77 26.5 8.08 42.0 12.8 
18 0.823 1620 7 0.39 0.015 1.16 0.046 1.06 0.002 26.1 7.95 27.7 8.45 42.8 13.1 

16 1.31 2580 1 1.29 0.051 1.31 0.002 16.0 4.89 16.7 5.08 26.4 8.05 
16 1.31 2580 7 0.49 0.019 1.46 0.058 1.68 0.003 16.4 4.99 17.3 5.29 26.9 8.21 

14 2.08 4110 1 1.63 0.064 2.08 0.003 10.1 3.07 10.4 3.19 16.6 5.06 
14 2.08 4110 7 0.62 0.024 1.85 0.073 2.68 0.004 10.3 3.14 10.7 3.26 16.9 5.17 

12 3.31 6530 1 2.05 0.081 3.31 0.005 6.34 1.93 6.57 2.01 10.45 3.18 
12 3.31 6530 7 0.78 0.030 2.32 0.092 4.25 0.006 6.50 1.98 6.73 2.05 10.69 3.25 

10 5.261 10380 1 2.588 0.102 5.26 0.008 3.984 1.21 4.148 1.26 6.561 2.00 
10 5.261 10380 7 0.98 0.038 2.95 0.116 6.76 0.011 4.070 1.24 4.226 1.29 6.679 2.04 

8 8.367 16510 1 3.264 0.128 8.37 0.013 2.506 0.764 2.579 0.786 4.125 1.26 
8 8.367 16510 7 1.23 0.049 3.71 0.146 10.76 0.017 2.551 0.778 2.653 0.809 4.204 1.28 

6 13.30 26240 7 1.56 0.061 4.67 0.184 17.09 0.027 1.608 0.491 1.671 0.510 2.652 0.808 
4 21.15 41740 7 1.96 0.077 5.89 0.232 27.19 0.042 1.010 0.308 1.053 0.321 1.666 0.508 
3 26.67 52620 7 2.20 0.087 6.60 0.260 34.28 0.053 0.802 0.245 0.833 0.254 1.320 0.403 
2 33.62 66360 7 2.47 0.097 7.42 0.292 43.23 0.067 0.634 0.194 0.661 0.201 1.045 0.319 
1 42.41 83690 19 1.69 0.066 8.43 0.332 55.80 0.087 0.505 0.154 0.524 0.160 0.829 0.253 

110 53.49 105600 19 1.89 0.074 9.45 0.372 70.41 0.109 0.399 0.122 0.415 0.127 0.660 0.201 
2/0 67.43 133100 19 2.13 0.084 10.62 0.418 88.74 0.137 0.3170 0.0967 0.329 0.101 0.523 0.159 
3!0 85.01 167800 19 2.39 0.094 11.94 0.470 111.9 0.173 0.2512 0.0766 0.2610 0.0797 0.413 0.126 
4/0 107.2 211600 19 2.68 0.106 13.41 0.528 141.1 0.219 0.1996 0.0608 0.2050 0.0626 0.328 0.100 

250 127 37 2.09 0.082 14.61 0.575 168 0.260 0.1687 0.0515 0.1753 0.0535 0.2778 0.0847 
300 152 37 2.29 0.090 16.00 0.630 201 0.312 0.1409 0.0429 0.1463 0.0446 0.2318 0.0707 
350 177 37 2.47 0.097 17.30 0.681 235 0.364 0.1205 0.0367 0.1252 0.0382 0.1984 0.0605 

400 203 37 2.64 0.104 18.49 0.728 268 0.416 0.1053 0.0321 0.1084 0.0331 0.1737 0.0529 
500 253 37 2.95 0.116 20.65 0.813 336 0.519 0.0845 0.0258 0.0869 0.0265 0.1391 0.0424 
600 304 61 2.52 0.099 22.68 0.893 404 0.626 0.0704 0.0214 0.0732 0.0223 0.1159 0.0353 

700 355 61 2.72 0.107 24.49 0.964 471 0.730 0.0603 0.0184 0.0622 0.0189 0.0994 0.0303 
750 380 61 2.82 0.111 25.35 0.998 505 0.782 0.0563 0.0171 0.0579 0.0176 0.0927 0.0282 
800 405 61 2.91 0.114 26.16 1.030 538 0.834 0.0528 0.0161 0.0544 0.0166 0.0868 0.0265 

900 456 61 3.09 0.122 27.79 1.094 606 0.940 0.0470 0.0143 0.0481 0.0147 0.0770 0.0235 
1000 507 61 3.25 0.128 29.26 1.152 673 1.042 0.0423 0.0129 0.0434 0.0132 0.0695 0.0212 
1250 633 91 2.98 0.117 32.74 1.289 842 1.305 0.0338 0.0103 0.0347 0.0106 0.0554 0.0169 

1500 760 91 3.26 0.128 35.86 1.412 1011 1.566 0.02814 0.00858 0.02814 0.00883 0.0464 0.0141 
1750 887 127 2.98 0.117 38.76 1.526 1180 1.829 0.02410 0.00735 0.02410 0.00756 0.0397 0.0121 
20001013 127 3.19 0.126 41.45 1.632 1349 2.092 0.02109 0.00643 0.02109 0.00662 0.0348 0.0106 

Notes: 
1. These resistance values are valid only for the parameters as given. Using conductors having coated strands, different stranding type, and, 
especially, other temperatures changes the resistance. 
2. for temperature change: Rz = Rl [1 + cx. (Tz - 75)] where cx.cu =: 0.00323, cx.AL = 0.00330 at 75°C. 
3. Conductors with compact and compressed stranding have about 9 percent and 3 percent, respectively, smaller bare conductor diameters than 
those shown. See Table 5A for actual compact cable dimensions. 
4. The lACS conductivities used: bare copper == 100%, aluminum 61%. 
5. Class B stranding is listed as well as solid for some sizes. Its overall diameter and area is that of its circumscribing circle. 

Informational Note: The construction information is 
NEMA WCnO-2009 or ANSIlUL 1581-

is calculated Na-
tional Bureau of Standards Handbook 100, dated 1966, and 
Handbook lO9, dated 1972. 
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Table 9 Alternating-Current Resistance and Reactance for 600-Volt Cables, 3-Phase, 
60 Hz, 75°C (l67°F) Three Single Conductors in Conduit 

Ohms to Neutral per Kilometer 

Ohms to Neutral per 1000 Feet 

Alternating-Current I 
Resistance for Alternating-Current Effective Z at 0.85 PF Effective Z at 0.85 PF 

XL (Reactance) Uncoated Resistance for for Uncoated Copper for Aluminum 
for All Wires Copper Wires Aluminum Wires Wires Wires 

! 
PVC, Size 

Size Alum- Alum- Alum- Alum- Alum- (AWG 
(AWG inurn Steel PVC inurn Steel PVC inurn Steel PVC inum Steel PVC inurn Steel or 

or kcrnil) --:onduits Conduit Conduit Conduit Conduit Conduit Conduit Conduit Conduit Conduit Conduit Conduit Conduit Conduit kcrnil) 

14 0.190 0.240 10.2 10.2 10.2 - 8.9 8.9 8.9 - - 14 
0.058 0.073 3.1 3.1 3.1 - - 2.7 2.7 2.7 -

12 0.177 0.223 6.6 6.6 6.6 10.5 10.5 10.5 5.6 5.6 5.6 9.2 9.2 9.2 12 
0.054 0.068 2.0 2.0 2.0 3.2 3.2 3.2 1.7 1.7 1.7 2.8 2.8 2.8 

10 0.164 0.207 3.9 3.9 3.9 6.6 6.6 6.6 3.6 3.6 3.6 5.9 5.9 5.9 10 
0.050 0.063 1.2 1.2 1.2 2.0 2.0 2.0 1.1 1.1 1.1 1.8 1.8 1.8 

8 0.171 0.213 2.56 2.56 2.56 4.3 4.3 4.3 2.26 2.26 2.30 3.6 3.6 3.6 8 
0.052 0.065 0.78 0.78 0.78 1.3 1.3 1.3 0.69 0.69 0.70 1.1 1.1 1.1 

6 0.167 0.210 1.61 1.61 1.61 2.66 2.66 2.66 1.44 1.48 1.48 2.33 2.36 2.36 6 
0.051 0.064 0.49 0.49 0.49 0.81 0.81 0.81 0.44 0.45 0.45 0.71 0.72 0.72 

4 0:6~~ 0.197 1.02 1.02 1.02 1.67 1.67 1.67 0.95 0.95 0.98 1.51 1.51 1.51 4 
O. 0.060 0.31 0.31 0.31 0.51 0.51 0.51 0.29 0.29 0.30 0.46 0.46 0.46 

3 0.154 0.194 0.82 0.82 0.82 1.31 1.35 1.31 0.75 0.79 0.79 1.21 1.21 1.21 3 
0.047 0.059 0.25 0.25 0.25 0.40 0.41 0.40 0.23 0.24 0.24 0.37 0.37 0.37 

2 0.148 0.187 0.62 0.66 0.66 1.05 1.05 1.05 0.62 0.62 0.66 0.98 0.98 0.98 2 
0.045 0.057 0.19 0.20 0.20 0.32 0.32 0.32 0.19 0.19 0.20 0.30 0.30 0.30 

1 0.151 0.187 0.49 0.52 0.52 0.82 0.85 0.82 0.52 0.52 0.52 0.79 0.79 0.82 1 
0.046 0.057 0.15 0.16 0.16 0.25 0.26 0.25 0.16 0.16 0.16 0.24 0.24 0.25 

110 0.144 0.180 0.39 0.43 0.39 0.66 0.69 0.66 0.43 0.43 0.43 0.62 0.66 0.66 1/0 
0.044 0.055 0.12 0.13 0.12 0.20 0.21 0.20 0.13 0.13 0.13 0.19 0.20 0.20 

2/0 0.141 0.177 0.33 0.33 0.33 0.52 0.52 0.52 0.36 0.36 0.36 0.52 0.52 0.52 2/0 
0.043 0.054 0.10 0.10 0.10 0.16 0.16 0.16 0.11 0.11 0.11 0.16 0.16 0.16 

3/0 0.138 0.171 0.253 0.269 0.259 0.43 0.43 0.43 0.289 0.302 0.308 0.43 0.43 0.46 3/0 
0.042 0.052 0.077 0.082 0.079 0.13 0.13 0.13 0.088 0.092 0.094 0.13 0.13 0.14 

4/0 0.135 0.167 0.203 0.220 0.207 0.33 0.36 0.33 0.243 0.256 0.262 0.36 0.36 0.36 4/0 
0.041 0.051 0.062 0.067 0.063 0.10 0.11 0.10 0.074 0.078 0.080 0.11 0.11 0.11 

250 0.135 0.171 0.171 0.187 0.177 0.279 0.295 0.282 0.217 0.230 0.240 0.308 0.322 0.33 250 
0.041 0.052 0.052 0.057 0.054 0.085 0.090 0.086 0.066 0.070 0.073 0.094 0.098 0.10 

300 0.135 0.167 0.144 0.161 0.148 0.233 0.249 0.236 0.194 0.207 0.213 0.269 0.282 0.289 300 
0.041 0.051 0.044 0.049 0.045 0.071 0.076 0.072 0.059 0.063 0.065 0.082 0.086 0.088 

350 0.131 0.164 0.125 0.141 0.128 0.200 0.217 0.207 0.174 0.190 0.197 0.240 0.253 0.262 350 
0.040 0.050 0.038 0.043 0.039 0.061 0.066 0.063 0.053 0.058 0.060 0.073 0.077 0.080 

400 0.131 0.161 0.108 0.125 0.115 0.177 0.194 0.180 0.161 0.174 0.184 0.217 0.233 0.240 400 
0.040 0.049 0.033 0.038 0.035 0.054 0.059 0.055 0.049 0.053 0.056 0.066 0.071 0.073 

70-722 2013 California Electrical Code 



TABLES 

Table 9 Continued 

Ohms to Neutral per Kilometer 

Ohms to Neutral per 1000 Feet 

Alternating-Current 
Resistance for Alternating-Current Effective Z at 0.85 PF 

XL (Reactance) Uncoated Resistance for for Uncoated Copper 
for All Wires Copper Wires Aluminum Wires Wires 

PVC, 
Size Alum~ Alum- Alum- Alum-

(AWG inurn Steel PVC inurn Steel PVC inurn Steel PVC inurn Steel 
or kcmil) Conduits Conduit Conduit Conduit Conduit Conduit Conduit Conduit Conduit Conduit Conduit 

500 0.128 0.157 0.089 0.105 0.095 0.141 0.157 0.148 0.141 0.157 0.164 
0.039 0.048 0.027 0.032 0.029 0.043 0.048 0.045 0.043 0.048 0.050 

600 0.128 0.157 0.075 0.092 0.082 0.l18 0.135 0.125 0.131 
I g}44 

0.154 
0.039 0.048 0.023 0.028 0.025 0.036 0.041 0.038 0.040 .044 0.047 

750 0.125 0.\57 0.062 0.079 0.069 0.095 0.112 0.102 0.118 0.13] 0.141 
0.038 0.048 0.019 0.024 0.021 0.029 0.034 0.031 0.036 0.040 0.043 

1000 0.121 0.151 0.049 0.062 0.059 0.075 0.089 0.082 0.105 0.118 0.131 
0.037 0.046 0.015 0.019 0.018 0.023 0.027 0.025 0.032 0.036 0.040 

Notes: 
1. These values are based on the following constants: UL-Type RHH wires with Class B stranding, in cradled confgu
ration. Wire conductivities are 100 percent lACS copper and 61 percent lACS aluminum, and aluminum conduit is 
45 percent lACS. Capacitive reactance is ignored, since it is negligible at these voltages. These resistance values are valid 
only at 75°C (167°F) and for the parameters as given, but are representative tor 600-volt wire types operating at 60 Hz. 
2. Effective Z is define as R cos(O) X sin(8), where e is the power factor angle of the circuit. Multiplying current 
by effective impedance gives a good approximation for line-to-neutral voltage drop. Effective impedance values 
shown in this table are valid only at 0.85 power factor. For another circuit power factor effective impedance 
(Ze) can be calculated from R and XL valucs given in this table as follows: Ze R x sin[arccos(PF)]. 

Table 10 Conductor Stranding 

Number of Strands 

Conductor Size Copper 

AWG or kcmiJ mm2 Class B Class C 

24-30 0.20-0.05 " -

22 0.32 7 

20 0.52 10 

18 0.82 16 -

16 1.3 26 

14-2 2.1-33.6 7 19 

1-4/0 42.4-107 19 37 

250-500 127-253 37 61 

600-1000 304-508 61 91 

1250-1500 635-759 91 127 
-"" 

1750-2000 886-1016 127 271 

"Number of strands vary. 
b Aluminum 14 A WG (2.1 mm2

) is not available. 
With the permission of Underwriters Laboratories, Inc., material is reproduced from UL Standard 486A-B, Wire Connec
tors, which is copyrighted by Underwriters Laboratories, Inc., Northbrook, 1llinois. While use of this material has been 
authorized, UL shall not be responsible for the manner in which the information is presented, nor for any interpretations 
thereof. For more information on UL or to purchase standards, please visit our Standards website at www.comm-2000.com 
or call \-888-853-3503. 
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Effective Z at 0.85 PF 
for Aluminum 

Wires 

Size 
Alum- (AWG 

PVC inurn Steel or 
Conduit Conduit Conduit kcmil) 

0.187 0.200 0.210 500 
0.057 0.061 0.064 

0.]67 0.]80 0.190 600 
0.051 0.055 0.058 

0.148 0.161 0.171 750 
0.045 0.049 0.052 

0.128 0.138 0.151 1000 
0.039 0.042 0.046 

Aluminum 

Class B 

-

-

-

i' 

19 

37 

61 

91 

127 
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CHAPTER 9 TABLES 

Tables l1(A) and l1(B) 
For listing purposes, Table I I (A) and Table 11(B) provide 

the required power source limitations for Class 2 and Class 3 
power sources. Table l1(A) applies for alternating-current 
sources, and Table 11 (B) applies for direct-current sources. 

The power for Class 2 and Class 3 circuits shall be either 
(1) inherently limited, requiring no overcurrent protection, or 
(2) not inherently limited, requiring a combination of power 
source and overcurrent protection. Power sources designed for 
interconnection shall be listed for the purpose. 

As part of the listing, the Class 2 or Class 3 power source 
shall be durably marked where plainly visible to indicate the 
class of supply and its electrical rating. A Class 2 power 
source not suitable for wet location use shall be so marked. 

Exception: Limited power circuits used by listed iriformation tech
n%g}' equipment. 

Overcurrent devices, where required, shall be located at 
the point where the conductor to be protected receives its 
supply and shall not be interchangeable with devices of 
higher ratings. The overcurrent device shall be permitted as 
an integral part of the power source. 

Table ll(A) Class 2 and Class 3 Alternating-Current Power Source Limitations 

Inherently Limited Power Source Not Inherently Limited Power Source 
(Overcurrent Protection Not Required) (Overcurrent Protection Required) 

Power Source Class 2 Class 3 Class 2 Class 3 

Source voltage o through 20* Over 20 and Over 30 and Over 30 and o through Over 20 and Over 30 and Over 100 and 
Vmax (volts) through 30* through 150 through 100 20* through 30* through 100 through ]50 
(see Note 1) 

Power limitations - - 250 (see 250 250 N.A. 
VArnax (volt-amperes) Note 3) 
(see Note 1) 

Current limitations 8.0 8.0 0.005 150/Vmax 1000IVmax 1000/Vmax 1000/Vrnax 1.0 
fmax (amperes) 
(see Note 1) 

Maximum overcurrent - 5.0 100IVrnax 100/Vmax 1.0 
protection (amperes) 

Power source VA (volt- 5.0 x Vmax 100 0.005 Vrnax 100 5.0 x Vmax 100 100 100 
maximum amperes) 
nameplate 
rating Current 

(amperes) I 
5.0 100/Vrnax 0.005 100/Vrnax 5.0 100/Vrnax JOO/Vmax IOO/Vrnax 

*Voltage ranges shown are for sinusoidal ac in indoor locations or where wet contact is not likely to occur. 
For nonsinusoidal or wet contact conditions, see Note 2. 
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Table l1(B) Class 2 and Class 3 Direct-Current Power Source Limitations 

Inherently Limited Power Source Not Inherently Limited Power Source 
(Overcurrent Protection Not Required) (Overeurrent Protection Required) 

Power Source Class 2 Class 3 Class 2 

Source voltage o through Over 20 and Over 30 and Over 60 and Over 60 o through 
Vmnx (volts) 20* through 30* through 60* through 150 and 20* 
(see Note I) through 

100 

Power limitations - - - 250 (see 
VArnax (volt-amperes) Note 3) 
(see Note I) 

Current limitations 8.0 8.0 ] 50/V,nax 0.005 150IVrnux ] 000/ V,llnx 
(amperes) 

(see Note 1) 

Maximum overcurrent - - - 5.0 
protection (amperes) 

Power VA 5.0 Vmax 100 100 0.005x Vlllax 100 5.0 x v'nax 
source (volt-amperes) 
maximum 
nameplate Current 5.0 100/Vmax 100/Vmux 0.005 lOa/VITIa" 5.0 
rating (amperes) 

*Voltage ranges shown are for continuous dc in indoor locations or where wet contact is not likely to occur. 
For interrupted dc or wet contact conditions, see Note 4. 

Notes for Tables I1(A) and 11(B) 
1. V max' Imax, and VAmax are detennined with the current-limiting impedance in the circuit (not bypassed) as 
follows: 

Maximum output voltage regardless of load with rated input applied. 
IOlax: Maximum output current under any noncapacitive load, including short circuit, and with overcurrent 
protection bypassed if used. Where a transformer limits the output current, limits apply after 1 minute 
of operation. Where a current-limiting impedance, listed for the purpose, or as part of a listed product, is 
used in combination with a nonpower-limited transformer or a stored energy source, e.g., storage battery, to 
limit the output current, Imaxlimits apply after 5 seconds. 
VAmax: Maximum volt-ampere output after I minute of operation regardless of load and overcurrent protec
tion bypassed if used. 
2. For nonsinusoidal ac, shall not be greater than 42.4 volts peak. Where wet contact (immersion not 
included) is likely to occur, 3 wiring methods shall be used or Vmax shall not be greater than 15 volts 
for sinusoidal ac and 21.2 volts peak for nonsinusoidal ac. 
3. If the power source is a transfonner, is 350 or less when Vmax is IS or less. 
4. For dc interrupted at a rate of 10 to 200 Hz, V max shall not be greater than 24.8 volts peak. Where wet 
contact (immersion not included) is likely to occur, Class 3 wiring methods shall be used, or V;nax shall not 
be greater than 30 volts for continuous dc; 12.4 volts peak for dc that is interrupted at a rate of 10 to 200 Hz. 
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Over 20 and 
through 60* 

250 

1000/Vmax 

100/Vmux 

100 

I ]OO/Vmax 

Class 3 

Over 60 Over 100 
and and through 

through 150 
100 

250 N.A. 

1000/Vmax 1.0 

100/Vmax LO 

100 100 

100/VITIal( 100/Vmax 
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Tables 12(A) and 12(B) 
For listing purposes, Tables 12(A) and 12(B) provide the 

required power source limitations for power-limited fir alarm 
sources. Table 12(A) applies for alternating-current sources, 
and Table 12(B) applies for direct-current sources. The power 
for power-limited fir alarm circuits shall be either (l) inher
ently limited, requiring no overcurrent protection, or (2) not 
inherently limited, requiring the power to be limited by a com
bination of power source and overcurrent protection. 

Table 12(A) PLFA Alternating-Current Power Source Limitations 

As part of the listing, the PLFA power source shall be 
durably marked where plainly visible to indicate that it is a 
power-limited fir alarm power source. The overcurrent de
vice, where required, shall be located at the point where the 
conductor to be protected receives its supply and shall not be 
interchangeable with devices of higher ratings. The overcur
rent device shall be permitted as an integral part of the power 
source. 

Inherently Limited Power Source Not Inherently Limited Power Source 
Power Source (Overcurrent Protection Not Required) (Overcurrent Protection Required) 

Circuit voltage Vmax( volts) (see Note J) o through 20 Over 20 and Over 30 and o through 20 Over 20 and Over 100 and 
through 30 through 100 through 100 through 150 

Power limitations - - 250 250 N.A. 
VAlnax(volt-amperes) (see Note 1) (see Note 2) 

Current limitations 8.0 8.0 150IVmax 1000/Vlnax IOOO/Vmax 1.0 
Imax (amperes) (see Note 1) 

Maximum overcurrent protection 5.0 100/Vlnax 1.0 
(amperes) 

Power source VA (volt- 5.0 Vmax 100 100 5.0 x Vmax ]00 100 
maximum amperes) 
nameplate ratings 

Current (amperes) 5.0 100IVmax 100IVmax 5.0 IOO/Vmax 100lVmax 

Table 12(B) PLFA Direct-Current Power Source Limitations 

Inherently Limited Power Source Not Inherently Limited Power Source 
Power Source (Overcurrent Protection Not Required) (Overcurrent Protection Required) 

Circuit voltage Vmax (volts) o through 20 Over 20 and Over 30 and o through 20 
(see Note I) through 30 through 100 

Power limitations VA max - - 250 (see Note 2) 
(volt-amperes) 
(see Note J) 

Current limitations Imax (amperes) 8.0 8.0 150/Vmax 1000IV max 

(see Note 1) 

Maximum overcurrent protection - 5.0 
(amperes) 

Power source VA (volt- amperes) 5.0x Vmax 100 
I 

100 5.0 x Vrnax 
maximum 
nameplate 

Current (amperes) 5.0 IOOlVrnax 100/Vrna." 5.0 ratings 

Notes for Tables 12(A) and 12(B) 
1. V max' Imal<' and VArnax are determined as follows: 
V max: Maximum output voltage regardless of load with rated input applied. 
Imax: Maximum output current under any noncapacitive load, including short circuit, and with overcurrent protection 
bypassed if used. Where a transformer limits the output current, lmax limits apply after I minute of operation. Where a 
current-limiting impedance, listed for the purpose, is used in combination with a nonpower-limited transformer or a 
stored energy source, e.g., storage battery, to limit the output current, Imax limits apply after 5 seconds. 
VAmux: Maximum volt-ampere output after 1 minute of operation regardless of load and overcurrent protection 
bypassed if used. Current limiting impedance shall not be bypassed when determining Imax and VA rnax' 
2. lfthe power source is a transformer, VArnax is 350 or less when Vmax is 15 or less. 
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Over 20 and Over 100 and 
through 100 through 150 

250 N.A. 

IOOOIVmax 1.0 

100lVmax 1.0 

100 100 

IOO/Vmax 100/Vmax 
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I FORMATIVE ANNEX A Annex A: Product Standards 

Informative Annex A Product Safety Standards 

Informative Annex A is not a part of the requirements of 
this NFPA document but is included for informational pur
poses only. This informative annex contains explanatory 
material, numbered to correspond with the applicable text 
paragraphs. 

at the time of publication but that new standards or modi
fication to existing standards can occur at any time while 
this edition of the Code is in effect. 

This informative annex provides a list of product safety 
standards used for product listing where that listing is re
quired by this Code. It is recognized that this list is current 

This informative annex does not form a mandatory part 
of the requirements of this Code but is intended only to 
provide Code users with informational guidance about the 
product characteristics about which Code requirements 
have been based. 

Antenna-Discharge Units 
Arc-Fault Circuit-Interrupters 
Armored Cable 

Product Standard Name 

Attachment Plugs and Rect!ptacles 
Audio, Video and Similar Electronic Apparntu 
Blisv.ays················· ················ ···· ··· ··· ····. ........ ......... ................ . .... ".' 

Cables - Thenlloplastic-lnsulated Underground Feeder and Branch-Circuit Cables 
Cables - Thennoplastic-Insulated Wires and Cables 
Cables - Thermoset-Insulated Wires and Cables 
Cable and Cable Fittings for Use in Hazardous (Classified Locations 
Cables for Non-Power~Limited Fire-Alarm Circuits 
Cables for Power-Limited Fire-Alann Circuits 

8~B~I~~OMeta ' Floor Race\Vays andFittings 
fireuit Breakers for Use in COIDnlunication' EQUipmerif 
Circuit Integrity (0) Cable - UL Outline of Investigation for Fire Tests for Electrical Circuit 

Protective Systems 
Circuit IntegrIty (Cl) Cable - Tests of Fire Resistive Cables 
Class 2 Power Units 

• Communication Circuit Accessories 
Communications Cables 
Communi!Y-Antenna Television Cables 
Conduit, Tubing, and Cable Fittings 
Conduit - Type EB and A Rigid l>VC Conduit and HDPE Conduit 
Continuous Length HDPE Conduit 
Control Centers for Changing Message Type Electric Signs 
Cord Sets and Power-Supply Cords 
Cover Plates for Flush-Mounted Wiring Devices 
Data-Processing Cable 
Electric Gene-ralON 
Electric Sign Components 
Electric Signs 
Electric .spas, E. q. uipment Assemblies, and Associated Equipment 
Electric VehicleJEV) Charging System Equipment 
Electric Water Heaters for Poclls and Tubs 
E:tplo:.i\·e Almospb re - Part II: EqUipmen~rOlcction by intrinsic safely "j" 
.Electrical App mlUl> for E~losi\'e G Alm e -~ Pan l5: Type of Prot clion "'0" 
Electrical App.\f'8lu'j for US~ in CIa ' I. Zone Hazardou (Cl&! ified locations Type Of 

.Protection .- EllCap ulalion "m" ' 
EApio ive G~ Almospher -- Part 0: ~l1ipme.nt· General requiremen 
Explosivct Gas Almo phc.J'C:s - Part 7; Inc rea ed _ :lfett "e" 
Explosive Ga.~ Almosph~ - Part I: ~ of prol~hon - flo.m~roof "d" 
Explo Ive G . Aim p N' - Part S: of protection - Powder fillin "q" 
Exp\ i,'c Gas Almosphe . -- Pan 6: ~ of protection - Oil immc tOll "0" 
Electrical Apparatus 'or Use in Zone 20, Zon~ 2 L and Zan 22 Ha18rdous (I Hied LOcation 

- Protection by Enca~ulation "mll" 
Eleclrical Apparatus for Use in Lone 20 and Zone 21 H zardou ' (CI :sified LOI.:ati(1n 
PfO(e~( ion by Enclo:iure "tD" 
lectricnJ Apparlllli for U in Zone 20, Zone 21, and Zone 22 Hazardous (Clas 'incd Location 

;~~f~~=~e~~~ ei~~()fie '20. 'ZOnt2·1·, arid·ZOOe2J··HiWidous(ClassHid· L6CitlOO" 
- Protection by Inlrin ic Safety '"iD" 
'I~trical Apparatu for U in Zone 21 noo ... ,_ .... .. ,.. .. ..... , ......... . 
Protection by Pressurization "pO" 

Ek-clrfCal Hl:aling Appliance:) 
Electrical Intennediate Metal Conduit - Steel 
Electrical Metallic Tubing - Aluminum 
Electrical Metallic Tubing - Steel 
Electrical Nonmetallic Tubing 
Electrical Re istance ticat Trilcing for Industrial Applications 
Electrical Rigid Metal Conduit - Slc~1 
Electric-Battery-Powered Industrial Trucks 
Ele<:trocbemical Capacito . 
EI~tronl\..'Chanical Conlaclors and Motor Starters 
Emergency Lighting and Power Equipment 
Enclosed and Dead-Front Switches 
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Product Standard Number 

LlL 452 
UL 1699 
UL4 
LlL 498 
UL 60065 
LlL 857 
UL 493 
UL 83 
UL44 
UL 2225 
UL 1425 
UL 1424 
UL 810 
LlL 209 
Ul489A 
Subj~ct 1724 

UL 2196 
UL 1310 
UL 1863 
UL444 
UL 1655 
UL 514B 
UL 651A 
UL 651B 
UL 1433 
LlL 817 
UL 514D 
LlL 1690 
Ul1004~ 
UL 879 .. 
UL48 
UL 1563 
UL 2202 
UL 1261 
ANSIIIS -60079-111ANSIIUL60079:Tl . 
ANSl/lSA·60079-l SI ANSIIUL 60079-1 S 
ANSI '1SI\·60079-18I A S1/Ul 60079-1 ~ 

A NSUlSA-60019·0f ANSlfU L 0079·0 
ANS lSA-60079-7! ANSIIUL 60079-7 
ANSIllSA~OO79-lrA..~SlIU1.. 60079-1 
AN l/1SA-60079-5IANSIIUL 60079-5 
ANSIfISA-60079-6/ANSIIUL 60079-6 
A Sl/lSA-61241-1 g 

ANSII1SA..(i1241-1 

NSllTSA-61241-0 

IXNSI1JSI\:::6T24r.;n 

ANSlflS -61241·2 

UL499 
UL 1242 
UL 797A 
UL 797 
UL 1653 
I EE SIS; 
UL 6 
UL 583 
Ul lOA 
UL 60947-4-1 
UL 924 
UL 98 
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Annex A: Product Standards INFORMATive ANNEX A 

Product Standard Name 

Enclosures for Electrical Equipment 
Energy Management Equipment 
Explosionproof and Dust-Ignition-Proof Electrical Equipment for Use in Hazardous (Classified 

Locations 
Fire Pump Controllers 
Fire Pump lotors 
Fire RI:!::.islive Cables 
Fixture Wire 
Flame Propagation Height of Electrical and Optical-Fiber Cables Installed Vertically in Shafts 
Flat-Plate Photovoltaic Modules and Panels 
Flexible Cords and Cabl . 
Flexible Lighting Producls 
Flexible Metal Conduit 
Fluorescent-Lamp Ballasts 
Gas and Vapor Detectors and Sensors 
Gas-Burning Heating Appliances for Manufactured Homes and Recreational Vehicles 
Gas-Fired Cooking ApplIances for Recreational Vehicles 
Gas-Tube-Sign Cable 
General-Use Snap Switches 
Ground-Fault Circuit-Interrupters 
Ground-Fault Sensing and Relaying Equipment 
Grounding and Bonding Equipment 
Hardware for the Support of Conduit, Tubing and Cable 
Heating and Cooling Equipment 
High-Intensity-Discliarge Lamp Ballasts 
HiCTh Voltage Industria l Contro l Equ ipment 
Hous~bold and imilar Electrical Appliances.. Port 2; Particular RequirtmenlS for Rcfrigeta1ln8 

Appliance!.. Icl?-Cream Applillncc: • and lce-make~ 
HOll ehold Refrigerators and Fn:ezers 

~iHfu$~rialeB~~~~'cta~~~ 
Industrial Control Equipment 
Industrial Control Panels 
Information Technology l3quipment - Safet), - Part 21 : Remote Power F ding 
lnfonmnion Technology Equipment - Safety - Part 22: Equipment to be Instatled Outdoors 
Infonnation Tectmolo "'t ~uipmcnt - Safety - Pan 23: Large Oat Storage Equipment 
Jnslrumcnl[1\ion Tray able 
In ulated Multi-Pok ,plicing Wire Connecto 
Inv r1 r::. , Converters, ContrOl! rs and 1nt rconnection System Equipment for Use with Distributed 

Energy Resources 
Isolated Power Systems Equipment 
Junction Boxes for Swimmint Pool Luminaires 
~ighr Emitting Diode (LED) ight Source for U in Li/dlting Product~ 
Liquid Fud-Iruming Heating Appliances for Manufacturca Homes and Recreational Vehicles 
Liquid-Tight Flexible NonmetaTIlc Conduit 
L!quid-Tight F!exibJe Steel Conduit 
LIthIUm BatterIes 
Low-Voltage Fuses - Part 1: General Requirements 
Low-Voltage Fuses - Part 2: Class C Fuses 
Low-Voltage Fuses - Part 3: Class CA and CB Fuses 
Low-Voltage Fuses - Part 4: Class CC Fuses 
Low-Voltage Fuses - Part 5: Class G Fuses 
Low-Voltage Fuses - Part 6: Class H Non-Renewable Fuses 
Low-Voltage Fuses - Part 7: Class H Renewable Fuses 
Low-Voltage Fuses - Part 8: Class J Fuses 
Low-Voltage Fuses - Part 9: Class K Fuses 
Low-Voltage Fuses - Part 10: Class L Fuses 
Low-Voltage Fuses - Part 11 : Plug Fuses 
Low-Voltage Fuses - Part 12: CLass R Fuses 
Low-Voltage Fuses - Part 13: Semiconductor Fuses 
Low-Voltage Fuses - Part 14: Supplemental Fuses 
Low-Voltage Fuses - Part 15: Class T Fuses 
Low-Voltage Fuses - Part 16: Test Limiters 
Low-Voltage Landscape Lighting Systems 
Low-Voltage Lighting Fixtures for Use in Recreational Vehicles 
Low-Voltage LuminaIres 
Low Voltage Tr.m. formers - Part I: Gene I Requi ments 
urw Voltage Transformers - Part 3: Cia 2 and CI 3 Tran forme 
Lummaire ltdleclo KIts for Installat.lon on Previously Installed Fluorescent Luminaires, 
Sup'pl~mental Requirements 

Ji,unllnaIre 
Machine-Tool Wires and Cables 
Manufactured Wlrll}g Sy tern 
}"h:dical Et ctrical Equipment - Part 1: General Requirements 
Medium-Voltage Power Cables 
Metal-Clad Cables 
Metal-Clad Cables and Cable-Sealing Fittings for Use in Hazardous (Classified Locations 
Metallic Outlet Boxes 
Mobile Home Pipe Heating Cable 
Molded-Case Circuit BreaKers, Molded-Case Switches, and Circuit-Breaker Enclosures 
Motor Control Centers 
Motor-Operated Appliances 
Neon Transformers and Power Supplies 
Noninc.cndi\<e Eleclrtcal Equipment for Use in CI I and II. Divi iOD 2 and CI III. Divi ion I 

and 2 Hazardous (CIa Wed Locrulo 
Nonm\!tallic Outlet 13oxes, Flush-Device ' Boxes, and Covers 
Nonmetallic Surface Raceways and Fittings 
Nonmetallic Underground Conduit with Conductors 
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Product Standard Number 

UL 50 
UL 916 
UL 1203 

UL 218 
Ul JOO4-S 
UL 2196 
UL66 
UL 1666 
UL 1703 
UL 62 
UL 2388 
UL1 
UL 935 
UL 2075 
UL 307B 
UL 1075 
UL 814 
UL20 
UL 943 
UL 1053 
UL 467 
UL 2239 
UL 1995 
UL 1029 
UL 347 
UL 60335-2~24 

UL 250 
ll004-2 

tiL 1564'''"'' 
UL 508 
UL S08A 
UL 60950-21 
UL 60950-22 
UL 60950-23 
Ul22S0 
UL 2459 
UL 1741 

UL 1047 
UL 1241 
UL 8750 
UL 307A 
UL 1660 
UL 360 
UL 1642 
UL 248-1 
UL 248-2 
UL 248-3 
UL 248-4 
UL 248-5 
UL 248-6 
UL 248-7 
UL 248-8 
UL 248-9 
UL 249-10 
UL 248-1 I 
UL 248-12 
UL 248-13 
UL 248-14 
UL 248-15 
UL 248-16 
UL 1838 
UL 234 
UL 2108 
UL S085-1 
UL 5085-3 
tJL 1598B 

UL 1598 
tJL 1063 
UL 183 
UL 6060\-\ 
UL 1072 
UL 1569 
UL 2225 
UL 514A 
UL 1462 
UL 489 
UL 845 
UL 73 
UL 2161 
ANSVISA-12.12.01 

UL 514C 
UL5A 
UL 1990 
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Product Standard Name 

Office Furnishings 
Optical Fiber Cable 
Optical Fiber and Communication Cable Raceway 
Panel boards 
rerforDlan"~ R\.~uiremellb of Detectors for Flammable Gase · 
Perlional Protection Systems for Electric Vehicle Supply Circuits: 

General Requirements 
Personal Protection Systems for Electric Vehicle Supply Circuits: 

Particular Requirements for Protection Devices for Use in Charging Systems 
Plugs, Receptacles and Couplers for Electrical Vehicles 
Portable Electric Luminaires 
Portable Power Distribution Units 
Potting Compounds for Swimming Pool, Fountain, and Spa Equipment 
Power Conversion Equipment 
Power Outlets 
Power Units Other Than Class 2 
Power-Limited Circuit Cables 
Professional Video and Audio Equipment 
,Programmable Controllers - Part 2: Equipment R~4uiremen and T~ts 
Protectors for Coaxial Communications Circuits 
Protectors for Data Communication and Fire Alarm Circuits 
Protectors for Paired Conductor Communications Circuits 
Pro~imity S\\ itches 
Rdc;:rencc Slandard for Electrical Wires/ Cables, and Flexible Cords 
Reinforced Thermosetting Resin CondUit (RTRC) and Fittings 
Residential Pipe Heating Cable 
~eqllirements for Proce Sealing 8et\\-e n Electrical yst m and Potentially FI mmable or 

~~ombuslible Process Fluids 
Roof and GUller D<::-Icing Cable Units 
Room Air Conditioners 
Rotaling Electrical Machin - General Requirements 
Safety of lnfonnallon :r~chnoIQgy Equlpment-$a~cty - Pan I: Genenll Requirements 
Sehe-dule 40 and 80 Rigid PVC CondUll and Flllmgs 
Sealed Wire Conn tOf Svstem~ 
Seasonal and Holiday Decorative Products 
Secondary Protectors for Communications Circuits 
Self-Ballasted Lamps and Lamp Adapters 
Service-Entrance Cables 
Smoke Detectors for Fire Alarm Signaling Systems 
Specialty Transformers 
Splicing Wire Connectors 
Stage and Studio Lighting 
Standby Batteries 
Stationary Engine Generator Assemblies 
Strut-Type Channel Raceways and Fittings 
Supplemental Requirements for Extra-Heavy Wall Reinforced Thermosetting Resin Conduit 

(RTRC) and Fittings 
Surface Metal Raceways and Fittings 
Surface Raceways and Fittings for Use with Data, Signal and Control Circuits 
Surge Arresters - Gapped Silicon-Carbide Surge Arresters for AC Power Circuits 
Surge Arresters - Metal-Oxide Surge Arresters for AC Power Circuits 
SWImming Pool Pumps, Filters, and Chlorinators 
Switchboards 
Telephone ~uipment 
Th~m\aU~l Prol~(tdM()I(j 
Transfer Switch EQuipment 
Transient Voltage Surge Suppressors 
Underfloo Raceways and Fittings 
Underwater Luminaires and Submersible Junction Boxes 
Uninterruptible Power Systems 
Vacuum Cleaners, Blower Cleaners, and Household Floor Finishing Machines 
Waste Disposers 
Wire Connectors 
Wireways, Auxiliary Gutters, and Associated Fittings 
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Product Standard Number 

UL 1286 
UL 1651 
UL 2024 
UL 67 
ANSIIISA-60079-29- J 
UL 2231- 1 

UL 2231-2 

UL 2251 
UL 153 
UL 1640 
UL 676A 
UL 508C 
UL231 
UL 1012 
UL l3 
UL 1419 
VL61131-2 
UL 497C 
UL 497B 
UL 497 
UL 60947-5-2 
UL 1581 
UL 1684 
UL 2049 
ANSIIISA-12.27.01 

UL 1588 
UL 484 
UL 1004-1 
UL 609S()-1 
UL 651 
UL 4860 
UL 588 
UL 497A 
UL 1993 
UL 854 
UL268 
UL 506 
UL 486C 
UL 1573 
UL 1989 
UL 2200 
UL 5B 
UL 1684A 

UL 5 
UL5C 
IEEE C62.1 
IEEE C62.11 
UL 1081 
UL 891 
UL 1459 
UL 1004-3 
UL 1008 
UL 1449 
UL 884 
UL 676 
UL 1778 
UL 1017 
UL 430 
UL 486A-486B 
UL 870 
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Annex B: Ampacities INFOR1vI T1VE ANNEX B 

Informative Annex B Application Information for Ampacity Calculation 

This informative annex is not a part of the requirements of 
this NFPA document but is included for informational pur
poses only. 

B.310.15(B)(1) Equation Application Information. This 
informative annex provides application information for am
pacities calculated under engineering supervision. 

B.310.15(B)(2) Typical Applications Covered by Tables. 
Typical ampacities for conductors rated 0 through 2000 volts 
are shown in Table B.31 0. 1 S(B)(2)( I) through Table 
B. 310.1 S(B)(2X 10). Table 8.310.1 S(B)(2X II) provid s Ihe 
adjustment factors for more than three current~g~ll~ 
:I uctors in a raceway or cable with load diversityj ' Under
ground electrical duct bank configurations as detailed in Fig
ure B.3lO.1 S(BX2)(3), Figure B.3lO.J 5(BX2)(4), and Figure 
B.31 0. 15(B)(2X5). are utilized for conductors rated 0 through 
5000 v()its.I~ ·· Figure 8.31 0.,!~@)(~)(21 through Figure 
B.310. 15(8)(2)(5), where adjacent duct banks are used, a 
separation of 1.5 ~ (5 ft) between the centerlines of the closest 
ducts in each bank or 1.2 m (4 ft) between the extremities of 
the concrete envelopes is sufficient to prevent derating of the 
conductors due to mutual heating. These ampacities were cal
culated as detailed in the basic ampacity paper, AlEE Paper 
57-660, The Calculation of the Temperature Rise and Load 
Capability of Cable Systems, by J. H. Neher and M. H. 
McGrath. For additional information concerning the applica
tion of these ampacities, see IEEEIICEA Standard S-135/P-
46-426, Power Cable Ampacities, and IEEE Standard 835-
1994, Standard Power Cable Ampacity Tables. 

Typical values of thermal resistivity (Rho) are as 
follows: 

Average soil (90 percent of USA) = 90 
Concrete = 55 
Damp soil (coastal areas, high water table) = 60 
Paper insulation = 550 
Polyethylene (PE) = 450 
Polyvinyl chloride (PVC) = 650 
Rubber and rubber-like = 500 
Very dry soil (rocky or sandy) = 120 

Thermal resistivity, as used in this informative annex, 
refers to the heat transfer capability through a substance by 
conduction. It is the reciprocal of thermal conductivity and 
is normally expressed in the unitsOC-cm/watt. For addi
tional information on determining soil thermal resistivity 
(Rho), see ANSI/IEEE Standard 442-1996, Guide for Soil 
Thermal Res is tivity Measurements . 

B.310.15(B)(3) Criteria Modifications Where values of 
load factor and Rho are known for a particular electrical 
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duct bank installation and they are different from those 
shown in a specifi table or figure the ampacities shown in 
the table or figur can be modifie by the application of 
factors derived from the use of Figure B.31 0. 15(B)(2)(J). 

Where two different ampacities apply to adjacent p~r
tions of a circuit, the higher ampacity can be used beyond 
the point of transition, a distance equal to 3 m (10 ft) or 
10 percent of the circuit length calculafed at the higher 
ampacity, whichever is less. 

Where the burial depth of direct burial or electrical duct 
bank circuits are modifie from the values shown in a fig 
ure or table, ampacities can be modifie as shown in (a) and 
(b) as follows. 

(a) Where burial depths are increased in partes) of an 
electrical duct run to avoid underground obstructions, no de
crease in ampacity of the conductors is needed, provided the 
total length of parts of the duct run increased in depth to avoid 
obstructions is less than 25 percent of the total run length. 

(b) Where burial depths are deeper than shown in a 
specifi underground ampacity table or figure an ampacity 
derating factor of 6 percent per increased 300 mm (foot) of 
depth for all values of Rho can be utilized. No rating 
change is needed where the burial depth is decreased. 

B.310.15(B)(4) Electrical Ducts. The term electrical 
duct(s) is define in 310.60. 

B.310.15(B)(5) Table B.310.15(B)(2)(6) and Table 

B.31 O. ,I~(~}(~lQ} 

(a) To obtain the ampacity of cables insta11ed in two 
electrical ducts in one horizontal row with 190-mm (7.5-
in.) center-to-center spacing between electrical ducts, simi
lar to Figure B.31 0.15(B)(2)(2), Detail 1, multiply the arn
pacity shown for one duct in Table 8.31 0. 1?@)(~)(~1 and 
Table B.310.15(B)(2)(7) by 0.88. 

(b) To obtain the ampacity of cables installed in four 
electrical ducts in one horizontal row with 190-mm (7.5-in.) 
center-to-center spacing between electrical ducts, similar to 
Figure B.31 0.q?@)(~2(?}, Detail 2, multiply the ampacity 
shown for three electrical ducts in Table B.31 0. 15(B)(2)( 6) 
and Table 8.310.15(B)(2X7) by 0.94. 

B.310.15(B)(6) Electrical Ducts Used in Figure 
B.310. IS(B)(1)(2). If spacing between electrical ducts, 
as shown in Figure B.3 J O. 15(B)(2){2), is less than speci
fie in Figure B.31 0. 15( B)(2)(2), where electrical ducts 
enter equipment enclosures from underground, the am
pacity of conductors contained within such electrical 
ducts need not be reduced. 
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INfORMATIVE ANNEX B Annex B: Ampacities 

B.310.15(B)(7) Examples Showing Use of Figure 
B.310.15(B)(2)(I) for Electrical Duct Bank Ampacity 
Modifications Figure B.31 0. 15(8)(2)(1) is used for inter
polation or extrapolation for values of Rho and load factor 
for cables installed in electrical ducts. The upper family of 
curves shows the variation in ampacity and Rho at unity 
load factor in terms of 11, the ampacity for Rho = 60, and 
50 percent load factor. Each curve is designated for a par
ticular ratio 121/ 1, where 12 is the ampacity at Rho = 120 and 
100 percent load factor. 

The lower family of curves shows the relationship be
tween Rho and load factor that will give substantially the 
same ampacity as the indicated value of Rho at 100 percent 
load factor. 

As an example, to fin the ampacity of a 500-kcmil 
copper cable circuit for six electrical ducts as shown in 
Table B.3I0.15(8)(2)(5Y;: At the Rho = 60, LF = 50, II = 583; 

for Rho = 120 and LF = 100, 12 = 400. The ratio IiI) = 0.686. 
Locate Rho = 90 at the bottom of the chart and follow the 90 
Rho line to the intersection with 100 percent load factor where 
the equivalent Rho = 90. Then follow the 90 Rho line to 
1211}ratio of 0.686 where F = 0.74. The desired ampacity = 

0.74 x 583 = 431, which agrees with the table for Rho = 90, 
LF = 100. 

To determine the ampacity for the same circuit where 
Rho = 80 and LF = 75, using Figure B.31 0.15(8)(2)( I), the 
equivalent Rho = 43, F = 0.855, and the desired ampadty = 
0.855 x 583 = 498 amperes. Values for using Figure 
B.31 0.15(8)(2)( I) are found in the electrical duct bank am
pacity tables of this informative annex. 

Where the load factor is less than 100 percent and can 
be veri fie by measurement or calculation, the ampacity of 
electrical duct bank installations can be modifie as shown. 
Different values of Rho can be accommodated in the same 
manner. 

Table B.310.1S(B)(2)(I) Ampacities of Two or Three Insulated Conductors, Rated 0 Through 2000 Volts, Within an Overall 
Covering (Multiconductor Cable), in Raceway in Free Air Based on Ambient Air Temperature of 30°C (86°F)~ 

Temperature Rating of Conductor. [See Table 310.104(A).] 

60°C (140°F) 75°C (167°F) 90°C (l94°F) 60°C (140°F) 75°C (l67°F) 90°C (194°F) 

Types THHN, 
THHW, Types THHN, 
THW-2, THHW, 

THWN-2, THW-2, 
RHH, THWN-2, 

Types RHW, RWH-2, RHH, 
THHW, USE-2, Types RHW, IRWH-2,USE-2, 
THW, XHHW, THHW,THW, XHHW, 

THWN, XHHW-2, THWN, XHHW-2, 
Types TW, UF XHHW,ZW ZW-2 Type TW XHHW ZW-2 

Size (AWG or ALUMINUM OR COPPER-CLAD Size (AWG or 
kcmil) COPPER ALUMINUM kcmil) 

14 16" 18** 2]"· - - - 14 
12 20" 24·~ 27" 1 6·~ 18·· 21''' 12 
10 27·" 33*4Ij 36*· 21·· 25·· 28·· 10 
8 36 43 48 28 33 37 8 

6 48 58 65 38 45 51 6 
4 66 79 89 51 61 69 4 
3 76 90 102 59 70 79 3 
2 88 105 119 69 83 93 2 
1 102 121 137 80 95 106 1 

110 121 145 163 94 113 127 110 
2/0 138 166 186 108 129 146 2/0 
3/0 158 189 214 124 147 167 3/0 
4/0 ]87 223 253 147 176 197 4/0 

(Continues) 

2013 California Electrical Code 70-731 
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Table B.310.l 5(B)(~)(I) Continued 

Temperature Rating of Conductor. [See Table 310.104(A).] 

60°C (140°F) 75°C (167°F) 90°C (194°F) 60°C (140°F) 75°C (167°F) 90°C (194°F) 

Types THHN, 
THHW, Types THHN, 
THW-2, THHW, 

THWN-2, THW-2, 
RHH, THWN-2, 

Types RHW, RWH-2, RHH, 
THHW, USE-2, Types RHW, RWH-2,USE-2, 
THW, XHHW, THHW,THW, XHHW, 

THWN, XHHW-2, THWN, XHHW-2, 
Types TW, UF XHHW,ZW ZW-2 Type TW XHHW ZW-2 

Size (AWG or ALUMINUM OR COPPER-CLAD 
kcmil) COPPER ALUMINUM 

250 205 245 276 160 192 
300 234 281 317 185 221 
350 255 305 345 202 242 
400 274 328 371 218 261 
500 315 378 427 254 303 

600 343 413 468 279 335 
700 376 452 514 310 371 
750 387 466 529 321 384 
800 397 479 543 331 397 
900 415 500 570 350 421 

1000 448 542 617 382 460 

"Refer to 310.15(8)(2) for the ampacity co~ction factors where the ambient temperature i other than 3000 
(86°f) . 
··Unless otherwise specificaU permitted elsewhere in this Code, the overcurrent protection for these 
conductor types shall not exceed 15 amperes for 14 AWG, 20 amperes for 12 AWG, and 30 amperes for 10 
AWG copper; or 15 amperes for 12 AWG and 25 AWG amperes for 10 AWG aluminum and copper-clad 
aluminum. 

217 
250 
273 
295 
342 

378 
420 
435 
450 
477 
521 

70-732 2013 California Electrical Code 

Size (AWG or 
kcmil) 

250 
300 
350 
400 
500 

600 
700 
750 
800 
900 

1000 



ANNEXB Annex B: Ampacities 

Table Ampacities of Multiconductor Cables with Not More Than Three Insulated Conductors, Rated 0 
Through 2000 Volts, in Free Air Based on Ambient Air Temperature of 40°C (104°F) (for Types TC, MC, MI, UF, and USE 
Cables)· 

Temperature Rating of Conductor. [See Table !O.I04(AU ,- -, 

60°C 7SoC 8SoC 90°C 60°C 7SOC 8SoC 90°C 
(140°F) (167°F) (18S0F) (194°F) (140°F) (167°F) (18S0F) (l94°F) 

Size (AWG 
or kcmil) COPPER ALUMINUM OR COPPER·CLAD ALUMINUM 

18 - -
16 - - -

14 21 
12 
10 4] 

""-, 

8 39 50 56 59 30 39 

6 52 68 75 79 41 53 
4 69 89 100 104 54 70 
3 81 104 116 121 63 81 
2 92 118 132 138 72 92 
1 107 138 154 161 84 108 

110 124 160 178 186 97 125 
2/0 143 184 206 215 111 144 
3/0 165 213 238 249 129 166 
4/0 190 245 274 287 149 192 

250 212 274 305 320 166 214 
300 237 306 341 357 186 240 
350 261 337 377 394 205 265 
400 281 363 406 425 222 287 
500 321 416 465 487 255 330 

600 354 459 513 538 284 368 
700 387 502 562 589 306 405 
750 404 523 586 615 328 424 
800 415 539 604 633 339 439 
900 438 570 639 670 362 469 

1000 461 601 674 707 385 499 

otherwise specificall permitted elsewhere in this Code, the overcurrent protection for these 
conductor types shall not exceed 15 amperes for 14 AWG, 20 amperes for 12 AWG, and 30 amperes for to 
AWG copper; or 15 amperes for 12 AWG and 25 amperes for 10 AWG aluminum and copper-clad 
aluminum. 

2013 California Electrical Code 

-

-

44 46 

59 61 
78 81 
91 95 

103 108 
120 126 

139 145 
160 168 
185 194 
214 224 

239 250 
268 280 
296 309 
317 334 
368 385 

410 429 
462 473 
473 495 
490 513 
514 548 
558 584 

Size (AWG 
or kcmil) 

18 
16 
14 
12 
10 
8 

6 
4 
3 
2 
1 

110 
2/0 
3/0 
4/0 

250 
300 
350 
400 
500 

600 
700 
750 
800 
900 

1000 

70-733 



Annex B: Ampacities INI"OlltM.,,"TIVH ANNEX B 

....... 1.1." ... """ .... ,1'\ .... ,,, .. , Ampacities of Single Insulated Conductors, Rated 0 through 2000 Volts, in Nonmagnetic Underground 
Electrical Based on Ambient Earth Temperature of 20°C (68°F), Electrical Duct 

B.3~10,.l5j[ll)(Z)(21, Conductor Temperature 75°C (167°F) 

3 Electrical Ducts 6 Electrical Ducts 9 Electrical Ducts 3 Electrical Ducts 6 Electrical Ducts 9 Electrical Ducts 

B.~10 (Fig. R 110 (Fi~. R 111l (Fig. ll'lm (Fig. R 'l1f1 (Fig. R111l (Fig. 

Detail 2) Detail 3) Detail 4) Detail 2) Detail 3) Detatf4j· 

Types RHW, Types RHW, Types RHW, Types RHW, Types RHW, Types RHW, 
THHW, THW, THHW, THW, THHW, THW, THHW, THW, THHW, THW, THHW, THW, 

THWN,XHHW, THWN,XHHW, THWN,XHHW, THWN,XHHW, THWN,XHHW, THWN, XHHW, 
USE USE USE USE USE USE 

Size Size 
(kcmil) COPPER ALUMINUM OR COPPER-CLAD ALUMINUM (kcmil) 

RHO RHO RHO I RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO 
60 90 120 60 90 120 60 90 120 60 90 120 60 90 120 60 90 120 
LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF 
50 100 100 50 100 100 50 100 100 50 100 100 50 100 100 50 100 100 

250 410 344 327 386 295 275 369 270 252 320 269 256 302 230 214 288 211 197 250 
350 503 418 396 472 355 330 446 322 299 393 327 310 369 277 258 350 252 235 350 
500 624 511 484 583 431 400 545 387 360 489 401 379 457 337 313 430 305 284 500 
750 794 640 603 736 534 494 674 469 434 626 505 475 581 421 389 538 375 347 750 

1000 936 745 700 864 617 570 776 533 493 744 593 557 687 491 453 629 432 399 1000 
1250 1055 832 781 970 686 632 854 581 536 848 668 627 779 551 508 703 478 441 1250 
1500 1160 907 849 1063 744 685 918 619 571 941 736 689 863 604 556 767 517 477 i 1500 
1750 1250 970 907 1142 793 729 975 651 599 1026 796 745 937 651 598 823 550 507 1750 
2000 1332 1027 959 1213 836 768 1030 683 628 1103 850 794 1005 693 636 877 581 535 2000 

Ambient Ambient 
Temp. Correction Factors Temp. 

(OC) (OF) 

6-10 1.09 1.09 1.09 

I 

1.09 1.09 1.09 43-50 
11-15 1.04 1.04 1.04 1.04 1.04 1.04 52-59 
16-20 LOO LOO LOO LOO 1.00 1.00 61-68 
21-25 0.95 0.95 0.95 0.95 0.95 0.95 70-77 
26-30 0.90 0.90 0.90 0.90 

! 
0.90 0.90 79-86 

70-734 2013 California Electrical Code 



ANNEX B Annex B: Ampacities 

Table Ampacities of Three Insulated Conductors, Rated 0 through 2000 Volts, Within an Overall Covering 
(Three-Conductor in Underground Electrical Ducts (One Cable per Electrical Duct) Based on Ambient Earth 
Temperature of 20°C (68°F), Electrical Duct Arrangement Figure Conductor Temperature 
75°C (167°F) 

1 Electrical Duct 3 Electrical 6 Electrical 1 Electrical Duct 3 Electrical 6 Electrical 
Ducts Ducts (Fig. Ducts (Fig. Ducts (Fig. 

B.310 ,. LI_ ;ULI!!'I!III'IiHLHLI. i I fll!!'1!1I1'1iH LII LI. 0.iSi'ib'2H21_ B.31 O_I!!'I!I II'IiH LHL !O. l~rHIfLIf LI. "'. .' -, ,,- ".. ,-
Detail 1) 2) Detail 1) Detail 2) 3) 

Types RHW, Types RHW, Types RHW, Types RHW, Types RHW, Types RHW, 
THHW,THW, THHW, TRW, THHW,THW, THHW, THW, 

! 

THHW,THW, THHW,THW, 
Size THWN,XHHW, THWN,XHHW, THWN,XHHW, THWN, XHHW, I THWN, XHHW, i THWN, XHHW, • Size 

(AWG USE USE 
I 

USE USE USE I USE i (AWG 
or or 

kcmU) COPPER ALUMINUM OR COPPER-CLAD ALUMINUM kcmil) 

RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO 
60 90 120 60 90 120 60 90 120 60 90 ]20 60 90 120 60 90 120 

I 
LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF 
50 100 100 50 100 100 50 100 100 50 100 100 50 100 100 50 100 100 

8 58 54 53 56 48 46 53 42 39 45 42 41 43 37 36 41 32 30 8 
6 77 71 69 74 63 60 70 54 51 60 55 54 57 49 47 54 42 39 6 
4 101 93 91 96 81 77 91 69 65 78 72 71 75 63 60 71 54 51 4 
2 132 121 118 126 105 100 119 89 83 103 94 92 98 82 78 92 70 65 2 
1 154 140 136 146 121 114 137 102 95 120 109 106 114 94 89 107 79 74 1 

110 177 160 156 168 137 130 157 116 107 138 125 122 131 107 101 122 90 84 1/0 
2/0 203 183 178 192 156 147 179 131 121 158 143 139 150 122 115 140 102 95 2/0 
3/0 233 210 204 221 178 158 205 148 137 182 164 159 172 139 131 160 116 107 3/0 
4/0 268 240 232 253 202 190 234 168 155 209 187 182 198 158 149 183 131 121 4/0 

250 297 265 256 280 222 209 258 184 169 233 207 201 219 174 163 202 144 132 250 
350 363 321 310 340 267 250 312 219 202 285 252 244 267 209 196 245 172 158 350 
500 444 389 375 414 320 299 377 261 240 352 308 297 328 254 237 299 207 190 500 
750 552 478 459 511 388 362 1462 314 288 446 386 372 413 314 293 374 254 233 750 
1000 i 628 539 518 579 435 405 522 351 321 521 447 430 480 361 336 433 291 266 1000 

Am- Am-
bient Correction Factors 

bient 
Temp. I Temp. 

eC) (OF) 

6-10 1.09 1.09 1.09 1.09 1.09 1.09 43-50 
11-15 1.04 1.04 1.04 1.04 1.04 1.04 52-59 
16-20 1.00 1.00 1.00 1.00 1.00 1.00 61-68 
21-25 0.95 0.95 0.95 0.95 0.95 0.95 70-77 
26-30 0.90 0.90 0.90 I 0.90 0.90 0.90 79-86 

i 
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Annex B: Ampacities ANNEX B 

Table 

Size 
(AWG 

or 
kcmil) 

8 
6 
4 
3 
2 
1 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 

500 
600 
700 
750 

800 
900 

1000 

Am-
bient 

Temp. 
(OC) 

6-10 
11-15 
16-20 
21-25 
26-30 

70-736 

Ampacities of Three Single Insulated Conductors, Rated 0 Through 2000 Volts, in Underground 
Conductors per Electrical Duct) Based on Ambient Earth Temperature of 20°C (68°F), Electrical Duct 

,iPI"RII'I1I.n,;!'J'" Figure Conductor Temperature 7SoC (167°F) 

1 Electrical Duct 3 Electrical 6 Electrical 1 Electrical Duct 3 Electrical 
I 

6 Electrical 
(Fi~. Ducts Ducts Ducts Ducts 

R310.I~HlIZ1UI. 10~ LI. ~lCU'VKlfLU ,H 10.I!!'dnnLHLJ. R.l1 0.1 ~1 nil LH LI. R.l10 l~tRu1."1.I. 
'i) -.. Deta'ilj) 

~ , * 

1) I} Detail Detail 3) 

Types RHW, Types RHW, Types RHW, Types RHW, Types RHW, Types RHW, 
THHW,THW, THHW,THW, THHW,THW, THHW,THW, THHW,THW, THHW,THW, 

THWN,XHHW, THWN,XHHW, THWN,XHHW, THWN,XHHW, THWN,XHHW, THWN,XHHW, Size 
USE USE USE USE USE USE (AWG 

or 
COPPER ALUMINUM OR COPPER-CLAD ALUMINUM kcmil) 

RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO 
60 90 120 60 90 120 60 90 120 60 90 120 60 90 120 60 90 120 
LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF 
50 100 100 50 100 100 50 ]00 100 50 100 100 50 100 100 50 100 100 

63 58 57 61 51 49 57 44 41 49 45 44 47 40 38 45 34 32 8 
84 77 75 80 67 63 75 56 53 66 60 58 63 52 49 59 44 41 6 
111 100 98 105 86 81 98 73 67 86 78 76 79 67 63 77 57 52 4 
129 116 113 122 99 94 113 83 77 10] 91 89 83 77 73 84 65 60 3 
147 132 128 139 112 106 129 93 86 115 103 100 108 87 82 101 73 67 2 
171 153 148 161 128 121 149 106 98 133 119 115 126 100 94 116 83 77 1 

197 175 169 185 146 137 170 121 111 153 136 132 144 114 107 133 94 87 110 
226 200 193 212 166 ]56 194 136 126 176 156 151 165 130 121 15] 106 98 2/0 

I 260 228 220 243 189 177 222 154 142 203 178 172 189 147 138 173 121 111 3/0 
301 263 253 280 215 201 255 175 161 235 205 198 219 168 ]57 199 137 ]26 4/0 

334 290 279 310 236 220 281 192 176 261 227 218 242 185 172 220 150 137 250 
373 321 308 344 260 242 310 210 192 293 252 242 272 204 190 245 165 151 300 
409 351 337 377 283 264 340 228 209 321 276 265 296 222 207 266 179 164 350 
442 376 361 394 302 280 368 243 223 349 297 284 321 238 220 288 191 174 400 

503 427 409 460 341 316 412 273 249 397 338 323 364 270 250 326 216 197 500 
552 468 447 511 371 343 457 296 270 446 373 356 408 296 274 365 236 215 600 
602 509 486 553 402 371 492 319 291 488 408 389 443 321 297 394 255 232 700 
632 529 505 574 417 385 509 330 301 508 425 405 461 334 309 409 265 241 750 

654 544 520 597 428 395 527 338 308 530 439 418 481 344 318 427 273 247 800 
692 575 549 628 450 415 554 355 323 563 466 444 510 365 337 450 288 261 900 
730 605 576 659 472 435 581 372 338 597 494 471 538 385 355 475 304 276 1000 

Am-

Correction Factors bient 
Temp. 

(OF) 

1.09 1.09 1.09 1.09 1.09 1.09 43-50 
1.04 1.04 1.04 1.04 1.04 1.04 52-59 
1.00 1.00 1.00 1.00 1.00 1.00 61-68 
0.95 0.95 0.95 0.95 0.95 0.95 70-77 
0.90 0.90 0.90 0.90 0.90 0.90 79-86 

2013 California Electrical Code 



ANNEX B Annex B: Ampacities 

Table Ampacities of Two or Three Insulated Conductors, Rated 0 Through 2000 Volts, Cabled Within an 
Overall (Two- or Three-Conductor) Covering, Directly Buried in Earth, Based on Ambient Earth Temperature of 20°C (68°F), 

Arrangement Figure 100 Percent Load Factor, Thermal Resistance (Rho) 
of 

I 
1 Cable (Fig. 2 Cables (Fig. 1 Cable (Fig. I 2 

I 1:::'11011 .11.&.1. Detail 10.1:::'11 Detail R.Jl0"I~KHLHL Detail! 1:::'11 KIf LH'LI. 
f ' '" ,. " 

! 

S) 6) 
! 

6) 

I 
60°C 7SoC 60°C 7SoC 60°C 7SoC 60°C 7SoC 

(l40°F) (167°F) (140°F) (167°F) (140°F) (167°F) (1400F) (167°F) 

TYPES TYPES 

I RHW, RHW, RHW, RHW, 
THHW, THHW, THHW, THHW, 
THW, THW, THW, THW, 

I 

THWN, THWN, THWN, THWN, 
XHHW, XHHW, XHHW, XHHW, 

UF USE UF USE UF USE UF USE 
Size (AWG Size (AWG 
or kcmil) COPPER ALUMINUM OR COPPER-CLAD ALUMINUM or kcmil) 

8 64 75 60 70 51 59 47 55 8 
6 85 100 8] 95 68 75 60 70 6 
4 107 125 100 117 83 97 78 91 4 
2 137 161 128 150 107 126 110 117 2 
1 155 182 145 170 121 142 113 132 1 

110 177 208 165 193 138 162 129 151 110 
2/0 

I 

201 236 188 220 157 184 146 171 210 
3/0 229 269 213 250 179 210 166 195 3/0 
4/0 259 304 241 282 203 238 188 220 4/0 

250 - 333 308 261 - 241 250 
350 - 401 370 - 315 290 350 
500 481 - 442 - 381 350 500 

585 - 535 473 433 750 
- 657 - 600 545 - 497 1000 

i 

Ambient Ambient 
Temp. Correction Factors Temp. eF) 
(OC) 

6-10 1.12 1.09 1.12 1.09 1.12 1.09 
I 

1.12 1.09 43-50 
11-15 1.06 l.04 1.06 1.04 l.06 1.04 1.06 1.04 52-59 
16-20 LOO 1.00 1.00 LOO l.00 1.00 1.00 LOO 61-68 
21-25 0.94 0.95 0.94 0.95 0.94 0.95 0.94 0.95 70-77 
26-30 0.87 0.90 0.87 0.90 0.87 0.90 0.87 0.90 79-86 

i 

Note: For ampacities of Type UF cable in underground electrical ducts, multiply the ampacities shown in the table by 0.74. 

2013 California Electrical Code 70-737 



Annex B: Ampacities ANNEX B 

Table v ... '''"' .... 'I\ .... "71 Ampacities of Three Triplexed Single Insulated Conductors, Rated 0 Through 2000 Volts, Directly 
on Ambient Earth Temperature of 20°C (68°F), Arrangement Figure 

1.,,10"""1\_'" 100 Percent Load Factor, Thermal Resistance (Rho) of 90 

See See See Fig. See 
O.I!'!IIIlUILIILJ. IO.IStih'LIlLI. R.~ 1 1l.1!'!IJ ftll LII Lt. IO.I!'!IlftIlLULI. , 

Detail 7 Detail Detail 7 Detail 8 

60°C 75°C 60°C 75°C 60°C 75°C 60°C 75°C 
(140°F) (167°F) (140°F) (167°F) (140°F) (167°F) (140°F) (167°F) 

TYPES TYPES 

UF USE UF USE UF USE UF USE 
Size (AWG Size (AWG 
or kcmil) COPPER ALUMINUM OR COPPER-CLAD ALUMINUM or kcmil) 

8 72 84 66 77 55 65 51 60 8 
6 91 107 84 99 72 84 66 77 6 
4 119 139 109 128 92 108 85 100 4 
2 153 179 140 164 119 139 109 128 2 
1 173 203 159 186 135 158 124 145 1 

110 197 231 181 212 154 180 141 165 110 
2/0 223 262 205 240 175 205 159 187 2/0 
3/0 254 298 232 272 199 233 181 212 3/0 
4/0 289 339 263 308 226 265 206 241 4/0 

250 370 336 289 263 250 
350 - 445 403 - 349 316 350 
500 - 536 483 424 382 500 
750 654 - 587 525 - 471 750 

1000 744 - 665 608 - 544 1000 

Ambient Ambient 
Temp. Correction Factors Temp. eF) 
eC) 

6-10 1.12 1.09 1.12 1.09 1.12 1.09 1.12 1.09 43-50 
11-15 1.06 1.04 1.06 1.04 1.06 1.04 1.06 1.04 52-59 
16-20 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 61-68 
21-25 0.94 0.95 0.94 0.95 0.94 0.95 0.94 0.95 70-77 
26-30 0.87 0.90 0.87 0.90 0.87 0.90 0.87 0.90 79-86 

70-738 2013 California Electrical Code 



INFUIlMA,Tn'B ANNEX B Annex B: Ampacities 

Table V'''''''''''A''''''.'V, Ampacities of Three Single Insulated Conductors, Rated 0 Through 2000 Volts, Directly Buried in 
1"'1'''llIl~ln Earth Temperature of 20°C (68°F), Arrangement ID Figure 

0.1S(ll)(~~)(2:), 100 Percent Load Factor, Thermal Resistance (Rho) of 90 " .. ,'. 

See Fig. See }fig. See Fig. See Fig. 
10.· &1. R.11 O. i~ RII &11 &1. 0 B.31 0,1 ~ RII,l.1I J!, I. , .. " .. " . '1'- " "'if' '" '''--, .. ;'' " ",.- " 

Detail 10 Detail 9 Detail 10 

60°C 7SoC 60°C 7SoC 60°C 7SoC 60°C 7SoC 
(140°F) (167°F) (140°F) (167°F) (140°F) (167°F) (140°F) (167°F) 

TYPES TYPES 

UF USE UF USE UF USE UF USE 
Size (AWG Size (AWG 
or kcmil) COPPER ALUMINUM OR COPPER-CLAD ALUMINUM or kcmil) 

8 84 98 78 92 66 77 61 72 8 
6 107 126 101 118 84 98 78 92 6 
4 139 163 130 152 108 127 101 118 4 
2 178 209 165 194 139 163 129 151 2 
1 201 236 187 219 157 184 146 171 1 

110 230 270 212 249 179 210 165 194 110 
2/0 261 306 241 283 204 239 188 220 2/0 
3/0 297 348 274 321 232 272 213 250 3/0 
4/0 336 394 309 362 262 307 241 283 4/0 

250 - 429 - 394 - 335 - 308 250 
350 - 516 - 474 - 403 - 370 350 
500 - 626 - 572 - 490 - 448 500 
750 - 767 - 700 - 605 - 552 750 

1000 - 887 - 808 - 706 - 642 1000 
1250 - 979 - 891 - 787 - 716 1250 
1500 - 1063 - 965 - 862 - 783 1500 
1750 - 1133 - 1027 - 930 - 843 1750 
2000 - 1195 - 1082 - 990 - 897 2000 

Ambient Ambient 
Temp.(OC) Correction Factors Temp.(OF) 

6-10 1.12 1.09 1.12 1.09 1.12 1.09 1.12 1.09 43-50 
11-15 1.06 1.04 1.06 1.04 1.06 1.04 1.06 1.04 52-59 
16-20 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 61-68 
21-25 0.94 0.95 0.94 0.95 0.94 0.95 0.94 0.95 70-77 
26-30 0.87 0.90 0.87 0.90 0.87 0.90 0.87 0.90 79-86 

2013 California Electrical Code 70-739 
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1.15 r--,...-.,--.,--,..--,--,-...,...-...,...-

1.10 I--+--+-+-+--+--+--+--+--+--

1.05 I.\--+-+-+--+--+--I--I--+--+--I-

1.00 

0.95 

0.90 

0.B5 

O.BO 

0.75 

O. 70 I-r+-+-+--th:-P-d--~:-+-""""::-l--f~~ 

0.65 I-'-+--+-+--+l-...p.cl-~-+-~'-/--T'-....d--+ 

0.60 I-I-+-+-+--tl--+--I-""k:-+--"f.-::-l--T~"'-+ 

0.551--+-t--t--t--fI-1r----' 

0.50 H-f--f--f--fI-1t--

0.45 I-t-t---+--+---H-+--t-

OAO l...-"---.-L--L-...LIL-'---'-

100r-r-'-~~~~;-~~~~~~~~~~~~~ 

95 I\-\+\-++-+\--l-'I:~ 

90 H-r+-+->rl-\t--..-f'< 

B5~~~~~-+-~~~~~~-4~~~~~~~~ 

BO 

75 

70 

65 

60 

551--L-+-~~~~+-~~-+-~ 

50 I--j--+-+-~ 

451--+--+-+-+-~-+-~~~-+-+~~~~~~+--+--~ 

40 f--f--t--t--

35 t--t--I-t--

~I.:::; 

I 
o 
ii 
a:: 

1020 30 40506 70 BO 90 100110 120130140 1501601701BO 190200 
RHO 

B>~110>15(Bl"11~l) Interpolation Chart for Cables in a Duct Bank 11 = ampacity for 
= ampacity for Rho = 120, 100 LF ( load factor); desired ampacity = F x It> 
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l'NpnDIU ATi\i'P ANNEX B 

Detail 1 
290 mm x 290 mm 
(11.5 in. x 11.5 in.) 
Electrical duct bank 
One electrical duct 

-Detail 5 
Buried 3 
conductor 
cable 

r 

'l 

190 mm (7.5 in.) 

Detail 2 

.~ 
Il) 

t:-
E 
E 
55 

475 mm x475 mm 
(19 in. x 19 in.) 
Electrical duct bank 
Three electrical ducts 

or 

1'~,Yfr~1 
190 mm 190 mm 
(7.5 in.) (7.5 in.) 

675 mm x 290 mm 
(27 in. x 11.5 in.) 
Electrical duct bank 
Three electrical ducts 

600mm 

1 (24 in.) 

Detail 6 
Buried 3 
conductor 
cables 

190 mm 190 mm 
(7.5 in.) (7.5 in.) 

r I 1 
Detail 9 

E-:-
E.!: 
Oil) 

~t:-

c;) (;) 
I \L:;. 

C;),C;) 
' " 

190 mm (7.5 in.) 

Detail 3 
475 mm x 675 mm 
(19 in. x 27 in.) 
Electrical duct bank 
Six electrical ducts 

or 

190 mm 
(7.5 in.) 

190mm 
(7.5 in.) 

675 mm x 475 mm 
(27 in. x 19 in.) 
Electrical duct bank 

--Detail7 
Buried triplexed 
cables (1 circuit) 

190 mm 190 mm 
(7.5 in.) (7.5 in.) 

r I I 
600mm 
(24 in.) 

Detail 10 

A AI tl 

c;)~c;) 
\ , 

~Ic;) 
,"" A. , (1 

190 mm 
(7.5 in.) 

Detail 4 

190mm 
(7.5 in.) 

675 mm 675 mm 
(27 in. x 27 in.) 
Electrical duct bank 
Nine electrical ducts 

600mm 

Ie (24 in.) 

DetailS 
Buried triplexed 
cables (2 circuits) 

190mm 
(7.5 in.) 

I 
190mm 
(7.5 in.) 

I 1 
Buried single-conductor 
cables (1 circuit) 

Buried single-conductor 
cables (2 circuits) 

Note 1: Minimum burial depths to top electrical ducts or cables shall be in 
accordance with 300.5. Maximum depth to the top of electrical duct 
banks shall be 750 mm (30 in.) and maximum depth to the top of 
direct buried cables shall be 900 mm (36 in.) 

Note 2: For two and four electrical duct installations with electrical ducts 
installed in a single row, see B.310.15(B)(5). 

2013 California Electrical Code 

Legend 

Backfill 
'0 II 

o 
(earth or concrete) 

Electrical duct 

CD Cable or cables 
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Annex B: Ampacities 

Nand 
EGC 

Surface 

...-----f-----, -. 

150 mm (6 in.) 

600 mm in.) 

190 mm 190 mm~ (Typical 
(7.5 in.) (7.5 in.) for all) 

+- 675 mm (27 in.) 

Design Criteria 
Neutral and Equipment 

Grounding conductor (EGC) 
Duct = 150 mm (6 in.) 

Number of Cables per Phase = 9 
Rho concrete = Rho Earth - 5 

Rho PVC Duct = 650 
Phase Ducts 75 to 125 mm (3 to 5 in.) 
Conductor Material = Copper 

Rho Cable Insulation = 500 
Rho Cable Jacket = 650 

Number of Cables per Duct = 3 

Notes: 
1. Neutral configuration per 300.5(1), Exception No.2. for isolated phase installations in 

nonmagnetic ducts. 
2. Phasing is A, B, C in rows or columns. Where magnetic electrical ducts are used, 

conductors are installed A. B. C per electrical duct with the neutral and all equipment 
grounding conductors in the same electrical duct. In this case, the 6-in. 
trade size neutral duct is eliminated. 

3. Maximum harmonic loading on the neutral conductor cannot exceed 50 percent of the 
phase current for the ampacities shown in the table. 

4. Metallic shields of Type MV-90 cable shall be grounded at one point only where using 
A, B, C phasing in rows or columns. 

TYPES 
RHW, THHW, THW, THWN, 

Size XHHW, USE, OR MV-90' Size 
kcmil 

Total per Phase Ampere Rating 
kcmil 

RHO EARTH 60 RHO EARTH 90 RHO EARTH 120 
LF 50 LF 100 LF 100 

I 2340 1530 1395 
250 (260NCable) (170NCable) (155NCable) 250 

2790 1800 1665 
350 (310NCable) (200NCable) (185NCable) i 

350 

3375 2160 1980 
500 (375NCable) (240NCable) (220NCable) 500 

Ambient For ambient temperatures other than 20°C (68OF). Ambient 
Temp. multiply the ampacities shown above by the Temp. 
(ec) appropriate factor shown below. (OF) 

6-10 1.09 1.09 1.09 1.09 1.09 43-50 
11-15 1.04 1.04 1.04 1.04 1.04 52-59 
16-20 1.00 1.00 1.00 1.00 1.00 61-68 
21-25 0.95 0.95 0.95 0.95 0.95 70-77 
26-30 0.90 0.90 0.90 0.90 L 0.90 79-86 

'Limited to 75c C conductor temperature. 

Informational Note Figure Ampacities of 
Single Insulated Conductors Rated 0 5000 Volts in 
Underground Electrical Ducts (Three Conductors per Electri
cal Duct), Nine Single-Conductor Cables per Phase Based on 
Ambient Earth Temperature of 20°C (68°F), Conductor Tem
perature 75°C (167°F). 
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Surface 

~----~--~~------,-. 

Nand 
EGC 

150 mm (6 in.) 

'~',~ 'DA

,;; tsoo mm (24 in.) 

A0 -t- ° \tI \tI \aJ. \tI' -I + 
250 mm (10 in.) - "'l , '" 'A ',I 950 (38') 

80 -L 0e;)A e;), e;) e;)' mm In. 

t '0 0 A J 250mm(10in.) L::::.. 'e;) 
C0~ ~e;)~e;)o 0 \ 

250mm 
(10 in.) 

250 mm 250 mm 
(10 in.) (10 in.) 

1.1 m (44 in.)----»-

Design Criteria 
Neutral and Equipment 

Grounding Conductor (EGC) 
Duct:= 150 mm (6 in.) 

Phase Ducts 75 mm (3 in.) 

Number of Cables per Phase = 4 
Rho Concrete = Rho Earth - 5 
Rho PVC Duct = 650 

Conductor Material = Copper 
Number of Cables per Duct 1 

Rho Cable Insulation 500 
Rho Cable Jacket = 650 

Notes: 
1, Neutral configuration per 300.5(1), Exception No.2. 
2. Maximum harmonic loading on the neutral conductor cannot exceed 50 percent of the 

phase current for the ampacities shown in the table. 
3. Metallic shields of Type MV-90 cable shall be grounded at one point only. 

l TYPES 
RHW, THHW, THW, THWN, 

Size XHHW, USE, OR MV-90' Size 
kcmil I Total per Phase Ampere Rating kcmil 

RHO EARTH 60 RHO EARTH 90 RHO EARTH 120 i 

LF 50 LF 100 LF 100 

2820 1860 1680 
750 (705NCable) (465NCable) (420NCable) 750 

3300 2140 1920 
1000 (825NCable) (535NCable) (480NCable) 1000 

3700 2380 2120 
1250 (925NCable) (595NCable) (530NCable) 1250 

4060 2580 2300 
1500 (1015NCable) (645NCable) (575NCable) 1500 

4360 2740 2460 
1750 (1090NCable) (685NCable) (615NCable) 1750 

Ambient For ambient temperatures other than 20°C (68°F), Ambient 
Temp. multiply the ampacities shown above by the Temp. 

(OC) appropriate factor shown below. CF) 

6-10 1.09 1.09 1.09 1.09 1.09 43-50 
11-15 1.04 1.04 1.04 1.04 1.04 52-59 
16-20 1.00 1.00 1.00 1.00 1.00 61-68 
21-25 0.95 0.95 0.95 0.95 0.95 70-77 
26-30 0.90 0.90 0.90 0.90 0.90 79-86 

'Limited to 75°C conductor temperature. 

Informational Note Figure Ampacities of 
Single Insulated Conductors Rated 0 through 5000 Volts in 
Nonmagnetic Underground Electrical Ducts (One Conductor 
per Electrical Duct), Four Single-Conductor Cables per Phase 
Based on Ambient Earth Temperature of 20°C (68°F), Con
ductor Temperature 7SoC (167°F). 
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IN 'OR A nVE ANNEX B Annex B: Ampacities 

Surface 

A ~ 
Nand 
EGC 

o \ "l150mm (6 in.) 

A -

600 mm (24 in.) 
A0-t -

250 mm (10 in.) B0+ 
250 mm (10 in.) 
C0~ 

1

250 mm 250 mm 250 mm 250 mm 
(10 in.) (10 in.) (10 in.) (10 in.) 

.. ",---1.1 m (44 in.)-----!II>I 

i 

Design Criteria 
Neutral and Equipment 

Grounding Conductor (EGC) 
Duct" 150 mm (6 in .) 

Number of Cables per Phase = 5 
Rho Concrete = Rho Earth - 5 
Rho PVC Duct = 650 

Phase Ducts" 75 mm (3 in.) 
Conductor Material = Copper 
Number of Cables per Duct = 1 

Rho Cable Insulation = 500 
Rho Cable Jacket = 650 

Notes: 
1. Neutral configuration per 300.5(1), Exception No.2. 
2. Maximum harmonic loading on the neutral conductor cannot exceed 50 percent of the 

phase current for the ampacities shown in the table. 
3. Metallic shields of Type MV-90 cable shall be grounded at one point only. 

TYPES 
RHW, THHW, THW, THWN, 

Size XHHW, USE, OR MV-90' 
Size 

kcmil Total per Phase Ampere Rating kcmil 

RHO EARTH 60 RHO EARTH 90 RHO EARTH 120 
LF 50 LF 100 LF 100 

5575 3375 3000 
2000 (1115A1Cable) (675A1Cable) (600AlCable) 2000 

Ambient For ambient temperatures other than 20°C (68°F). Ambient 
Temp. multiply the ampacities shown above by the Temp. 

(OC) appropriate factor shown below. (OF) 

6-10 1.09 1.09 1.09 1.09 1.09 43-50 
11-15 1.04 1.04 1.04 1.04 1.04 52-59 
16-20 1.00 1.00 1.00 1.00 1.00 61-68 
21-25 0.95 0.95 095 0.95 0.95 70-77 
26-30 0.90 0.90 0.90 0.90 0.90 79-86 

'limited to 75°C conductor temperature. 

Informational Note Figure B.310.15(B)(2)(S) Ampacities of 
Single Insulated Conductors Rated 0 through 5000 Volts in 
Nonmagnetic Underground Electrical Ducts (One Conductor 
per Electrical Duct), Five Single-Conductor Cables per Phase 
Based on Ambient Earth Temperature of 20°C (68°F), Con
ductor Temperature 75°C (167°F). 

2013 California Electrical Code 

Table B.310.15(B)(2)(11) Adjustment Factors for More Than 
Three Current-Carrying Conductors in a Raceway or Cable 
with Load Diversity 

Number of Conductors· 

Percent of Values in Tables as 
Adjusted for Ambient 

Temperature if Necessary 

4 - 6 
7-9 

10 - 24 
25 - 42 
43- 85 

80 
70 

70·· 
60·· 
50" 

*Numb r of conductors is Ih total number of conductors in (be roc6oi 
, ay or cable adju ted in accordanc\! with 310.15(B)(4) and (5). ' 

-,These factors include the effects of a load diversity of 50 percent. 

Infonnational Note: The ampacity limit for 10 through 85 
current-carrying conductors is based on the following equa
lion. Forolore than 85 conductors, special calculations are 
required that are beyond the scope of this table. 

A, = [~o.;: x ( AI)] or A" whichever is less 

where: 
Al = ampacity from Table 310.15(8)( 16). Table 

310.J5(8)(18). Table 8.310. 15(B)(2) (1), Table 
B.3 ro. I 5(B)(2)(6), or Table B.31 0.15(8)(2)(7) 
multiplied by the appropriate adjustment factor irom 
Table B.310. 15(B)(2)(11). 

N = total number of conductors used to sc-loct adjuslmem 
factor from Table B.31 0.15(8)(2)( 11 ) 

E = number of conductors c~n$~\lrrent 
simullaneously in (he racewaY' or cable 

A2 = ampacity limit for the current-carrying conductors in 
the raceway or cable 

Example 1 
Calculate the ampacity limit for twelve 14 AWG THWN 

current-carrying conductors (75 D C) in a raceway that contains 24 
conductors that may. at different times, be current-carrying. 

~= (0.5)(24) x20(0.7) 
12 

= 14 amperes (i.e., 50 percent diversity) 

Example 2 
Calculate the ampacity limit for eighteen 14 AWG THWN 

current-carrying conductors (75°C) in a raceway that contains 24 
conductors that may, at different time . be current-carrying. 

(0.5)(24) 
/..:....---'--'.------'- X 20(0.7) = 11.5 amperes 

18 
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Intinl"'l1ng11VII Annex C Conduit and Tubing Fill Tables for Conductors 
and Fixture Wires of the Same Size 

This informative annex is not a part of the requirements of this NFPA document but is 
included for informational purposes only. 

Table 

e.l - Electrical Metallic Tubing (EMT) 
e.l (A)* Electrical Metallic Tubing (EMT) 
e.2 - Electrical Nonmetallic Tubing (ENT) 
e.2(A)* - Electrical Nonmetallic Tubing (ENT) 
C.3 Flexible Metal Conduit (FMC) 
e.3(A)* Flexible Metal Conduit (FMC) 
C.4 - Intermediate Metal Conduit (IMC) 
C.4(A)* - Intermediate Metal Conduit (IMC) 
e.5 Liquidtight Flexible Nonmeta11ic Conduit (Type LFNC-B) 
e.5(A)*- Liquidtight Flexible Nonmetallic Conduit (Type LFNC-B) 
C.6 - Liquidtight Flexible Nonmetallic Conduit (Type LFNC-A) 
e.6(A)* Liquidtight Flexible Nonmetallic Conduit (Type LFNC-A) 
C.7 - Liquidtight Flexible Metal Conduit (LFMC) 
C.7(A)*- Liquidtight Flexible Meta] Conduit (LFMC) 
e.8 Rigid Metal Conduit (RMC) 
e.8(A)* - Rigid Metal Conduit (RMC) 
e.9 - Rigid PVC Conduit, Schedule 80 
e.9(A)* Rigid PVC Conduit, Schedule 80 
e.lO Rigid PVC Conduit, Schedule 40 and HDPE Conduit 
e.lO(A)*- Rigid PVC Conduit, Schedule 40 and HDPE Conduit 
e.ll Type A, Rigid PVC Conduit 
e.ll(A)* Type A, Rigid PVC Conduit 
C.12 Type EB, PVC Conduit 
C.12(A)* - Type EB, PVC Conduit 

Page 

745 
749 
750 
754 
755 
759 
760 
764 
765 
769 
770 
774 
775 
779 
780 
784 
785 
789 
790 
794 
795 
799 
800 
803 

*Where this table is used in conjunction with Tables C.l through C.12, the conductors 
installed must be of the compact type. 
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ANNEXC 

Table C.l Maximum Number of Conductors or Fixture Wires in Electrical Metallic 
Tubing (EMT) (Based on Table I, Chapter 9) 

Conductor 
Size 

(AWG 16 21 27 
Type kcmil) (lh) (3f4) (1) 

RHH, 14 4 7 11 
RHW, 12 3 6 9 
RHW-2 10 2 5 8 

8 I 2 4 
6 1 1 3 
4 I 1 2 
3 1 1 1 
2 1 1 1 
1 0 I 1 

110 0 1 1 
2/0 0 1 1 
3/0 0 0 1 
4/0 0 0 1 
250 0 0 0 
300 0 0 0 
350 0 0 0 
400 0 0 0 
500 0 0 0 
600 0 0 0 
700 0 0 0 
750 0 0 0 
800 0 0 0 
900 0 0 0 

1000 0 0 0 
1250 0 0 0 
1500 0 0 0 
1750 0 0 0 
2000 0 0 0 

TW 14 8 15 25 
12 6 11 19 
10 5 8 14 
8 2 5 8 

RHH*, 14 6 10 16 
RHW*, 
RHW-2*, 
THHW, 
THW, 
THW-2 
RHH*, 12 4 8 13 
RHW*, 
RHW-2*, 

10 3 6 10 THHW, 
THW 
RHH*, 8 1 4 6 
RHW*, 
RHW-2*, 
THHW, 
THW, 
THW-2 

2013 California Electrical Code 

CONDUCTORS 

Metric 

35 41 53 
(IV4) (IV:!) (2) 

20 27 46 
17 23 38 
13 18 30 
7 9 16 
5 8 13 
4 6 10 
4 5 9 
3 4 7 
I 3 5 
1 2 4 
1 2 4 
1 1 3 
1 1 3 
1 1 1 

1 1 I 
1 1 I 
1 1 1 
0 1 1 
0 1 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

43 58 96 
33 45 74 
24 33 55 
13 18 30 
28 39 64 

23 31 51 

18 24 40 

10 14 24 

63 
(21h) 

80 
66 
53 
28 
22 
17 
15 
13 
9 
7 
6 
5 
5 
3 
3 
3 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

168 
129 
96 
53 

112 

90 

70 

42 

78 
(3) 

120 
100 
81 
42 
34 
26 
23 
20 
13 
11 
10 
8 
7 
5 
5 
4 
4 
3 
3 
2 
2 
2 
1 
1 
1 
1 
1 
1 

254 
195 
145 

81 
169 

136 

106 

63 

91 
(3Vl) 

157 
131 
105 
55 
44 
34 
30 
26 
17 
15 
13 
11 
9 
7 
6 
6 
5 
4 
4 
3 
3 

3 
3 
2 
1 
1 
1 
1 

332 
255 
190 
105 
221 

177 

138 

83 

103 
(4) 

201 
167 
135 
70 
56 
44 
38 
33 
22 
19 
17 
14 
12 
9 
8 

7 
7 
6 
5 
4 
4 
4 
3 
3 
2 
1 
1 
1 

424 
326 
243 
135 
282 

227 

177 

106 

(Continues) 
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Table C.l Continued 

Conductor 
Size 

(AWG 16 21 27 
Type kcmil) (Ih) (%) (1) 

RHH*, 6 1 3 4 
RHW*, 4 1 I 3 
RHW-2*, 3 1 1 3 
IW, 2 1 1 2 
THW, 1 1 1 1 
THHW, 

110 0 1 1 THW-2 
2/0 0 I 1 
3/0 0 1 1 
4/0 0 0 1 
250 0 0 1 
300 0 0 1 
350 0 0 0 
400 0 0 0 
500 0 0 0 
600 0 0 0 
700 0 0 0 
750 0 0 0 
800 0 0 0 
900 0 0 0 

1000 0 0 0 
1250 0 0 0 
1500 0 0 0 
1750 0 0 0 
2000 0 0 0 

THHN, 14 12 22 35 
THWN, 12 9 16 26 
THWN-2 10 5 10 16 

8 3 6 9 
6 2 4 7 
4 1 2 4 
3 1 1 3 
2 1 ] 3 
J 1 1 1 

110 1 1 1 
2/0 0 1 1 
3/0 0 1 1 
4/0 0 1 1 
250 0 0 1 
300 0 0 1 
350 0 0 1 
400 0 0 0 
500 0 0 0 
600 0 0 0 
700 0 0 0 
750 0 0 0 
800 0 0 0 
900 0 0 0 

1000 0 0 0 
FEP, 14 12 21 34 
FEPB, 12 9 15 25 
PFA, ]0 6 11 18 
PFAH, 8 3 6 10 
TFE 6 2 4 7 

4 1 3 5 
3 1 2 4 
2 1 1 3 

70-746 

ANNEX C 

CONDUCTORS 

Metric Designator (Trade Size) 

35 41 53 63 78 
(1%) (Ph) (2) (2Y:z) (3) 

8 11 18 32 48 

6 8 13 24 36 
5 7 12 20 31 
4 6 10 17 26 
3 4 7 12 18 
2 3 6 10 16 
1 3 5 9 13 
1 2 4 7 11 

1 1 3 6 9 
1 1 3 5 7 
1 1 2 4 6 
1 1 1 4 6 
1 1 1 3 5 
1 1 1 3 4 
I 1 1 2 3 
0 1 1 1 3 

0 1 1 1 3 
0 1 1 1 3 
0 0 1 1 2 
0 0 1 1 2 
0 0 1 1 1 
0 0 1 1 1 
0 0 0 1 1 
0 0 0 1 1 

61 84 138 241 364 
45 61 101 176 266 
28 38 63 III 167 
16 22 36 64 96 
12 16 26 46 69 
7 10 16 28 43 
6 8 13 24 36 
5 7 11 20 30 
4 5 8 15 22 
3 4 7 12 19 
2 3 6 10 16 
1 3 5 8 13 
1 2 4 7 11 
] 1 3 6 9 
I 1 3 5 7 
1 1 2 4 6 
1 1 1 4 6 
1 1 1 3 5 
1 1 1 2 4 
1 1 1 2 3 
0 1 1 1 3 
0 1 I I 3 
0 1 1 1 3 
0 1 1 1 2 

60 81 134 234 354 
43 59 98 171 258 
3] 42 70 122 185 
18 24 40 70 106 
12 17 28 50 75 
9 12 20 35 53 
7 10 16 29 44 
6 8 13 24 36 

91 
(31/:z) 

63 
47 
40 
34 
24 
20 
17 
15 
12 
10 
8 
7 
7 
6 
4 
4 

4 
3 
3 
3 
2 
1 
1 
1 

476 
347 
219 
126 
9] 

56 
47 
40 
29 
25 
20 
17 
14 
11 
10 
9 
8 
6 
5 
4 
4 
4 
3 
3 

462 
337 
241 
138 
98 
69 
57 
47 

103 
(4) 

81 
60 
52 
44 
31 
26 
22 
19 
16 
13 
11 
10 
9 
7 
6 
5 
5 
5 
4 
4 
3 
2 
2 
1 

608 
443 
279 
161 
116 
71 
60 
51 
37 
32 
26 
22 
18 
15 
13 
11 
10 
8 
7 
6 
5 
5 
4 
4 

590 
430 
309 
177 
126 
88 
73 
60 
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ANNEXC Annex C: Tables 

Table C.I Continued 

CONDUCTORS 

Conductor Metric Designator (Trade Size) 
Size 

(AWG 16 21 27 35 41 53 63 78 9.1 103 
Type kcmil) (liz) (%) (1) (lY4) (Ph) (2) (21h) (3) (3'12) (4) 

PFA, I I 1 2 4 6 9 16 25 33 42 
PFAH, 
TFE 
PFAH, 110 1 1 I 3 5 8 14 21 27 35 
TFE PFA, 2/0 0 1 I 3 4 6 11 17 22 29 
PFAH, 3/0 0 1 I 2 3 5 9 14 18 24 
TFE,Z 4/0 0 I I 1 2 4 8 11 15 19 
Z 14 14 25 41 72 98 161 282 426 556 711 

12 10 18 29 51 69 114 200 302 394 504 
10 6 11 18 31 42 70 122 185 241 309 
8 4 7 II 20 27 44 77 117 153 195 
6 3 5 8 14 19 31 54 82 107 137 
4 1 3 5 9 13 21 37 56 74 94 
3 1 2 4 7 9 15 27 41 54 69 
2 1 1 3 6 8 13 22 34 45 57 
1 I 1 2 4 6 10 18 28 36 46 

XHH, 14 8 15 25 43 58 96 168 254 332 424 
XHHW, ]2 6 11 19 33 45 74 129 195 255 326 
XHHW-2, 10 5 8 14 24 33 55 96 145 190 243 
ZW 8 2 5 8 13 18 30 53 81 105 135 

6 I 3 6 10 14 22 39 60 78 100 
4 1 2 4 7 10 16 28 43 56 72 
3 1 1 3 6 8 14 24 36 48 61 
2 I 1 3 5 7 11 20 31 40 51 

XHH, 1 1 1 I 4 5 8 15 23 30 38 
XHHW, 1/0 1 1 1 3 4 7 13 19 25 32 
XHHW-2 2/0 0 1 1 2 3 6 10 16 21 27 

3/0 0 1 I I 3 5 9 13 17 22 
4/0 0 1 I 1 2 4 7 II 14 18 
250 0 0 1 1 1 3 6 9 12 15 
300 0 0 1 1 1 3 5 8 10 13 
350 0 0 1 1 I 2 4 7 9 11 
400 0 0 0 1 1 1 4 6 8 10 
500 0 0 0 1 1 1 3 5 6 8 
600 0 0 0 1 I 1 2 4 5 6 
700 0 0 0 0 1 1 2 3 4 6 
750 0 0 0 0 1 1 1 3 4 5 
800 0 0 0 0 1 1 1 3 4 5 
900 0 0 0 0 1 1 1 3 3 4 

1000 0 0 0 0 0 1 1 2 3 4 
1250 0 0 0 0 0 1 1 1 2 3 
1500 0 0 0 0 0 1 I 1 1 3 
1750 0 0 0 0 0 0 1 1 1 2 
2000 0 0 0 0 0 0 1 1 1 1 

(Continues) 
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Table C.l Continued 

Type 
FFH-2, RFH-2, 
RFHH-3 

SF-2, SFF-2 

SF-I, SFF-l 
RFH-l, RFHH-2, 
TF, TFF, XF, 
XFF 
RFHH-2, TF, 
TFF, XF, XFF 
XF, XFF 
TFN, TFFN 

PF, PFF, PGF, 
PGFF, PAF, PTF, 
PTFF. PAFF 

ZF, ZFF, ZHF, 
HF, HFF 

KF-2, KFF-2 

KF-l, KFF-J 

XF, XFF 

Notes: 

Conductor 
Size 

(AWGI 
kcmil) 

18 
16 
18 
16 
14 
18 
18 

16 

14 
18 
16 
18 
16 
14 
18 
16 
14 
18 
16 
14 
12 
10 
18 
16 
14 
12 
10 
12 
10 

8 
7 

10 
8 
7 

18 
14 

11 

8 
22 
17 
21 
16 
12 
27 
20 
14 
39 
27 
19 
13 
8 

46 
33 
22 
14 
9 
4 
3 

ANNEXC 

FIXTURE WIRES 

2] 
(%) 

14 
]2 
18 
15 
12 
33 
24 

19 

15 
38 
29 
36 
28 
21 
47 
35 
25 
69 
48 
33 
23 
15 
82 
57 
38 
25 
16 
8 
6 

Metric Designator (Trade Size) 

27 35 
(1) (1%) 

24 41 
20 34 
30 52 
25 43 
20 34 
53 92 
39 68 

31 55 

25 43 
63 108 
48 83 
59 103 
46 79 
34 60 
77 133 
56 98 
41 72 

111 193 
78 136 
54 93 
37 64 
25 43 

133 230 
93 161 
63 108 
41 72 
27 47 
13 23 
10 18 

41 
(1%) 

56 
47 
71 
58 
47 

125 
92 

74 

58 
148 
113 
140 
108 

81 
181 
133 
98 

262 
185 
127 
87 
58 

313 
220 
148 
98 
64 
31 
24 

53 
(2) 

92 
78 

116 
96 
78 

206 
152 

123 

96 
244 
186 
231 
179 
134 
298 
220 
161 
433 
305 
209 
144 
96 

516 
362 
244 
161 
105 

51 
40 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.1 (A) 
should be used. 
2. Two-hour fire-rate RHH cable has ceramifiabl insulation which has much larger diameters than other 
RHH wires. 
Consult manufacturer's conduit fil tables. 
*Types RHH, RHW, and RHW-2 without outer covering. 
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ANNEX C 

Table C.l(A) Maximum Number of Compact Conductors in Electrical Metallic Tubing (EMT) 
(Based on Table 1, Chapter 9) 

Type 
THW, 
THW-2, 
THHW 

THHN, 
THWN, 
THWN-2 

XHHW, 
XHHW-2 

Conductor 
Size 

(AWG/ 16 
kcmil) (112) 

8 2 
6 1 
4 1 
2 1 
1 I 

1/0 1 
2/0 0 
3/0 0 
4/0 0 
250 0 
300 0 
350 0 
400 0 
500 0 
600 0 
700 0 
750 0 
900 0 

1000 0 
8 -

6 2 
4 1 
2 1 
1 1 

1/0 1 
2/0 1 
3/0 0 
4/0 0 
250 0 
300 0 
350 0 
400 0 
500 0 
600 0 
700 0 
750 0 
900 0 

1000 0 
8 3 
6 1 
4 1 
2 1 
1 1 

1/0 1 
2/0 1 
3/0 0 
4/0 0 
250 0 
300 0 
350 0 
400 0 
500 0 
600 0 
700 0 
750 0 
900 0 

1000 0 

21 
(%) 

4 
3 
2 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-

4 
3 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
4 
3 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

COMPACT CONDUCTORS 

Metric Designator (Trade Size) 

27 35 41 53 63 78 91 103 
(1) (11/4) (1%) (2) (2%) (3) (3%) (4) 
6 11 16 26 46 69 90 115 
5 9 12 20 35 53 70 89 
4 6 9 15 26 40 52 67 
3 5 7 11 19 29 38 49 
1 3 4 8 13 21 27 34 
1 3 4 7 12 18 23 30 
1 2 3 5 10 15 20 25 
1 1 3 5 8 13 17 21 
1 1 2 4 7 11 14 18 
1 1 1 3 5 8 11 14 
1 1 1 3 5 7 9 12 
1 1 1 2 4 6 8 11 
0 1 1 1 4 6 8 10 
0 1 1 1 3 5 6 8 
0 1 1 I 2 4 5 7 
0 1 1 1 2 3 4 6 
0 0 1 1 1 3 4 5 
0 0 1 1 2 3 4 5 
0 0 1 1 1 2 3 4 

- - - - - - - -

7 13 18 29 52 78 102 130 
4 8 11 18 32 48 63 81 
3 6 8 13 23 34 45 58 
2 4 6 10 17 26 34 43 
1 3 5 8 14 22 29 37 
1 3 4 7 12 18 24 30 
1 2 3 6 10 15 20 25 
1 1 3 5 8 12 16 21 
1 1 1 4 6 10 13 16 
1 1 1 3 5 8 11 14 
1 1 1 3 5 7 10 12 
1 1 1 2 4 6 9 11 
0 1 1 1 4 5 7 9 
0 1 1 1 3 4 6 7 
0 1 1 1 2 4 5 7 
0 1 1 1 2 4 5 6 
0 0 1 1 2 3 4 5 
0 0 1 1 1 3 3 4 
8 15 20 34 59 90 117 149 
6 11 15 25 44 66 87 111 
4 8 11 18 32 48 63 81 
3 6 8 13 23 34 45 58 
2 4 6 10 17 26 34 43 
1 3 5 8 14 22 29 37 
1 3 4 7 12 18 24 31 
1 2 3 6 10 15 20 25 
1 1 3 5 8 13 17 21 
1 1 2 4 7 10 13 17 
1 1 1 3 6 9 11 14 
1 1 1 3 5 8 10 13 
1 1 1 2 4 7 9 11 
0 1 1 1 4 6 7 9 
0 1 1 1 3 4 6 8 
0 1 1 1 2 4 5 7 
0 1 1 1 2 3 5 6 
0 0 1 1 2 3 4 5 
0 0 1 1 1 3 4 5 

Definition Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 

2013 California Electrical Code 

Annex C: Tables 

70-749 



Annex C: Tables INI"tJlI[M,lt.TliVE ANNEX C 

Table C.2 Maximum Number of Conductors or Fixture Wires in Electrical Nonmetallic 
Tubing (ENT) (Based on Table 1, Chapter 9) 

CONDUCTORS 
Conductor Metric 

Size 
(AWGI 16 21 27 35 41 

Type kcmil) Ph) (3/4) (1) (11;4) (11/2) 

RHH, RHW, • 14 3 6 10 19 26 
RHW-2 12 2 5 9 16 22 

10 1 4 7 13 17 
8 1 I 3 6 9 
6 1 1 3 5 7 
4 1 1 2 4 6 
3 1 1 1 3 5 
2 0 1 1 3 4 
1 0 1 1 1 3 

110 0 0 1 1 2 
2/0 0 0 1 1 1 
3/0 0 0 1 1 1 
410 0 0 1 1 1 
250 0 0 0 1 1 
300 0 0 0 1 1 
350 0 0 0 1 1 
400 0 0 0 1 1 
500 0 0 0 0 1 
600 0 0 0 0 1 
700 0 0 0 0 0 
750 0 0 0 0 0 
800 0 0 0 0 0 
900 0 0 0 0 0 

1000 0 0 0 0 0 
1250 0 0 0 0 0 
1500 0 0 0 0 0 
1750 0 0 0 0 0 
2000 0 0 0 0 0 

TW 14 7 13 22 40 55 
12 5 10 17 31 42 
IO 4 7 13 23 32 
8 1 4 7 13 17 

RHH*, 14 4 8 15 27 37 
RHW*, 
RHW-2*, 
THHW, 
THW, 
THW-2 
RHH*, 12 3 7 12 21 29 
RHW*, 
RHW-2*, 

10 3 5 9 17 23 THHW, 
THW 
RHH*, 8 1 3 5 10 14 
RHW*, 
RHW-2*, 
THHW, 
THW, 
THW-2 

70-750 

53 
(2) 

43 
36 
29 
15 
12 
9 
8 
7 
5 
4 
3 
3 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 

92 
71 
52 
29 
61 

49 

38 

23 
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Table C.2 Continued 

Type 

RHH*, 
RHW*, 
RHW-2*, 
TW, THW, 
THHW, 
THW-2 

THHN, 
THWN, 
THWN-2 

FEP, FEPB, 
PFA, PFAH, 
TFE 

PFA, PFAH, 
TFE 

Size 
(AWGI 
kcmil) 

6 
4 
3 
2 
1 

1/0 
210 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
800 
900 

1000 
1250 
1500 
1750 
2000 

14 
12 
10 
8 
6 
4 
3 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
800 
900 

1000 
14 
12 
10 
8 

6 
4 
3 
2 
1 
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1 
1 
t 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

10 
7 
4 
2 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

10 
7 
5 
3 
1 
1 
1 
1 
1 

ANNEXC 

CONDUCTORS 

Metric Designator (Trade Size) 

27 35 
(1) (1%) 

2 4 7 
1 3 5 
1 2 5 
1 2 4 
1 1 3 
I 1 2 
1 1 1 
0 1 1 
0 1 1 
0 1 1 
0 0 1 
0 0 1 
0 0 1 
0 0 I 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

18 32 58 
13 23 42 
8 15 26 
5 8 15 
3 6 11 
1 4 7 
1 3 5 
1 2 5 
1 1 3 
1 1 3 
1 1 2 
1 I 1 
0 1 1 
0 1 1 
0 I 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

18 31 56 
13 23 41 
9 16 29 
5 9 17 
4 6 12 
2 4 8 
1 4 7 
1 3 5 
1 1 4 

10 
8 
7 
6 
4 
3 
3 
2 
1 
1 
I 
1 
1 
1 
1 
1 

1 
1 
0 
0 
0 
0 
0 
0 

80 
58 
36 
21 
15 
9 
8 
6 
5 
4 
3 
3 
2 
I 
1 
1 
1 

1 
1 
1 
1 
1 
1 
0 

77 
56 
40 
23 
16 
11 
9 
8 
5 

53 
(2) 

17 
13 
11 
9 
6 
5 
5 
4 
3 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
0 
0 
0 

132 
96 
60 
35 
25 
15 
13 
11 
8 
7 
5 
4 
4 
3 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 

128 
93 
67 
38 
27 
19 
16 
13 
9 
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Annex C: Tables 

Table C.2 Continued 

CONDUCTORS 
Conductor Metric 

Size 
(AWGI 16 21 27 35 41 53 

Type kcmil) (Yz) p/.l) (1) (11;4) (Ph) (2) 

PFA, PFAH, 110 0 1 1 3 4 7 
TFE,Z 2/0 0 1 ] 2 4 6 

3/0 0 1 1 1 3 5 
4/0 0 1 1 1 2 4 

Z 14 12 22 38 68 93 154 
12 8 15 27 48 66 109 
10 5 9 16 29 40 67 
8 3 6 10 18 25 42 
6 1 4 7 13 18 30 
4 1 3 5 9 12 20 
3 1 1 3 6 9 15 
2 1 1 3 5 7 12 
1 1 1 2 4 6 10 

XHH, 14 7 13 22 40 55 92 
XHHW, 12 5 10 17 31 42 71 
XHHW-2, 10 4 7 13 23 32 52 
ZW 8 1 4 7 13 17 29 

6 1 3 5 9 13 21 

4 I 1 4 7 9 15 

3 1 1 3 6 8 13 

2 1 I 2 5 6 11 
XHH, 1 I 1 1 3 5 8 
XHHW, 110 0 1 1 3 4 7 
XHHW-2 2/0 0 1 I 2 3 6 

3/0 0 ] 1 1 3 5 
4/0 0 0 1 I 2 4 
250 0 0 1 ] 1 3 
300 0 0 1 1 I 3 
350 0 0 I I 1 2 
400 0 0 0 1 I ] 

500 0 0 0 I 1 1 
600 0 0 0 I 1 1 
700 0 0 0 0 I 1 
750 0 0 0 0 I 1 
800 0 0 0 0 1 1 
900 0 0 0 0 1 1 

1000 0 0 0 0 0 1 
1250 0 0 0 0 0 1 
1500 0 0 0 0 0 1 
1750 0 0 0 0 0 0 
2000 0 0 0 0 0 0 
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Table C.2 Continued 

Type 
FFH-2, 
RFH-2, 
RFHH-3 
SF-2, SFF-2 

SF-I, SFF-l 
RFH-l, 
RFHH-2, TF, 
TFF, XF, 
XFF 
RFHH-2, TF, 
TFF, XF, 
XFF 
XF, XFF 
TFN, TFFN 

PF, PFF, 
POF, PGFF, 
PAF, PTF, 
PTFF, PAFF 
ZF, ZFF, 
ZHF, HF, 
HFF 

KF-2, KFF-2 

KF-l, KFF-l 

XF, XFF 

Notes: 

Conductor 
Size 

(AWG/ 
kcmil) 

18 
16 
18 
16 
14 
18 
18 

16 

14 
18 

16 
18 

16 

14 

18 
16 
14 
18 
16 
14 
12 
10 
18 
16 
14 
12 
10 
12 
10 

6 
5 
8 
7 
5 

15 
11 

9 

7 
18 

13 
17 

13 

10 

22 
16 
12 
31 
22 
15 
10 
7 

38 
26 
18 
12 
7 
3 
3 

IHfUItMATl\llB ANNEX C 

FIXTURE WIRES 

Metric Designator (Trade Size) 

27 35 
(1) (PI4) 

12 21 39 
10 18 32 
15 27 49 
13 22 40 
10 18 32 
28 48 86 
20 35 64 

16 29 51 

13 22 40 
33 57 102 
25 43 78 
31 54 97 

24 42 75 

18 31 56 

40 70 125 
29 51 92 
22 38 68 
58 101 182 
41 71 128 
28 49 88 
19 33 60 
13 22 40 
69 121 217 
49 85 152 
33 57 102 
22 38 68 
14 24 44 
7 12 21 
5 9 17 

41 
(Ph) 

53 
45 
67 
55 
45 

119 
88 

71 

55 
141 
107 
133 

103 

77 

172 
127 
93 

250 
176 
121 
83 
55 

298 
209 
141 
93 
61 
29 
23 

53 
(2) 

88 
74 

111 
92 
74 

197 
145 

117 

92 
233 
178 
221 

171 

128 

285 
210 
154 
413 
291 
200 
138 
92 

493 
346 
233 
154 
101 
49 
38 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.2(A) 
should be used. 
2. Two-hour fire-rate RHH cable has ceramifiabl insulation which has much larger diameters than other 
RHH wires. Consult manufacturer's conduit fil tables. 
*Types RHH, RHW, and RHW-2 without outer covering. 
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Annex C: Tables INf'OR.MATI\'FJ! ANNEX C 

Table C.2(A) Maximum Number of Compact Conductors in Electrical Nonmetallic Tubing (ENT) 
(Based on Table 1, Chapter 9) 

Type 
THW, 
THW-2, 
THHW 

THHN, 
THWN, 
THWN-2 

XHHW, 
XHHW-2 

Size 
(AWGI 
kcmiJ) 

8 
6 
4 
2 
1 

1/0 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 

16 21 
(1/2) (%) 

1 3 
1 2 
1 1 
1 I 
0 1 
0 1 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

1 4 
1 2 
1 1 
1 1 
1 1 
0 1 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
2 4 
1 3 
1 2 
1 1 
1 1 
1 I 
0 1 
0 1 
0 I 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

27 35 41 53 
(1) (1%) (1Y2) (2) 

6 11 15 25 
4 8 11 19 
3 6 8 14 
2 4 6 10 
1 3 4 7 
1 3 4 6 
1 2 3 5 
1 1 3 4 
1 1 2 4 
1 1 1 3 
1 1 1 2 
0 1 1 2 
0 1 1 1 
0 1 1 1 
0 1 1 1 
0 0 1 1 
0 0 1 1 
0 0 1 I 
0 0 0 1 

- - -

7 12 17 28 
4 7 10 17 
3 5 7 12 
2 4 5 9 
1 3 5 8 
1 3 4 6 
1 2 3 5 
1 1 2 4 
1 1 1 3 
] 1 ] 3 
1 1 J 2 
0 1 1 2 
0 1 1 1 
0 1 1 1 
0 1 1 1 
0 1 1 1 
0 0 1 1 
0 0 1 1 
8 14 19 32 
6 10 14 24 
4 7 10 17 
3 5 7 12 
2 4 5 9 
1 3 5 8 
1 3 4 7 
1 2 3 5 
1 1 3 4 
1 1 1 3 
I 1 1 3 
1 1 1 3 
1 1 1 2 
0 1 1 1 
0 1 1 1 
0 1 1 1 
0 1 1 1 
0 0 1 1 
0 0 1 1 

Definition Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 
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INrUKMA;1 n~J:: ANNEX C 

Table C.3 Maximum Number of Conductors or Fixture Wires in Flexible Metal Conduit 
(FMC) (Based on Table 1. Chapter 9) 

Type 

RHH, 
RHW, 
RHW-2 

TW 

RHH*, 
RHW*, 
RHW-2*, 
THHW, 
THW, 
THW-2 
RHH*, 
RHW*, 
RHW-2*, 
THHW, 
THW 
RHH*, 
RHW*, 
RHW-2*, 
THRW, 
TRW, 
THW-2 

Size 
(AWGI 
kcmil) 

14 
12 
10 
8 
6 
4 
3 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
800 
900 

1000 
1250 
1500 
1750 
2000 

14 
12 
10 
8 

14 

12 

10 

8 

4 

3 
3 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
7 

5 
3 
6 

5 

4 

1 
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7 
6 
5 
2 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

15 
II 
8 
5 

10 

8 

6 

4 

CONDUCTORS 

Metric Designator (Trade Size) 

27 
(1) 

11 
9 
7 
4 

3 
2 
1 
1 
1 

1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

23 
18 

13 
7 

15 

12 

10 

6 

35 41 
(1%) (1%) 

17 25 
14 21 
11 17 
6 9 

5 7 
4 5 
3 5 
3 4 
1 2 
1 2 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
0 1 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

36 53 
28 41 
21 30 
11 17 
24 35 

19 28 

15 22 

9 13 

53 
(2) 

44 
37 
30 
15 
12 
10 
8 
7 
5 
4 
3 
3 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
0 
0 
0 
0 

94 
72 
54 
30 
62 

50 

39 

23 

63 
(2Yz) 

67 
55 
45 
23 
19 
14 
13 
11 
7 
6 
5 
5 
4 
3 
2 
2 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
0 

141 
108 
81 
45 
94 

75 

59 

35 

78 
(3) 

96 
80 
64 
34 
27 
21 

18 
16 
10 

9 
8 
7 
6 
4 
4 
3 
3 
3 
2 
1 
1 
1 
1 

1 
1 
1 
1 
1 

203 
156 
116 
64 

135 

108 

85 

51 

91 103 
(3 1/z) (4) 

131 171 
109 142 

88 115 
46 60 
37 48 
29 37 
25 33 
22 28 
14 19 
12 16 
II 14 

9 12 
8 10 
6 8 
5 7 
5 6 
4 6 
4 5 
3 4 
3 3 
2 3 
2 3 
2 3 
1 3 
1 1 
1 1 

1 1 
1 1 

277 361 
212 277 
158 207 

88 115 
184 240 

148 ]93 

115 151 

69 90 
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Annex C: Tables INFUI..MA,TI\/8 ANNEX C 

Table C.3 Continued 

CONDUCTORS 
Conductor Metric Designator (Trade Size) 

Size 
(AWG/ 16 21 27 35 41 53 63 78 91 103 

Type kcmil) (V2) (0/4) (1) (11,4) (IY2) (2) (2Vz) (3) (3Vz) (4) 

RHH*, 6 1 3 4 7 10 18 27 39 53 69 
RHW*, 4 1 I 3 5 7 13 20 29 39 51 
RHW-2*, 3 1 1 3 4 6 11 17 25 34 44 
1W, 2 1 1 2 4 5 10 14 21 29 37 
THW, 1 1 1 1 2 4 7 10 15 20 26 
THHW, 

110 0 1 1 1 3 6 9 12 17 22 
THW-2 

2/0 0 1 1 1 3 5 7 10 14 19 
3/0 0 1 1 1 2 4 6 9 12 16 

4/0 0 0 1 1 1 3 5 7 10 13 
250 0 0 1 1 1 3 4 6 8 11 
300 0 0 1 I 1 2 3 5 7 9 
350 0 0 0 1 1 1 3 4 6 8 
400 0 0 0 1 1 1 3 4 6 7 
500 0 0 0 1 1 I 2 3 5 6 
600 0 0 0 0 1 1 1 3 4 5 
700 0 0 0 0 1 1 1 2 3 4 
750 0 0 0 0 1 1 1 2 3 4 

800 0 0 0 0 1 I I I 3 4 

900 0 0 0 0 0 I I 1 3 3 
1000 0 0 0 0 0 1 1 1 2 3 
1250 0 0 0 0 0 1 1 1 1 2 
1500 0 0 0 0 0 0 I 1 1 1 
1750 0 0 0 0 0 0 1 1 1 1 
2000 0 0 0 0 0 0 1 1 ] 1 

THHN, 14 13 22 33 52 76 134 202 291 396 518 
THWN, 12 9 16 24 38 56 98 147 212 289 378 
THWN-2 10 6 ]0 15 24 35 62 93 134 ]82 238 

8 3 6 9 14 20 35 53 77 105 137 
6 2 4 6 10 14 25 38 55 76 99 
4 1 2 4 6 9 16 24 34 46 61 
3 1 1 3 5 7 13 20 29 39 51 
2 1 1 3 4 6 11 17 24 33 43 
1 1 1 1 3 4 8 12 18 24 32 

110 1 1 I 2 4 7 10 15 20 27 
2/0 0 1 1 1 3 6 9 12 17 22 
3/0 0 1 1 1 2 5 7 10 14 18 
4/0 0 1 1 1 1 4 6 8 12 15 
250 0 0 1 ] 1 3 5 7 9 12 
300 0 0 1 1 1 3 4 6 8 11 
350 0 0 1 1 1 2 3 5 7 9 
400 0 0 0 1 1 1 3 5 6 8 
500 0 0 0 1 1 1 2 4 5 7 
600 0 0 0 0 1 1 1 3 4 5 
700 0 0 0 0 1 1 1 3 4 5 
750 0 0 0 0 1 1 1 2 3 4 
800 0 0 0 0 1 1 1 2 3 4 
900 0 0 0 0 0 1 1 1 3 4 

1000 0 0 0 0 0 1 1 1 3 3 
FEP, 14 12 21 32 51 74 130 196 282 385 502 
FEPB, 12 9 15 24 37 54 95 143 206 281 367 
PFA, 10 6 11 17 26 39 68 103 ]48 201 263 
PFAH, 8 4 6 10 15 22 39 59 85 115 151 
TFE 6 2 4 7 11 16 28 42 60 82 107 

4 1 3 5 7 11 19 29 42 57 75 
3 1 2 4 6 9 16 24 35 48 62 
2 1 I 3 5 7 13 20 29 39 51 
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Table C.l Continued 

Type 

PFA, 
PFAH, 
TFE 
PFA, 
PFAH, 
TFE,Z 

Z 

XHH, 
XHHW, 
XHHW-2, 
ZW 

XHH, 
XHHW, 
XHHW-2 

Size 
(AWG/ 
kcmil) 

1 

110 
2/0 
3/0 
4/0 

14 
12 
10 
8 
6 
4 
3 
2 
1 

14 
12 
10 
8 
6 
4 
3 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
800 
900 

1000 
1250 
1500 
1750 
2000 

16 
(1/2) 

1 

I 
I 
0 
0 

15 
II 
6 
4 
3 
1 
1 
1 
I 
9 
7 
5 
3 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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I 

1 
1 
1 
1 

25 
18 
11 
7 
5 
3 
2 
1 
1 

15 
11 
8 
5 
3 
2 
1 

1 
I 
1 
I 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

27 
(1) 

2 

I 
1 
1 
1 

39 
28 
17 
11 
7 
5 
4 
3 
2 

23 
18 
13 
7 
5 
4 
3 
3 
1 
1 
1 
1 
1 
I 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

INfORJMAlW'B ANNEX C 

Metric Designator (Trade Size) 

35 41 
(11;4) (11/2) 

3 5 

3 4 
2 3 
1 3 
1 2 

61 89 
43 63 
26 39 
17 24 
12 17 
8 12 
6 8 
5 7 
4 6 

36 53 
28 41 
21 30 
11 17 
8 12 
6 9 
5 7 
4 6 
3 5 
2 4 
2 3 
1 3 
1 2 
1 1 
1 1 
1 1 
1 1 
1 1 
0 1 
0 1 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

53 
(2) 

9 

8 

6 
5 
4 

157 
III 
68 
43 
30 
21 
15 
12 
10 
94 
72 
54 
30 
22 
16 
13 
11 
8 
7 
6 
5 
4 
3 
3 
2 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
0 
0 

63 
(21/2) 

14 

II 
9 
8 
6 

236 
168 
103 
65 
45 
31 
23 
19 
15 

141 
108 

81 
45 
33 
24 
20 
17 
13 
10 
9 
7 
6 
5 
4 
4 
3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

78 
(3) 

20 

17 
14 
11 
9 

340 
241 
148 
93 
65 
45 
33 
27 
22 

203 
156 
116 
64 
48 
34 
29 
24 
18 
15 
13 
]0 
9 
7 
6 
5 
5 
4 
3 
3 
2 
2 
1 
1 
1 
1 
1 
1 

Annex C: Tables 

91 103 
(31/2) (4) 

27 36 

23 30 
19 24 
15 20 
13 16 

463 605 
329 429 
201 263 
127 166 
89 117 
61 80 
45 58 
37 49 
30 39 

277 361 
212 277 
158 207 
88 115 
65 85 
47 61 
40 52 
33 44 
25 32 
21 27 
17 23 
14 19 
12 15 
10 13 

8 11 
7 9 
6 8 
5 7 
4 5 
4 5 
3 4 
3 4 
3 4 
3 3 
1 3 
1 2 
1 1 
1 1 

(Continues) 
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Table C.3 Continued 

Type 
FFH-2, 
RFH-2, 
RFHH-3 
SF-2, SFF-2 

SF-I, SFF-J 
RFH-J, 
RFHH-2, TF, 
TFF, XF, 
XFF 
RFHH-2, TF, 
TFF, XF, 
XFF 
XF, XFF 
TFN, TFFN 

PF, PFF, 
PGF, PGFF, 
PAF, PTF, 
PTFF, PAFF 
ZF, ZFF, 
ZHF, HF, 
HFF 
KF-2, KFF-2 

KF-I, KFF-J 

XF, XFF 

Notes: 

Conductor 
Size 

(AWG/ 
kcmil) 

J8 

16 

18 
16 
14 
18 
18 

16 

14 
18 
16 
18 

16 

14 

18 
16 
14 
18 
16 
14 
12 
10 
18 
J6 
14 
12 
10 
12 
10 

16 
(1Iz) 

8 

7 

11 
9 
7 

19 
14 

11 

9 
23 
17 
22 

17 

12 

28 
20 
15 
41 
28 
19 
13 
9 

48 
34 
23 
15 
10 
5 
4 

FIXTURE WIRES 

Metric 

14 22 

12 ]9 

18 28 
15 23 
12 19 
32 50 
24 37 

19 30 

15 23 
38 59 
29 45 
36 56 

28 43 

21 32 

47 72 
35 53 
25 39 
68 105 
48 74 
33 51 
23 35 
15 23 
82 125 
57 88 
38 59 
25 39 
16 25 
8 12 
6 10 

35 
(1%) 

35 

29 

44 
36 
29 
78 
58 

47 

36 
93 
71 
88 

68 

51 

113 
83 
61 

164 
116 
80 
55 
36 

196 
138 
93 
61 
40 
19 
15 

41 
(Ph) 

51 

43 

64 
53 
43 

114 
84 

68 

53 
135 
103 
128 

99 

74 

165 
121 
89 

239 
168 
116 
80 
53 

285 
200 
135 
89 
58 
28 
22 

53 
(2) 

90 

76 

113 
94 
76 

201 
148 

120 

94 
237 
181 
225 

174 

130 

290 
214 
157 
421 
297 
204 
140 
94 

503 
353 
237 
157 
103 
50 
39 

L This table is for concentric stranded conductors only. For compact stranded conductors, Table C.3(A) 
should be used. 
2. Two-hour fire-rate RHH cable has ceramifiabl insulation which has much larger diameters than other 
RHH wires. Consult manufacturer's conduit fit tables. 
'"Types RHH, RHW, and RHW-2 without outer covering. 
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Table C.3(A) Maximum Number of Compact Conductors in Flexible Metal Conduit (FMC) 
(Based on Table 1, Chapter 9) 

Type 
THW, 
THHW, 
THW-2 

THHN, 
THWN, 
THWN-2 

XHHW, 
XHHW-2 

Size 
(AWG/ 
kcmii) 

8 
6 
4 
2 
1 

I/O 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
1 

I/O 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 

16 
(%) 

2 
1 
1 
I 
1 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 
I 
1 
1 
I 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
2 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

21 27 35 
f%} (1} (1%) 

4 6 10 
3 5 7 
2 3 5 
I 2 4 
I 1 3 
1 I 2 
I 1 1 
1 I 1 
1 1 I 
0 1 1 
0 1 I 
0 1 I 
0 0 I 
0 0 I 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

- - -
4 7 11 
3 4 7 
1 3 5 
1 2 3 
1 1 3 
I I 2 
I 1 1 
1 1 1 
1 1 1 
0 1 1 
0 1 1 
0 1 1 
0 0 1 
0 0 1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
5 8 13 
4 6 9 
3 4 7 
1 3 5 
1 2 3 
1 1 3 
1 I 2 
1 1 1 
1 1 1 
1 1 1 
0 1 1 
0 1 1 
0 I 1 
0 0 1 
0 0 1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

41 53 63 78 91 103 
(1%) (2} {2IJz} (3) (31J2) {4} 

14 25 38 55 75 98 
11 20 29 43 58 76 
8 15 22 32 43 57 
6 11 16 23 32 42 
4 7 II 16 22 29 
3 6 10 14 19 25 
3 5 8 12 16 21 
2 4 7 10 14 18 
1 4 6 8 11 15 
1 3 4 7 9 12 
1 2 4 6 8 10 
1 2 3 5 7 9 
1 I 3 5 6 8 
1 I 3 4 5 7 
I I 1 3 4 6 
1 1 I 3 4 5 
1 1 I 2 3 5 
I 1 1 2 3 4 
0 1 I 1 3 4 

- - -

16 29 43 62 85 111 
10 18 27 38 52 69 
7 13 19 28 38 49 
5 9 14 21 28 37 
4 8 12 17 24 31 
4 6 10 14 20 26 
3 5 8 12 17 22 
2 4 7 10 14 18 
1 3 5 8 11 14 
1 3 5 7 9 12 
1 3 4 6 8 10 
1 2 3 5 7 9 
1 1 3 4 6 8 
1 I 2 3 5 6 
1 1 1 3 4 6 
I 1 1 3 4 5 
1 1 1 2 3 4 
0 1 1 1 3 4 

19 33 50 71 97 127 
14 24 37 53 72 95 
10 18 27 38 52 69 
7 13 19 28 38 49 
5 9 14 21 28 37 
4 8 12 17 24 31 
4 7 10 15 20 26 
3 5 8 12 17 22 
2 4 7 10 14 18 
1 4 5 8 11 14 
1 3 5 7 9 12 
1 3 4 6 8 11 
1 2 4 5 7 10 
1 1 3 4 6 8 
1 1 2 3 5 6 
1 1 1 3 4 6 
1 1 I 3 4 5 
1 1 2 2 3 4 
1 1 J 2 3 4 

Definition Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 
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Table C.4 Maximum Number of Conductors or Fixture Wires in Intermediate Metal Conduit 
(IMC) (Based on Table i, Chapter 9) 

CONDUCTORS 

Conductor Metric 
Size 

(AWGI 16 21 27 35 41 53 63 78 91 103 
Type kcmil) (112 ) (314) (1) (11/4) (lV2) (2) (2%) (3) (3V2) (4) 

RHH, 1 A A 8 13 22 30 49 70 108 144 186 . 
RHW, 

6 11 18 25 41 58 89 120 154 
RHW-2 
RHH, 10 3 5 8 15 20 33 47 72 97 124 
RHW, 8 1 3 4 8 10 17 24 38 50 65 
RHW-2 6 1 1 3 6 8 14 19 30 40 52 

4 I 1 3 5 6 I] 15 23 31 41 
3 1 1 2 4 6 9 13 21 28 36 
2 1 1 1 3 5 8 11 18 24 31 
1 0 1 1 2 3 5 7 12 16 20 

110 0 1 1 I 3 4 6 10 14 18 
2/0 0 1 1 1 2 4 6 9 12 15 
3/0 0 0 1 1 1 3 5 7 10 13 
4/0 0 0 1 1 1 3 4 6 9 11 
250 0 0 1 1 1 1 3 5 6 8 
300 0 0 0 1 1 1 3 4 6 7 
350 0 0 0 1 1 1 2 4 5 7 
400 0 0 0 1 1 1 2 3 5 6 
500 0 0 0 1 1 1 1 3 4 5 

600 0 0 0 0 1 1 1 2 3 4 
700 0 0 0 0 1 1 1 2 3 4 
750 0 0 0 0 1 1 1 1 3 4 
800 0 0 0 0 0 1 1 1 3 3 
900 0 0 0 0 0 1 1 1 2 3 

1000 0 0 0 0 0 1 1 1 2 3 
1250 0 0 0 0 0 1 1 1 ] 2 
1500 0 0 0 0 0 0 1 1 1 ] 

1750 0 0 0 0 0 0 1 1 1 1 
2000 0 0 0 0 0 0 1 1 1 1 

TW 14 10 17 27 47 64 104 147 228 304 392 
12 7 13 21 36 49 80 113 175 234 301 
10 5 9 15 27 36 59 84 130 174 224 

8 3 5 8 15 20 33 47 72 97 124 
RHH*, 14 6 11 18 31 42 69 98 lSI 202 261 
RHW*, 
RHW-2*, 
THHW, 
THW, 
THW-2 
RHH*, 12 5 9 14 25 34 56 79 122 163 209 
RHW*, 
RHW-2*, 

10 4 7 11 19 26 43 61 95 127 163 THHW, 
THW 
RHH*, 8 2 4 7 12 16 26 37 57 76 98 
RHW*, 
RHW-2*, 
THHW, 
THW, 
THW-2 
RHH*, 6 1 3 5 9 12 20 28 43 58 75 
RHW*, 
RHW-2*, 
1W, 

4 J 2 4 6 9 15 21 32 43 56 THHW, 
THW, 
THW-2 

70-760 NATIONAL ELECTRICAL CODE 2011 Edition W 



ANNEX C Annex C: Tables 

Table C.4 Continued 

CONDUCTORS 
Conductor Metric Designator (Trade Size) 

Size 
(AWGI 16 21 27 35 41 53 63 78 91 103 

Type kcmil) (V2 ) (314) (1) (t%) (tV2) (2) (21/2) (3) (3%) (4) 

RHH*, 3 1 1 3 6 8 13 18 28 37 48 
RHW*, 2 1 I 3 5 6 11 15 23 31 41 
RHW-2*, I 1 1 1 3 4 7 11 16 22 28 
TW, 110 1 1 1 3 4 6 9 14 19 24 
THW, 

2/0 0 I 1 2 3 5 8 12 16 20 
THHW, 

3/0 0 1 I I 3 4 6 10 13 17 THW-2 
4/0 0 1 I 1 2 4 5 8 11 14 
250 0 0 1 1 I 3 4 7 9 12 
300 0 0 1 1 1 2 4 6 8 10 
350 0 0 1 I 1 2 3 5 7 9 
400 0 0 0 1 1 1 3 4 6 8 
500 0 0 0 1 1 1 2 4 5 7 
600 0 0 0 1 1 1 1 3 4 5 
700 0 0 0 0 1 1 1 3 4 5 
750 0 0 0 0 I 1 1 2 3 4 
800 0 0 0 0 1 1 1 2 3 4 
900 0 0 0 0 1 I 1 2 3 4 

1000 0 0 0 0 0 1 J j 3 3 
1250 0 0 0 0 0 1 1 1 I 3 
1500 0 0 0 0 0 1 1 1 1 2 
1750 0 0 0 0 0 0 1 I 1 1 
2000 0 0 0 0 0 0 1 1 1 1 

THHN, 14 14 24 39 68 91 149 211 326 436 562 
THWN, 12 10 17 29 49 67 109 154 238 318 410 
THWN-2 10 6 11 18 31 42 68 97 150 200 258 

8 3 6 10 18 24 39 56 86 115 149 
6 2 4 7 13 17 28 40 62 83 107 
4 1 3 4 8 10 17 25 38 51 66 
3 I 2 4 6 9 15 21 32 43 56 
2 1 I 3 5 7 12 17 27 36 47 
1 1 I 2 4 5 9 13 20 27 35 

110 1 1 I 3 4 8 11 17 23 29 
2/0 1 1 1 3 4 6 9 14 19 24 
3/0 0 1 1 2 3 5 7 12 16 20 
4/0 0 1 1 1 2 4 6 9 13 17 
250 0 0 1 1 I 3 5 8 10 13 
300 0 0 1 1 1 3 4 7 9 12 
350 0 0 1 1 1 2 4 6 8 10 
400 0 0 1 1 1 2 3 5 7 9 
500 0 0 0 1 I 1 3 4 6 7 
600 0 0 0 1 1 1 2 3 5 6 
700 0 0 0 1 1 1 1 3 4 5 
750 0 0 0 1 1 1 1 3 4 5 
800 0 0 0 0 1 1 1 3 4 5 
900 0 0 0 0 1 1 1 2 3 4 

1000 0 0 0 0 1 1 1 2 3 4 
FEP, 14 13 23 38 66 89 145 205 317 423 545 
FEPB, 12 10 17 28 48 65 106 150 231 309 398 
PFA, 10 7 12 20 34 46 76 107 166 221 285 
PFAH, 8 4 7 11 19 26 43 61 95 127 163 
TFE 

6 3 5 8 14 19 31 44 67 90 116 
4 1 3 5 10 13 21 30 47 63 81 
3 1 3 4 8 11 18 25 39 52 68 
2 1 2 4 6 9 15 21 32 43 56 

PFA, I 1 I 2 4 6 10 14 22 30 39 
PFAH, 
TFE 

(Continues) 
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Table C.4 Continued 

Size 
(AWGI 16 21 

Type kcmil) (Ih ) (314) 

PFA, 110 1 I 
PFAH, 2/0 1 1 
TFE,Z 3/0 0 1 

4/0 0 1 
Z 14 16 28 

12 11 20 
10 7 12 
8 4 7 
6 3 5 
4 1 3 
3 1 2 
2 1 1 
1 1 1 

XHH, 14 10 17 
XHHW, 12 7 13 
XHHW-2, 10 5 9 
ZW 8 3 5 

6 1 4 
4 1 3 
3 1 2 
2 1 1 

XHH, I 1 1 
XHHW, 110 1 1 
XHHW-2 2/0 1 1 

3/0 0 1 

4/0 0 1 
250 0 0 
300 0 0 
350 0 0 
400 0 0 
500 0 0 
600 0 0 
700 0 0 
750 0 0 
800 0 0 
900 0 0 

1000 0 0 
1250 0 0 
1500 0 0 
1750 0 0 
2000 0 0 

70-762 

27 
(1) 

1 
1 
1 
1 

46 
32 
20 
12 
9 
6 
4 
3 
3 

27 
21 
15 
8 
6 
4 
4 
3 
2 
1 
1 
I 
1 

1 
1 
1 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

INFUKMA,ll"E ANNEX C 

CONDUCTORS 

Metric 

35 41 
(1%) (Ph) 

4 5 
3 4 
2 3 
1 3 

79 107 
56 76 
34 46 
21 29 
15 20 
10 14 
7 10 
6 8 
5 7 

47 64 
36 49 
27 36 
15 20 
11 15 
8 11 
7 9 
5 7 
4 5 
3 5 
3 4 
2 3 
1 2 
1 1 
1 1 
1 1 
I I 
1 1 

1 1 
1 I 
1 1 
0 1 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 

53 
(2) 

8 
7 
6 
5 

175 
124 
76 
48 
33 
23 
17 
14 
11 

104 
80 
59 
33 
24 
18 
15 
12 
9 
8 
6 
5 
4 
3 
3 
3 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 

63 
(2lh) 

12 
10 
8 
7 

247 
175 
107 
68 
47 
33 
24 
20 
16 

147 
113 
84 
47 
35 
25 
21 
18 
13 
11 
9 
7 
6 
5 
4 
4 
3 
3 
2 
1 
1 
1 
1 
I 
1 
1 
1 
1 

78 
(3) 

19 
15 
13 
10 

381 
271 
166 
105 
73 
50 
37 
30 
25 

228 
175 
130 
72 
53 
39 
33 
27 
20 
17 
14 
12 
10 
8 
7 
6 
5 
4 
3 
3 
3 
3 
2 
2 
1 
1 
1 
1 

91 103 
(31/2) (4) 

25 32 
21 27 
17 22 
14 18 

510 657 
362 466 
221 285 
140 180 
98 127 
67 87 
49 63 
41 53 
33 43 

304 392 
234 301 
174 224 
97 124 
71 92 

52 67 
44 56 
37 47 
27 35 
23 30 
19 25 
16 20 
13 17 
11 14 
9 12 
8 10 

7 9 
6 8 
5 6 
4 5 
4 5 
4 5 
3 4 
3 4 
2 3 
I 2 
I 2 
I 1 

NATIONAL ELECTRICAL CODE 20 II Edition W 



TabJe C.4 Continued 

Type 
FHH~2, 

RFH-2, 
RFHH-3 
SF-2, SFF-2 

SF-I, SFF-l 
RFH-l, 
RFHH-2, TF, 
TFF, XF, 
XFF 
RFH·2, TF, 
TFF, XF, 
XFF 
XF, XFF 
TFN, TFFN 

PF, PFF, 
PGF, PGFF, 
PAF, PTF, 
PTFF, PAFF 
ZF, ZFF, 
ZHF, HF, 
HFF 
KF-2, KFF-2 

KF-1, KFF-l 

XF, XFF 

Notes: 

Size 
(AWGI 
kcmil) 

18 

16 

18 
16 
14 
18 
18 

16 

14 
18 
16 
18 

16 

14 

18 
]6 
14 
18 
16 
14 
12 
10 
18 
16 
14 
12 
10 
12 
10 

16 
(lh ) 

9 

8 

12 
10 
8 

21 
15 

12 

10 
25 
19 
23 

18 

13 

30 
22 
]6 
44 
31 
21 
14 
10 
52 
37 
25 
16 
10 
5 
4 

INIiURMA,ll"1i ANNEX C 

FIXTURE WIRES 

21 
(l14) 

16 

13 

20 
17 
13 
36 
26 

21 

17 
42 
32 
40 

31 

23 

52 
38 
28 
75 
53 
36 
25 
17 
90 
63 
42 
28 
18 
9 
7 

Metric Designator (Trade Size) 

27 3S 
(1) (1%) 

26 45 

22 38 

33 57 
27 47 
22 38 
59 101 
43 75 

35 60 

22 47 
69 119 
53 91 
66 113 

51 87 

38 66 

85 146 
63 108 
46 79 

123 212 
87 149 
60 103 
41 70 
27 47 

147 253 
103 178 
69 119 
46 79 
30 52 
14 25 
11 19 

61 

51 

77 
64 
51 

137 
101 

81 

64 
161 
123 
153 

118 

89 

197 
145 
107 
287 
202 
139 
95 
64 

342 
240 
16] 
107 
70 
34 
26 

53 
(2) 

100 

84 

126 
104 
84 

223 
165 

133 

104 
264 
201 
250 

193 
145 

322 
238 
175 
468 
330 
227 
156 
104 
558 
392 
264 
175 
114 
56 
43 

L This table is for concentric stranded conductors only. For compact stranded conductors, Table C.4(A) 
should be used. 
2. Two-hour fire-rate RHH cable has ceramifiabl insulation which has much larger diameters than other 
RHH wires. Consult manufacturer's conduit fil tables. 
"Types RHH, RHW, and RHW-2 without outer covering. 
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Table C.4(A) Maximum Number of Compact Conductors in Intermediate Metal Conduit (IMC) 
(Based on Table 1, Chapter 9) 

Type 
TRW, 
THW-2, 
THHW 

THHN, 
THWN, 
THWN-2 

XHHW, 
XHHW-2 

I 

Size 
(AWGI 
kcmil) 

8 
6 
4 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
I 

1/0 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
] 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 

16 
(1Jl) 

2 
1 
1 
I 
1 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-

3 
I 

I 

I 
I 
0 

I 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
2 
1 
1 
1 
I 
1 
0 

I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

21 
(%) 

4 
3 
2 
1 
1 
1 
1 
I 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-
5 
3 

1 
1 
I 
1 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
4 
3 
1 
] 

1 
1 
I 
I 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

27 
(1) 
7 
6 
4 
3 
1 
1 
1 
I 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
-
8 
5 
3 
3 
2 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
9 
7 
5 
3 
3 
2 
1 
1 
1 
1 
1 
] 

1 
1 
0 
0 
0 
0 
0 

35 
(1%) 

13 
10 
7 
5 
4 
3 
3 
2 
1 
J 

1 
1 
I 
1 
1 
1 
1 
0 
0 

-

14 
9 
6 
5 
4 
3 
3 
2 
1 
I 
I 
1 
1 
1 
1 
1 
0 
0 

16 
12 
9 
6 
5 
4 
3 
3 
2 
1 
I 
1 
1 
1 
1 
1 
I 
0 
0 

41 
(Ph) 

17 
13 
10 
7 
5 
4 
4 
3 
2 
1 
1 
1 
I 
1 
1 
I 
1 
1 
I 

-
19 
12 
8 
6 
5 
4 
4 
3 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 

22 
16 
12 
8 
6 
5 
4 
4 
3 
2 
1 
1 
1 
1 
I 
I 
1 
1 
1 

53 
(2) 
28 
22 
16 
12 
8 
7 
6 
5 
4 
3 
3 
2 
2 
I 
1 
1 
1 
1 
1 

-
32 
20 
14 
10 
9 
7 
6 
5 
4 
3 
3 
2 
2 
1 
1 
1 
1 
1 

37 
27 
20 
14 
10 
9 
7 
6 
5 
4 
3 
3 
3 
2 
1 
1 
1 
1 
1 

63 
(21/2) 

40 
31 
23 
17 
12 
10 
9 
7 
6 
5 
4 
4 
3 
3 
2 
1 
I 
1 
1 

45 
28 
20 
15 
13 
10 
9 
7 
6 
5 
4 
4 
3 
2 
2 
I 
2 
1 

52 
38 
28 
20 
15 
13 
11 
9 
7 
6 
5 
4 
4 
3 
2 
2 
1 
2 
1 

78 
(3) 
62 
48 
36 
26 
18 
16 
13 
11 
9 
7 
6 
6 
5 
4 
3 
3 
3 
2 
2 

-
70 
43 
31 
23 
20 
16 
14 
11 
9 
7 
7 
6 
5 
4 
3 
3 
3 
2 

80 
59 
43 
31 
23 
20 
17 
14 
11 
9 
8 
7 
6 
5 
4 
3 
3 
3 
2 

91 
(31/2) 

83 
64 
48 
35 
25 
21 
18 
15 
13 
10 
9 
8 
7 
6 
5 
4 
4 
3 
3 

-
93 
58 
41 
31 
26 
22 
18 
15 
12 
10 
9 
8 
7 
5 
5 
4 
3 
3 

107 
80 
58 
41 
31 
26 
22 
18 
15 
12 
10 
9 
8 
7 
5 
5 
4 
4 
3 

103 
(41 
107 
82 
62 
45 
32 
27 
23 
20 
16 
13 
It 
10 
9 
8 
6 
5 
5 
4 
4 

120 
74 
53 
40 
34 
28 
24 
19 
15 
13 
11 
10 
9 
7 
6 
6 
5 
4 

138 
103 
74 
53 
40 
34 
29 
24 
20 
16 
13 
12 
II 
9 
7 
6 
6 
5 
4 

Definition Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that interstices (voids between strand wires) are virtually eliminated. 
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INfORMA,TI\rE ANNEX C 

Tab1e C.5 Maximum Number of Conductors or Fixture Wires in Liquidtight Flexible 
Nonmetallic Conduit (Type LFNC-B*) (Based on Table I, Chapter 9) 

Type 

RHH, 
RHW, 
RHW-2 

TW 

RHHt, 
RHwt 
RHW-it, 
THHW, 
THW, 
THW-2 
RHHt 
RHW t

' 
't 

RHW-2, 
THHW, 
THW 
RHHt 
RHWt

' 

RHW-it. 
THHW, 
THW, 
THW-2 
RHHt, 
RHWt, 
RHW-2\ 
TW, TRW, 
THHW, 
THW-2 

Size 
(AWGI 
kcmil) 

14 
12 

10 
8 
6 
4 

3 
2 

I 
110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 

800 
900 

1000 
1250 
1500 
1750 

2000 
14 
12 
10 
8 

14 

12 

to 

8 

6 

4 

3 

12 
(3Js ) 

2 
] 

] 

1 

1 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 

0 
0 
0 
0 

0 
0 
5 
4 
3 

1 
3 

3 

1 

1 

1 

1 

J 
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16 
(Ih) 

4 
3 

3 
1 
1 
I 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 

0 
9 
7 
5 
3 
6 

5 

3 

1 

1 

1 

1 

CONDUCTORS 

Metric 

21 
(3,4) 

7 
6 

5 
2 

1 
1 
1 
1 
] 

1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 

0 
0 

15 
12 
9 
5 

10 

8 

6 

4 

3 

1 

I 

27 
(1) 

12 
10 

8 
4 
3 
2 

1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 

0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 

25 
19 
14 
8 

16 

13 

10 

6 

5 

3 

3 

3S 
(1lJ4) 

21 
17 
14 
7 

6 
4 
4 

3 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 

0 

0 
0 
0 
0 
0 

0 
44 
33 
25 
14 
29 

23 

18 

11 

8 

6 

5 

41 
(11h) 

27 
22 
18 
9 
7 

6 
5 
4 
3 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 

0 
0 

0 
0 
0 
0 
0 

57 
43 
32 
18 
38 

30 

23 

14 

11 

8 

7 

S3 
(2) 

44 
36 
29 
]5 
12 

9 
8 
7 

5 
4 
3 

3 
2 
1 
1 
1 
I 
I 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 

93 
71 
53 
29 
62 

50 

39 

23 

18 

13 

11 

(Continue:,) 
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Annex C: Tables INI'0~tMJ' TlIVH ANNEX C 

Table c.s Continued 

CONDUCTORS 

Conductor Metric 
Size 

(AWG/ 12 16 21 27 35 41 53 
Type kcmil) (3/s ) (lh) (%) (1) (1114) (P/2) (2) 

RHHt, 2 0 1 1 2 4 6 9 
RHwt, 1 0 1 1 1 3 4 7 
RHW-2t, 1/0 0 0 1 1 2 3 6 
TW, THW, 2/0 0 0 1 1 2 3 5 
THHW, 3/0 0 0 1 1 1 2 4 
THW-2 

4/0 0 0 0 1 1 1 3 
250 0 0 0 1 1 1 3 
300 0 0 0 1 1 1 2 

350 0 0 0 0 1 1 1 
400 0 0 0 0 1 1 1 
500 0 0 0 0 1 1 1 
600 0 0 0 0 1 1 1 
700 0 0 0 0 0 1 1 

750 0 0 0 0 0 1 1 

800 0 0 0 0 0 1 1 
900 0 0 0 0 0 0 1 

1000 0 0 0 0 0 0 1 
1250 0 0 0 0 0 0 1 
1500 0 0 0 0 0 0 0 
1750 0 0 0 0 0 0 0 

2000 0 0 0 0 0 0 0 
THHN, 14 8 13 22 36 63 81 133 
THWN, 12 5 9 16 26 46 59 97 
THWN-2 10 3 6 10 16 29 37 61 

8 1 3 6 9 16 21 35 
6 1 2 4 7 12 15 25 
4 ] 1 2 4 7 9 15 
3 1 1 1 3 6 8 13 
2 1 1 ] 3 5 7 11 
I 0 1 1 1 4 5 8 

1/0 0 1 1 1 3 4 7 
2/0 0 0 1 1 2 3 6 
3/0 0 0 1 1 1 3 5 
4/0 0 0 1 1 1 2 4 
250 0 0 0 1 1 1 3 
300 0 0 0 I 1 1 3 
350 0 0 0 I I 1 2 
400 0 0 0 0 I 1 1 
500 0 0 0 0 I 1 1 
600 0 0 0 0 1 1 I 
700 0 0 0 0 I 1 1 
750 0 0 0 0 0 1 1 
800 0 0 0 0 0 I 1 
900 0 0 0 0 0 1 1 

1000 0 0 0 0 0 0 1 
FEP, 14 7 12 21 35 61 79 129 
FEPB, 12 5 9 15 25 44 57 94 
PFA, 10 4 6 11 18 32 41 68 
PFAH, 8 1 3 6 10 18 23 39 
TFE 

6 1 2 4 7 13 17 27 
4 1 1 3 5 9 12 19 
3 I 1 2 4 7 10 16 
2 I 1 I 3 6 8 13 

PFA, I 0 I I 2 4 5 9 
PFAH, 
TFE 

PFA, 110 0 1 1 I 3 4 7 
PFAH 
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ANNEXC Annex C: Tables 

Table C.s COfltiflued 

CONDUCTORS 

Conductor Metric Designator (Trade Size) 
Size 

(AWG/ 12 16 21 27 35 41 53 
Type kcmil) (% ) (lh) (%) (1) (1%) (llh) (2) 

TFE,Z 2/0 0 1 1 1 3 4 6 
3/0 0 0 1 1 2 3 5 
4/0 0 0 1 1 1 2 4 

Z 14 9 15 26 42 73 95 156 
12 6 10 18 30 52 67 111 
10 4 6 11 18 32 41 68 
8 2 4 7 11 20 26 43 

6 1 3 5 8 14 18 30 
4 1 1 3 5 9 12 20 

3 1 1 2 4 7 9 15 
2 0 1 1 3 6 7 12 
1 0 1 1 2 5 6 10 

XHH, 14 5 9 15 25 44 57 93 
XHHW, 12 4 7 12 19 33 43 71 
XHHW-2, 10 3 5 9 14 25 32 53 
ZW 8 1 3 5 8 14 18 29 

6 1 1 3 6 10 13 22 
4 1 1 2 4 7 9 16 
3 1 1 1 3 6 8 13 
2 1 1 1 3 5 7 11 

XHH, 1 0 1 1 1 4 5 8 
XHHW, 110 0 1 1 1 3 4 7 
XHHW-2 2/0 0 0 1 1 2 3 6 

3/0 0 0 1 1 1 3 5 
4/0 0 0 1 1 1 2 4 
250 0 0 0 1 1 1 3 

300 0 0 0 1 1 1 3 
350 0 0 0 1 1 1 2 
400 0 0 0 0 1 I 1 

500 0 0 0 0 1 I I 
600 0 0 0 0 1 1 1 

700 0 0 0 0 1 1 1 

750 0 0 0 0 0 1 1 

800 0 0 0 0 0 1 1 
900 0 0 0 0 0 1 I 

1000 0 0 0 0 0 0 1 

1250 0 0 0 0 0 0 1 
1500 0 0 0 0 0 0 1 

1750 0 0 0 0 0 0 0 
2000 0 0 0 0 0 0 0 

(Continues) 
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Table C.S Continued 

Type 
FFH-2, 
RFH-2 
SF-2, 
SFF-2 

SF-I, 
SFF-l 
RFH-l, 
RFHH-2, 
TF, TFF, 
XF, XFF 
RFHH-2, 
TF, TFF, 
XF, XFF 
XF, XFF 
TFN, 
TFFN 
PF, PFF, 
PGF, 
PGFF, PAF, 
PTF, PTFF, 
PAFF 
HF, HFF, 
ZF, ZFF, 
ZHF 

KF-2, 
KFF-2 

KF-l, 
KFF-l 

XF, XFF 

Notes: 

Conductor 
Size 

(AWG/ 
kcmil) 

18 
16 
18 
16 
14 
18 

18 

16 

14 
18 
16 
18 

16 

14 

18 
16 
14 
18 
16 
14 
12 
10 
18 
16 
14 
12 
10 
12 
10 

12 
(VB ) 

5 
4 
6 
5 
4 

11 

8 

7 

5 
14 
10 
13 

10 

7 

17 
12 
9 

24 
17 
12 
8 
5 

29 
20 
14 
9 
6 
3 
1 

INf~OlitMJ" llYE ANNEX C 

FIXTURE WIRES 

16 
(V2) 

8 
7 

11 
9 
7 

19 

14 

11 

9 
23 
17 
21 

16 

12 

28 
20 
15 
40 
28 
19 
13 
9 

48 
34 
23 
15 
10 
5 
3 

Metric Designator (Trade Size) 

21 
(%) 

15 
12 
19 
15 
12 
33 

24 

20 

15 
39 
30 
37 

29 

21 

48 
35 
26 
70 
49 
34 
23 
15 
83 
58 
39 
26 
17 
8 
6 

27 
(1) 

24 
20 
30 
25 
20 
53 

39 

32 

25 
63 
48 
60 

46 

35 

77 
57 
42 

112 
79 
54 
37 
25 

134 
94 
63 
42 
27 
13 
10 

35 
(1V4) 

42 
35 
53 
44 
35 
94 

69 

56 

44 
111 
85 

105 

81 

61 

136 
100 

73 
197 
139 
95 
65 
44 

235 
165 
111 
73 
48 
23 
18 

41 
(1V2) 

54 
46 
69 
57 
46 

122 

90 

72 

57 
144 
110 
136 

105 

79 

176 
129 
95 

255 
180 
123 
85 
57 

304 
214 
144 
95 
62 
30 
23 

53 
(2) 

89 
75 

113 
93 
75 

199 

147 

119 

93 
236 
180 
223 

173 

129 

288 
212 
156 
418 
295 
202 
139 
93 

499 
350 
236 
156 
102 
50 
39 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.5(A) 
should be used. 
2. Two-hour fire-rate RHH cable has ceramifiabl insulation which has much larger diameters than other 
RHH wires. Consult manufacturer's conduit fil tables. 
·Corresponds to 356.2(2). 
tTypes RHH, RHW, and RHW-2 without outer covering. 
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Table C.S(A) Maximum Number of Compact Conductors in Liquidtight Flexible Nonmetallic 
Conduit (Type LFNC-B*) (Based on Table 1, Chapter 9) 

Type 
THW, 
THW-2, 
THHW 

THHN, 
THWN, 
THWN-2 

XHHW, 
XHHW-2 

Conductor 
Size 

(AWGI 
kcmil) 

8 
6 
4 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
1 

I/O 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
1 

1/0 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 

"Corresponds to 356.2(2). 

12 
(l,18) 

1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

1 
1 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
1 
1 
1 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

COMPACT CONDUCTORS 

Metric Designator (Trade Size) 

16 21 27 35 41 53 
(112) (%) (1) (1%) (Ph) (2) 

2 4 7 12 15 25 
1 3 5 9 12 19 
1 2 4 7 9 14 
1 1 3 5 6 11 
1 1 1 3 4 7 
I 1 1 3 4 6 
0 1 1 2 3 5 
0 1 1 1 3 4 
0 1 1 1 2 4 
0 0 I 1 I 3 
0 0 1 I 1 2 
0 0 1 I 1 2 
0 0 0 1 1 I 
0 0 0 I 1 1 
0 0 0 1 1 1 

0 0 0 1 1 1 
0 0 0 0 1 1 
0 0 0 0 1 I 
0 0 0 0 1 1 

- - -
2 4 7 13 17 28 
1 3 4 8 II 17 
1 1 3 6 7 12 
1 1 2 4 6 9 
1 I 1 4 5 8 
1 1 1 3 4 6 
0 I 1 2 3 5 
0 1 1 1 3 4 
0 I 1 1 I 3 
0 0 1 1 I 3 
0 0 1 I 1 2 
0 0 1 1 1 2 
0 0 0 1 1 1 
0 0 0 I 1 1 
0 0 0 1 1 I 
0 0 0 1 1 I 
0 0 0 0 1 I 
0 0 0 0 1 1 
3 5 9 15 20 33 
2 4 6 11 15 24 
1 3 4 8 11 17 
1 I 3 6 7 12 
1 1 2 4 6 9 
1 1 1 4 5 8 
1 I 1 3 4 7 
0 1 1 2 3 5 
0 1 I 1 3 4 
0 1 I 1 1 3 
0 0 I 1 1 3 
0 0 I 1 1 3 
0 0 I 1 1 2 
0 0 0 1 1 1 
0 0 0 1 1 1 
0 0 0 I 1 1 
0 0 0 1 1 1 
0 0 0 0 1 I 
0 0 0 0 1 1 

Definition Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 
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Annex C: Tables ANNEXC 

Table C.6 Maximum Number of Conductors or Fixture Wires in Liquidtight Flexible 
Nonmetallic Conduit (Type LFNC-A*) (Based on Table 1, Chapter 9) 

CONDUCTORS 

Conductor Metric 
Size 

(AWG/ 12 16 21 27 35 41 
Type kcmU) (-%) (lh) (314) (1) (1%) (11/z) 

RHH. 14 

I 

2 4 7 11 20 27 
RHW, 12 1 3 6 9 l7 23 
RHW-2 10 I 3 5 8 13 18 

8 1 I 2 4 7 9 
6 1 I 1 3 5 7 
4 0 1 1 2 4 6 
3 0 1 I 1 4 5 
2 0 1 1 1 3 4 
J 0 0 1 1 1 3 

1/0 0 0 1 1 1 2 

2/0 0 0 1 1 1 1 
3/0 0 0 0 1 1 1 
4/0 0 0 0 1 1 1 
250 0 0 0 0 1 1 
300 0 0 0 0 1 1 
350 0 0 0 0 1 1 
400 0 0 0 0 1 1 
500 0 0 0 0 0 1 
600 0 0 0 0 0 1 
700 0 0 0 0 0 0 
750 0 0 0 0 0 0 
800 0 0 0 0 0 0 
900 0 0 0 0 0 0 

1000 0 0 0 0 0 0 
1250 0 0 0 0 0 0 
1500 0 0 0 0 0 0 
1750 0 0 0 0 0 0 
2000 0 0 0 0 0 0 

TW 14 5 9 15 24 43 58 
12 4 7 12 19 33 44 
10 3 5 9 14 24 33 
8 1 3 5 8 13 18 

RHHt, 14 3 6 10 16 28 38 
RHWt, 
RHW-2t, 
THHW, 
THW, 
THW-2 
RHHt 12 3 4 8 13 23 31 
RHWt

' 

RHW-2t 
10 1 3 6 10 18 24 THHW, 

THW 

RHHtj' 8 1 1 4 6 to 14 
RHW, 
RHW_2t, 

THHW, 
THW, 
THW-2 

70-770 

53 
(2) 

45 
38 
30 
16 
13 
10 
8 
7 
5 
4 
4 
3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 

96 
74 
55 
30 
64 

51 

40 

24 
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Table C.6 Continued 

Type 
RHHt, 
RHwt, 
RHW-2t, 
TW, 
THW, 
THHW, 
THW-2 

THHN, 
THWN, 
THWN-2 

FEP, 
FEPB, 
PFA, 
PFAH, 
TFE 

Size 
(AWGI 
kcmil) 

6 
4 

3 
2 

1 
110 
2/0 
3/0 
4/0 
250 

300 
350 
400 

500 
600 
700 
750 
800 

900 
1000 
1250 
1500 
1750 
2000 

14 
12 
10 

8 
6 
4 
3 
2 
1 

1/0 
2/0 
3/0 
4/0 

250 

300 
350 
400 
500 
600 
700 
750 
800 
900 

1000 
14 

12 
10 
8 
6 
4 

3 
2 

12 
(Ys) 

1 
1 
1 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

8 
5 
3 
1 
1 
I 
1 
I 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
7 

5 
4 
I 
1 
1 
1 
I 
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16 
(lh) 

1 

1 
1 
1 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

13 
9 
6 
3 
2 
1 
I 
I 
1 
1 

0 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
12 
9 
6 
3 
2 
1 

1 
1 

ANNEX C 

Metric Designator (Trade Size) 

21 
(%) 

3 
1 

1 
1 

1 

1 
1 
1 
0 
0 
0 

0 

0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 

0 
22 
16 
10 
6 
4 
2 
1 

1 
1 
1 

1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

21 
15 

11 
6 
4 
3 
2 
I 

27 
(1) 

4 

3 
3 
2 

1 
1 
1 
1 

1 
1 
1 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

35 
25 
16 
9 
6 
4 
3 
3 
1 
1 
1 
1 
1 
1 

1 
1 
0 
0 
0 
0 

0 
0 
0 
0 

34 
25 

18 
10 
7 
5 
4 
3 

3S 
(1%) 

8 
6 
5 
4 

3 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 

0 
0 
0 
0 
0 
0 

62 
45 
28 
16 
12 

7 
6 
5 
4 

3 
2 
1 

1 
1 

1 
1 
1 
1 
1 
1 
0 
0 
0 
0 

60 
44 
31 
18 
13 

9 
7 
6 

41 
(Ph) 

11 
8 
7 

6 
4 

3 
3 
2 

1 
1 
1 
1 
I 
1 
1 

1 
I 
1 
0 
0 

0 
0 
0 
0 

83 
60 

38 
22 
16 

9 
8 
7 

5 
4 
3 

3 
2 

I 
1 

1 
1 
1 
1 
1 

1 
1 
1 
0 

80 

59 
42 

24 
17 
12 

10 
8 

S3 
(2) 

18 
13 
11 
10 
7 

6 

5 
4 
3 
3 
2 
1 

1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
0 
0 

137 
100 

63 
36 
26 
16 
13 
11 
8 
7 
6 
5 
4 

3 
3 
2 
1 
1 
1 
1 
1 
1 
1 

1 
133 

97 
70 
40 

28 
20 

16 
13 
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Table C.6 Continued 

Type 
PFA, 
PFAH, 
TFE 
PFA, 
PFAH, 
TFE,Z 

Z 

XHH, 
XHHW, 
XHHW-2, 
ZW 

XHH, 
XHHW, 
XHHW-2 

70-772 

Size 
(AWGI 
kcmil) 

I 

1/0 
2/0 
3/0 
4/0 

14 
12 
10 
8 
6 
4 

3 
2 
1 

14 
12 
10 
8 
6 
4 
3 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 

350 
400 

500 
600 
700 
750 
800 
900 

1000 
1250 
1500 
1750 
2000 

12 
(%) 

0 

0 

0 
0 
0 

9 
6 
4 
2 
I 
1 
1 
1 
1 
5 
4 
3 
I 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

16 
(lh) 

I 

I 
I 
0 
0 

15 

10 
6 
4 

3 
I 
1 
1 
1 
9 
7 
5 

3 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

ANNEX C 

Metric Designator (Trade Size) 

21 
(%) 

I 

1 
1 
I 
1 

25 
18 
11 
7 

5 
3 
2 
1 
I 

15 
12 
9 
5 

3 
2 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

27 
(1) 

2 

I 
I 
1 
1 

41 

29 
18 
II 
8 
5 
4 
3 
2 

24 
19 
14 
8 
5 
4 

3 
3 
I 
1 
I 
1 
1 
I 
1 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

35 
(1%) 

4 

3 
3 
2 
I 

72 
51 
31 
20 
14 
9 
7 
6 
4 

43 
33 
24 
13 
10 
7 
6 
5 
4 

3 
2 
1 
1 
1 
1 
1 
1 
I 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 

41 
(Ph) 

5 

5 
4 
3 
2 

97 
69 
42 
26 
18 
13 

9 
8 
6 

58 
44 
33 
18 
13 
10 
8 
7 

5 
4 

3 
3 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 

53 
(2) 

9 

8 
6 
5 
4 

161 
114 
70 
44 

31 
21 

15 
13 

10 
96 
74 
55 
30 
22 
16 
14 
II 
8 
7 
6 
5 
4 
3 
3 
2 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
0 
0 
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Table C.6 Continued 

Type 

FFH-2, 
RFH-2, 
RFHH-3 
SF-2, 
SFF-2 

SF-I, 
SFF-l 
RFH-I, 
RFHH-2, 
TF, TFF, 
XF, XFF 
RFHH-2, 
TF, TFF, 
XF, XFF 
XF, XFF 
TFN, 
TFFN 
PF, PFF, 
PGF, 
PGFF, 
PAF, PTF, 
PTFF, 
PAFF 
HF, HFF, 
ZF, ZFF, 
ZHF 
KF-2, 
KFF-2 

KF-l, 
KFF-l 

XF,XFF 

Notes: 

i 

Size 
(AWGI 
kcmil) 

18 

16 

18 
16 
14 
18 

18 

16 

14 
18 
16 
18 

16 

14 

18 
16 
14 
18 
16 
14 
12 
10 
18 
16 
14 
12 
10 
12 
10 

12 
(%) 

5 

4 

6 
5 
4 

12 

8 

7 

5 
14 
10 
13 

10 

7 

17 
12 
9 

25 
17 
12 
8 
5 

29 
21 
14 
9 
6 
3 
1 

16 
(%) 

8 

7 

11 
9 
7 

19 

14 

11 

9 
22 
17 
21 

16 

12 

27 
20 
15 
40 
28 
19 
13 
9 

48 
33 
22 
15 
10 
4 
3 

INI'UKMA.lnrt'j ANNEX C 

FIXTURE WIRES 

Metric 

21 
(%) 

14 

12 

18 
15 
12 
33 

24 

19 

15 
39 
29 
37 

28 

21 

47 
35 
25 
69 
48 
33 
23 
15 
82 
57 
39 
25 
17 
8 
6 

27 
(1) 

23 

20 

29 
24 
20 
52 

39 

31 

24 
62 
47 
59 

45 

34 

76 
56 
41 

110 
77 
53 
36 
24 

131 
92 
62 
41 
27 
13 
10 

35 
(11J4) 

41 

35 

52 
43 
35 
92 

68 

55 

43 
109 
83 

103 

80 

60 

133 
98 
72 

193 
136 
94 
64 
43 

231 
162 
109 
72 
47 
23 
18 

41 
(1%) 

55 

47 

70 
58 
47 

124 

91 

74 

58 
146 
112 
139 

107 

80 

179 
132 
97 

260 
183 
126 
86 
58 

310 
218 
146 
97 
63 
31 
24 

53 
(2) 

92 

77 

116 
96 
77 

205 

152 

122 

96 
243 
185 
230 

178 

133 

297 
219 
161 
431 
303 
209 
143 
96 

514 
361 
243 
161 
105 

51 
40 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.6(A) 
should be used. 
2. Two-hour fire-rate RHH cable has ceramifiabl insulation which has much larger diameters than other 
RHH wires. Consult manufacturer's conduit fil tables. 
·Corresponds to 356.2( 1). 
tTypes RHH, RHW, and RHW-2 without outer covering. 
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Annex C: Tables 

Table C.6(A) Maximum Number of Compact Conductors in Liquidtight Flexible 
Nonmetallic Conduit (Type LFNC-A *) (Based on Table 1, Chapter 9) 

Type 
THW, 
THW-2, 
THHW 

THHN, 
THWN, 
THWN-2 

XHHW, 
XHHW-2 

Conductor 
Size 

(AWGI 
kcmil) 

8 
6 
4 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 

*Corresponds to 356.2(1). 

(Ys) 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-
0 

1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

COMPACT CONDUCTORS 

Metric Designator (Trade Size) 

16 21 27 35 41 
(liz) J¥4) (1) (Jl!4) (lY2) 

2 4 6 11 16 
1 3 5 9 12 
1 2 4 7 9 
1 1 3 5 6 
1 1 1 3 4 
I I 1 3 4 
0 1 1 2 3 
0 1 1 1 3 
0 1 1 1 2 
0 0 1 1 1 
0 0 1 1 1 
0 0 I 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 0 1 
0 0 0 0 1 
0 0 0 0 1 

2 4 7 13 18 
1 3 4 8 11 
1 1 3 6 8 
1 1 2 4 6 
1 1 1 3 5 
1 I 1 3 4 
0 I 1 2 3 
0 1 1 1 3 
0 1 1 1 1 
0 0 1 1 1 
0 0 1 1 1 
0 0 1 1 1 
0 0 0 1 1 
0 0 0 1 I 
0 0 0 1 1 
0 0 0 1 I 
0 0 0 0 1 
0 0 0 0 1 
3 5 8 15 20 
2 4 6 11 15 
1 3 4 8 11 
1 1 3 6 8 
1 1 2 4 6 
1 1 1 3 5 
1 1 1 3 4 
0 1 I 2 3 
0 1 1 1 3 
0 1 1 1 2 
0 0 1 1 1 
0 0 1 1 I 
0 0 1 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 I 
0 0 0 1 1 
0 0 0 0 1 
0 0 0 0 1 

53 
(2) 
26 
20 
15 
11 
8 
7 
5 
5 
4 
3 
3 
2 
1 
1 
1 
1 
1 
1 
1 

29 
18 
13 
10 
8 
7 
6 
5 
3 
3 
3 
2 
1 
1 
1 
1 
1 
1 

34 
25 
18 
13 
10 
8 
7 
6 
5 
4 
3 
3 
2 
1 
I 
1 
1 
1 
1 

Definition Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtual1y eliminated. 
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Table C.7 Maximum Number of Conductors or Fixture Wires in Liquidtight Flexible Metal 
Conduit (LFMC) (Based on Table 1, Chapter 9) 

Type 
RHH, 
RHW, 
RHW-2 

TW 

RHH*, 
RHW*, 
RHW-2*, 
THHW, 
THW, 
THW-2 
RHH*, 
RHW*, 
RHW-2*, 
THHW, 
THW 
RHH*, 
RHW*, 
RHW-2*, 
THHW, 
THW, 
THW-2 

Size 
(AWGI 
kcmil) 

14 
12 
10 
8 
6 
4 
3 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
800 
900 

1000 
1250 
1500 
1750 
2000 

14 
12 
10 

8 
14 

12 

10 

8 

16 
(V2 ) 

4 
3 
3 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
7 
5 
3 
6 

5 

3 

1 
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21 
(%) 

7 
6 
5 
2 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

15 
12 
9 
5 

10 

8 

6 

4 

CONDUCTORS 

Metric 

27 35 41 
(1) (lV4) (IV2) 

12 21 27 
10 17 22 
8 14 18 
4 7 9 
3 6 7 
2 4 6 
1 4 5 
1 3 4 
1 1 3 
1 1 2 
1 1 1 
1 1 1 
1 1 1 
0 1 1 
0 1 1 
0 1 1 
0 1 1 
0 1 1 
0 0 1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

25 44 57 
19 33 43 
14 25 32 
8 14 18 

16 29 38 

13 23 30 

10 18 23 

6 11 14 

53 63 78 91 103 
(2) (21/2) (3) (31/2) (4) 

44 66 102 133 173 
36 55 84 110 144 
29 44 68 89 116 
15 23 36 46 61 
12 18 28 37 48 
9 14 22 29 38 
8 13 19 25 33 
7 11 17 22 29 
5 7 11 14 19 
4 6 10 13 16 
3 5 8 11 14 
3 4 7 9 12 
2 4 6 8 10 
1 3 4 6 8 
1 2 4 5 7 
1 2 3 5 6 
1 1 3 4 6 
1 1 3 4 5 
1 1 2 3 4 
1 1 1 3 3 
1 1 1 2 3 
1 1 1 2 3 
1 1 1 2 3 
1 1 1 1 3 
0 1 1 1 1 
0 ] 1 1 1 
0 1 1 1 1 
0 0 1 1 1 

93 140 215 280 365 
71 108 165 215 280 
53 80 123 160 209 
29 44 68 89 116 
62 93 143 186 243 

50 75 115 149 195 

39 58 89 117 152 

23 35 53 70 91 

(Continues) 
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Annex C: Tables INJ;OFtM,A. TI!VE ANNEX C 

Table C. 7 Continued 

CONDUCTORS 

Conductor Metric Designator (Trade Size) 
Size 

(AWGI 16 21 27 35 41 53 63 78 91 103 
Type kcmil) 012 ) (%) (1) (11/4) (Ph) (2) (21/2) (3) (3th) (4) 

RHH*, 6 J 3 5 8 11 18 27 41 53 70 
RHW*, 4 1 1 3 6 8 13 20 30 40 52 
RHW-2*, 3 1 1 3 5 7 11 17 26 34 44 
TW, 2 1 1 2 4 6 9 14 22 29 38 
THW, 1 1 1 1 3 4 7 10 15 20 26 
THHW, 

110 0 1 1 2 3 6 8 13 17 23 THW-2 
2/0 0 1 1 2 3 5 7 11 15 19 
3/0 0 1 1 1 2 4 6 9 12 16 
4/0 0 0 1 1 1 3 5 8 10 13 
250 0 0 1 1 1 3 4 6 8 11 
300 0 0 1 I I 2 3 5 7 9 
350 0 0 0 1 1 1 3 5 6 8 
400 0 0 0 1 1 1 3 4 6 7 
500 0 0 0 1 1 1 2 3 5 6 
600 0 0 0 1 1 1 1 3 4 5 
700 0 0 0 0 1 1 1 2 3 4 
750 0 0 0 0 1 1 1 2 3 4 
800 0 0 0 0 1 1 1 2 3 4 
900 0 0 0 0 0 1 1 1 3 3 

1000 0 0 0 0 0 1 1 1 2 3 
1250 0 0 0 0 0 1 1 1 1 2 
1500 0 0 0 0 0 0 1 1 1 2 
1750 0 0 0 0 0 0 1 1 1 1 
2000 0 0 0 0 0 0 1 1 1 1 

THHN, I 14 13 22 36 63 81 133 201 308 401 523 
THWN, ! 12 9 16 26 46 59 97 146 225 292 38] 
THWN-2 10 6 10 16 29 37 61 92 141 184 240 

8 3 6 9 16 21 35 53 81 106 138 
6 2 4 7 12 15 25 38 59 76 100 
4 1 2 4 7 9 15 23 36 47 61 
3 1 1 3 6 8 13 20 30 40 52 
2 1 1 3 5 7 11 17 26 33 44 
1 1 I 1 4 5 8 12 19 25 32 

I/O 1 1 1 3 4 7 10 16 21 27 
2/0 0 1 1 2 3 6 8 13 17 23 
3/0 0 1 1 1 3 5 7 11 14 19 
4/0 0 1 1 1 2 4 6 9 12 15 
250 0 0 1 ] 1 3 5 7 10 12 
300 0 0 1 1 1 3 4 6 8 11 
350 0 0 1 1 1 2 3 5 7 9 
400 0 0 0 1 ] 1 3 5 6 8 
500 0 0 0 1 1 1 2 4 5 7 
600 0 0 0 1 1 1 1 3 4 6 
700 0 0 0 1 1 1 ] 3 4 5 
750 0 0 0 0 1 1 1 3 3 5 
800 0 0 0 0 1 1 1 2 3 4 
900 0 0 0 0 1 1 1 2 3 4 

1000 0 0 0 0 0 ] ] 1 3 3 
FEP, 14 12 21 35 61 79 129 195 299 389 507 
FEPB, 12 9 15 25 44 57 94 142 218 284 370 
PFA, 10 6 II 18 32 41 68 102 156 203 266 
PFAH, 8 3 6 10 18 23 39 58 89 117 ]52 
TFE 

6 2 4 7 13 17 27 41 64 83 108 
4 1 3 5 9 12 19 29 44 58 75 
3 1 2 4 7 10 16 24 37 48 63 
2 1 1 3 6 8 13 20 30 40 52 
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Table C.7 Continued 

Type 

PFA, 
PFAH, 
TFE 
PFA, 
PFAH, 
TFE,Z 

Z 

XHH, 
XHHW, 
XHHW-2, 
ZW 

XHH, 
XHHW, 
XHHW-2 

Size 
(AWGI 
kcmil) 

1 

1/0 
2/0 
3/0 
4/0 

14 
12 
10 
8 
6 
4 
3 
2 
1 

14 
12 
10 

8 

6 
4 
3 
2 
1 

1/0 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
800 
900 

1000 
1250 
1500 
1750 

2000 

16 21 
(% ) (3;4) 

1 1 

1 1 
1 1 
0 1 
0 1 

20 26 

14 18 
8 11 
5 7 
4 5 
2 3 
2 2 
I 1 
1 1 
9 15 
7 12 
5 9 
3 5 

1 3 
1 2 
1 1 
I 1 
1 1 
1 1 
0 1 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
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27 
(1) 

2 

1 
1 
1 
1 

42 

30 
18 
11 
8 
5 
4 
3 
2 

25 
19 
14 
8 
6 
4 
3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

ANNEX C 

CONDUCTORS 

Metric Designator (Trade Size) 

35 41 
(11/4) (lin) 

4 5 

3 4 
3 4 
2 3 
1 2 

73 95 
52 67 
32 41 
20 26 
14 18 
9 12 
7 9 
6 7 
5 6 

44 57 
33 43 
25 32 
14 18 

10 13 
7 9 

6 8 
5 7 
4 5 
3 4 
2 3 
1 3 
1 2 
1 1 
1 1 
t 1 

1 1 
1 1 
1 1 
1 1 
0 1 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 

0 0 

53 
(2) 

9 

7 
6 
5 
4 

156 
111 
68 
43 
30 
20 
15 
12 
10 
93 
71 
53 
29 
22 
16 
13 
11 
8 
7 
6 
5 
4 
3 
3 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 

63 
(2%) 

14 

11 
9 
8 
6 

235 
167 
102 
64 
45 
31 
23 
19 
15 

140 
108 
80 
44 
33 
24 

20 
17 
12 
10 
9 
7 
6 
5 
4 
3 
3 
2 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 

78 
(3) 

21 

18 
14 
12 
10 

360 
255 
156 
99 
69 
48 
35 
29 
23 

215 
165 
123 

68 
50 
36 
31 
26 
19 
16 
13 
11 
9 
7 
6 
5 
5 
4 
3 
3 
3 
2 
2 
1 
1 
1 
1 
1 
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91 103 
(31/z) (4) 

28 36 

23 30 
19 25 
16 20 
13 17 

469 611 
332 434 
203 266 
129 168 
90 118 
62 81 
45 59 
38 49 
30 40 

280 365 
215 280 
160 209 
89 116 

66 86 
48 62 
40 52 
34 44 
25 33 
21 28 

17 23 
14 19 
12 16 
10 13 

8 11 
7 10 
6 8 
5 7 
4 6 
4 5 
3 5 
3 4 
3 4 

3 3 
1 3 
1 2 
1 2 

1 2 
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Table C.7 Continued 

Type 
FFH-2, 
RFH·2, 
RFHH-3 
SF-2, SFF-2 

SF-I, SFF-l 
RFH-I, 
RFHH-2, TF, 
TFF, XF, 
XFF 
RFHH-2, TF, 
TFF, XF, 
XFF 
XF, XFF 
TFN, TFFN 

PF, PFF, 
PGF, PGFF, 
PAF, PTF, 
PTFF, PAFF 
HF, HFF, 
ZF, ZFF, 
ZHF 
KF-2, KFF-2 

KF-I, KFF-l 

XF, XFF 

Notes: 

Conductor 
Size 

(AWGI 
kcmil) 

18 

16 

18 
16 
14 
18 
18 

16 

14 
18 
16 
18 

16 

14 

18 
16 
14 
18 
16 
14 
12 
10 
18 
16 
14 
12 
10 
12 
10 

8 

7 

11 
9 
7 

19 
14 

11 

9 
23 
17 
21 

16 

12 

28 
20 
15 
40 
28 
19 
13 
9 

48 
34 
23 
15 
10 
5 
3 

ANNEX C 

FIXTURE WIRES 

21 
O~) 

15 

12 

19 
15 
12 
33 
24 

20 

15 
39 
30 
37 

29 

21 

48 
35 
26 
70 
49 
34 
23 
15 
83 
58 
39 
26 
17 
8 
6 

Metric Designator (Trade Size) 

27 35 
(1) (P/4) 

24 42 

20 35 

30 53 
25 44 
20 35 
53 94 
39 69 

32 56 

25 44 
63 111 
48 85 
60 105 

46 81 

35 61 

77 136 
57 100 
42 73 

112 197 
79 139 
54 95 
37 65 
25 44 

134 235 
94 165 
63 111 
42 73 
27 48 
13 23 
10 18 

41 
(1%) 

54 

46 

69 
57 
46 

122 
90 

72 

57 
144 
110 
136 

105 

79 

176 
129 
95 

255 
180 
123 
85 
57 

304 
214 
144 
95 
62 
30 
23 

53 
(2) 

89 

75 

113 
93 
75 

199 
147 

119 

93 
236 
180 
223 

173 

129 

288 
212 
156 
418 
295 
202 
139 
93 

499 
350 
236 
156 
102 
50 
39 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.7(A) 
should be used. 
2. Two-hour fire-rate RHH cable has ceramifiabl insulation which has much larger diameters than other 
RHH wires. Consult manufacturer's conduit fil tables. 
"'Types RHH, RHW, and RHW-2 without outer covering. 
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ANNEX C 

Table C.7(A) Maximum Number of Compact Conductors in Liquidtigbt Flexible Metal 
Conduit (LFMC) (Based on Table 1, Chapter 9) 

Type 
THW, 
THW-2 
THHW 

THRN, 
THWN, 
THWN-2 

XHHW, 
XHHW-2 

Size 
(AWGI 
kcmil) 

8 
6 
4 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
1 

1/0 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 

12 16 
(3Js) (lh) 

I 2 
I 1 
1 1 
1 1 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 
0 0 

-

1 2 
1 1 
1 I 
0 1 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 
0 0 
1 3 
1 2 
J 1 
1 I 
0 1 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 
0 0 

21 27 3S 
(%) (1) (1%) 

4 7 12 
3 5 9 
2 4 7 
1 3 5 
1 1 3 
1 1 3 
1 1 2 
1 1 1 
1 1 1 
0 1 1 
0 1 1 
0 1 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 0 
0 0 0 
0 0 0 

- -
4 7 13 
3 4 8 
1 3 6 
1 2 4 
1 1 4 
1 1 3 
] 1 2 
1 1 1 
1 1 1 
0 1 1 
0 1 1 
0 I 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 0 
0 0 0 
5 9 15 
4 6 11 
3 4 8 
1 3 6 
1 2 4 
I 1 4 
1 1 3 
1 1 2 
1 1 1 
1 1 1 
0 1 1 
0 1 1 
0 1 1 
0 0 1 
0 0 1 
0 0 1 
0 0 I 
0 0 0 
0 0 0 

41 53 63 78 91 
(1112) (2) (2Y2) (3) (3112) 

15 25 38 58 76 
12 19 29 45 59 
9 14 22 34 44 
6 11 16 25 32 
4 7 11 17 23 
4 6 10 15 20 
3 5 8 13 16 
3 4 7 11 14 
2 4 6 9 12 
1 3 4 7 9 
1 2 4 6 8 
1 2 3 5 7 
1 1 3 5 6 
1 1 3 4 5 
1 1 1 3 4 
1 1 1 3 4 
1 1 1 3 3 
1 1 1 2 3 
1 1 1 1 3 

- - -

17 28 43 66 86 
11 17 26 41 53 
7 12 19 29 38 
6 9 14 22 28 
5 8 12 19 24 
4 6 10 15 20 
3 5 8 13 17 
3 4 7 10 14 
1 3 5 8 11 
I 3 4 7 9 
1 2 4 6 8 
1 2 3 5 7 
1 1 3 5 6 
1 1 2 4 5 
1 1 1 3 4 
I 1 1 3 4 
1 I I 2 3 
1 1 1 2 3 

20 33 49 76 98 
15 24 37 56 73 
11 17 26 41 53 
7 12 19 29 38 
6 9 14 22 28 
5 8 12 19 24 
4 7 10 16 20 
3 5 8 13 17 
3 4 7 11 14 
1 3 5 8 11 
1 3 5 7 9 
1 3 4 6 8 
I 2 4 6 7 
1 1 3 5 6 
1 1 2 4 5 
1 1 1 3 4 
1 1 1 3 4 
1 1 2 2 3 
1 1 1 2 3 

103 
(4) 
99 
77 
57 
42 
30 
26 
21 
18 
15 
12 
10 
9 
8 
7 
6 
5 
5 
4 
4 

112 
69 
50 
37 
32 
26 
22 
18 
14 
12 
11 
9 
8 
6 
6 
5 
4 
4 

129 
95 
69 
50 
37 
32 
27 
22 
18 
15 
12 
11 
10 
8 
6 
6 
5 
4 
4 

Definition Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 
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Annex C: Tables INFI{)~tMJ':n,VI: ANNEX C 

Table e.S Maximum Number of Conductors or Fixture Wires in Rigid Metal Conduit (RMC) 
(Based on Table 1, Chapter 9) 

Conductor 
Size 

(AWGI 16 21 
Type kcmil) (2) (%) 

RHH, 14 

I 

4 7 
RHW, 12 3 6 
RHW-2 10 3 5 

8 ! 1 2 
6 1 1 
4 1 1 
3 1 1 

2 1 1 
I 0 1 

110 0 1 
2/0 0 1 
3/0 0 0 
4/0 0 0 
250 0 0 
300 0 0 
350 0 0 
400 0 0 
500 0 0 
600 0 0 
700 0 0 
750 0 0 
800 i 0 0 
900 0 0 

1000 0 0 
1250 0 0 
1500 0 0 
1750 0 0 

I 2000 0 0 
TW 14 9 15 

12 7 12 
10 5 9 
8 3 5 

RHH*, ]4 6 10 
RHW*, 
RHW-2* 
THHW, 
THW, 
THW-2 
RHH*, 12 5 8 
RHW*, 
RHW-2*, 

10 3 6 THHW, 
THW 
RHH*, 8 1 4 
RHW*, 
RHW-2*, 
THHW, 
THW, 
THW-2 

70-780 

CONDUCTORS 

Metric Designator (Trade Size) 

27 35 41 53 63 78 91 103 129 155 
(1) (1 %) (11/2) (2) (2%) (3) (31h) (4) (5) (6) 

12 21 28 46 66 102 136 176 276 398 
10 17 23 38 55 85 113 146 229 330 
8 14 19 31 44 68 91 118 185 267 
4 7 10 16 23 36 48 61 97 139 
3 6 8 13 18 29 38 49 77 112 
2 4 6 10 14 22 30 38 60 87 
2 4 5 9 12 19 26 34 53 76 
I 3 4 7 11 17 23 29 46 66 
1 1 3 5 7 11 15 19 30 44 
1 I 2 4 6 10 13 17 26 38 
1 1 2 4 5 8 11 14 23 33 
I 1 1 3 4 7 10 12 20 28 
1 1 1 3 4 6 8 11 17 24 
0 1 1 1 3 4 6 8 13 18 
0 I 1 1 2 4 5 7 11 16 
0 1 1 1 2 4 5 6 10 15 
0 1 1 1 1 3 4 6 9 13 
0 1 1 1 1 3 4 5 8 11 
0 0 1 1 1 2 3 4 6 9 
0 0 1 1 I 1 3 4 6 8 
0 0 0 1 1 1 3 3 5 8 
0 0 0 1 1 1 2 3 5 7 
0 0 0 1 1 1 2 3 5 7 
0 0 0 1 1 1 1 3 4 6 
0 0 0 0 1 1 1 1 3 5 
0 0 0 0 1 1 1 1 3 4 
0 0 0 0 1 1 1 1 2 4 
0 0 0 0 0 1 ] 1 2 3 

25 44 59 98 140 216 288 370 581 839 
19 33 45 75 107 165 221 284 446 644 
14 25 34 56 80 123 164 212 332 480 
8 14 19 31 44 68 91 118 185 267 

17 29 39 65 93 143 191 246 387 558 

13 23 32 52 75 115 154 198 311 448 

10 18 25 41 58 90 120 154 242 350 

6 11 15 24 35 54 72 92 145 209 
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IHF'OR:MATIV'I! ANNEX C Annex C: Tables 

Table C.s Continued 

CONDUCTORS 

Conductor Metric 
Size 

(AWGI 16 21 27 35 41 53 63 78 91 103 129 155 
Type kcmil) (liz) (%) (1) (1%) (IYz) (2) (2Yz) (3) (31/z) (4) (5) (6) 

RHH*, 6 1 3 5 8 11 18 27 41 55 71 III 160 
RHW*, 4 1 1 3 6 8 14 20 31 41 53 83 120 
RHW-2*, 3 1 I 3 5 7 12 17 26 35 45 71 103 
TW, 2 1 1 2 4 6 10 14 22 30 38 60 87 
THW, 1 1 1 1 3 4 7 10 15 21 27 42 61 
THHW, 

I/O 0 1 1 2 3 6 8 13 18 23 36 52 THW-2 
2/0 0 1 1 2 3 5 7 11 15 19 31 44 
3/0 0 1 1 1 2 4 6 9 13 16 26 37 
4/0 0 0 1 I I 3 5 8 10 14 21 31 
250 0 0 1 1 1 3 4 6 8 11 17 25 
300 0 0 1 1 1 2 3 5 7 9 15 22 
350 0 0 0 1 1 1 3 5 6 8 13 19 
400 0 0 0 1 1 1 3 4 6 7 12 17 
500 0 0 0 1 1 1 2 3 5 6 10 14 
600 0 0 0 1 1 1 1 3 4 5 8 12 
700 0 0 0 0 1 1 1 2 3 4 7 10 
750 0 0 0 0 1 1 1 2 3 4 7 10 
800 0 0 0 0 1 1 I 2 3 4 6 9 
900 0 0 0 0 1 I 1 I 3 4 6 8 

1000 0 0 0 0 0 1 1 1 2 3 5 8 
1250 0 0 0 0 0 1 1 1 I 2 4 6 
1500 0 0 0 0 0 1 1 I 1 2 3 5 
1750 0 0 0 0 0 0 I 1 1 1 3 4 
2000 0 0 0 0 0 0 1 1 1 1 3 4 

THHN, 14 13 22 36 63 85 140 200 309 412 531 833 1202 
THWN, 12 9 16 26 46 62 102 146 225 301 387 608 877 
THWN-2 10 6 10 17 29 39 64 92 142 189 244 383 552 

8 3 6 9 16 22 37 53 82 109 140 221 318 
6 2 4 7 12 16 27 38 59 79 101 159 230 
4 1 2 4 7 10 16 23 36 48 62 98 141 
3 1 1 3 6 8 14 20 31 41 53 83 120 
2 1 1 3 5 7 11 17 26 34 44 70 100 
1 1 I 1 4 5 8 12 19 25 33 51 74 

110 I 1 I 3 4 7 10 16 21 27 43 63 
2/0 0 1 1 2 3 6 8 13 18 23 36 52 
3/0 0 1 1 1 3 5 7 11 15 19 30 43 
4/0 0 1 1 1 2 4 6 9 12 16 25 36 
250 0 0 I 1 1 3 5 7 10 13 20 29 
300 0 0 1 1 1 3 4 6 8 11 17 25 
350 0 0 1 I I 2 3 5 7 10 15 22 
400 0 0 1 I 1 2 3 5 7 8 13 20 
500 0 0 0 I 1 1 2 4 5 7 11 16 
600 0 0 0 1 1 1 I 3 4 6 9 13 
700 0 0 0 1 1 1 1 3 4 5 8 11 
750 0 0 0 0 1 1 1 3 4 5 7 11 
800 0 0 0 0 1 1 1 2 3 4 7 10 
900 0 0 0 0 1 1 1 2 3 4 6 9 

1000 0 0 0 0 1 1 1 ] 3 4 6 8 
FEP, 14 12 22 35 61 83 136 194 300 400 515 808 1166 
FEPB, 12 9 16 26 44 60 99 142 219 292 376 590 851 
PFA, 10 6 11 18 32 43 71 102 157 209 269 423 610 
PFAH, 8 3 6 10 18 25 41 58 90 120 154 242 350 
TFE 6 2 4 7 13 17 29 41 64 85 110 172 249 

4 1 3 5 9 12 20 29 44 59 77 120 174 
3 1 2 4 7 10 17 24 37 50 64 100 145 
2 1 I 3 6 8 14 20 31 41 53 83 120 

(Continues) 
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Annex C: Tables INFnRMA,TI\'~ ANNEX C 

Table C.S Continued 

CONDUCTORS 

Conductor Metric 
Size 

(AWG/ 16 21 27 35 41 53 63 78 91 103 129 155 
Type kcmil) (lh) (3/4) (1) (11/4) (1%) (2) (21/2) (3) (3th) (4) (5) (6) 

PFA, 1 1 1 2 4 6 9 14 21 28 37 57 83 
PFAH, 
TFE 
PFA, 110 1 1 I 3 5 8 11 18 24 30 48 69 
PFAH, 2/0 1 1 1 3 4 6 9 14 19 25 40 57 
TFE,Z 3/0 0 1 1 2 3 5 8 12 16 21 33 47 

4/0 0 1 1 1 2 4 6 10 13 17 27 39 
Z 14 15 26 42 73 100 164 234 361 482 621 974 1405 

12 10 18 30 52 71 116 166 256 342 440 691 997 
10 6 11 18 32 43 71 102 157 209 269 423 610 
8 4 7 11 20 27 45 64 99 132 170 267 386 
6 3 5 8 14 19 31 45 69 93 120 188 271 
4 1 3 5 9 13 22 31 48 64 82 129 186 
3 1 2 4 7 9 16 22 35 47 60 94 136 
2 1 1 3 6 8 13 19 29 39 50 78 113 
1 1 1 2 5 6 10 15 23 31 40 63 92 

XHH, 14 9 15 25 44 59 98 140 216 288 370 581 839 
XHHW, 12 7 12 19 33 45 75 107 165 221 284 446 644 
XHHW-2 10 5 9 14 25 34 56 80 123 164 212 332 480 
ZW 8 3 5 8 14 19 3] 44 68 91 118 185 267 

6 1 3 6 10 14 23 33 51 68 87 137 197 
4 1 2 4 7 10 16 24 37 49 63 99 143 
3 1 1 3 6 8 14 20 31 41 53 84 121 
2 1 1 3 5 7 12 17 26 35 45 70 101 

XHH, 1 1 1 1 4 5 9 12 19 26 33 52 76 
XHHW, 1/0 1 1 1 3 4 7 10 16 22 28 44 64 
XHHW-2 2/0 0 1 1 2 3 6 9 13 18 23 37 53 

3/0 0 1 1 1 3 5 7 11 15 19 30 44 
4/0 0 1 1 1 2 4 6 9 12 16 25 36 
250 0 0 1 1 1 3 5 7 10 13 20 30 
300 0 0 1 1 1 3 4 6 9 11 18 25 
350 0 0 1 1 1 2 3 6 7 10 15 22 
400 0 0 1 1 1 2 3 5 7 9 14 20 
500 0 0 0 1 I 1 2 4 5 7 11 16 
600 0 0 0 1 1 1 1 3 4 6 9 13 
700 0 0 0 1 1 1 1 3 4 5 8 11 
750 0 0 0 0 1 1 1 3 4 5 7 11 
800 0 0 0 0 1 1 1 2 3 4 7 10 
900 0 0 0 0 1 1 1 2 3 4 6 9 

1000 0 0 0 0 1 1 1 1 3 4 6 8 
1250 0 0 0 0 0 1 1 1 2 3 4 6 
1500 0 0 0 0 0 1 I 1 1 2 4 5 
1750 0 0 0 0 0 0 1 1 1 1 3 5 
2000 0 0 0 0 0 0 1 1 1 1 3 4 
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Table C.S Continued 

Type 

FFH-2, 
RFH-2, 
RFHH-3 
SF-2, SFF-2 

SF-I, SFF-1 
RFH-l, 
RFHH-2, TF, 
TFF, XF, 
XFF 
RFHH-2, TF, 
TFF, XF, 
XFF 
XF, XFF 
TFN, TFFN 

PF, PFF, 
PGF, PGFF, 
PAF, PTF, 
PTFF, PAFF 
HF, HFF, 
ZF, ZFF, 
ZHF 

KF-2, KFF-2 

KF-1, KFF-1 

XF, XFF 

Notes: 

Conductor 
Size 

(AWG/ 
kcmil) 

18 

16 

18 
16 
14 
18 
18 

16 

14 
18 
16 
18 

16 

14 

18 
16 
14 
18 
16 
14 
12 
10 
18 
16 
14 
12 
10 
12 
10 

16 
(V2 ) 

8 

7 

11 
9 
7 

19 
14 

11 

9 
23 
17 
21 

16 

12 

28 
20 
15 
40 
28 
19 
13 
9 

48 
34 
23 
15 
10 
5 
3 

INfORMA,T"'fi ANNEX C 

FIXTURE WIRES 

21 
(%) 

15 

12 

19 
15 
12 
33 
25 

20 

15 
40 
30 
38 

29 

22 

48 
36 
26 
71 
50 
34 
23 
15 
84 
59 
40 
26 
17 
8 
6 

Metric Designator (Trade Size) 

27 35 
(1) (1 V4) 

24 42 

20 35 

31 53 
25 44 
20 35 
54 94 
40 69 

32 56 

25 44 
64 111 
49 84 
61 105 

47 81 

35 61 

79 135 
58 100 
42 73 

114 197 
80 138 
55 95 
38 65 
25 44 

136 235 
96 165 
64 111 
42 73 
28 48 
13 23 
10 18 

41 
(1 'h) 

57 

48 

72 
59 
48 

127 
94 

76 

59 
150 
115 
143 

110 

83 

184 
136 
100 
267 
188 
129 
89 
59 

318 
224 
150 
100 
65 
32 
25 

53 
(2) 

94 

79 

118 
98 
79 

209 
155 

125 

98 
248 
189 
235 

181 

136 

303 
223 
164 
439 
310 
213 
146 
98 

524 
368 
248 
164 
107 
52 
41 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.8(A) 
should be used. 
2. Two-hour fire-rate RHH cable has ceramifiabl insulation which has much larger diameters than other 
RHH wires. Consult manufacturer's conduit fil tables. 
*Types RHH, RHW, and RHW-2 without outer covering. 
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Annex C: Tables ANNEXC 

Table C.8(A) Maximum Number of Compact Conductors in Rigid Metal Conduit (RMC) 
(Based on Table 1, Chapter 9) 

Type 
THW, 
THW-2, 
THHW 

THHN, 
THWN, 
THWN-2 

XHHW, 
XHHW-2 

Conductor 
Size 

(AWG/ 
kcmil) 

8 
6 
4 
2 
I 

1/0 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
1 

1/0 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
I 

1/0 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 

16 21 
(lI2) (%) 

2 4 
1 3 
I 2 
1 1 
1 1 
1 1 
0 1 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

- -

2 5 
1 3 
1 1 
1 1 
1 1 
1 1 
0 1 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
3 5 
2 4 
I 3 
I I 
I 1 
I I 
1 1 
0 I 
0 I 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

COMPACT CONDUCTORS 

Metric Designator (Trade Size) 

27 35 41 53 63 78 
(1) (1%) (IV2) (2) (2V2) (3) 
7 12 16 26 38 59 
5 9 12 20 29 45 
4 7 9 15 22 34 
3 5 7 11 16 25 
I 3 5 8 11 17 
1 3 4 7 10 15 
1 2 3 6 8 I3 
I I 3 5 7 11 
1 1 2 4 6 9 
I I 1 3 4 7 
1 1 1 3 4 6 
I I I 2 3 5 
1 I 1 I 3 5 
0 1 1 1 3 4 
0 1 1 1 1 3 
0 1 1 1 1 3 
0 0 1 1 1 3 
0 0 1 1 1 2 
0 0 1 1 1 1 

- - - - - -

8 13 18 30 43 66 
5 8 11 18 26 41 
3 6 8 13 19 29 
2 4 6 10 14 22 
1 4 5 8 12 19 
1 3 4 7 10 15 
1 2 3 6 8 13 
1 1 3 5 7 10 
1 1 2 4 5 8 
1 I I 3 4 7 
1 I 1 3 4 6 
1 1 1 2 3 5 
0 I 1 1 3 5 
0 I 1 1 2 4 
0 1 1 1 1 3 
0 I I 1 I 3 
0 0 I I 1 2 
0 0 1 1 1 2 
9 IS 21 34 49 76 
6 11 15 25 36 56 
5 8 11 18 26 41 
3 6 8 13 19 29 
2 4 6 10 14 22 
1 4 5 8 12 19 
1 3 4 7 10 16 
I 2 3 6 8 13 
1 1 3 5 7 11 
1 1 2 4 5 8 
1 1 1 3 5 7 
1 1 1 3 4 6 
1 1 1 2 4 6 
0 1 1 1 3 5 
0 1 1 1 2 4 
0 1 1 1 1 3 
0 1 1 1 1 3 
0 0 1 1 2 2 
0 0 I 1 1 2 

91 103 129 
(3V2) (4) (5) 

78 101 158 
60 78 122 
45 58 91 
33 43 67 
23 30 47 
20 26 41 
17 22 34 
14 19 29 
12 IS 24 
9 12 19 
8 11 17 
7 9 15 
7 8 13 
5 7 11 
4 6 9 
4 5 8 
4 5 7 
3 4 6 
3 4 6 

- - -

88 114 179 
55 70 110 
39 50 79 
29 38 60 
25 32 51 
21 26 42 
17 22 35 
14 18 29 
11 14 23 
10 12 20 
8 11 17 
7 10 15 
6 8 13 
5 6 10 
4 6 9 
4 5 9 
3 4 6 
3 4 6 

101 130 205 
75 97 152 
55 70 110 
39 50 79 
29 38 60 
25 32 51 
21 27 43 
17 22 35 
14 19 29 
11 15 23 
10 13 20 
9 11 18 
8 10 16 
6 8 13 
5 7 10 
4 6 9 
4 5 8 
3 5 7 
3 4 7 

155 
(6) 
228 
176 
132 
97 
68 
59 
50 
42 
35 
28 
24 
22 
20 
17 
13 
12 
11 
9 
9 

-

258 
159 
114 
86 
73 
60 
51 
42 
33 
28 
25 
22 
19 
15 
13 
13 
9 
9 

296 
220 
159 
114 
86 
73 
62 
51 
42 
34 
29 
25 
23 
19 
15 
I3 
12 
10 
10 

Definition Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 
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ANNEX C 

Table C.9 Maximum Number of Conductors or Fixture Wires in Rigid PVC Conduit, 
Schedule 80 (Based on Table 1, Chapter 9) 

Type 
RHH, 
RHW, 
RHW-2 

TW 

RHH*, 
RHW*, 
RHW-2*, 
THHW, 
THW, 
THW-2 
RHH*, 
RHW*, 
RHW-2*, 
THHW, 
THW 
RHH*, 
RHW*, 
RHW-2*. 
THHW, 
THW, 
THW-2 

Size 
(AWG/ 
kcmil) 

14 
12 
10 
8 
6 
4 
3 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
800 

1000 
1250 
1500 
1750 
2000 

14 
12 
10 
8 

14 

12 

10 

8 

16 21 
(liz) (%) 

3 5 
2 4 
1 3 
1 1 
1 1 
1 1 
0 1 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
6 11 
5 9 
3 6 
1 3 
4 8 

3 6 

2 5 

1 3 

27 
(1) 

9 
7 
6 
3 
2 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

20 
15 
11 
6 

13 

10 

8 

5 

CONDUCTORS 

Metric 

35 41 53 63 
(1 Y4) (11A) (2) (2Y::) 

17 23 39 56 
14 19 32 46 
11 15 26 37 
6 8 13 19 
4 6 11 16 
3 5 8 12 
3 4 7 11 
3 4 6 9 
1 2 4 6 
1 1 3 5 
1 1 3 4 
1 1 3 4 
1 1 2 3 
1 1 1 2 
1 1 1 2 
I 1 1 1 
0 I 1 1 
0 1 1 I 
0 0 I 1 
0 0 1 1 
0 0 1 1 

0 0 1 1 
0 0 1 1 
0 0 0 1 
0 0 0 1 
0 0 0 0 
0 0 0 0 

35 49 82 118 
27 38 63 91 
20 28 47 67 
11 15 26 37 
23 32 55 79 

19 26 44 63 

15 20 34 49 

9 12 20 29 

78 91 103 
(3) (3%) (4) 

88 118 153 
73 98 127 
59 79 103 
31 41 54 
24 33 43 
19 26 33 
17 23 29 
14 20 25 
9 13 17 
8 11 15 
7 10 13 
6 8 11 
5 7 9 
4 5 7 
3 5 6 
3 4 5 
3 4 5 
2 3 4 
1 3 3 
1 2 3 
1 2 3 
1 2 3 
1 1 2 
1 1 1 
1 1 1 
1 1 1 
1 1 1 

185 250 324 
142 192 248 
106 143 185 
59 79 103 

123 166 215 

99 133 173 

77 104 135 

46 62 81 

129 
(5) 

243 
202 
163 
85 
68 
53 
47 
41 
27 
23 
20 
17 
15 
11 
10 
9 
8 
7 
6 
5 
5 
4 
4 
3 
2 
2 
1 

514 
394 
294 
163 
341 

274 

214 

128 

155 
(6) 

349 
290 
234 
122 
98 
77 
67 
58 
38 
33 
29 
25 
21 
16 
14 
13 
12 
10 
8 
7 
7 
7 
5 
4 
4 
3 
3 

736 
565 
421 
234 
490 

394 

307 

184 

(Continues) 
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Annex C: Tables 

Table C.9 Continued 

Conductor 
Size 

(AWGI 16 21 
Type kcmil) (V2) (3f4) 

RHH*, 6 1 1 
RHW*, 4 1 1 
RHW-2*, 3 1 1 
lW, 2 I I 
THW, 1 0 I 
THHW, 

110 0 1 THW-2 
2/0 0 1 
3/0 0 0 
4/0 0 0 
250 0 0 
300 0 0 
350 0 0 
400 0 0 
500 0 0 
600 0 0 
700 0 0 
750 0 0 
800 0 0 
900 0 0 

1000 0 0 
1250 0 0 
1500 0 0 
1750 0 0 
2000 0 0 

THHN, 14 9 17 
THWN, 12 6 12 
THWN-2 10 4 7 

8 2 4 
6 1 3 
4 1 1 
3 1 1 
2 1 1 
1 0 1 

1/0 0 1 
2/0 0 I 
3/0 0 1 
4/0 0 0 
250 0 0 
300 0 0 
350 0 0 
400 0 0 
500 0 0 
600 0 0 
700 0 0 
750 0 0 
800 0 0 
900 0 0 

1000 0 0 
FEP, 14 8 16 
FEPB, 12 6 12 
PFA, 10 4 8 
PFAH, 8 i 2 5 
TFE 6 1 3 

4 1 2 
3 1 1 
2 1 I 

70-786 

ilNI'UKMA. 11 lIIr £ ANNEX C 

Metric Designator (Trade Size) 

27 35 41 53 63 78 91 103 129 155 
(1) (1'14) (P/2) (2) (2 112) (3) (3%) (4) (5) (6) 

3 7 9 16 22 35 48 62 98 141 
3 5 7 12 17 26 35 46 73 105 
2 4 6 10 14 22 30 39 63 90 
I 3 5 8 12 19 26 33 53 77 
1 2 3 6 8 13 18 23 37 54 
1 1 3 5 7 11 15 20 32 46 
1 1 2 4 6 10 13 17 27 39 
1 1 1 3 5 8 11 14 23 33 
1 1 1 3 4 7 9 12 19 27 
0 1 1 2 3 5 7 9 15 22 
0 1 1 ] 3 5 6 8 13 19 
0 1 ] 1 2 4 6 7 12 17 
0 1 I I 2 4 5 7 10 15 
0 1 1 1 1 3 4 5 9 13 
0 0 1 1 1 2 3 4 7 10 
0 0 1 1 I 2 3 4 6 9 
0 0 0 1 1 1 3 4 6 8 
0 0 0 1 1 1 3 3 6 8 
0 0 0 1 1 1 2 3 5 7 
0 0 0 1 1 I 2 3 5 7 
0 0 0 1 1 1 1 2 4 5 
0 0 0 0 1 1 1 1 3 4 
0 0 0 0 1 1 1 1 3 4 
0 0 0 0 0 1 1 1 2 3 

28 51 70 118 170 265 358 464 736 1055 
20 37 51 86 124 193 261 338 537 770 
13 23 32 54 78 122 164 213 338 485 
7 13 18 31 45 70 95 123 195 279 
5 9 13 22 32 51 68 89 141 202 
3 6 8 14 20 31 42 54 86 124 
3 5 7 12 17 26 35 46 73 105 
2 4 6 10 14 22 30 39 61 88 
1 3 4 7 10 16 22 29 45 65 
1 2 3 6 9 14 18 24 38 55 
I 1 3 5 7 11 15 20 32 46 
1 1 2 4 6 9 13 17 26 38 
1 1 1 3 5 8 10 14 22 31 
1 1 1 3 4 6 8 11 18 25 
0 1 1 2 3 5 7 9 15 22 
0 1 1 1 3 5 6 8 13 19 
0 1 1 1 3 4 6 7 12 17 
0 1 1 1 2 3 5 6 10 14 
0 0 1 1 1 3 4 5 8 12 
0 0 1 1 1 2 3 4 7 10 
0 0 1 1 1 2 3 4 7 9 
0 0 1 1 1 2 3 4 6 9 
0 0 0 I 1 1 3 3 6 8 
0 0 0 1 1 I 2 3 5 7 

27 49 68 115 164 257 347 450 714 1024 
20 36 50 84 120 188 253 328 521 747 
14 26 36 60 86 135 182 235 374 536 
8 15 20 34 49 77 104 135 214 307 
6 10 14 24 35 55 74 96 152 218 
4 7 10 17 24 38 52 67 106 153 
3 6 8 14 20 32 43 56 89 127 
3 5 7 12 17 26 35 46 73 105 
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INfORMATI'tJ'B ANNEX C Annex C: Tables 

Table C.9 Continued 

CONDUCTORS 
Conductor Metric Designator (Trade Size) 

Size 
(AWGI 16 21 27 35 41 53 63 78 91 103 129 155 

Type kcmil) (Jf2 ) (3f4) (1) (IYt) (Ph) (2) (ZY2) (3) (3Jf2) (4) (5) (6) 
PFA, 1 1 1 1 3 5 8 11 18 25 32 51 73 
PFAH, 
TFE 
PFA, 1/0 0 1 1 3 4 7 10 15 20 27 42 61 
PFAH, 2/0 0 1 1 2 3 5 8 12 17 22 35 50 
TFE,Z 3/0 0 1 1 1 2 4 6 10 14 18 29 41 

4/0 0 0 1 1 1 4 5 8 11 15 24 34 
Z 14 10 19 33 59 82 138 198 310 418 542 860 1233 

12 7 14 23 42 58 98 141 220 297 385 610 875 
10 4 8 14 26 36 60 86 135 182 235 374 536 
8 3 5 9 16 22 38 54 85 115 149 236 339 
6 2 4 6 11 16 26 38 60 81 104 166 238 
4 1 2 4 8 11 18 26 41 55 72 114 164 
3 1 2 3 5 8 13 19 30 40 52 83 119 
2 1 1 2 5 6 11 16 25 33 43 69 99 
1 0 1 2 4 5 9 13 20 27 35 56 80 

XHH, 14 6 11 20 35 49 82 118 185 250 324 514 736 
XHHW, 12 5 9 15 27 38 63 91 142 192 248 394 565 
XHHW-2, 10 3 6 11 20 28 47 67 106 143 185 294 421 
ZW 8 1 3 6 11 15 26 37 59 79 103 163 234 

6 1 2 4 8 11 19 28 43 59 76 121 173 
4 1 1 3 6 8 14 20 31 42 55 87 125 
3 1 1 3 5 7 12 17 26 36 47 74 106 
2 1 1 2 4 6 10 14 22 30 39 62 89 

XHH, 1 0 1 1 3 4 7 10 16 22 29 46 66 
XHHW, 110 0 1 1 2 3 6 9 14 19 24 39 56 
XHHW-2 2/0 0 1 1 I 3 5 7 11 16 20 32 46 

3/0 0 1 1 1 2 4 6 9 13 17 27 38 
4/0 0 0 1 1 1 3 5 8 11 14 22 32 
250 0 0 1 1 1 3 4 6 9 11 18 26 
300 0 0 1 1 1 2 3 5 7 10 15 22 
350 0 0 0 I 1 1 3 5 6 8 14 20 
400 0 0 0 1 1 1 3 4 6 7 12 17 
500 0 0 0 1 1 1 2 3 5 6 10 14 
600 0 0 0 0 1 1 1 3 4 5 8 11 
700 0 0 0 0 1 1 1 2 3 4 7 10 
750 0 0 0 0 1 1 1 2 3 4 6 9 
800 0 0 0 0 1 1 1 1 3 4 6 9 
900 0 0 0 0 0 1 1 3 3 5 8 

1000 0 0 0 0 0 1 1 1 2 3 5 7 

1250 0 0 0 0 0 1 1 1 1 2 4 6 
1500 0 0 0 0 0 0 1 1 1 1 3 5 
1750 0 0 0 0 0 0 1 1 1 1 3 4 
2000 0 0 0 0 0 0 1 1 1 1 2 4 

(Continues) 
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Annex C: Tables 

Table C.9 Continued 

Type 
FFH-2, 
RFH-2, 
RFHH-3 
SF-2, SFF-2 

SF-I, SFF-l 
RFH-I, 
RFHH-2, TF, 
TFF, XF, 
XFF 
RFHH-2, TF, 
TFF, XF, 
XFF 
XF, XFF 
TFN,TFFN 

PF, PFF, 
PGF, PGFF, 
PAF, PTF, 
PTFF, PAFF 
HF, HFF, 
ZF, ZFF, 
ZHF 

KF-2, KFF-2 

KF-I, KFF-l 

XF, XFF 

Notes: 

Size 
(AWGI 
kcmil) 

18 

16 

18 
16 
14 
18 
18 

16 

14 
18 
16 
18 

16 

14 

18 
16 
14 
18 
16 
14 
12 
10 
18 
16 
14 
12 
10 
12 
10 

16 
(% ) 

6 

5 

7 
6 
5 

13 
10 

8 

6 
16 
12 
15 

11 

8 

19 
14 
10 
28 
19 
13 
9 
6 

33 
23 
16 
10 
7 
3 
2 

INI:OlltMll TI!VE! ANNEX C 

FIXTURE WIRES 

Metric 

21 27 
(314) (1) 

11 19 

9 16 

14 24 
11 20 
9 16 

25 42 
18 31 

15 25 

11 20 
29 50 
22 38 
28 47 

22 36 

16 27 

36 61 
27 45 
19 33 
53 88 
37 62 
25 43 
17 29 
11 20 
63 106 
44 74 
29 50 
19 33 
13 21 
6 10 
5 8 

35 
(11,4) 

34 

28 

43 
35 
28 
76 
56 

45 

35 
90 
68 
85 

66 

49 

110 
81 
59 

159 
112 
77 
53 
35 

190 
133 
90 
59 
39 
19 
15 

41 
(1112) 

47 

39 

59 
49 
39 

105 
77 

62 

49 
124 
95 

118 

91 

68 

152 
112 
82 

220 
155 
107 
73 
49 

263 
185 
124 
82 
54 
26 
20 

53 
(2) 
79 

67 

100 
82 
67 

177 
130 

105 

82 
209 
159 
198 

153 

115 

255 
188 
138 
371 
261 
179 
123 
82 

442 
310 
209 
138 
90 
44 
34 

L This table is for concentric stranded conductors only. For compact stranded conductors, Table C.9(A) 
should be used. 

2. Two-hour fire-rate RHH cable has ceramifiabl insulation which has much larger diameters than other 
RHH wires. Consult manufacturer's conduit fit tables. 
*Types RHH, RHW, and RHW-2 without outer covering. 
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INf'ORMATI"B ANNEX C 

Table C.9(A) Maximum Number of Compact Conductors in Rigid PVC Conduit, Schedule 80 
(Based on Table 1, Chapter 9) 

COMPACT CONDUCTORS 

Conductor _________ ~~~~~~~~~~ _______ _ 
Size 

(AWGI 16 21 27 35 41 S3 63 78 91 103 129 ISS 
Type kcmil) (Ill) (314) (1) (1'14) (IV2) (2) (2%) (3} (31/2) {4~ (5) (6) 

THW, 8 1 3 5 9 13 22 32 50 68 88 )40 200 
THW-2, 6 1 2 4 7 10 17 25 39 52 68 108 155 
THHW 4 1 1 3 5 7 13 18 29 39 51 81 116 

2 1 1 1 4 5 9 13 21 29 37 60 85 
1 0 1 1 3 4 6 9 IS ~O 26 42 60 

110 0 1 1 2 3 6 8 13 17 23 36 52 
2/0 0 1 1 1 3 5 7 1 15 19 30 44 
3/0 0 0 1 1 2 4 6 9 12 16 26 37 
4/0 0 0 1 1 1 3 5 8 10 13 22 31 
250 0 0 I I I 2 4 6 8 11 17 25 
300 0 0 0 1 1 2 3 5 7 9 15 21 
350 0 0 0 1 1 1 3 5 6 8 13 19 
400 0 0 0 1 1 1 3 4 6 7 12 17 
500 0 0 0 I 1 1 2 3 5 6 10 14 
600 0 0 0 0 1 1 1 3 4 5 8 12 
700 0 0 0 0 I 1 1 2 3 4 7 10 
750 0 0 0 0 1 1 1 2 3 4 7 10 
900 0 0 0 0 0 1 1 2 3 4 6 8 

1000 0 0 0 0 0 1 1 1 2 3 5 8 
THHN, 8 - - - -

THWN, 6 1 3 6 11 15 25 36 57 77 99 158 226 
THWN-2 4 1 1 3 6 9 15 22 35 47 61 98 140 

2 I 1 2 5 6 11 16 25 34 44 70 100 
1 1 1 1 3 5 8 12 19 25 33 53 75 

110 0 1 I 3 4 7 10 16 22 28 45 64 
2/0 0 1 1 2 3 6 8 13 18 23 37 53 
3/0 0 1 1 1 3 5 7 11 15 19 31 44 
4/0 0 0 1 1 2 4 6 9 12 16 25 37 
250 0 0 1 1 1 3 4 7 10 12 20 29 
300 0 0 1 1 1 3 4 6 8 11 17 25 
350 0 0 0 1 1 2 3 5 7 9 15 22 
400 0 0 0 1 1 1 3 5 6 8 13 19 
500 0 0 0 1 1 1 2 4 5 7 11 16 
600 0 0 0 1 1 1 1 3 4 6 9 13 
700 0 0 0 0 1 I 1 3 4 5 8 12 
750 0 0 0 0 I 1 I 3 4 5 8 11 
900 0 0 0 0 0 I 1 2 3 4 6 8 

1000 0 0 0 0 0 1 1 1 3 3 5 8 
XHHW, 8 1 4 7 12 17 29 42 65 88 114 181 260 
XHHW-2 6 1 3 5 9 13 21 31 48 65 85 134 193 

4 I 1 3 6 9 15 22 35 47 61 98 140 
2 I 1 2 5 6 11 16 25 34 44 70 100 
1 I 1 I 3 5 8 12 19 25 33 53 75 

110 0 ] 1 3 4 7 10 16 22 28 45 64 
2/0 0 1 1 2 3 6 8 13 18 24 38 54 
3/0 0 1 1 1 3 5 7 11 15 19 31 44 
4/0 0 0 1 1 2 4 6 9 12 16 26 37 
250 0 0 ] I 1 3 5 7 10 13 21 30 
300 0 0 1 1 1 3 4 6 8 11 17 25 
350 0 0 1 1 1 2 3 5 7 10 IS 22 
400 0 0 0 1 1 1 3 5 7 9 14 20 
500 0 0 0 1 1 1 2 4 5 7 11 17 
600 0 0 0 1 1 1 1 3 4 6 9 13 
700 0 0 0 0 1 1 1 3 4 5 8 12 
750 0 0 0 0 1 1 1 2 3 5 7 11 
900 0 0 0 0 1 1 1 2 3 4 6 8 

1000 0 0 0 0 0 1 1 1 3 3 6 8 

Definition Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 
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Annex C: Tables 

Table C.lO Maximum Number of Conductors or Fixture Wires in Rigid PVC Conduit, 
Schedule 40 and HDPE Conduit (Based on Table 1, Chapter 9) 

CONDUCTORS 

Conductor _________ ~M~e~tr~i~c ~~~~~~~~ _______ _ 
Size 

(AWGI 16 21 27 35 41 53 63 78 91 103 129 155 
Type kcmil) (%) (314) (1) (1 %) (1%) (2) (2Vz) (3) (31/2) (4) (5) (6) 

RHH, 14 4 7 11 20 27 45 64 99 133 171 269 390 
RHW, 12 3 5 9 16 22 37 53 82 110 142 224 323 
RHW-2 10 2 4 7 13 18 30 43 66 89 115 181 261 

8 1 2 4 7 9 15 22 35 46 60 94 137 
6 1 1 3 5 7 12 18 28 37 48 76 109 
4 1 1 2 4 6 10 14 22 29 37 59 85 
3 1 1 1 4 5 8 12 19 25 33 52 75 
2 1 1 1 3 4 7 10 16 22 28 45 65 
1 0 1 1 1 3 5 7 11 ]4 19 29 43 

110 0 1 1 1 2 4 6 9 13 16 26 37 
2/0 0 0 1 1 1 3 5 8 11 14 22 32 
3/0 0 0 1 1 1 3 4 7 9 12 19 28 
4/0 0 0 I 1 1 2 4 6 8 10 16 24 
250 0 0 0 1 1 1 3 4 6 8 12 18 
300 0 0 0 1 ] 1 2 4 5 7 11 16 
350 0 0 0 1 1 1 2 3 5 6 10 14 
400 0 0 0 1 1 1 1 3 4 6 9 13 
500 0 0 0 0 1 1 1 3 4 5 8 11 
600 0 0 0 0 1 1 1 2 3 4 6 9 
700 0 0 0 0 0 1 1 1 3 3 6 8 

750 0 0 0 0 0 1 1 1 2 3 5 8 
800 0 0 0 0 0 1 1 1 2 3 5 7 
900 0 0 0 0 0 1 1 1 2 3 5 7 

1000 0 0 0 0 0 1 1 1 1 3 4 6 
1250 0 0 0 0 0 0 1 1 1 1 3 5 
1500 0 0 0 0 0 0 1 1 1 1 3 4 
1750 0 0 0 0 0 0 1 1 1 1 2 3 
2000 0 0 0 0 0 0 0 1 1 1 2 3 

TW 14 8 14 24 42 57 94 135 209 280 361 568 822 
12 6 11 18 32 44 72 103 160 215 277 436 631 
JO 4 8 13 24 32 54 77 119 160 206 325 470 
8 2 4 7 13 18 30 43 66 89 115 181 261 

RHH*, 14 5 9 16 28 38 63 90 139 186 240 378 546 
RHW*, 
RHW-2*, 
THHW, 
THW, 
THW-2 
RHH*, 12 4 8 12 22 30 50 72 112 150 193 304 439 
RHW*, 
RHW-2*, 

10 3 6 10 17 24 39 56 87 117 150 237 343 THHW, 
THW 
RHH*, 8 1 3 6 10 14 23 33 52 70 90 142 205 
RHW*, 
RHW-2*, 
THHW, 
THW, 
THW-2 
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Table C.IO Continued 

Type 
RHH*, 
RHW*, 
RHW-2* 
TW, 
THW, 
THHW, 
THW-2 

THHN, 
THWN, 
THWN-2 

FEP, 
FEPB, 
PFA, 
PFAH, 
TFE 

Conductor 
Size 

(AWGI 
kcmil) 

6 
4 

3 
2 

1/0 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
800 
900 

1000 
1250 
1500 
1750 
2000 

14 
12 
10 
8 
6 
4 

3 
2 

1/0 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
800 
900 

1000 
14 
12 
10 
8 
6 
4 
3 
2 

16 
(% ) 

1 
I 
I 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

2 
1 

1 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 0 
o 0 
o 0 

11 21 
8 15 
5 9 
3 5 

1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

11 
8 
6 
3 
2 

4 
2 
I 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

20 
15 
10 
6 
4 
3 
2 
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27 
(1) 

4 
3 
3 
2 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

34 
25 
15 
9 
6 
4 

3 
3 

o 
o 
o 
o 
o 
o 
o 
o 

33 
24 
17 
10 
7 
5 
4 
3 

ANNEX C 

CONDUCTORS 

Metric Designator (Trade Size) 

35 41 
(l1;4) (1'12) 

8 11 
6 8 

4 
3 
2 
1 

o 
o 
o 
o 
o 

7 
6 
4 
3 
3 
2 

1 
o 

o 0 
o 0 

53 
(2) 

18 
13 
11 
]0 
7 
6 
5 
4 

26 
19 
16 
14 
10 
8 
7 
6 

3 5 
3 4 
2 

1 
3 
3 
3 
2 

78 91 
0) (31/z) 

40 53 
30 40 
25 34 
22 29 

15 20 
13 17 
11 15 
9 12 

5 
4 

2 
2 
2 
1 

7 
6 
6 

3 
3 

3 

103 
(4) 

69 
51 
44 
37 
26 
22 
19 
16 

9 
8 
7 

4 
4 
4 
3 

2 

129 
(5) 

109 
81 
69 
59 
41 
35 
30 
25 

15 
13 
12 

7 
6 
6 
6 

4 

155 
(6) 

157 
117 
100 
85 
60 
51 
43 
36 

21 
19 

6 
o 
o 
o 

o 1 3 5 

60 
43 
27 
16 
11 
7 
6 
5 
3 
3 
2 

1 

1 

o 
o 
o 
o 
o 

58 
42 
30 
17 
12 
8 
7 
6 

o 0 3 4 
o 0 I 1 1 3 4 

82 135 193 299 401 517 815 1178 
59 99 141 218 293 377 594 859 
37 62 89 137 184 238 374 541 
21 36 51 79 106 137 216 312 
15 26 37 
9 
8 
7 
5 
4 
3 
3 
2 

1 
o 

79 
58 
41 
24 
17 
12 
10 
8 

16 
13 
11 
8 
7 
6 
5 
4 
3 
3 
2 

131 
96 
69 
39 
28 
19 
16 
13 

22 
19 
16 
12 
10 
8 
7 
6 
4 
4 
3 
3 
2 

30 40 
25 33 
18 25 
15 21 

17 
11 14 

6 
5 
5 
4 

3 

8 
7 
6 

4 
2 3 
2 3 
2 3 
1 3 

188 290 389 
137 212 284 
98 152 204 
56 
40 
28 43 58 
23 36 48 
19 30 40 

51 
43 
32 
27 
22 
18 

11 
9 
8 
7 

5 

81 
68 
50 
42 
35 
29 

17 
15 
13 
11 

8 

117 
98 
73 
61 
51 
42 

24 
21 
19 
16 

11 
4 7 11 
4 7 10 
4 6 9 
3 6 8 

502 790 1142 
366 577 834 
263 414 598 

75 118 170 
62 98 142 
51 81 117 

(Continues) 
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Annex C: Tables ANNEX C 

Table C.IO Continued 

CONDUCTORS 

Conductor Metric 
Size 

(AWG/ 16 21 27 35 41 53 6.3 78 91 103 129 155 
Type kcmil) (IA) (0/4) (1) (1%) (11/2) (2) (2~/2) (3) (3lh) (4) (5) (6) 

PFA, 1 1 1 2 4 5 9 13 20 28 36 56 81 
PFAH, 
TEE 
PFA, I/O 1 1 1 3 4 8 11 17 23 30 47 68 
PFAH, 2/0 0 1 1 3 4 6 9 14 19 24 39 56 
TFE,Z 3/0 0 1 1 2 3 5 7 12 16 20 32 46 

4/0 0 1 1 1 2 4 6 9 13 16 26 38 
Z 14 13 24 40 70 95 158 226 350 469 605 952 1376 

12 9 17 28 49 68 112 160 248 333 429 675 976 
10 6 10 17 30 41 69 98 152 204 263 414 598 
8 3 6 11 19 26 43 62 96 129 166 261 378 
6 2 4 7 13 18 30 43 67 90 116 184 265 
4 1 3 5 9 12 21 30 46 62 80 126 183 
3 1 2 4 6 9 15 22 34 45 58 92 133 
2 1 1 3 5 7 12 18 28 38 49 77 III 
1 1 1 2 4 6 10 14 23 30 39 62 90 

XHH, 14 8 14 24 42 57 94 135 209 280 361 568 822 
XHHW, 12 6 11 18 32 44 72 103 160 215 277 436 631 
XHHW-2 10 4 8 13 24 32 54 77 119 160 206 325 470 
ZW 8 2 4 7 13 18 30 43 66 89 115 181 261 

6 1 3 5 10 13 22 :12 49 66 85 134 193 
4 1 2 4 7 9 16 23 35 48 61 97 140 
3 1 1 3 6 8 13 19 30 40 52 82 118 
2 1 1 3 5 7 11 16 25 34 44 69 99 

XHH, 1 1 1 1 3 5 8 12 19 25 32 51 74 
XHHW, 1/0 1 1 1 3 4 7 10 16 21 27 43 62 
XHHW-2 2/0 0 1 1 2 3 6 8 13 17 23 36 52 

3/0 0 1 1 1 3 5 7 11 14 19 30 43 
4/0 0 1 1 1 2 4 6 9 12 15 24 35 
250 0 0 1 1 1 3 5 7 10 13 20 29 
300 0 0 1 1 1 3 4 6 8 11 17 25 
350 0 0 1 1 1 2 3 5 7 9 15 22 
400 0 0 0 1 1 1 3 5 6 8 13 19 
500 0 0 0 1 1 1 2 4 5 7 11 16 
600 0 0 0 1 I 1 1 3 4 5 9 13 
700 0 0 0 0 1 1 1 3 4 5 8 11 
750 0 0 0 0 1 1 1 2 3 4 7 11 
800 0 0 0 0 1 1 1 2 3 4 7 10 
900 0 0 0 0 1 1 1 2 3 4 6 9 

1000 0 0 0 0 0 1 1 1 3 3 6 8 
1250 0 0 0 0 0 1 1 1 1 3 4 6 
1500 0 0 0 0 0 I 1 1 1 2 4 5 
1750 0 0 0 0 0 0 1 1 1 1 3 5 
2000 0 0 0 0 0 0 1 1 1 1 3 4 
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Table C.IO Continued 

Type 
FFH-2, 
RFH-2, 
RFHH-3 
SF-2, SFF-2 

SF-I, SFF-l 
RFHH-2, TF, 
TFF, XF, 
XFF RFH-I, 
RFHH-2, TF, 
TFF, XF, 
XFF 
XF, XFF 
TFN, TFFN 

PF, PFF, 
PGF, PGFF, 
PAF, PTF, 
PTFF, PAFF 
HF, HFF, 
ZF, ZFF, 
ZHF 

KF-2, KFF-2 

KF-l, KFF-l 

XF, XFF 

Notes: 

Size 
(AWGI 
kcmil) 

18 

16 

18 
16 
14 
18 
18 

16 

14 
18 
16 
18 

16 

14 

18 
16 
14 
18 
16 
14 
12 
10 
18 
16 
14 
12 
10 
12 
10 

16 
(lh) 

8 

6 

10 
8 
6 

17 
13 

10 

8 
20 
16 
19 

15 

11 

25 
18 
13 
36 
26 
17 
]2 
8 

43 
30 
20 
13 
9 
4 
3 

INfOK:MA.TI'IIrH ANNEX C 

FIXTURE WIRES 

Metric 

21 27 35 41 53 
(%) (1) (1 1,1.,) (1%) (2) 

14 23 40 54 90 

12 19 33 46 76 

17 29 50 69 114 
14 24 42 57 94 
12 19 33 46 76 
31 51 89 122 202 
23 38 66 90 149 

18 30 53 73 120 

14 24 42 57 94 
37 60 105 144 239 
28 46 80 110 183 
35 57 100 137 227 

27 44 77 106 175 

20 33 58 79 131 

45 74 129 176 292 
33 54 95 130 216 
24 40 70 95 158 
65 107 187 256 424 
46 75 132 180 299 
31 52 90 124 205 
22 35 62 85 141 
14 24 42 57 94 
78 128 223 305 506 
55 90 157 214 355 
37 60 105 144 239 
24 40 70 95 158 
16 26 45 62 103 
8 12 22 30 50 
6 10 17 24 39 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.lO(A) 
should be used. 
2. Two-hour fire-rate RHH cable has ceramifiabl insulation which has much larger diameters than other 
RHH wires. Consult manufacturer's conduit fit tables. 
*Types RHH, RHW, and RHW-2 without outer covering. 
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Annex C: Tables INfURMA,Tn'H ANNEX C 

Table C.lO(A) Maximum Number of Compact Conductors in Rigid PVC Conduit, Schedule 40 
and HDPE Conduit (Based on Table I, Chapter 9) 

Type 
THW, 
THW-2, 
THHW 

THHN, 
THWN, 
THWN-2 

XHHW, 
XHHW-2 

Conductor 
Size 

(AWGI 
kcmil) 

8 
6 
4 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
I 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
1 

1/0 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 

16 21 
(% ) (3,14) 

1 4 
1 3 
1 1 
I 1 
1 1 
0 1 
0 1 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

I 
0 0 

-

2 4 
1 2 
I 1 
1 1 
1 1 
0 1 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 

I 0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
3 5 
1 4 
1 2 
1 1 
1 1 
1 1 
1 1 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

COMPACT CONDUCTORS 

Metric Designator (Trade Size) 

27 35 41 53 63 78 
(1) (1%) (1%) (2) (2%) (3) 
6 11 15 26 37 57 
5 9 12 20 28 44 
3 6 9 15 21 33 
2 5 6 11 15 24 
1 3 4 7 11 17 
I 3 4 6 9 15 
1 2 3 5 8 12 
I I 3 5 7 10 
1 1 2 4 5 9 
1 1 1 3 4 7 
1 1 1 2 4 6 
1 1 1 2 3 5 
0 1 I 1 3 5 
0 1 1 1 2 4 
0 1 1 1 1 3 
0 0 1 1 1 3 
0 0 1 1 1 2 
0 0 1 1 1 2 
0 0 1 1 1 1 
- -

7 13 17 29 41 64 
4 8 11 18 25 40 
3 5 8 13 18 28 
2 4 6 9 14 21 
1 3 5 8 12 18 
I 3 4 7 9 15 
1 2 3 5 8 12 
1 1 3 4 6 10 
I 1 1 3 5 8 
1 1 I 3 4 7 
1 1 1 3 4 6 
1 1 1 2 3 5 
0 1 ] ] 3 4 
0 1 1 1 2 4 
0 1 1 1 1 3 
0 1 1 1 1 3 
0 0 1 1 I 2 
0 0 1 1 1 2 
8 14 20 33 47 73 
6 11 15 25 35 55 
4 8 11 18 25 40 
3 5 8 13 18 28 
2 4 6 9 14 21 
1 3 5 8 12 18 
1 3 4 7 10 15 
1 2 3 5 8 12 
1 1 3 5 7 10 
1 1 1 4 5 8 
1 1 1 3 4 7 
1 1 1 3 4 6 
1 ] 1 2 3 5 
0 1 1 1 3 4 
0 1 1 1 2 4 
0 1 1 1 1 3 
0 1 1 I I 3 
0 0 I 1 1 2 
0 0 I 1 1 2 

91 103 129 155 
{3Y2) (4) (5) (6) 

76 98 155 224 
59 76 119 173 
44 57 89 129 
32 42 66 95 
23 29 46 67 
20 25 40 58 
16 21 34 49 
14 18 29 42 
12 15 24 35 
9 12 19 27 
8 10 16 24 
7 9 15 21 
6 8 13 19 
5 7 11 16 
4 5 9 13 
4 5 8 12 
3 5 7 11 
3 4 6 9 
3 4 6 9 

- -

86 111 175 253 
53 68 108 156 
38 49 77 112 
29 37 58 84 
24 31 49 72 
20 26 41 59 
17 22 34 50 
14 18 28 41 
11 14 22 32 
9 12 19 28 
8 10 17 24 
7 9 15 22 
6 8 13 18 
5 6 10 15 
4 5 9 13 
4 5 8 12 
3 4 6 9 
3 4 6 9 

99 127 200 290 
73 94 149 215 
53 68 108 156 
38 49 77 112 
29 37 58 84 
24 31 49 72 
20 26 42 60 
17 22 34 50 
14 18 29 42 
11 14 23 33 
9 12 19 28 
8 11 17 25 
7 10 15 22 
6 8 13 18 
5 6 10 15 
4 5 9 13 
4 5 8 12 
3 4 6 9 
3 4 6 9 

Definition Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 
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INFnRMA.Tn'E ANNEX C 

Table C.ll Maximum Number of Conductors or Fixture Wires in Type A, Rigid PVC Conduit 
(Based on Table 1, Chapter 9) 

CONDUCTORS 

Conductor Metric Designator (Trade Size) 
Size 

(AWGI 16 21 27 35 41 53 63 78 91 103 
Type kcmil) (l/z ) (%) (1) (g~) (llJ2) (2) (2%) (3) (3lJ2) (4) 

RHH, 14 5 9 15 24 31 49 74 112 146 187 
RHW, 12 4 7 12 20 26 41 61 93 121 155 
RHW-2 10 3 6 10 16 21 33 50 75 98 125 

8 1 3 5 8 11 17 26 39 51 65 
6 1 2 4 6 9 14 21 3] 41 52 
4 1 1 3 5 7 11 16 24 32 41 

3 1 1 3 4 6 9 14 21 28 36 
2 1 1 2 4 5 8 12 18 24 31 
1 0 1 1 2 3 5 8 12 16 20 

1/0 0 1 1 2 3 5 7 to 14 18 

2/0 0 1 1 1 2 4 6 9 12 15 
3/0 0 1 1 I 1 3 5 8 10 13 
4/0 0 0 1 1 1 3 4 7 9 11 
250 0 0 1 1 1 1 3 5 7 8 
300 0 0 1 1 1 1 3 4 6 7 
350 0 0 0 1 I 1 2 4 5 7 

400 0 0 0 1 1 1 2 4 5 6 

500 0 0 0 1 ] 1 1 3 4 5 
600 0 0 0 0 1 1 1 2 3 4 

700 0 0 0 0 1 1 1 2 3 4 
750 0 0 0 0 1 1 I I 3 4 
800 0 0 0 0 1 1 1 1 3 3 
900 0 0 0 0 0 1 1 1 2 3 

1000 0 0 0 0 0 1 1 1 2 3 
1250 0 0 0 0 0 I 1 1 I 2 
1500 0 0 0 0 0 0 1 1 1 1 
1750 0 0 0 0 0 0 1 1 1 1 
2000 0 0 0 0 0 0 I 1 1 1 

TW 14 11 18 31 51 67 105 157 235 307 395 
12 8 14 24 39 51 80 120 181 236 303 
10 6 10 18 29 38 60 89 135 176 226 
8 3 6 10 16 21 33 50 75 98 125 

RHH*, 14 7 12 20 44 70 104 157 204 262 
RHW*, 
RHW-2*, 
THHW, 
THW, 
THW-2 
RHH*, 12 6 10 16 27 35 56 84 126 164 211 
RHW*, 
RHW-2*, 

10 4 8 13 21 28 44 65 98 128 165 THHW, 
THW 
RHH*, 8 2 4 8 12 16 26 39 59 77 98 
RHW*, 
RHW-2*, 
THHW, 
THW, 
THW-2 
RHH*, 6 1 3 6 9 13 20 30 45 59 75 

RHW*, 
RHW-2*, 
TW, 
THHW, 
THW, 
THW-2 

(Continues) 
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Annex C: Tables ANNEXC 

Table c.n Continued 

CONDUCTORS 
Conductor Metric 

Size 
(AWGI 16 21 27 35 41 53 63 78 91 103 

Type kcmil) (112 ) (%) (1) (1114) (ItA) (2) (21/2) (3) (31f2) (4) 

RHH*, 4 1 2 4 7 9 15 22 33 44 56 
RHW*, 3 1 1 4 6 8 13 19 29 37 48 
RHW-2*, 2 1 1 3 5 7 11 16 24 32 41 
1W, 1 1 1 1 3 5 7 11 17 22 29 
TRW, 110 1 1 1 3 4 6 10 14 19 24 
THHW, 

2/0 0 1 1 2 3 5 8 12 16 21 THW-2 
3/0 0 1 1 1 3 4 7 10 13 17 
4/0 0 1 1 1 2 4 6 9 11 14 
250 0 0 1 1 1 3 4 7 9 12 

300 0 0 1 1 1 2 4 6 8 10 
350 0 0 1 1 1 2 3 5 7 9 
400 0 0 1 1 1 1 3 5 6 8 
500 0 0 0 1 1 1 2 4 5 7 

600 0 0 0 1 1 1 1 3 4 5 
700 0 0 0 1 1 1 1 3 4 5 

750 0 0 0 1 1 1 1 3 3 4 

800 0 0 0 0 1 1 1 2 3 4 

900 0 0 0 0 1 1 1 2 3 4 

1000 0 0 0 0 1 1 1 1 3 3 
1250 0 0 0 0 0 1 1 1 1 3 

1500 0 0 0 0 0 1 1 1 1 2 
1750 0 0 0 0 0 0 1 1 1 1 

2000 0 0 0 0 0 0 1 1 1 1 
THHN, 14 16 27 44 73 96 150 225 338 441 566 
THWN, 12 11 19 32 53 70 109 164 246 321 412 
THWN-2 10 7 12 20 33 44 69 103 155 202 260 

8 4 7 12 19 25 40 59 89 117 150 

6 3 5 8 14 18 28 43 64 84 108 
4 1 3 5 8 11 17 26 39 52 66 
3 1 2 4 7 9 15 22 33 44 56 
2 1 1 3 6 8 12 19 28 37 47 
1 1 1 2 4 6 9 14 21 27 35 

1/0 1 1 2 4 5 8 11 17 23 29 
2/0 1 1 1 3 4 6 10 14 19 24 
3/0 0 1 1 2 3 5 8 12 16 20 
4/0 0 1 1 1 3 4 6 10 13 17 
250 0 1 1 I 2 3 5 8 10 14 
300 0 0 1 I 1 3 4 7 9 12 
350 0 0 1 1 1 2 4 6 8 10 
400 0 0 1 1 1 2 3 5 7 9 
500 0 0 1 I 1 1 3 4 6 7 
600 0 0 0 1 I 1 2 3 5 6 
700 0 0 0 1 1 1 1 3 4 5 
750 0 0 0 1 1 1 1 3 4 5 
800 0 0 0 1 1 1 1 3 4 5 
900 0 0 0 0 1 1 1 2 3 4 

1000 0 0 0 0 1 1 1 2 3 4 
FEP, 14 15 26 43 70 93 146 218 327 427 549 
FEPB, 12 11 ]9 31 51 68 106 159 239 312 400 
PFA, 10 8 13 22 37 48 76 114 171 224 287 
PFAH, 8 4 8 13 21 28 44 65 98 128 165 
TFE 

6 3 5 9 15 20 31 46 70 91 117 
4 1 4 6 10 14 21 32 49 64 82 
3 1 3 5 8 11 18 27 40 53 68 
2 1 2 4 7 9 15 22 33 44 56 

PFA, 1 1 1 3 5 6 10 15 23 30 39 
PFAH, 
TFE 
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ANNEXC Annex C: Tables 

Table c.n Continlled 

CONDUCTORS 

Conductor Metric Designator (Trade Size) 
Size 

(AWG/ 16 21 27 35 41 53 63 78 91 103 
Type kcmil) (V2 ) (%) 

PFA, 1/0 1 1 2 4 5 8 13 19 25 32 
PFAH, 2/0 1 3 4 7 10 16 21 27 
TFE,Z 3/0 1 3 3 6 9 13 17 22 

4/0 0 2 3 5 7 II 14 18 
Z 14 18 31 52 85 112 175 263 395 515 661 

12 13 22 37 60 79 124 186 280 365 469 
10 8 13 22 37 48 76 114 171 224 287 
8 5 8 14 23 30 48 72 108 141 181 
6 3 6 10 16 21 34 50 76 99 127 
4 2 4 7 11 15 23 35 52 68 88 
3 3 5 8 11 17 25 38 50 64 
2 2 4 7 9 14 21 32 41 53 

3 5 7 11 
XHH, 14 11 18 31 51 67 105 
XHHW, 12 8 14 24 39 51 80 120 181 236 303 
XHHW-2, 10 6 10 18 29 38 60 89 135 176 226 
ZW 8 3 6 10 16 21 33 50 75 98 125 

6 2 4 7 12 15 24 37 55 72 93 
4 3 5 8 11 18 26 40 52 67 
3 2 4 7 9 15 22 34 44 57 
2 3 6 8 12 19 28 37 48 

XHH, 1 3 4 6 9 14 21 28 35 
XHHW, 1/0 2 4 5 8 12 18 23 30 
XHHW-2 2/0 3 4 6 10 15 19 25 

3/0 0 2 3 5 8 12 16 20 
4/0 0 3 4 
250 0 1 2 3 
300 0 0 3 5 7 9 12 
350 0 0 3 4 6 8 10 
400 0 0 2 3 7 9 
500 0 0 1 
600 0 0 0 
700 0 0 0 3 4 5 
750 0 0 0 3 4 5 
800 0 0 0 1 3 4 
900 0 0 0 0 

1000 0 0 0 0 1 
1250 0 0 0 0 0 2 3 
1500 0 0 0 0 0 2 
1750 0 0 0 0 0 2 
2000 0 0 0 0 0 0 

(Continues) 
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Annex C: Tables 

Table c.n Continued 

Type 

FFH-2, 
RFH-2, 
RFHH-3 
SF-2, SFF-2 

SF-I, SFF-I 
RFH-l, 
RFHH-2, TF, 
TFF, XF, 
XFF 
RFHH-2, TF, 
TFF, XF, 
XFF 
XF, XFF 
TFN, TFFN 

PF, PFF, 
PGF, PGFF, 
PAF, PTF, 
PTFF, PAFF 
HF, HFF, ZF, 
ZFF, ZHF 

KF-2, KFF-2 

KF-l, KFF-l 

XF. XFF 

Notes: 

Conductor 
Size 

(AWG/ 
kcmil) 

18 

16 

18 
16 
14 

18 
18 

16 

14 
18 
16 
18 

16 

14 

18 
16 
14 
18 
16 
14 
12 
10 
18 
16 
14 
12 
10 
12 
10 

10 

9 

13 
11 
9 

23 
17 

14 

11 
28 
21 
26 

20 

15 

34 
25 
18 
49 
35 
24 
16 
11 
59 
41 
28 
18 
12 
6 
4 

INFORMATI\i'E ANNEX C 

FIXTURE WIRES 

21 
(J,4) 

18 

15 

22 
18 
15 
40 
29 

24 

18 
47 
36 
45 

34 

26 

58 
42 
31 
84 
59 
40 
28 
18 

100 
70 
47 
31 
20 
10 
8 

Metric Designator (Trade Size) 

27 35 
(1) (1 V4) 

30 48 

25 41 

37 61 
31 51 
25 41 
66 108 
49 80 

39 65 

31 51 
79 128 
60 98 
74 122 

58 94 

43 70 

96 157 
71 116 
52 85 

140 228 

98 160 
67 110 
46 76 
31 51 

167 272 
117 ]91 

79 128 
52 85 
34 55 
16 27 
13 21 

41 
(Ph) 

64 

54 

81 
67 
54 

143 
105 

85 

67 
169 
129 

160 

124 

93 

206 
152 
112 
300 
211 
145 
100 
67 

357 
251 
169 
112 
73 
35 
28 

53 
(2) 

100 

85 

127 
105 
85 

224 
165 

134 

105 
265 
202 
251 

194 

146 

324 
239 
175 
470 
331 
228 
157 
105 
561 
394 
265 
175 
115 
56 
44 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.ll(A) 
should be used. 

2. Two-hour fire-rate RHH cable has ceramifiabl insulation which has much larger diameters than other 
RHH wires. Consult manufacturer's conduit fil tab1es. 

*Types RHH, RHW, and RWH-2 without outer covering. 
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ANNEXC 

Table C.ll(A) Maximum Number of Compact Conductors in Type A, Rigid PVC Conduit 
(Based on Table 1, Chapter 9) 

Type 
THW, 
THW-2, 
THHW 

THHN, 
THWN, 
THWN-2 

XHHW, 
XHHW-2 

Conductor 
Size 

(AWGI 
kcmil) 

8 
6 
4 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
1 

1/0 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
1 

1/0 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 

16 21 
(112) (%) 

3 5 
2 4 
1 3 
1 1 
1 1 
1 1 
1 1 
0 1 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

- -

3 5 
1 3 
1 2 
1 1 
1 1 
1 1 
1 1 
0 1 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
4 6 
3 5 
1 3 
1 2 
1 1 
1 1 
1 1 
1 1 
0 1 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

COMPACT CONDUCTORS 

Metric Designator (Trade Size) 

27 35 41 53 63 78 91 
(1) (1%) (IY2) (2) (2Y2) (3) (3Y2) 

8 14 18 28 42 64 84 
6 10 14 22 33 49 65 
5 8 10 16 24 37 48 
3 6 7 12 18 27 36 
2 4 5 8 13 19 25 
1 3 4 7 11 16 21 
1 3 4 6 9 14 18 
1 2 3 5.- 8 12 15 
1 1 3 4 6 10 13 
1 1 1 3 5 8 10 
1 1 1 3 4 7 9 
1 1 1 2 4 6 8 
1 1 1 2 3 5 7 
1 1 1 1 3 4 6 
0 1 1 1 2 3 5 
0 1 1 1 1 3 4 
0 1 1 1 1 3 4 
0 0 1 1 2 2 3 
0 0 1 1 1 2 3 

- - - - - - -

9 15 20 32 48 72 94 
6 9 12 20 30 45 58 
4 7 9 14 21 32 42 
3 5 7 10 16 24 31 
2 4 6 9 13 20 27 
I 3 5 7 11 17 22 
1 3 4 6 9 14 18 
1 2 3 5 8 11 15 
1 1 2 4 6 9 12 
1 1 1 3 5 8 10 
1 1 1 3 4 7 9 
1 1 1 2 4 6 8 
1 1 1 2 3 5 7 
0 1 1 1 3 4 5 
0 1 1 1 2 3 5 
0 1 1 1 2 3 4 
0 1 1 1 2 3 4 
0 0 1 1 1 2 3 

11 18 23 37 55 83 108 
8 13 17 27 41 62 80 
6 9 12 20 30 45 58 
4 7 9 14 21 32 42 
3 5 7 10 16 24 31 
2 4 6 9 13 20 27 
1 3 5 7 11 17 22 
1 3 4 6 9 14 18 
1 2 3 5 8 12 15 
1 1 2 4 6 9 12 
I 1 1 3 5 8 10 
1 1 1 3 5 7 9 
1 1 1 3 4 6 8 
1 1 1 2 3 5 7 
0 1 1 1 3 4 5 
0 1 1 1 2 3 5 
0 1 1 1 2 3 4 
0 1 1 1 2 3 4 
0 0 1 1 1 2 3 

103 
(4) 
107 
83 
62 
46 
32 
28 
23 
20 
17 
13 
11 
10 
9 
8 
6 
5 
5 
4 
4 

-

121 
75 
54 
40 
34 
28 
24 
19 
15 
13 
11 
10 
9 
7 
6 
6 
5 
4 

139 
103 
75 
54 
40 
34 
29 
24 
20 
16 
13 
12 
11 
9 
7 
6 
6 
5 
4 

Definition Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 
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Annex C: Tables IN.f~OKMA\n''B ANNEX C 

Table c.n Maximum Number of Conductors in Type EB, PVC Conduit 
(Based on Table J, Chapter 9) 

Type 

RHH,RHW, 
RHW-2 

TW 

RHH*, 
RHW*, 
RHW-2*, 
THHW, 
THW, 
THW-2 
RHH*, 
RHW*, 
RHW-2*, 
THHW, 
THW 
RHH*, 
RHW*, 
RHW-2*, 
THHW, 
THW, 
THW-2 

70-800 

Size 
(AWGI 
kcmil) 

14 
12 
]0 
8 
6 
4 
3 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
800 
900 

1000 
1250 
1500 
1750 
2000 

14 
12 
10 
8 

14 

12 

10 

8 

53 
(2) 

53 
44 
35 
18 
15 
11 
10 
9 
6 
5 
4 
4 
3 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 

III 
85 
63 
35 
74 

59 

46 

28 

CONDUCTORS 

Metric 

78 91 
(3) (3%) 

119 155 
98 128 
79 104 
41 54 
33 43 
26 34 
23 30 
20 26 
13 17 
11 15 
10 13 
8 11 
7 9 
5 7 
5 6 
4 5 
4 5 
3 4 
3 3 
2 3 
2 3 
2 3 
1 2 
1 2 
1 1 
1 1 
1 1 
1 1 

250 327 
192 251 
143 187 
79 104 

166 217 

134 175 

104 136 

62 81 

103 
(4) 

197 
163 
132 
69 
55 
43 
38 
33 
21 
19 
16 
14 
12 
9 
8 
7 
6 
5 
4 
4 
4 
4 
3 
3 
2 
] 

1 
1 

415 
319 
238 
132 
276 

222 

173 

104 

129 
(5) 

303 
251 
203 
106 
85 
66 
58 
50 
33 
29 
25 
22 
18 
14 
12 
11 
10 
9 
7 
6 
6 
6 
5 
5 
3 
3 
3 
2 

638 
490 
365 
203 
424 

341 

266 

159 

155 
(6) 

430 
357 
288 
151 
121 
94 
83 
72 
47 
41 
36 
31 
26 
20 
17 
16 
14 
12 
10 
9 
9 
8 
7 
7 
5 
4 
4 
3 

907 
696 
519 
288 
603 

485 

378 

227 
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ANNEX C Annex C: Tables 

Table C,12 Continued 

CONDUCTORS 
Conductor Metric 

Size 
(AWGI 53 78 91 103 129 155 

Type kcmil) (2) (3) (3%) (4) (5) (6) 

RHH*, 6 21 48 62 79 ]22 173 
RHW*, 4 16 36 46 59 91 129 
RHW-2*, 3 13 30 40 51 78 111 
TW, THW, 2 11 26 34 43 66 94 
THHW, 1 8 18 24 30 46 66 
THW-2 

1/0 7 15 20 26 40 56 
2/0 6 13 17 22 34 48 
3/0 5 11 14 18 28 40 
4/0 4 9 12 15 24 34 
250 3 7 10 12 19 27 
300 3 6 8 11 17 24 
350 2 6 7 9 15 21 
400 2 5 7 8 13 19 
500 1 4 5 7 11 16 
600 1 3 4 6 9 13 
700 1 3 4 5 8 11 
750 1 3 4 5 7 1] 
800 ] 3 3 4 7 10 
900 1 2 3 4 6 9 

1000 1 2 3 4 6 8 
1250 1 1 2 3 4 6 
1500 I 1 1 2 4 6 
1750 1 1 1 2 3 5 
2000 0 1 1 1 3 4 

THHN, 14 159 359 468 595 915 1300 
THWN, 12 116 262 342 434 667 948 
THWN-2 ]0 73 165 215 274 420 597 

8 42 95 124 ]58 242 344 
6 30 68 89 114 175 248 
4 19 42 55 70 107 ]53 
3 16 36 46 59 91 ]29 
2 13 30 39 50 76 109 
1 10 22 29 37 57 80 

110 8 18 24 31 48 68 
2/0 7 15 20 26 40 56 
3/0 5 13 17 21 33 47 
4/0 4 10 14 18 27 39 
250 4 8 11 14 22 31 
300 3 7 10 12 19 27 
350 3 6 8 11 17 24 
400 2 6 7 ]0 15 21 
500 1 5 6 8 12 18 
600 1 4 5 6 10 14 
700 ] 3 4 6 9 12 
750 1 3 4 5 8 12 
800 1 3 4 5 8 11 
900 1 3 3 4 7 10 

1000 1 2 3 4 6 9 
FEP, FEPB, 14 155 348 454 578 888 1261 
PFA, PFAH, 12 113 254 332 422 648 920 
TFE 10 81 182 238 302 465 660 

8 46 ]04 ]36 ]73 266 378 
6 33 74 97 123 189 269 
4 23 52 68 86 132 188 
3 19 43 56 72 110 157 
2 16 36 46 59 91 129 

PFA, PFAH, 1 11 25 32 41 63 90 
TFE 

(Continues) 
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Annex C: Tables ANNEX C 

Table C.I2 Continued 

CONDUCTORS 

Conductor Metric 
Size 

(AWGI 53 78 91 103 129 155 
Type kcmH) (2) (3) 

PFA, PFAH, 1/0 9 20 27 34 53 75 
TFE, Z 2/0 7 17 22 28 43 62 

3/0 6 14 23 36 51 
4/0 5 11 

Z 14 186 419 
12 132 388 494 759 1078 
10 81 238 302 465 
8 51 
6 36 
4 24 55 72 92 142 201 
3 18 40 53 67 104 147 
2 15 34 44 56 86 122 

12 27 36 45 70 99 
XHH, 14 111 250 327 415 638 907 
XHHW, 12 85 192 251 319 490 696 
XHHW-2, 10 63 143 187 365 519 
ZW 8 35 79 104 

6 26 59 77 
4 19 42 56 71 109 155 
3 16 36 47 60 92 .131 
2 13 30 39 50 77 110 

XHH, 1 10 22 29 37 58 82 
XHHW, 1/0 8 19 25 31 48 69 
XHHW-2 2/0 7 16 20 26 40 57 

3/0 6 13 22 33 47 
4/0 
250 
300 3 7 10 ]2 19 28 
350 6 9 11 17 24 
400 2 6 8 10 15 22 
500 1 5 6 8 12 18 
600 4 5 6 10 14 
700 3 4 6 9 12 
750 3 4 5 8 12 

Notes: 
L This table is for concentric stranded conductors only. For compact stranded conductors, Table C.12(A) 
should be used. 
2. Two-hour fire-rate RHH cable has ceramifiabl insulation which has much larger diameters than other 
RHH wires. Consult manufacturer's conduit til tables. 
"Types RHH, RHW, and RHW-2 without outer covering. 
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Table C.12(A) Maximum Number of Compact Conductors in Type EB, PVC Conduit 
(Based on Table 1, Chapter 9) 

T ype 
THW, 
THW-2. 
THHW 

THHN, 
THWN, 
THWN-2 

XHHW, 
XHHW-2 

Size 
(AWGI 
k 'I) cml 

8 
6 
4 
2 
1 

110 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
I 

1/0 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 
8 
6 
4 
2 
1 

1/0 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 
600 
700 
750 
900 

1000 

53 
(2) 
30 
23 
17 
13 
9 
8 
6 
5 
4 
3 
3 
3 
2 
1 
1 
1 
I 

1 

34 
21 
15 
11 
9 
8 
6 
5 
4 
4 
3 
3 
2 
1 
1 
1 
1 
1 

39 
29 
21 
15 
II 
9 
8 
6 
5 
4 
4 
3 
3 
2 
1 
I 
I 
1 
1 

78 
(3) 
68 
52 
39 
29 
20 
17 
15 
12 
\0 
8 
7 
6 
6 
5 
4 
3 
3 
3 
2 

-

77 
47 
34 
25 
22 
18 
15 
12 
10 
8 
7 
6 
5 
4 
4 
4 
3 
3 

88 
65 
47 
34 
25 
22 
18 
15 
12 
10 
8 
7 
7 
5 
4 
4 
3 
3 
3 

Metric Designator (Trade Size) 

91 103 
(3 1/:) (4) 2 

89 113 
69 87 
51 65 
38 48 
26 34 
23 29 
19 24 
16 21 
14 17 
II 14 
9 12 
8 11 
7 10 
6 8 
5 6 
4 6 
4 5 
4 
3 4 

-

100 128 
62 79 
44 57 
33 42 
28 36 
23 30 
20 25 
16 20 
13 16 
11 ]4 
9 12 
8 11 
7 9 
6 7 
5 6 
5 6 
4 5 
3 4 

115 146 
85 109 
62 79 
44 57 
33 42 
28 36 
24 30 
20 25 
16 21 
13 17 
11 14 
10 12 
9 11 
7 9 
6 7 
5 6 
5 6 
4 5 
4 5 

129 
(5) 
174 
134 
100 
74 
52 
45 
38 
32 
27 
21 
19 
17 
15 
12 
10 
9 
8 
7 
7 

196 
121 
87 
65 
56 
46 
38 
32 
25 
22 
19 
17 
14 
11 
10 
9 
7 
7 

225 
167 
121 
87 
65 
56 
47 
38 
32 
26 
22 
]9 
17 
14 
11 
10 
9 
7 
7 

155 
(6) 
247 
191 
143 
105 
74 
64 
54 
46 

~. 
30 
26 
24 
21 
18 
14 
13 
12 
10 
9 

-

279 
172 
124 
93 
79 
65 
55 
45 
35 
31 
27 
24 
20 
16 
14 
14 
10 
10 

320 
238 
172 
124 
93 
79 
67 
55 
46 
37 
31 
28 
25 
20 
16 
14 
13 
lO 
10 

Definition Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 
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Annex D:Examples ANNEX 0 

nl.rlir.1IIGti"rA Annex 

This informative annex is not a part of the requirements of this NFPA 
document but is included for informational purposes only. 

Selection of Conductors. In the following examples, the results are 
generally expressed in amperes (A). To select conductor sizes, refer to the ° through 2000 volt (V) ampacity tables of Article 310 and the rules of 
310.15 that pertain to these tables. 

Voltage. For uniform application of Articles 210, 215, and 220, a 
nominal voltage of 120, 1201240,240, and 208Y/120 V is used in calcu
lating the ampere load on the conductor. 

Fractions of an Ampere. Except where the calculations result in a 
major fraction of an ampere (0.5 or larger), such fractions are permitted to 
be dropped. 

Power Factor. Calculations in the following examples are based, for 
convenience, on the assumption that all loads have the same power factor 
(PF). 

Ranges. For the calculation of the range loads in these examples, 
Column C of Table 220.55 has been used. For optional methods, see 
Columns A and B of Table 220.55. Except where the calculations result in 
a major fraction of a kilowatt (0.5 or larger), such fractions are permitted 
to be dropped. 

SI Units. For metric conversions, 0.093 m2 1 ft2 and 0.3048 m 1 ft. 

Example Dl(a) One-Family Dwelling 
The dwelling has a f oor area of ISOO ft2, exclusive of an unf nished cellar not 
adaptable for future use, unfnished attic, and open porches. Appliances are a 
12-kW range and a S.5-kW, 240-V dryer. Assume range and dryer kW ratings 
equivalent to kVA ratings in accordance with 220.54 and 220.55. 

Calculated Load [see 220.40] 

General Lighting Load 1500 ft2 at 3 VAm? 4500 VA 

Minimum Number of Branch Circuits Required [see 210.11 (A)] 

General Lighting Load: 4500 VA -7- 120 V =; A 
This requires three IS-A, 2-wire or two 20-A, 2-wire circuits. 
Small-Appliance Load: Two 2-wire, 20-A circuits [see 210.Jl(C)(1)} 
Laundry Load: One 2-wire, 20-A circuit 210.11 (C)(2)] 
Bathroom Branch Circuit: One 2-wire, circuit (no additional load 

calculation is required for this circuit) [see 210. Jl (C)(3)] 

Minimum Size Feeder Required [see 220.40] 

General Lighting 
Small Appliance 
Laundry 

3000 VA at 100% 
9000 VA - 3000 VA = 6000 VA at 3S% 

Total 

Net Load 

Net Calculated Load 

4,500 VA 
3,000 VA 
1,500 VA 

9,000 VA 
3,000 VA 
2,100 VA 

5,100 VA 
8,000 VA 
5,500 VA 

18,600 VA 

Net Calculated Load for 120/240-V, 3-wire, single-phase service or feeder 

18,600 VA -7- 240 V = A 

Sections 230.42(8) and 230.79 require service conductors and disconnect
ing means rated not less than 100 amperes. 

Calculation for Neutral for Feeder and Service 

Lighting and Small-Appliance Load 
Range: 8000 VA at 70% 220.61) 
Dryer: 5500 VA at 70% 220.61) 

70-804 

5,100 VA 
S,600 VA 
3,850 VA 

Total 14,SSO VA 

Examples 

Calculated Load for Neutral 

14,550 VA 240 V A 

Example Dl(b) One-Family Dwelling 

Assume same conditions as Example No. 01(a), plus addition of one 6-A, 
230-V, room air-conditioning unit and one 12-A, liS-V, room air-conditioning 
unit,* one 8-A, US-V, rated waste disposer, and one lO-A, 120-V, rated 
dishwasher. See Article 430 for general motors and Article 440, Part VII, for 
air-conditioning equipment. Motors have nameplate ratings of 115 V and 230 
V for use on 120-V and 240-V nominal voltage systems. 

*(For feeder neutral, use larger of the two appliances for unbalance.) 
From Example 01 (a), feeder current is 78 A (3-wirc, 240 V). 

LineA Neutral Line B 

Amperes from Example 01(a) 78 61 78 
One 230-V air conditioner 6 6 
One 115-V air conditioner and 12 12 10 

120-V dishwasher 
One IIS-V disposer 8 8 
25% of largest motor (see 3 3 2 

430.24) 

Total amperes 99 84 104 

Therefore, the service would be rated 110 A. 

Example D2(a) Optional Calculation for One-Family Dwell-
ing, Heating Larger Than Air Conditioning [see 220.82] 

The dwelling has a ±loo area of IS00 ft2
, exclusive of an unfinishe cellar 

not adaptable for future use, unfinishe attic, and open porches. [t has a 
12-kW range, a 2.5-kW water heater, a 1.2-kW dishwasher, 9 kW of 
electric space heating installed in fiv rooms, a S-kW clothes dryer, and a 
6-A, 230-V, room air-conditioning unit. Assume range, water heater, dish
washer, space heating, and clothes dryer kW ratings equivalent to kVA. 

Air Conditioner kVA Calculation 

6 A 230 V 1000 = 1.38 kVA 

This 1.38 kVA [item I from 220.82(C)] is less than 40% of 9 kVA of 
separately controlled electric heat [item 6 from 220.82(C)], so the 1.38 
kVA need not be included in the service calculation. 

General Load 

IS00 ft2 at 3 VA 
Two 20-A appliance outlet circuits at IS00 VA each 
Laundry circuit 
Range (at nameplate rating) 
Water heater 
~ishwasher 

Clothes dryer 

Application of Demand Factor [see 220.B2(B)] 

First 10 kVA of general load at 100% 
Remainder of general load at 40% 

(19.7 kVA x 0.4) 

4,SOO VA 
3,000 VA 
1,500 VA 

12,000 VA 
2,500 VA 
1,200 VA 

VA 

Total 29,700 VA 

10,000 VA 
7,880 VA 

Total of general load 17,880 VA 
9 kVA of heat at 40% (9000 VA 0.4) VA 

Total 21,480 VA 
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Calculated Load for Service Size 
2J.48 kVA 21,480 VA 

21,480 VA..;. 240 V A 

Therefore, the minimum service rating would be 100 A in accordance 
with 230.42 and 230.79. 

Feeder Neutral Load 

1500 fe at 3 VA 
Three 20-A circuits at 1500 VA 

3000 VA at 100% 
9000 VA 3000 VA = 6000 VA at 35% 

Range: 8 kVA at 70% 
Clothes dryer: 5 kVA at 70% 
Dishwasher 

220.61 

Total 

Subtotal 

VA 
VA 

9,000 VA 
3,000 VA 
2,100 VA 

SJOOVA 
5:600 VA 
3,500 VA 
1,200 VA 

Total 15,400 VA 

Calculated Load for Neutral 

15,400 VA ..;. 240 V= A 

Example D2(b) Optional Calculation for One-Family 
Dwelling, Air Conditioning Larger Than Heating 

[see 220.82(.4) and 220. 82 (C)] 

The dwelling has a floo area of 1500 ft2, exclusive of an unfinishe cellar 
not adaptable for future use, unfinishe attic, and open porches. It has two 
20-A small appliance circuits, one 20-A laundry circuit, two 4-k W wall
mounted ovens, one 5.1-kW counter-mounted cooking unit, a 4.5-kW wa
ter heater, a 1.2-kW dishwasher, a S-kW combination clothes washer and 
dryer, six 7-A, 230-V room air-conditioning units, and a 1.5-kW perma
nently installed bathroom space heater. Assume wall-mounted ovens, 
counter-mounted cooking unit, water heater, dishwasher, and combination 
clothes washer and dryer kW ratings equivalent to kVA. 

Air Conditioning kVA Calculation 

Total amperes = 6 units 7 A 42 A 
42 A x 240 V 1000 = 10.08 kVA (assume PF 

Load Included at ]00% 

Air Conditioning: Included below [see item 1 in 220.82(C)] 

Space Heater: Omit [see item 5 in 220.82(C)] 

General Load 

1500 ft2 at 3 VA 
Two 20-A small-appliance 

circuits at 1500 VA each 
Laundry circuit 
Two ovens 
One cooking unit 
Water heater 
Dishwasher 
Washer/dryer 

First 10 kVA at 100% 
Remainder at 40% 
(22.8 kVA 0.4 x 1000) 

Air conditioning 

Calculated Load for Service 

Total general load 

Subtotal general load 

Total 

29,200 VA..;. 240 V 122 A (service rating) 

Feeder Neutral Load, 220.61 

1.0) 

4,500 VA 

3,000 VA 
1,500 VA 
8,000 VA 
5,100 VA 
4,500 VA 
1,200 VA 
5,000 VA 

32,800 VA 
10,000 VA 

VA 

VA 
VA 

29,200 VA 

Assume that the two 4-kVA wall-mounted ovens are supplied by one branch 
circuit, the S.l-kVA counter-mounted cooking unit by a separate circuit. 
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1500 ft2 at 3 VA 
Three 20-A circuits at 1500 VA 

4,500 VA 
4,500 VA 

3000 VA at 100% 
9000 VA - 3000 VA 6000 VA at 35% 

Subtotal 9,000 VA 
3,000 VA 
2,100VA 

Subtotal 5,100 VA 

Two 4-kVA ovens plus one S.I-kVA cooking unit = 13.1 kVA. Table 
220.55 permits 55% demand factor or 13.1 kVA x 0.55 = 7.2 kVA feeder 
capacity. 

Subtotal from above 
Ovens and cooking unit: 7200 VA x 70% for neutral load 
Clothes washer/dryer: 5 kVA x 70% for neutral load 
Dishwasher 

Total 

Calculated Load for Neutral 

14,840 VA 240 V = 

5,100 VA 
5,040 VA 
3,500 VA 
1,200 VA 

14,840 VA 

Example D2(c) Optional Calculation for One~Family Dwelling 
with Heat Pump (Single-Phase, 240/120-Volt Service) 

(see 220.82) 

The dwelling has a floo area of2000 ft2, exclusive of an unfinishe cellar 
not adaptable for future use, unfinishe attic, and open porches. It has a 
12-kW a 4.S-kW water heater, a 1.2-kW dishwasher, a S-kW clothes 
dryer, a 2 lh-ton (24-A) heat pump with 15 kW of backup heat. 

Heat Pump kVA Calculation 

24 A x 240 V 1000 = 5.76 kVA 

This 5.76 kVA is less than 15 kVA of the backup heat; therefore, the heat 
pump load need not be included in the service calculation [see 220.82(C)] 

General Load 

2000 ft2 at 3 VA 
Two 20-A appliance outlet circuits at 

1500 VA each 
Laundry circuit 
Range (at nameplate rating) 
Water heater 
Dishwasher 
Clothes dryer 

First 10 kVA at 100% 
Remainder of general load at 40% 

(23,200 VAx 0.4) 

Subtotal general load 

Total net general load 

Heat Pump and Supplementary Heat* 

240 V x 24 A 5760 VA 

15 kW Electric Heat: 

6,000 VA 
3,000 VA 

1,500 VA 
12,000 VA 
4,500 VA 
1,200 VA 
5,000 VA 

33,200 VA 
10,000 VA 
9,280 VA 

19,280 VA 

5760 VA + (15,000 VA x 65%) 5.76 kVA + 9.75 kVA 15.51 kVA 

*U supplementary heat is not on at same time as heat pump, heat 
pump kVA need not be added to total. 

Totals 
Net general load 
Heat pump and supplementary heat 

Calculated Load for Service 

34.79 kVA 1000..;. 240 V= 

VA 
VA 

Total 34,790 VA 

A 

Therefore, this dwelling unit would be permitted to be served by a 
1 SO-A service. 
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Example D3 Store Building 

A store 50 ft by 60 ft, or 3000 fe, has 30 ft of show window. There are a 
total of 80 duplex receptacles. The service is 120/240 V, single phase 
3-wire service. Actual connected lighting load is 8500 VA. 

Calculated Load (see 220.40) 

Noncontinuous Loads 
Receptacle Load (.~'ee 220.44) 
80 receptacles at 180 VA 
10,000 VA at ] 00% 
14,400 VA 10,000 VA = 4400 at 50%) 

Continuous Loads 
General Lighting* 
3000 re at 3 VAlft2 

Show Window Lighting Load 
30ft at 200 VA/ft [see 220.14(G)J 
Outside Sign Cireuit [see 220. 1 4 (F)J 

Subtotal 

Subtotal 
Subtotal from noncontinuous 

Total noncontinuous loads + 

14,400 VA 
10,000 VA 
2,200 VA 

12,200 VA 

9,000 VA 

6,000 VA 
1,200 VA 

VA 
VA 

continuous loads = 28,400 VA 

*10 the example, 125% of the actual connected lighting load (8500 VA 
x 1.25 = 10,625 VA) is less than 125% of the load from Table 220.12, so 
the minimum lighting load from Table 220.12 is used in the calculation. 
Had the actual lighting load been greater than the value calculated from 
Table 220.12, 125% of the aetual connected lighting load would have been 
used. 

Minimum Number of Branch Circuits Required 

General Lighting: Branch circuits need only be installed to supply the 
actual connected load {see 210.11 (B)]. 

8500 VA 1.25 = 10,625 VA 
10,625 VA 240 V 44 A for 3-wire, 120/240 V 

The lighting load would be pem1itted to be served by 2-wire or 3-wire, 
15- or 20-A circuits with combined capacity equal to 44 A or greater for 
3-wire circuits or 88 A or greater for 2-wire cireuits. The feeder capacity 
as well as the number of branch-circuit positions available for lighting 
circuits in the panelboard must retlec the full calculated load of 9000 VA 

1.25 = 11,250 VA. 

Show Window 

6000 VA x 1.25 7500 VA 
7500 VA..;- 240 V 31 A for 3-wire, 120/240 V 

The show window lighting is permitted to be served by 2-wire or 
3-wire circuits with a capacity equal to 31 A or greater for 3·wire circuits 
or 62 A or greater for 2-wire circuits. 

Receptacles required by 2 I 0.62 are assumed to be included in the 
receptacle load above if these receptacles do not supply the show window 
lighting load. 

Receptacles 

Receptacle Load: 14,400 VA 240 V = 60 A for 3-wire, 120/240 V 
The receptacle load would be permitted to be served by 2-wire or 

3-wire circuits with a capacity equal to 60 A or greater for 3-wire circuits 
or 120 A or greater for 2-wire circuits. 

Minimum Size Feeder (or Service) Overcurrent Protection 

bee 215.3 or 230.90} 

Subtotal noncontinuous loads 
Subtotal continuous load at 125% 

(16,200 VA x 1.25) 

Total 

32,450 VA 240 V = t35 A 
The next higher standard size is 150 A (see 240.6). 
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Minimum Size Feeders (or Service Conductors) Required 
{s'ee 215.2, 230.42(.4)J 

For 120/240 V, 3-wire system, 

32,450 VA ..;- 240 V 135 A 

Service or feeder conductor is 1/0 Cuin with 215.3 and Table 
(with 75°C terminations). 

Example D3(a) Industrial Feeders in a 
Common Raceway 

An industrial multi-building 
building, and then provides 4 on,,", /"'"1'7 feeders to additional buildings 
behind the main building in order to segregate certain processes. The 
facility supplies its remote buildings through a paliially enclosed access 
corridor that extends from the main switchboard rearward along a path 
that provides convenient access to services within 15 m (50 ft) of each 
additional building supplied. Two building feeders share a common race
way for approximately 45 m (150 ft) and run in the access corridor along 
with process steam and control and communications cabling. The steam 
raises the ambient temperature around the power raceway to as much as 
35°C. At a tee fitting the individual building feeders then run to each of 
the two buildings involved. The feeder neutrals are not connected to the 
equipment grounding conductors in the remote buildings. All distribution 
equipment tenninations are listed as being suitable for 75°C connections. 

Each of the two buildings has the following loads: 
Lighting, ] 1,600 VA, comprised of electric-discharge luminaires con

nected at 277 V 
Receptacles, 22 125-volt, 20-ampere receptacles on general-purpose 

branch circuits, supplied by separately derived systems in each of the 
buildings 

1 Air compressor, 460 volt, three 7.5 hp 
1 Grinder, 460 volt, three phase, bp 
3 Welders, AC transformer type (nameplate: 23 amperes, 480 volts, 

60 percent duty cycle) 
3 Industrial Process Dryers, 480 volt, three phase,I5 kW each (assume 

continuous use throughout certain shifts) 
Determine the overcun-ent protection and conductor size for the feeders in 

the common raceway, assuming the use of XHHW-2 insulation (90°C): 

Calculated Load {Note: For reasonable precision, volt-ampere calculations 
are carried to three signif cant f gures only; where loads are converted to 
amperes, the results are rounded to the nearest ampere [see 220.5(B)J}. 

Noncontinuous Loads 
Receptacle Load (see 220.44 ) 
22 receptacles at I 80 VA 
Welder Load [see 630.11(A), Table 

630. 1 I (A)J 
Each welder: 480V 23A x 0.78 = 

8,610 VA 
All 3 welders [see 630.11 (B)J 

(demand factors 1 00%, I 00%, 
85% respectively) 

8,610 VA + 8,610 VA + 7,320 VA 

Subtotal, Noncontinuous Loads 

Motor Loads (see 430.24, Table 
430.250) 

Air compressor: 11 A V x ~3 = 
Grinder: 3 A x 480 V 
Largest motor, additional 25%: 

3,960 VA 

VA 

28,500 VA 

VA 
VA 
VA 

Subtotal, Motor Loads 13,900 VA 
By using 430.24, the motor loads and the noncontinuous loads can be 

combined for the remaining calculation. 
Subtotal for load calculations, 

Noncontinuous Loads 42,400 VA 
Continuous Loads 
General Lighting 
3 Industrial Process Dryers 

Subtotal, Continuous Loads: 

15 kW 
each 

11.600 VA 
45:000 VA 

56,600 VA 
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Overcurrent protection (see 215.3) 

The overcurrent protective device must accommodate 125% of the con
tinuous load, plus the noncontinuous load: 

Continuous load 
Noncontinuous load 

Subtotal, actual load ractual load in amperes) 
[99,000 VA (480V x oJ3) = 119 A] 

(25% of 56,600 VA) (See 215.3) 

56,600 VA 
42,400 VA 

99,000 VA 

14,200 VA 

Total VA 1t3,200 VA 
Conversion to amperes using three significan figures 

113,200 VA I (480V x ~3) 136 A 
Minimum size overcurrent protective device: 136 A 
Minimum standard size overcurrent protective device (~ee 240.6): ISO 

amperes 

Where the overcurrent protective device and its assembly are listed for 
operation at 100 percent of its rating, a 125 ampere overcurrent protective 
device would be permitted. However, overcurrent protective device assem
blies listed for 100 percent of their are typically not available at the 
I 25-amperc rating. (See 215.3 Rtlcef,'tion) 

Ungrounded F'eeder Conductors 

The conductors must independently meet requirements for (1) tennina
tions, and (2) conditions of use throughout the raceway run. 

Minimum size conductor at the overcurrrent device termination 
1l0.14(C) and 2 15. 2 (A)(l). using 75°C ampacity column in Table 

110 AWG. 
MUllmlum size conductors in the raceway based on actual load bee 

nfllpilt.1l y. and 310. 15 (B)(3) ( aJ and correction factors to Table 

99,000 VA I 0.7 / 0.96 = 147,000 VA 

Conversion to amperes: 
147,000 VA I (480V x 177 A 

Note that the neutral conductors are counted as current-carrying con
ductors [see 3J{).15(B)(.~)(c)] in this example because the discharge light-
ing has substantial nonlinear content. This a 2/0 A WG conductor 
based on the 90°C column of Table Therefore, the worst case 
is given by the raceway conditions, and 2/0 AWG conductors must be used. If 
the utility conidor was at normal temperatures [(30°C (86°F)], and if the 
lighting at each building were supplied from the local separately derived 
system (thus requiring no neutrals in the supply feeders) the raceway result 
(99,000 VA 10.8 124,000 VA; 124,000 VA I (480V X~3) = 149 A, or a 
I A WG conductor @ 90°C) could not be used because the tennination result 
(1/0 AWG based on the 75°C column of Table 3 would become 
the worst case, requiring the larger conductor. 

In every case, the overCUlTent protective device shall provide overcur
rent protection for the fceder conductors in accordance with their ampacity 
as provided this Code (.~ee 240.4). A 90°C 2/0 AWG conductor has a 
Table ampacity of 195 Adjusting for the condi-
tions of uSt: ambient temperature, current-carrying conductors in 
the common raceway), 

195 amperes x 0.96 0.7 = 131 A 
The 150-ampere circuit breaker protects the 2/0 A WG feeder conduc

tors, because 240.4(B) permits the use of the next higher standard size 
overcurrent protective device. Notc that the feeder layout precludes the 
application of 31 0.15(A)(2) Exception. 

Feeder Neutral Conductor ('iee 220.6J) 

Because 210.11 (B) does not apply to these buildings, the load cannot be 
assumed to be evenly distributed across phases. Therefore the maximum im
balance mllst be assumed to be the full lighting load in this case, or 
11,600 VA. (11,600 VA I 277V 42 amperes.) The ability of the neutral to 
return fault current [see 250.32(B)E'cception(2)] is not a factor in this calcu
lation. 

Because the neutral runs bctween the main switchboard and the build
ing panelboard, likely terminating on a busbar at both locations, and not 
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on overcurrent devices, the effects of continuous loading can be disre
garded in evaluating its tenninations [see 215,2(AJ(1) Exception No.2}. 
That calculation is (11,600 VA 42 amperes, to be evaluated 
under the 75°C column of Table 3 The minimum size of the 
neutral might seem to be 8 AWG, but that size would not be sufficient to 
be depended upon in the event of' a Iinc-to-neutral short circuit [see 
215.2(A)(l), second paragraph}. Therefore, since the minimum size 
equipment grounding conductor for a 150 ampere circuit, as covered in 
Table 250.122, is 6 A W G, that is the minimum neutral size required for 
this feeder. 

Example D4(a) Multifamily Dwelling 

A multifamily dwelling has 40 dwelling units. 
Meters are ill two banks of 20 each with individual feeders to each dwell
ing unit. 
One-half of the dwelling units are equipped with electric ranges not ex-
ceeding 12 kW each. Assume kW rating equivalent to kVA rating in 
accordance with 220.55. Other of ranges are gas ranges. 
Area of each dwelling unit is 840 tt2

. 

Laundry facilities on premises are available to all tenants. Add no circuit 
to individual dwelling unit. 

Calculated Load for .Each Dwelling Unit (see Article 220) 

General Lighting: 840 fe at 3 VA/ft2 = 2520 VA 
Special Appliance: Electric range (~ee 220.55) 8000 VA 

Minimum Number of Branch Circuits Required for Each Dwelling 
Unit [see 210.li(A)] 

General Lighting Load: 2520 VA -;- 120 V 21 A or two 15-A, 2-wire 
circuits; or two 20-A, 2-wire circuits 

Small-Appliance Load: Two 2-wire circuits of 12 AWG wire [see 
210,1l(C)(1)] 

Range Circuit: 8000 VA -;-. 240 V }} A or a circuit of two 8 AWG 
conductors and one 10 AWG conductor 21O.l9(A)(3) 

Minimum Size Feeder Required for Each Dwelling Unit (see 215,2) 

Calculated Load (see Article 220): 
General Lighting VA 
Small Appliance (two 20-ampere circuits) VA 

Subtotal Calculated Load (without ranges) 

Application of Demand Factor (see Table 220.42) 

First 3000 VA at 100% 
5520 VA 3000 VA 2520 VA at 35% 

Net Calculated Load (without ranges) 
Range Load 

5,520 VA 

},OOO VA 
882 VA 

VA 
VA 

Net Calculated Load (with ranges) 11,882 VA 

Size of Each Feeder (see 215.2) 
For 120/240-V, 3-wire system (without ranges) 

Net calculated load of 3882 VA 240 V A 
For 120/240-V, 3-wire system (with ranges) 

Net calculated load, 11,882 VA 240 V == A 

Feeder Neutral 

Lighting and Small-Appliance Load 
Range Load: 8000 VA at 70% (see 220.61) 

(only for apartments with electric range) 
Net Calculated Load (neutral) 

Calculated Load for Neutral 

9482 VA 240 V= 39.5 A 

VA 
VA 

5,600 VA 
9,482 VA 
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Minimum Size Feeders Required from Service Equipment to Meter 
Bank (For 20 Dwelling Units - 10 with Ranges) 

Total Calculated Load: 
Lighting and Small Appliance 

20 units 5520 VA 

Application of Demand Factor 
First 3000 VA at 100% 
110,400 VA 3000 VA 107,400 VA at 35% 

Net Calculated Load 
Range Load: 10 ranges (not over 12 kVA) (see Col. C, 

Table 220.55, 25 kW) 

Net Calculated Load (with ranges) 

Net calculated load for 120/240-V, 3-wire system, 
65,590 VA 240 V 273 A 

Feeder Neutral 

Lighting and Small-Appliance Load 
Range Load: 25,000 VA at 70% [see 220.61(B)] 

Calculated Load (neutral) 

Calculated Load for Neutral 

58,090 VA -;- 240 V 242 A 

Further Demand Factor [220.61(8)] 

200 A at 100% 
242 A 200 A 42 A at 70% 

110,400 VA 

VA 
VA 

40,590 VA 
25,000 VA 

65,590 VA 

40,590 VA 
17,500 VA 

58,090 VA 

200A 
29A 

Net Calculated Load (neutral) 229 A 

Minimum Size Main Feeders (or Service Conductors) Required (Less 
House Load) (For 40 Dwelling Units - 20 with Ranges) 

Total Calculated Load: 
Lighting and Small-Appliance Load 

40 units 5520 VA 

Application of Demand Factor (from Table 220.42) 

First 3000 VA at 100% 
Next 120,000 VA - 3000 VA 1 J 7,000 VA at 35% 
Remainder 220,800 VA - 120,000 VA 100,800 VA at 

25% 

Net Calculated Load 
Range Load: 20 ranges (less than 12 kVA) 

(see Col. C, Table 220.55) 

Net Calculated Load 
For 1201240-V, 3-wire system 

Net calculated load of 104, J 50 VA 240 V 434 A 

Feeder Neutral 

Lighting and Small-Appliance Load 
Range: 35,000 VA at 70% [see 220. 61 (B)] 

Calculated Load (neutral) 

93,650 VA 240 V 390 A 

Further Demand Factor [see 220.61(B) 

200 A at 100% 
390 A - 200 A == J 90 A at 70% 

Net Calculated Load (neutral) 

Table through Table 
and (B)(5).} 
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220,800 VA 

3,000 VA 
40,950 VA 
25,200 VA 

69,150 VA 

VA 

104,150 VA 

69,150 VA 
24,500 VA 

93,650 VA 

200 A 
133 A 

333 A 

ANNEXD 

Example D4(b) Optional Calculation for 
Multifamily Dwelling 

A multifamily dwelling equipped with electric cooking and space heating 
or air conditioning has 40 dwelling units. 

Meters are in two banks of20 each plus house metering and individual 
feeders to each dwelling unit. 

Each dwelling unit is equipped with an electric range of 8-kW name
plate rating, four 1.5-kW separately controlled 240-V electric space heat
ers, and a 2.5-kW, 240-V electric water heater. Assume range, space 
heater, and water heater kW ratings equivalent to kVA. 

A common laundry facility is available to all tenants [see 21 O. 52 (F), 
Exception No. 1 J. 

Area of each dwelling unit is 840 ft2. 

Calculated Load for Each Dwelling Unit (see Article 220) 

General Lighting Load: 
840 ft2 at 3 VAift2 

Electric range 
Electric heat: 6 kVA (or air conditioning 

if larger) 

Electric water heater 

2,520 VA 
8,000 VA 
6,000 VA 

2,500 VA 

Minimum Number of Branch Circuits Required for Each Dwelling 
Unit 

General Lighting Load: 2520 VA 120 V 21 A or two I5-A, 2-wire 
circuits, or two 20-A, 2-wire circuits 
Small-Appliance Load: Two 2-wire circuits of 12 AWG [see 210. 11 (C)(l)] 
Range Circuit (See Table 220.55, Column B): 

8000 VA x 80% -;- 240 V = 27 A on a circuit of three 
10 AWG conductors 210.19(A)(3) 

Space Heating: 6000 VA 240 V = 25 A 
Number of circuits (,s'ee 210.11) 

Minimum Size Feeder Required for Each Dwelling Unit (see 215.2) 

Calculated Load (see Article 220): 
General Lighting 
Small Appliance (two 20-A circuits) 

VA 
VA 

Subtotal Calculated Load (without range 5,520 VA 
and space heating) 

Application of Demand Factor 

First 3000 VA at 100% 
5520 VA 3000 VA 2520 VA at 35% 

Net Calculated Load 
(without range and space heating) 

Range 

Space Heating (see 220.51) 
Water Heater 

Net Calculated Load (for individual dwelling unit) 

Size of Each Feeder 

For J 20/240-V, 3-wire system, 
Net calculated load of 18,782 VA 240 V 78 A 

Feeder Neutral (see 220.61) 

Lighting and Small Appliance 
Range Load: 6400 VA at 70% [see 220.61(B)] 
Space and Water Heating (no neutral): 240 V 

Net Calculated Load (neutral) 

Calculated Load for Neutral 

8362 VA 240 V 35 A 

3,000 VA 
882 VA 

3,882 VA 

6,400 VA 

6,000 VA 
2,500 VA 

]8,782 VA 

3,882 VA 
4,480 VA 

OVA 

8,362 VA 
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Minimum Size Feeder Required from Service Equipment to Meter 
Bank (For 20 Dwelling Units) 

Total Calculated Load: 
Lighting and Small-Appliance Load 

20 units x 5520 VA 
Water and Space Heating Load 

20 units x 8500 V A 
Range Load: 20 x 8000 V A 

110,400 VA 

170,000 VA 
160,000 VA 

Net Calculated Load (20 dwelling units) 440,400 VA 
Net Calculated Load Using Optional Calculation (see 

Table 220.84) 
440,400 VA )( 0.38 167,352 VA 

167,352 VA -;- 240 V = 697 A 

Minimum Size Main Feeder Required (Less House Load) (For 40 
Dwelling Units) 

Calculated Load: 
Lighting and Small-Appliance Load 

40 units )( 5520 VA 
Water and Space Heating Load 

40 units x 8500 V A 
Range: 40 ranges x 8000 VA 

Net Calculated Load (40 dwelling units) 

220,800 VA 
340,000 VA 

320,000 VA 

880,800 VA 

Net Calculated Load Using Optional Calculation (see Table 220.84) 

880,800 VA )( 0.28 = 246,624 VA 
246,624 VA -;- 240 V = 1028 A 

Feeder Neutral Load for Feeder from Service Equipment to Meter 
Bank (For 20 Dwelling Units) 

Lighting and Small-Appliance Load 
20 units x 5520 V A 

First 3000 VA at 100% 
110,400 VA - 3000 VA = 107,400 VA 

at 35% 

Net Calculated Load 
20 ranges: 35,000 VA at 70% 

[see Table 220.55 and 220. 61 (B)] 

Total 

65,090 VA -;- 240 V = 271 A 

Further Demand Factor [see 220.61 (8)] 

110,400 VA 
3,000 VA 

37,590 VA 

40,590 VA 
24,500 VA 

65,090 VA 

First 200 A at 100% 200 A 
Balance: 271 A - 200 A = 71 A at 70% 50 A 

Total 250 A 

Feeder Neutral Load of Main Feeder (Less House Load) (For 40 
Dwelling Units) 

Lighting and Small-Appliance Load 
40 units x 5520 VA 
First 3000 VA at 100% 
Next 120,000 VA - 3000 VA = 117,000 VA at 35% 
Remainder 220,800 VA - 120,000 VA = 100,800 VA at 

25% 

Net Calculated Load 
40 ranges: 55,000 VA at 70% [see Table 220.55 and 

220. 61 (B)] 

220,800 VA 
3,000 VA 

40,950 VA 
25,200 VA 

69,150 VA 
38,500 VA 

Total 107,650 VA 

107,650 VA -;- 240 V = 449 A 

Further Demand Factor [see 220. 61 (B)] 

First 200 A at 100% 
Balance: 449 - 200 A = 249 A at 70% 
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Total 

200 A 
174 A 

374 A 

Example DS(a) Multifamily Dwelling Served 
at 208Y 1120 Volts, Three Phase 

All conditions and calculations are the same as for the multifamily dwell
ing [Example D4(a)] served at 120/240 V, single phase except as follows: 

Service to each dwelling unit would be two phase legs and neutral. 

Minimum Number of Branch Circuits Required for Each Dwelling 
Unit (see 210.11) 

Range Circuit: 8000 VA -;- 208 V = 38 A or a circuit of two 8 AWG 
conductors and one 10 AWG conductor 210.19(A)(3) 

Minimum Size Feeder Required for Each Dwelling Unit (see 215.2) 

For l201208-V, 3-wire system (without ranges), 
Net calculated load of 3882 VA -;- 2 legs -;- 120 Vlleg = 16 A 
For 120/208-V, 3-wire system (with ranges), 
Net calculated load (range) of 8000 VA -;- 208 V = A 
Total load (range + lighting) = 38.5 A + 16.2 A = 54.7 A 
Feeder neutral: (range) of 8000 VA x 70% = 5600 VA -;- 208 V = A 
Total load: (range + lighting) = A 

Minimum Size Feeders Required from Service Equipment to Meter 
Bank (For 20 Dwelling Units - 10 with Ranges) 

For 208Y/120-V, 3-phase, 4-wire system, 
Ranges: Maximum number between any two phase legs = 4 

2 x 4 = 8. 
Table 220.55 demand = 23,000 VA 
Per phase demand = 23,000 VA -;- 2 = 11,500 VA 
Equivalent 3-phase load = 34,500 VA 

Net Calculated Load (total): 
40,590 VA + 34,500 VA = 75,090 VA 
75,090 VA -;- (208 V)(1.732) = A 

Feeder Neutral Size 

Net Calculated Lighting and Appliance Load & t,qllllValent Range Load: 
40,590 VA + (34,500 VA at 70%) = VA 

Net Calculated Neutral Load: 
64,700 VA -;- (208 V)(1.732) = A 

Minimum Size Main Feeder (Less House Load) (For 40 Dwelling 
Units - 20 with Ranges) 

For 208YI120-V, 3-phase, 4-wire system, 
Ranges: 

Maximum number between any two phase legs = 7 
2 x 7 = 14. 

Table 220.55 demand = 29,000 VA 
Per phase demand = 29,000 VA -;- 2 = 14,500 VA 
Equivalent 3-phase load = 43,500 VA 
Net Calculated Load (total): 

69,150 VA + 43,500 VA = 112,650 VA 
112,650 VA -;- (208 V)(1.732) = A 

Main Feeder Neutral Size: 
69,150 VA + (43,500 VA at 70%) = 

99,600 VA -;- (208 V)(1.732) = 

Further Demand Factor (see 220.61) 

200 A at 100% 
A at 70% 

A 
VA 

Net Calculated Load (neutral) 

200.0 A 
A 

A 

Example DS(b) Optional Calculation for Multifamily 
Dwelling Served at 208Y/120 Volts, Three Phase 

All conditions and calculations are the same as for Optional Calculation 
for the Multifamily Dwelling [Example D4(b)] served at 1201240 V, single 
phase except as follows: 

Service to each dwelling unit would be two phase legs and neutral. 
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Minimum Number of Branch Circuits Required for Each DwelJing 
Unit (see 210.11) 

Circuit (see Table 220.55, Column B): 8000 VA at 80%-;.. 208 V 
of two 8 AWG conductors and one 10 AWG conductor 
210.19(A)(3) 

Space Heating: 6000 VA -;.. 208 V = A 
Two 20-ampere, 2-pole circuits required, 12 A WG conductors 

Minimum Size Feeder Required for Dwelling Unit 

1201208-V, 3-wire circuit 
Net calculated load of 18,782 VA -;.. V = 

Net calculated load (lighting line to neutral): 
3882 VA -;.. 2 legs -;.. 120 V leg amperes 

Line to line = 14,900 VA.;- 208 V = A 
Total load = 16.2 A -I- 71.6 A = 88 A 

Minimum Size Feeder Required for Service Equipment to Meter Bank 
(For 20 Dwelling Units) 

Net Calculated Load 
167,352 VA -;.. (208 V)(1.732) = A 

Feeder Neutral Load 
65,080 VA -;.. (208 V)(1.732) = A 

Minimum Size Main Feeder Required (Less House Load) (For 40 
Dwelling Units) 

Net Calculated Load 
246,624 VA -;.. (208 V)(1.732) = A 

Main Feeder Neutral Load 
107,650 VA -;.. (208 V)(1.732) = A 

Further Demand Factor [see 220.61 (B)] 

200 A at 100% 
A - 200 A = 99 A at 70% 

200.0 A 
A 

Net Calculated Load (neutral) A 

Example D6 Maximum Demand for Range Loads 

Table 220.55, Column C, applies to ranges not over 12 kW. The applica
tion of Note 1 to ranges over 12 kW (and not over 27 kW) and Note 2 to 
ranges over 8% kW (and not over 27 kW) is illustrated in the following 
two examples. 

A. Ranges All the Same Rating (see Table 220.55, Note 1) 
Assume 24 ranges, each rated 16 kW. 
From Table 220.55, Column C, the maximum demand for 24 ranges of 

12-kW rating is 39 kW. 16 kW exceeds 12 kW by 4. 
5% x 4 = 20% (5% increase for each kW in excess of 12) 
39 kW )( 20% = 7.8 kW increase 
39 -I- 7.8 = 46.8 kW (value to be used in selection of feeders) 
B. Ranges of Unequal Rating (see Table 220.55, Note 2) 
Assume 5 ranges, each rated II kW; 2 ranges, each rated 12 kW; 20 

ranges, each rated 13.5 kW; 3 ranges, each rated 18 kW. 

5 ranges 

2 ranges 
20 ranges 

3 ranges 

30 ranges, Total kW = 

x 12 kW = 

x 12 kW = 

x 13.5 kW = 
x 18 kW = 

60 kW (use 
12 kW for range 

rated less than 12) 
24 kW 

270 kW 
54 kW 

408 kW 

408-;.. 30 ranges = 13.6 kW (average to be used for calculation) 
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From Table 220.55, Column C, the demand for 30 ranges of 12-kW 
rating is 15 kW -I- 30 (1 kW x 30 ranges) = 45 kW. 13.6 kW exceeds 12 
kW by 1.6 kW (use 2 kW). 

5% x 2 = 10% (5% increase for each kW in excess of 12 kW) 
45 kW x 10% = 4.5 kW increase 
45 kW -I- 4.5 kW = 49.5 kW (value to be used in selection of feeders) 

Example D8 Motor Circuit Conductors, Overload 
Protection, and Short-Circuit and Ground-Fault 

Protection (see 240.6, 430.6, 430.22, 430.23, 430.24, 430.32, 
430.52, and 430.62, Table 430.52, and 

Table 430.250) 

Determine the minimum required conductor ampacity, the motor overload 
protection, the branch-circuit short-circuit and ground-fault protection, and 
the feeder protection, for three induction-type motors on a 480-V, 3-phase 
feeder, as follows: 

(a) One 25-hp, 460-V, 3-phase, squirrel-cage motor, nameplate full
load current 32 A, Design B, Service Factor 1.15 

(b) Two 30-hp, 460-V, 3-phase, wound-rotor motors, nameplate pri
mary full-load current 38 A, nameplate secondary full-load current 65 A, 
40°C rise. 

Conductor Ampacity 

The full-load current value used to determine the minimum required con
ductor ampacity is obtained from Table 430.250 [see 430.6(A)] for the 
squirrel-cage motor and the primary of the wound-rotor motors. To obtain 
the minimum required conductor ampacity, the full-load current is multi
plied by 1.25 [see 430.22 and 430.23(A)]. 

For the 25-hp motor, 
34 A x 1.25 = A 

For the 30-horsepower motors, 
40 A x 1.25 = A 
65 A x 1.25 = A 

Motor Overload Protection 

Where protected by a separate overload 
have overload protection rated or set to trip 
nameplate full-load current [see 430.6(A) 

For the 25-hp motor, 

the motors are required to 
not more than 125<% of the 
430. 32(A)(I)). 

32 A )( 1.25 = A 
For the 30-hp motors, 

38 A x 1.25 = A 
Where the separate overload device is an overload relay (not a fuse or 

circuit breaker), and the overload device selected at 125% is not sufficient 
to stmi the motor or cmTY the load, the trip setting is permitted to be 
increased in accordance with 430.32(C). 

Branch-Circuit Short-Circuit and Ground-Fault Protection 

The selection of the rating of the protective device depends on the type of 
protective device selected, in accordance with 430.52 and Table 430.52. 
The following is for the 25-hp motor. 

(a) Nontime-Delay Fuse: The fuse rating is 300% x 34 A = 102 A. The 
next larger standard fuse is 110 A [see 240.6 and 430. 52 (C)(1), Exception 
No.1). If the motor will not start with a II O-A nontime-delay fuse, the 
fuse rating is permitted to be increased to 125 A because this rating does 
not exceed 400% [see 430. 52(C)(1) , Exception No. 2(a)). 

(b) Time-Delay Fuse: The fuse rating is 175% x 34 A = 59.5 A. The 
next larger standard fuse is 60 A [see 240.6 and 430. 52 (C)(I) , Exception 
No.1). If the motor will not start with a 60-A time-delay fuse, the fuse 
rating is permitted to be increased to 70 A because this rating does not 
exceed 225% [see 430.52(C)(1), Exception No. 2(b)]. 

Feeder Short-Circuit and Ground-Fault Protection 

The rating of the feeder protective device is based on the sum of the 
largest branch-circuit protective device (example is 110 A) plus the sum of 
the full-load currents of the other motors, or 110 A -I- 40 A -I- 40 A = 190 
A. The nearest standard fuse that does not exceed this value is 175 A [see 
240.6 and 430.62(,4.)]. 
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Example D9 Feeder Ampacity Determination for 
Generator Field Control bee 215.2.430.24,430.24 No.1, 

620.13. 620.14, 620.61. and Table 430.22(£) and 

Determtne the conductor ampacity for a 460-V 3-pbase, 60-Hz ac feeder 
supplying a of six elevators. The 460-V nc drive motor nameplate 
rating of the MG set for one elevator is 40 hp and 52 A, and the 
remaining elevators each have a 30-hp, 40-A, ac drive motor for 
their MG scts. In addition to a motor controller, each elevator a 
separate motion/operation controller rated lOA continuous to operate mi
croprocessors, relays, power supplies, and the elevator car door operator. 
The MG sets are rated continuous. 

Conductor Ampacity. Conductor ampacity is determined as follows: 
(a) 620.13(D) and 620.61 (B)(I), use Table 

430.22(E), for intermittent duty (elevators). For intermittent duty using a 
continuous rated motor, the percentage of nameplate current rating to be 
used is 140%. 

(b) For the 30-hp ac drive motor, 
140% x 40 A 56 A. 

(c) For the 40-bp ac drive 
140% 73 A. 

(d) The total conductor ampacity is the sum of all the motor cur-
rents: 

(I motor 73 + (5 motors x 56 A) = 353 A 
(e) In 620.14 and Table 620.14, the conductor 

(feeder) ampaclty would he pellllitted to be reduced by the use of a 
demand factor. Constant loads are not included (~ee 620.14. Informational 
Note). For six elevators, the demand factor is 0.79. The feeder diverse 
ampacity is, therefore, 0.79 x 353 A = 279 A. 

(D In 430.24 and 215.3, the controller continuous 
current is 125% x 10 A A 

(g) The total feeder is the sum of the diverse current and 
all the controller continuous current. 

ftolal = 279 A + (6 elevators x 12.5 A) 354 A 
(h) This ampacity would be pemlitted to be used to select the wire size. 

See Figure D9. 

Example D10 Feeder Ampacity Determination for 
Adjustable Speed Drive Control [see 2/5.2, 430.24. 

620.13, 620.14, 620.61, and Table 430.22(E)] 

Determine the conductor ampacity for a 460· V, 3-phase, 60-Hz ac feeder 
supplying a of six identical elevators. The system is adjustable-speed 
SCR dc drive. power transformers are external to the drive (motor con-
troller) cabinet. Each elevator has a separate motion/operation controller con
nected to the load side of the main line disconnect switch rated lOA continu
ous to operate microprocessors, relays, power supplies, and the elevator car 
door operator. Each transformer is rated 95 kVA with an efficiency of 90%. 

Conductor Ampacity 

Conductor ampacity is determined as follows: 

(a) Calculate the nameplate rating of the transformer: 

95 kVA xl000 
1=-=------ =] 33 A 

X 460 V X O.90dT 

620.13(D), for six elevators, the total con~ 
the currents. 

6 elevators 133 A = 798 A 
(c) 620.14 and Table 620.14, the conductor 

(fceder) ampacity would be permitted to be reduced by the use of a 
demand factor. Constant loads are not included (see 620.13, Informational 
Note No.2). For six elevators, the demand factor is 0.79. The feeder 
diverse ampacity therefore, 0.79 798 A 630 A. 

(d) 430.24 and 215.3, the controller continuous 
ClllTent is 125% 1:3 A. 

(e) The total feeder arrlpacity is the sum of the diverse current and all 
the controller constant current. 

flolal = 630 A (6 elevators x 12.5 A) 705 A 
(1) This ampacity would be pennitted to be used to select the wire size. 

See Figure D I O. 
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Example Dl1 Mobile Home (see 550.18) 

A mobile home tloo is 70 ft by 10 ft and has two small appliance circuits; 
a 1000-VA, 240- V heater; a 200-VA, I 20- V exhaust fan; a 400-VA, 120-V 
dishwasher; and a 7000-VA electric range. 

Lighting and Small-Appliance Load 

Lighting (70 ft lOft x 3 VA per (2) 
Small-appliance (1500 VAx 2 circuits) 
Laundry (1500 VA I circuit) 

First 3000 VA at lOO% 
Remainder (6600 VA 3000 VA 

3600 VA) 35% 

Subtotal 

Total 

4260 VA 240 V 17.75 A per leg 

Lighting and appliances 
Heater (1000 VA + 240 V) 
Fan (200 VA x 125% + 120 V) 
Dishwasher (400 VA +120 V) 
Range (7000 VA x 0.8 + 240 V) 

Total amperes per leg 

2,100 VA 
3,000 VA 
1,500 VA 

6,600 VA 
3,000 VA 
1,260 VA 

4,260 VA 

B 

Based on the higher cutTent calculated for either leg, a minimum 50-A 
supply cord would be required. 

For SI units, 0.093 m2 
= I ff and 0.3048 m '" I f1. 
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Figure D10 Adjustable Speed Drive Control. 

Example D12 Park Trailer (see 552.47) 

A park trailer floo is 40 ft by lOft and has two small appliance circuits, 
a 1000-VA, 240-V heater, a 200-VA, 120-V exhaust fan, a 400-VA, 120-V 
dishwasher, and a 7000-VA electric range. 

Lighting and SmaH-AppJiance Load 
Lighting (40 ft x 10 ft x 3 VA per fe) 
Small-appliance (1500 VAx 2 circuits) 
Laundry (1500 VA 1 circuit) 

First 3000 VA at 100% 
Subtotal 

Remainder (5700 VA 3000 VA .. = 2700 VA) 35% 

3945 VA-;.- 240 V 

Lighting and appliances 
Heater (1000 VA -;.- 240 V) 
Fan (200 VA x 125% 120 V) 
Dishwasher (400 VA 120 V) 
Range (7000 VA x 0.8 240 V) 

Total 

16.44 A per leg 

Totals 

1,200 VA 
3,000 VA 
1,500 VA 

5.700 VA 
3;000 VA 

945 VA 

3,945 VA 

B 

Based on the higher current calculated for either leg, a minimum 50-A 
supply cord would be required. 

For Sl units, 0.093 m2 
= 1 ft2 and 0.3048 m 1 ft. 
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Example D13 Cable Tray Calculations (See Article 392) 

D13(a) Multiconductor Cables 4/0 and Larger 
Use: NEC 392.22(A)(1)(a) 

Cable tray must have an inside width equal to or greater than the sum of 
the diameters (Sd) of the cables, which must be installed in a single layer. 

Example: Cable tray width is obtained as follows: 

Cable Size 
Used 

3-conductor 
Type MC cable 

4/0 AWG 

(OD) 
Cable Outside 
Diameters 

1.57 

(N) 
Number of 

Cables 

12 

SD = (OD) 
x (N) 

(Sum of the 
Cable 

18.84 

The sum of the diameters (Sd) of all cables 18.84 in., therefore a 
cable tray with an inside width of at least 18.84 in. is required. 

Note: Cable outside diameter is a nominal diameter from catalog data. 

D13(b) Multiconductor Cables Smaller Than 4/0 
Use: NEe 392.22(A)(l)(b) 

The sum of the cross-sectional areas of all the cables to be installed in 
the cable tray must be equal to or less than the allowable cable area for the 
tray width, as indicated in Table 392.22(A), Column I. 

Table D13(b) from Table 392.22(A), Column 1 

Inside Width of Cable Tray 

6 

9 

12 

18 

24 

30 

36 

AllowabJe Cable Area 

7.0 

10.5 

14.0 

21.0 

28.0 

35.0 

42.0 

Example: Cable tray width is obtained as follows: 

(A) 
Cable 

Cable Size Being Cross-Sectional 
Used Area 

4-conductor 
Type MC cable 

lAWG 

1.1350 

(N) 
Number of 

Cables 

9 

Multiply (A) 
x (N) 

(Which Is a 
Total Cable 

Cross-Sectional 
Area in in. 

12.15 

The total cable cross-sectional area is 12.15 in .. Using Table D 13(b) 
above, the next higher allowable cable area must be used, which is 
14.0 in? The table specifie that the cable tray inside width for an allow
able cable area of 14 .. 0 in. is 12 in. 

Note: Cable cross-sectional area is a nominal area from catalog data. 
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D13(c) Single Conductor Cables 110 through 4/0 
Use: NEC 392.22(B)(1)(d) 

Cable tray must have an inside width equal to or 
of the diameters (Sd) of the cables. The cables must 
across the cable tray. 

Example: Cable tray width is obtained as follows: 

Single 
Conductor 
Cable Size 

Used 

THHN 
4/0 AWG 

(OD) 
Cable Outside 
Diameters 

0.642 

(N) 
Number of 

Cables 

18 

than the sum 
evenly distributed 

Sd = (OD) x (N) 
(Sum of the 

Cable 
Diameters) 

11.556 

The sum of the diameters (Sd) of all cables::::: 11.56 in., therefore, a 
cable tray with an inside width of at least 11.56 in. is required. 

Note: Cable outside diameter from Chapter 9, Table 5. 

D13(d) Single Conductor Cables 250 through 900 kcmil 
Use: NEC 392.22(B)(l)(b) 

The sum of the cross-sectional areas of all the cables to be installed in 
the cable tray must be equal to or less than the allowable cable area for the 
tray width, as indicated in Table 392.22(B)( I), Column 1. 
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Table D13(d) from Table 392.22(8)(1), Column 1 

Inside Width of Cable Tray 
(in.) 

6 

9 

12 

18 

24 

30 

36 

Allowable Cable Area 
(iD.l) 

6.5 

9.5 

13.0 

]9.5 

26.0 

32.5 

39.0 

Example: Cable tray width is obtained as follows: 

Cable Size 
Used 

THHN-
500 kcmil 

(A) 
Cable 

Cross-Sectional 
Area 

0.707 

(N) 
Number of 

Cables 

9 

Multiply (A) 
x (N) 

(Which Is a 
Total Cable 

Cross-Sectional 
Area in in. 

6.36 

The total cable cross-sectional area is 6.36 in? Using Table DI3(d), 
the next higher allowable cable area must be used, which is 6.5 in .. The 
table specifie that the cable tray inside width for an aJlowable cable area 
of 6.5 in. is 6 in. 

Note: Single-conductor cable cross-sectional area from Chapter 9, 
Table 5. 
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Annex E: Construction Types ANNEX E 

nl·" .... nul.ivp .L .............. u,. E Types Construction 

This informative annex is not a part of the requirements of 
this NFPA document but is included for informational pur
poses only. 

Table E.l contains the fir resistance rating, in hours, for 
Types I through V construction. The fiv different types of 
construction can be summarized briefl as follows (see also 
Table 

Type I is a Fire-Resistive construction type. All struc
tural elements and most interior elements are required to be 
noncombustible. Interior, nonbearing partitions are permit
ted to be 1 or 2 hour rated. For near1y all occupancy types, 
Type I construction can be of unlimited height. 

Type II construction has 3 categories: Fire-Resistive, 
One-Hour Rated, and Non-Rated. The number of stories 
permitted for multifamily dwellings varies from two for 
Non-Rated and four for One-Hour Rated to 12 for Fire
Resistive construction. 

Type 111 construction has two categories: One-Hour Rated 
and Non-Rated. Both categories require the structural frame
work and exterior wans to be of noncombustible material. 
One-Hour Rated construction requires all interior partitions to 
be one-hour rated. Non-Rated construction allows nonbearing 
interior partitions to be of non-rated construction. The maxi
mum permitted number of stories for multifamily dwellings 
and other structures is two for Non-Rated and four for One
Hour Rated. 

Table E.! Fire Resistance Ratings for Type I Through Type V Construction (hr) 

Type I 

442 332 

Exterior Bearing WaUsa 
Supporting more than one floo , 4 3 

columns, or other bearing walls 
Supporting one floo only 4 3 
Supporting a roof only 4 3 

Interior Bearing Walls 
Supporting more than one floo, 4 3 

columns, or other bearing walls 
Supporting one floo only 3 2 
Supporting roofs only 3 2 

Columns 
Supporting more than one floo , 4 3 

columns, or other bearing walls 
Supporting one floo only 3 2 
Supporting roofs only 3 2 

Beams, Girders, Trusses, and 
Arches 

Supporting more than one floo , 4 3 
columns, or other bearing walls 

Supporting one floo only 2 2 
Supporting roofs only 2 2 

Floor-Ceiling Assemblies 2 2 

Roof-Ceiling Assemblies 2 Ilj2 

Interior Nonbearing Walls 0 0 

Exterior Nonbearing Wallsc Ob Ob 

Source: Table 7.2.1.1 from NFPA 5000, Buildin g 

H: Heavy timber members. 
aSee 7.3.2.1 in NFPA 5000. 
bSee Section 7.3 in NFPA 5000. 
cSee 7.2.3.2.12, 7.2.4.2.3, and 7.2.5.6.8 in NFPA 5000. 
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Type II Type III Type IV V 

222 HI 000 211 200 2HH 111 000 

2 I Ob 2 2 2 I Ob 

2 1 Ob 2 2 2 1 Oh 
1 1 Ob 2 2 2 1 Ob 

2 1 0 1 0 2 1 0 

2 1 0 1 0 I 1 0 
1 1 0 I 0 1 1 0 

2 1 0 I 0 H I 0 

2 1 0 1 0 H 1 0 
1 1 0 1 0 H ] 0 

2 1 0 I 0 H 1 0 

2 1 0 1 0 H 1 0 
1 1 0 1 0 H 1 0 

2 1 0 1 0 H 1 0 

1 1 0 1 0 H 1 0 

0 0 0 0 0 0 0 0 

Ob Ob 0;;- Ob Ob Ob Ob Ob 

Construction and Sa etv Code. 2009 edition. 
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Type ]V is a single construction category that provides 
for heavy timber construction. Both the structural frame
work and the exterior walls are required to be noncombus
tible except that wood members of certain minimum sizes 
are allowed. This construction type is seldom used for mul
tifamily dwellings but, if used, would be permitted to be 
four stories high. 

Type V construction has two categories: One-Hour 
Rated and Non-Rated. One-Hour Rated construction re
quires a minimum of one-hour rated construction through
out the building. Non-rated construction allows non-rated 
interior partitions with certain restrictions. The maximum 
permitted number of stories for multifamily dwellings and 
other structures is 2 for Non-Rated and 3 for One-Hour 
Rated. 

In Table E.1 the system of designating types of con
struction also includes a specifi breakdown of the types 
of construction through the use of arabic numbers. These 
arabic numbers follow the roman numeral notation 
where identifying a type of construction [for example, 
Type 1(442), Type lI(111), Type 111(200)] and indicate 
the fir resistance rating requirements for certain struc
tural elements as follows: 

(I) First arabic number exterior bearing walls 

Table E.3 Cross-Reference of Building Construction Types 

NFPA 5000 1(442) 1(332) U(222) 11(111) 11(000) 

UBC I FR II FR n 1 hr lIN 
B/N8C lA IB 2A 2B 2C 
SBC I 11 IV 1 hr IVUNP 
IBC IA IB IIA lIB 

Table E.2 Maximum Number of Stories for Types V, IV, and 
HI Construction 

Construction Type 

V Non-Rated 
V Non-Rated, Sprinklered 
V One-Hour Rated 
V One-Hour Rated, 

Sprinklered 
IV Heavy Timber 
IV Heavy Timber, 

Sprinklered 
III Non-Rated 
III Non-Rated, Sprinkle red 
III One-Hour Rated 
III One-Hour Rated, 

Sprinklered 

Maximum Number of Stories 
Permitted 

2 
3 
3 
4 

4 
5 

2 
3 
4 
5 

(2) Second arabic number columns, beams, girders, 
tnlsses and arches, supporting bearing walls, columns, 
or loads from more than one iloo 

(3) Third arabic number iloo construction 

Table E.3 provides a comparison of the types of construc
tion for various model building codes. [5000: A. 7 .2.1.1] 

IH(211) IlI(200) IV(2HH) V(Ul) V(OOO) 

III 1 hr III N IVHT VI hr VN 
3A 38 4 5A 5B 
VI hr VUNP III VI 1 hr VIUNP 
IlIA IllB IV VA VB 

Source: Table A.7.2.1.1 from NFPA 5000, Building Construction and Safety Code, 2009 edition. 

UBC: Uniform Building Code. 

FR: Fire rated. 

N: Nonsprinklered. 

HT: Heavy timber. 

BINBC: National Building Code. 

SBC: Standard Building Code. 

UNP: Unprotected. 

IBC: international Building Code. 
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Annex F: Critical Operations Power Systems 11"'~;,nll' !I.Ji,1l TIPU'1i:i ANNEX F 

"'~".rnlgtllvll'l Annex F Availability and Reliability for Critical Operations Power Systems; 
and Development and Implementation of Functional Performance Tests (FPTs) for 

Critical Operations Power Systems 

This informative annex is not a part of the requirements of 
this NFPA document but is included for informational pur
poses only. 

I. Availability and Reliability for Critical Operations 
Power Systems. Critical operations power systems may 
support facilities with a variety of objectives that are vital 
to public safety. Often these objectives are of such critical 
importance that system downtime is costly in terms of eco
nomic losses, loss of security, or loss of mission. For those 
reasons, the availability of the critical operations power 
system, the percentage of time that the system is in service, 
is important to those facilities. Given a specifie level of 
availability, the reliability and maintainability requirements 
are then derived based on that availability requirement. 

Availability. Availability is define as the percentage of 
time that a system is available to perform its function(s). 
Availability is measured in a variety of ways, including the 
following: 

.) '}' 1\1TBF Aval abl Ity == ------
MTBF+MTTR 

where: 
MTBF mean time between failures 
MTTF = mean time to failure 
MTTR = mean time to repair 

See the following table for an example of how to establish 
required availability for critical operation power systems: 

Availability Hours of Downtime "" 

0.9 876 

0.99 87.6 

0.999 8.76 

0.9999 0.876 

0.99999 0.0876 

0.999999 0.00876 

0.9999999 0.000876 

*Based on a year of 8760 hours. 
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Availability of a system in actual operations is deter
mined by the following: 

(1) The frequency of occurrence of failures. Failures may 
prevent the system from performing its function or may 
cause a degraded effect on system operation. Frequency 
of failures is directly related to the system's level of 
reliability. 

(2) The time required to restore operations following a sys
tem failure or the time required to perform maintenance 
to prevent a failure. These times are determined in part 
by the system's level of maintainability. 

(3) The logistics provided to support maintenance of the 
system. The number and availability of spares, mainte
nance personnel, and other logistics resources (refuel
ing, etc.) combined with the system's level of maintain
ability determine the total downtime following a 
system failure. 

Reliability. Reliability is concerned with the probability 
and frequency of failures (or lack of failures). A commonly 
used measure of reliability for repairable systems is MTBF. 
The equivalent measure for nonrepairable items is MTTF. 
Reliability is more accurately expressed as a probability 
over a given duration of time, cycles, or other parameter. 
For example, the reliability of a power plant might be stated as 
95 percent probability of no failure over a 1000-hour operat
ing period while generating a certain level of power. Reliabil
ity is usually define in two ways (the electrical power indus
try has historically not used these definitions) 

(1) The duration or probability of failure-free performance 
under stated conditions 

(2) The probability that an item can perform its intended 
function for a specifie interval under stated conditions 
[For nonredundant items, this is equivalent to the pre
ceding definitio (1). For redundant items this is 
equivalent to the definitio of mission reliability.] 

Maintainability. Maintainability is a measure of how 
quickly and economically failures can be prevented through 
preventive maintenance, or system operation can be re
stored following failure through corrective maintenance. A 
commonly used measure of maintainability in terms of cor
rective maintenance is the mean time to repair (MTTR). 
Maintainability is not the same thing as maintenance. It is a 
design parameter, while maintenance consists of actions to 
correct or prevent a failure event. 

Improving Availability. The appropriate methods to use 
for improving availability depend on whether the facility is 

2013 California Electrical Code 



being designed or is already in use. For both cases, a 
reliability/availability analysis should be performed to de
termine the availability of the old system or proposed new 
system in order to ascertain the hours of downtime (see the 
preceding table). The AHJ or government agency should 
dictate how much downtime is acceptable. 

Existing facilities: For a facility that is being operated, 
two basic methods are available for improving availability 
when the current level of availability is unacceptable: (1) 
Selectively adding redundant units generators, chill
ers, fuel supply to eliminate sources of single-point failure, 
and (2) optimizing maintenance using a reliability-centered 
maintenance (RCM) approach to minimize downtime. [Re
fer to NFPA 70B-2010, Recommended Practicejbr Electri
cal Equipment Maintenance.] A combination of the previ
ous two methods can also be implemented. A third very 
expensive method is to redesign subsystems or to replace 
components and subsystems with higher reliability items. 
[Refer to NFPA 70B.] 

New facilities: The opportunity for high availability and 
reliability is greatest when designing a new facility. By 
applying an effective reliability strategy, designing for 
maintainability, and ensuring that manufacturing and com
missioning do not negatively affect the inherent levels of 
reliability and maintainability, a highly available facility 
will result. The approach should be as follows: 

(1) Develop and determine a reliability strategy (establish 
goals, develop a system model, design for reliability, 
conduct reliability development testing, conduct reli
ability acceptance testing, design system delivery, 
maintain design reliability, maintain design reliability 
in operation). 

Develop a reliabili~y program. This is the application 
of the reliability strategy to a specifi system, process, 
or function. Each step in the preceding strategy re
quires the selection and use of specifi methods and 
tools. For example, various tools can be used to de
velop requirements or evaluate potential failures. To 
derive requirements, analytical models can be lIsed, for 
example, quality function development (a technique for 
deriving more detailed, lower-level requirements from 
one level to another, beginning with mission require
ments, i.e., customer needs). This model was developed 
as part of the total quality management movement. 
Parametric models can also be used to derive design 
values of reliability from operational values and vice 
versa. Analytical methods include but are not limited to 
things such as thermal analysis, durability analysis, and 
predictions. Finally, one should evaluate possible fail
ures. A failure modes and effects criticality analysis 
(FMECA) and fault tree analysis (FTA) are two meth
ods for evaluating possible failures. The mission facil
ity engineer should determine which method to use or 
whether to use both. 
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(3) Ident(fY Reliabili~y Requirements. The entire effort for 
designing for reliability begins with identifying the 
mission critical facility'S reliability requirements. 
These requirements are stated in a variety of ways, 
depending on the customer and the specifi system. For 
a mission-critical facility, it would be the mission suc
cess probability. 

H. Development and Implementation of Functional Per
formance Tests (FPTs) for Critical Operations Power Sys
tems Development of FPT 

Submit Functional Performance Tests 
System/component tests or FPTs are developed from sub
mitted drawings, systems operating documents (SODs), and 
",v.;;u'n,.;; operation and maintenance manu.als (SaMMs), in-

large component testing (i.e., transformers, cable, 
generators, UPS), and how components operate as part of the 
total system. The commissioning authority develops the test 
and cannot be the installation contractor (or subcontractor). 

As the equipment/components/systems are installed, 
quality assurance procedures are administered to verify that 
components are installed in accordance with minimum 
manufacturers' recommendations, safety codes, and accept
able installation practices. Quality assurance discrepancies 
are then identifie and added to a "commissioning action 
list" that must be rectifie as part of the commissioning 
program. These items would usually be discussed during 
commissioning meetings. Discrepancies are usually identi
fie initially by visual inspection. 

(2) Review FPTs. The tests must be reviewed by the cus
tomer, electrical contractors, quality assurance personnel, 
maintenance personnel, and other key personnel (the commis
sioning team). Areas of concern include, among others, all 
nmctions of the system being tested, all major components 
included, whether the tests retlec the system operating docll
ments, and verificatio that the tests make sense. 

(3) Make Changes to FPTs as Required. The commis
sioning authority then implements the corrections, ques
tions answered, and additions. 

(4) FPTs After the changes are made to the 
FPTs, they are submitted to the commissioning team. When 
it is acceptable, the customer or the designated approval 
authority approves the FPTs. It should be noted that even 
though the FPT is approved, problems that arise during the 
test (or areas not covered) must be addressed. 

J ..... ct'~'v ••• .., ••• '~HJ'V .. for FPTs. The tina step in 
the successful commissioning plan is testing and proper 
execution of system-integrated tests. 

(1) Systems Ready to Operate. The FPTs can be 
implemented as various systems become operative (i.e., test 
for the generator system) or when the entire system is in
stalled, However, the fina "pull the plug" test is performed 
only after all systems are completely installed. If the elec
trical contractor (or subcontractor) implements the FPTs, a 
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witness must initial each step of the test. The electrical 
contractor cannot employ the witness directly or indirectly. 

(2) Perform Tests (FPTs). If the system fails the test, the 
problem must be resolved and the equipment or system re
tested or the testing requirements re-analyzed until successfitl 

70-818 

ANNEX F 

tests are witnessed. Once the system or equipment passes test
ing, it is verifie by designated commissioning official. 

(3) Customer Receives System. After all tests are com
pleted (including the "pu1l the plug" test), the system is 
turned over to the customer. 
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ANNEX G Annex G: SCADA 

Annex .... ~l1..,.""'I"'nil:'n"·'l Control and Data 

This ir!formative annex is not a part of the requirements of 
this NFPA docUlnent, but is included for informational pur
poses only. 

(A) GeneraL Where provided, the general requirements in 
(A)(l) through (A)( II) shall apply to SCADA systems. The 
SCADA system for the COPS loads shall be separate from 
the building management SCADA system. No single point 
failure shall be able to disable the SCADA system. 

(I) The SCADA system for the COPS loads shall be sepa
rate from the building management SCADA system. 

(2) No single point failure shall be able to disable the 
SCADA system. 

(3) The SCADA system shall be pem1itted to provide con
trol and monitor electrical and mechanical utility sys
tems related to mission critical loads, including, but not 
limited to the following: 

a. The fir alarm system 

b. The security system 

c. Power distribution 

d. Power generation 

e. HVAC and ventilation (damper position, airflo 
speed and direction) 

f. Load shedding 
g. Fuel levels or hours of operation 

(4) Before installing or employing a SCADA system, an 
operations and maintenance analysis and risk assess
ment shall be performed to provide the maintenance 
parameter data 

(5) A redundant system shall be provided in either warm 
or hot standby. 

(6) The controller shall be a programmable logic control
ler (PLC). 

The SCADA system shall utilize open, not propri
etary, protocols. 

(8) The SCADA system shall be able to assess the dam
age and determine system integrity after the "event." 

(9) The monitor display shall provide graph ical user in
terface for all major components monitored and con
trolled by the SCADA system, with color schemes 
readily recognized by the typical user. 

(l0) The SCADA shall have the capability to pro-
vide storage of critical system parameters at a 15-
minute rate or more often when out-of-limit condi
tions exist. 
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(11) The SCADA system shall have a separate data storage 
facility not located in the same vicinity. 

(B) Power The SCADA system power supply 
shall comply with (B)( I) through (B)(3): 

(l) The power supply shall be provided with a direct
current station battery system, rated between 24 and 
125 volts dc, with a 72-hour capacity. 

(2) The batteries of the SCADA system shall be separate 
from the batteries for other electrical systems. 

(3) The power supply shall be provided with a properly 
installed surge-protective device (TVSS) at its tenni
nals with a direct low-impedance path to ground. Pro
tected and unprotected circuits shall be physically sepa
rated to prevent coupling. 

Security Hazards. Security hazards 
shall be provided in accordance with (C)( 1) through (C)(6): 

(1) Controlled physical access by authorized personnel to 
only the system operational controls and software shall 
be provided. 

(2) The SCADA system shall be protected against dust, 
dirt, water, and other contaminants by specifying enclo
sures appropriate for the environment. 

(3) Conduit and tubing shall not violate the integrity of the 
SCADA system enclosure. 

(4) The SCADA system shall be located in the same secure 
locations as the secured that they monitor and 
control. 

The SCADA system shall be provided with dry agent 
fir protection systems or double interlocked preaction 
sprinkler systems using cross-zoned detection, to mini
mize the threat of accidental water discharge into un
protected equipment. The fir protection systems shall 
be monitored by the I1r alarm system in accordance 
with NPPA 72-2010, National Fire AlarlJ'l and 

ing Code. 

(6) The SCADA system shall not be connected to other net
work communications outside the secure locations with
out enclyption or use of fibe optics. 

(D) Maintenance and SCADA systems shall be 
maintained and tested in accordance with (D)( 1) and (D)(2). 

Maintenance. The maintenance program for SCADA 
systems shaH consist of the follov./ing components: 

(1) A documented preventive maintenance program 
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(2) Concurrent maintenance capabilities, to allow the test
ing, troubleshooting, repair, and/or replacement of a 
component or subsystem while redundant compo
nent(s) or subsystem(s) are serving the load 

(3) Retention of operational data the deleted material 
goes well beyond requirements to ensure proper main
tenance and operation 
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(2) Testing. SCADA systems shall be tested periodically un
der actual or simulated contingency conditions. 

Informational Note No.1: Periodic system testing proce
dures can duplicate or be derived from the recommended 
functional performance testing procedures of individual 
components, as provided by the manutacturers. 

Informational Note No.2: For more information on main
tenance and testing of SCADA, see NFPA 70B-201O, Rec
ommended Practice/hI' Electrical Equipment Maintenance. 
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ANNEX H Annex H: Administl'ution 

Administration and Enforcement 

Informative Annex H is not a part the requirements of 
this NFPA document and is included for informational pur
poses only. This informative annex is informative unle,)'s 
spec~fical~v adopted by the local jurisdiction adopting the 
National Electrical Code@. 

80.1 Scope. The following functions are covered: 

(1) The inspection of electrical installations as covered by 
90.2 

(2) The investigation of fire caused by electrical installations 

(3) The review of construction plans, drawings, and speci
fication for electrical systems 

(4) The design, alteration, modification construction, mainte
nance, and testing of electrical systems and equipment 

(5) The regulation and control of electrical installations at 
special events including but not limited to exhibits, 
trade shows, amusement parks, and other similar spe
cial occupancies 

80.2 Definitions 
Authority Jurisdiction. The organization, of-

fice or individual responsible for approving equipment, 
materials, an installation, or a procedure. 

Chief Electrical Inspector. An electrical inspector who 
either is the authority having jurisdiction or is designated 
by the authority having jurisdiction and is responsible for 
administering the requirements of this Code. 

Electrical .Inspector. An individual meeting the re
quirements of 80.27 and authorized to perform electrical 
inspections. 

80.3 Purpose. The purpose of this article shall be to pro
vide requirements for administration and enforcement of 
the National Electrical Code. 

80.5 Adoption. Article 80 shall not apply unless specifi 
cally adopted by the local jurisdiction adopting the Na
tional Electrical Code. 

80.7 Tit1e. The title of this Code shall be NFPA 70, Na
tional Electrical Code@, of the National Fire Protection 
Association. The short title of this Code shall be the 

80.9 Application. 

(A) New Installations. This Code applies to new installa
tions. Buildings with construction pennits dated after adop
tion of this Code shall comply with its requirements. 
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(8) Installations. Existing electrical installations 
that do not comply with the provisions of this Code shall be 
permitted to be continued in use unless the authority having 
jurisdiction determines that the lack of conform ity with this 
Code presents an imminent danger to occupants. Where 
changes are required for correction of hazards, a reasonable 
amount of time shall be given for compliance, depending 
on the degree of the hazard. 

(C) Additions, Aherations, or Additions, alter
ations, or repairs to any building, structure, or premises 
shall conform to that required of a new building without 
requiring the existing building to comply \vith all the re
quirements of this Code. Additions, alterations, installa
tions, or repairs shall not cause an existing building to become 
unsafe or to adversely affect the performance of the building 
as determined by the authority having jurisdiction. Electrical 
wiring added to an existing service, feeder, or branch circuit 
shall not result in an installation that violates the provisions of 
the Code in force at the time the additions are made. 

80.11 Occupancy of IIJI •• ;BA::~~ or Structure. 

(A) New Construction. No newly constructed building 
shall be occupied in whole or in part in violation of the 
provisions of this Code. 

(B) Existing buildings that are occu
pied at the time of adoption of this Code shall be permitted 
to remain in lise provided the following conditions apply: 

(l) The occupancy classificatio remains unchanged 

(2) There exists no condition deemed hazardous to life or 
property that would constitute an imminent danger 

80.13 Authority. Where lIsed in this article, the term au
thority having jurisdiction shall include the chief electrical 
inspector or other individuals designated by the governing 
body. Tbis Code shall be administered and enforced by the 
authority having jurisdiction designated by the governing 
authority as follows. 

(1) The authority having jurisdiction shall be permitted to 
render interpretations of this Code in order to provide 
clarificatio to its requirements, as permitted by 90.4. 

(2) When the use of any electrical equipment or its instal
lations is found to be dangerous to human life or prop
erty, the authority having jurisdiction shall be empow
ered to have the premises disconnected from its 
source of electric supply, as established by the Board. 
'When such equipment or installation has been so con
demned or disconnected, a notice shall be placed 
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thereon listing the causes for the condemnation, the 
disconnection, or both, and the penalty under 80.23 
for the unlawful use thereof. Written notice of such 
condemnation or disconnection and the causes there
for shall be given within 24 hours to the owners, the 
occupant, or both, of such building, structure, or pre
mises. It shal1 be unlawful for any person to remove 
said notice, to reconnect the electrical equipment to its 
source of electric supply, or to use or permit to be 
used electric power in any such electrical equipment 
until such causes for the condemnation or disconnec
tion have been remedied to the satisfaction of the in
spection authorities. 

(3) The authority having jurisdiction shall be permitted to 
delegate to other qualifie individuals such powers as 
necessary for the proper administration and enforce
ment of this Code. 

(4) Police, fire and other enforcement agencies shall have 
authority to render necessary assistance in the en
forcement of this Code when requested to do so by the 
authority having jurisdiction. 

(5) The authority having jurisdiction shall be authorized 
to inspect, at a]] reasonable times, any building or 
premises for dangerous or hazardous conditions or 
equipment as set forth in this Code. The authOlity having 
jurisdiction shall be permitted to order any person(s) to 
remove or remedy such dangerous or hazardous condi
tion or equipment. Any person(s) fai1ing to comply with 
such order shall be in violation of this Code. 

(6) Where the authority having jurisdiction deems that 
conditions hazardous to life and property exist, he or 
she shall be permitted to require that such hazardous 
conditions in violation of this Code be corrected. 

(7) To the full extent permitted by law, any authority hav
ing jurisdiction engaged in inspection work shall be 
authorized at ail reasonable times to enter and exam
ine any building, structure, or premises for the pur
pose of making electrical inspections. Before entering 
a premises, the authority having jurisdiction shall ob
tain the consent of the occupant thereof or obtain a 
court warrant authorizing entry for the purpose of in
spection except in those instances where an emer
gency exists. As used in this section, emergency 
means circumstances that the authority having juris
diction knows, or has reason to believe, exist and that 
reasonably can constitute immediate danger to per
sons or property. 

(8) Persons authorized to enter and inspect buildings, 
structures, and premises as herein set forth shall be 
identifie by proper credentials issued by this govern
ing authority. 

(9) Persons shall not interfere with an authority having 
jurisdiction carrying out any duties or functions pre
scribed by this Code. 
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( I 0) Persons shall not use a badge, unifonTI, or other creden
tials to impersonate the authority having jurisdiction. 

(11) The authority having jurisdiction shall be permitted to 
investigate the cause, origin, and circumstances of any 
fire explosion, or other hazardous condition. 

(2) The authority having jurisdiction shall be permitted to 
require plans and specification to ensure compliance 
with this Code. 

(13) Whenever any installation subject to inspection prior 
to use is covered or concealed without having firs 
been inspected, the authority having jurisdiction shall 
be permitted to require that such work be exposed for 
inspection. The authority having jurisdiction shall be 
notifie when the installation is ready for inspection 
and shall conduct the inspection within days. 

(14) The authority having jurisdiction shall be permitted to 
order the immediate evacuation of any occupied 
building deemed unsafe when such bui lding has haz
ardous conditions that present imminent danger to 
building occupants. 

(] 5) The authority having jurisdiction shall be permitted to 
waive specifi requirements in this Code or permit 
alternative methods where it is assured that equivalent 
objectives can be achieved by establishing and main
taining effective safety. Technical documentation shall 
be submitted to the authority having jurisdiction to 
demonstrate equivalency and that the system, method, 
or device is approved for the intended purpose. 

(16) Each application for a waiver of a specifi electrical 
requirement shall be file with the authority having 
jurisdiction and shall be accompanied by such evi
dence, letters, statements, results oftests, or other sup
porting information as required to justify the request. 
The authority having jurisdiction shall keep a record 
of actions on such applications, and a signed copy of 
the authority having jurisdiction's decision shall be 
provided for the applicant. 

80.15 Electrical Board. 

(A) Creation of the Electrical Board. There is hereby 
created the Electrical Board of the of 
____ , hereinafter designated as the Board. 

(B) Appointments. Board members shall be appointed by 
the Governor with the advice and consent of the Senate (or 
by the Mayor with the advice and consent of the Council 
or the equivalent). ' 

(1) Members of the Board shall be chosen in a manner to 
reflec a balanced representation of individuals or orga
nizations. The Chair of the Board shall be elected by 
the Board membership. 

(2) Tbe Chief Electrical Inspector in the jurisdiction adopt
ing this Article authorized in (B)(3)(a) shall be the 
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nonvoting secretary of the Board. Where the Chief 
Electrical Inspector of a local municipality serves a 
Board at a state level, he or she shall be permitted to 
serve as a voting member of the Board. 

(3) The board shall consist of not fewer than fiv voting 
members. Board members shall be selected from the 
following: 

a. Chief Electrical Inspector from a local government 
(for State Board only) 

b. An electrical contractor operating in the jurisdiction 
c. A licensed professional engineer engaged primarily 

in the design or maintenance of electrical installations 
d. A journeyman electrician 

(4) Additional membership shall be selected from the fol
lowing: 

a. A master (supervising) electrician 
b. The Fire :Marshal (or Fire Chief) 
c. A representative of the property/casualty insurance 

industry 
d. A representative of an electric power utility operat

ing in the jurisdiction 
e. A representative of electrical manufacturers prima

rily and actively engaged in producing materials, 
fittings devices, appliances, 1uminaires, or appara
tus used as part of Of in connection with electrical 
installations 

f. A member of the labor organization that represents 
the primary electrical workforce 

g. A member from the public who is not affiliated with 
any other designated group 

h. A representative of a telecommunications utility op
erating in the jurisdiction 

(C) Terms. Of the members firs appointed, ~ __ shall 
be appointed for a term of 1 year, __ for a term of 2 
years, __ for a term of 3 years, and for a term of 
4 years, and thereafter each appointment shall be for a term 
of 4 years or until a successor is appointed. The Chair of 
the Board shall be appointed for a term not to exceed 
years. 

(D) Compensation. Each appointed member shall receive 
the sum of for each day during 
which the member attends a meeting of the Board and, in 
addition thereto, shall be reimbursed for direct lodging, 
travel, and meal expenses as covered by policies and pro
cedures established by the jurisdiction. 

(E) Quorum. A quorum as established by the Board op
erating procedures shall be required to conduct Board busi
ness. The Board shall hold such meetings as necessary to 
carry out the purposes of Article 80. The Chair or a major
ity of the members of the Board shall have the authority to 
call meetings of the Board. 
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(F) Duties. It shall be the duty of the Board to perform the 
following: 

(l) Adopt the necessary rul.es and regulations to administer 
and enforce Article 80. 

(2) Establish qualification of electrical inspectors. 

(3) Revoke or suspend the recognition of any inspector's 
certi fi cat for the jurisdiction. 

(4) After advance notice of the public hearings and the 
execution of such hearings, as established by law, the 
Board is authorized to establish and update the provi
sions for the safety of electrical installations to conform 
to the current edition of the National Electrical Code 
(NFPA 70) and other nationally recognized safety stan
dards for electrical installations. 

(5) Establish procedures for recognition of electrical safety 
standards and acceptance of equipmen1 conforming to 
these standards. 

(G) Appeals. 

(1) Review o.lDecisions. Any person, firm or corporation 
may register an appeal with the Board for a review of 
any decision of the Chief Electrical Inspector or of any 
Electricallnspector~ provided that slIch appeal is made 
in writing within fiftee (15) days after such person, 
finn or corporation shall have been notitied Upon re
ceipt of such appeal, said Board shall, if requested by 
the person making the appeal, hold a public hearing 
and proceed to determine whether the action of the 
Board, or of the Chief Electrical Inspector, or of the 
Electrical Inspector complies with this law and, \vithin 
fiftee (15) days after receipt of the appeal or after 
holding the hearing, shall make a decision in accor
dance with its findings 

(2) Conditions. Any person shall be permitted to appeal a 
decision of the authority having jurisdiction to the 
Board when it is claimed that anyone or more of the 
following conditions exist: 

a. The true intent of the codes or ordinances described 
in this Code has been incorrectly interpreted. 

b. The provisions of the codes or ordinances do not 
fully appJy. 

c. A decision is unreasonable or arbitrary as it applies 
to alternatives or new materials. 

(3) Submission o.lAppeals. A written appeal, outlining the 
Code provision from which relief is sought and the 
remedy proposed, shall be submitted to the authority 
having jurisdiction within 15 calendar days of notifica 
tion of violation. 

(H) and Records. Meetings and records of the 
Board shall conform to the following: 

(1) Meetings of the Board shall be open to the public as 
required by law. 
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(2) Records of meetings of the Board shall be available for 
review during normal business hours, as required by law. 

80.17 Records and Reports. The authority having juris
diction shall retain records in accordance with (A) and (B). 

(A) Retention. The authority having jurisdiction shall 
keep a record of all electrical inspections, including the 
date of such inspections and a summary of any violations 
found to exist, the date of the services of notices, and a 
record of the fina disposition of all violations. All required 
records shall be maintained until their usefulness has been 
served or as otherwise required by law. 

(B) Availability. A record of examinations, approvals, and 
variances granted shall be maintained by the authority hav
ing jurisdiction and sha]) be available for public review as 
prescribed by law during no.nnal business hours. 

80.19 Permits and Approvals. Permits and approvals 
shall conform to (A) through (H). 

(A) Application. 

(I) Activity authorized by a permit issued under this Code 
shall be conducted by the permittee or the permittee's 
agents or employees in compliance with all require
ments of this Code applicable thereto and in accor
dance with the approved plans and specifications No 
permit issued under this Code shall be interpreted to 
justify a violation of any provision of this Code or any 
other applicable law or regulation. Any addition or al
teration of approved plans or specification shall be 
approved in advance by the authority having jurisdic
tion, as evidenced by the issuance of a new or amended 
permit. 

(2) A copy of the permit shall be posted or otherwise 
readily accessible at each work site or carried by the 
permit holder as specifie by the authority having 
jurisdiction. 

(8) Content. Permits shall be issued by the authority hav
ing jurisdiction and shall bear the name and signature of the 
authority having jurisdiction or that of the authority having 
jurisdiction's designated representative. Tn addition, the 
permit shall indicate the following: 

(I) Operation or activities for which the permit is issued 

(2) Address or location where the operation or activity is to 
be conducted 

(3) Name and address of the pelmittee 

(4) Permit number and date of issuance 

(5) Period of validity of the permit 

(6) Inspection requirements 

(C) Issuance of Permits. The authority having jurisdic
tion sha]] be authorized to establish and issue permits, cer-
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tificates notices, and approvals, or orders pertalnmg to 
electrical safety hazards pursuant to 80.23, except that no 
permit shall be required to execute any of the classes of 
electrical work specifie in the following: 

(1) Installation or replacement of equipment such as lamps 
and of electric utilization equipment approved for con
nection to suitable permanently installed receptacles. 
Replacement of flus or snap switches, fuses, lamp 
sockets, and receptacles, and other minor maintenance 
and repair work, such as replacing worn cords and 
tightening connections on a wiring device 

(2) The process of manufacturing, testing, servicing, or re
pairing electrical equipment or apparatus 

(D) AnnuaJ Permits. In lieu of an individual permit for 
each installation or alteration, an annual permit shall, upon 
application, be issued to any person, firm or corporation 
regularly employing one or more employees for the instal
lation, alteration, and maintenance of electrical equipment 
in or on buildings or premises owned or occupied by the 
applicant for the permit. Upon application, an electrical 
contractor as agent for the owner or tenant shall be issued 
an annual permit. The applicant shall keep records of all 
work done, and such records shall be transmitted periodi
cally to the Electrical Inspector. 

(E) Fees. Any political subdivision that has been provided 
for electrical inspection in accordance with the provisions 
of Article 80 may establish fees that shall be paid by the 
applicant for a permit before the permit is issued. 

(F) Inspection and Approvals. 

(1) Upon the completion of any installation of electrical 
equipment that has been made under a permit other 
than an annual permit, it shall be the duty of the person, 
finn or corporation making the installation to notify 
the Electrical Inspector having jurisdiction, who shall 
inspect the work within a reasonable time. 

(2) Where the Inspector find the installation to be in con
formity with the statutes of all applicable local ordi
nances and all rules and regulations, the Inspector shall 
issue to the person, firm or corporation making the 
installation a certificat of approval, with duplicate 
copy for delivery to the owner, authorizing the connec
tion to the supply of electricity and shall send written 
notice of such authorization to the supplier of electric 
service. When a cel1ificat of temporary approval is 
issued authorizing the connection of an installation, 
such certificate shall be issued to expire at a time to be 
stated therein and shall be revocable by the Electrical 
Inspector for cause. 

(3) When any portion of the electrical installation within 
the jurisdiction of an Electrical Inspector is to be hid
den from view by the permanent placement of parts of 
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the building, the person, firm or corporation installing 
the equipment shall notify the Electrical Inspector, and 
such equipment shall not be concealed until it has been 
approved by the Electrical Inspector or until __ 
days have elapsed from the time of such notification 
provided that on large installations, where the conceal
ment of equipment proceeds continuously, the person, 
firm or corporation installing the equipment shall give 
the Electrical lnspector due notice in advance, and in
spections shall be made periodically during the 
progress of the work. 

(4) At regular intervals, the Electrical Inspector having ju
risdiction shall visit all buildings and premises where 
work may be done under annual permits and shall in
spect all electrical equipment installed under such per
mits since the date of the previous inspection. The 
Electrical Inspector shall issue a certificat of approval 
for such work as is found to be in conformity with the 
provisions of Article 80 and all applicable ordinances, 
orders, rules, and regulations, after payments of all re
quired fees. 

(5) If: upon inspection, any installation is found not to be 
fully in conformity with the provisions of Article 80, 
and all applicable ordinances, rules, and regulations, 
the Inspector making the inspection shall at once for
ward to the person, firm or corporation making the 
installation a written notice stating the defects that have 
been found to exist. 

(G) Revocation of Permits. Revocation of permits shall 
conform to the following: 

( 1) The authority having jurisdiction shall be permitted to 
revoke a permit or approval issued if any violation of 
this Code is found upon inspection or in case there 
have been any false statements or misrepresentations 
submitted in the application or plans on which the per
mit or approval was based. 

(2) Any attempt to defraud or otherwise deliberately or 
knowingly design, install, service, maintain, operate, 
sell, represent for sale, falsify records, reports, or ap
pI ications, or other related activity in violation of the 
requirements prescribed by this Code shall be a viola
tion of this Code. Such violations shall be cause for 
immediate suspension or revocation of any related li
censes, certificates or permits issued by this jurisdic
tion. In addition, any such violation shall be subject to 
any other criminal or civil penalties as available by the 
laws of this jurisdiction. 

(3) Revocation shall be constituted when the pennittee is 
duly notifie by the authority having jurisdiction. 

Any person who engages in any business, operation, or 
occupation, or uses any premises, after the permit is
sued therefor has been suspended or revoked pursuant 
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to the provisions of this Code, and before such sus
pended permit has been reinstated or a new permit is
sued, shall be in violation of this Code. 

(5) A permit shall be predicated upon compliance with the 
requirements of this Code and shall constitute written 
authority issued by the authority having jurisdiction to 
install electrical equipment. Any permit issued under 
this Code shall not take the place of any other license 
or permit required by other regulations or laws of this 
jurisdiction. 

(6) The authority having jurisdiction shall be permitted to 
require an inspection prior to the issuance of a pennit. 

(7) A permit issued under this Code shall continue until 
revoked or for the period of time designated on the 
permit. The permit shall be issued to one person or 
business only and for the location or purpose described 
in the pennit Any change that affects any of the con
ditions of the permit shall require a new or amended 
permit. 

(H) Applications and Extensions. Applications and ex
tensions of permits shall conform to the following: 

(1) The authority having jurisdiction shall be permitted to 
grant an extension of the permit time period upon pre
sentation by the permittee of a satisfactory reason for 
failure to start or complete the work or activity autho
rized by the permit. 

(2) Applications for permits shall be made to the authority 
having jurisdiction on forms provided by the jurisdic
tion and shall include the applicant's answers in full to 
inquiries set forth on such fonns. Applications for per
mits shall be accompanied by such data as required by 
the authority having jurisdiction, such as plans and 
specifications location, and so forth. Fees shall be de
termined as required by local laws. 

(3) The authority having jurisdiction shall review all appli
cations submitted and issue pennits as required. if an 
application for a permit is rejected by the authority 
having jurisdiction, the applicant shall be advised of 
the reasons for such rejection. Permits for activities 
requiring evidence of financia responsibility by the ju
risdiction shall not be issued unless proof of required 
financia responsibility is furnished. 

80.21 Plans Review. Review of plans and specification 
shall conform to (A) through 

(A) Authority. For new construction, modification or re
habilitation, the authority having jurisdiction shall be per
mitted to review construction documents and drawings. 

(B) Responsibility of the Applicant. It shall be the re-· 
sponsibility of the applicant to ensure the following: 
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(1) The construction documents include all of the electrical 
requirements. 

(2) The construction documents and drawings are correct 
and in compliance with the applicable codes and 
standards. 

(C) Responsibility of the Authority Having Jurisdiction. 
It shall be the responsibility of the authority having juris
diction to promulgate rules that cover the following: 

(1) Review of construction documents and drawings shall 
be completed within established time frames for the 
purpose of acceptance or to provide reasons for nonac
ceptance. 

(2) Review and approval by the authority having jurisdic
tion shall not relieve the applicant of the responsibility 
of compliance with this Code. 

(3) Where fiel conditions necessitate any substantial 
change from the approved plan, the authority having 
jurisdiction sha11 be permitted to require that the cor
rected plans be submitted for approval. 

80.23 Notice of Violations, Penalties. Notice of viola
tions and penalties shall conform to (A) and (B). 

Violations. 

(1) Whenever the authority having jurisdiction determines 
that there are violations of this Code, a written notice 
shall be issued to confir such findings 

(2) Any order or notice issued pursuant to this Code shall 
be served upon the owner, operator, occupant, or other 
person responsible for the condition or violation, either 
by personal service or mail or by delivering the same 
to, and leaving it with, some person of responsibility 
upon the premises. For unattended or abandoned loca
tions, a copy of such order or notice shall be posted on 
the premises in a conspicuous place at or near the en
trance to such premises and the order or notice shall be 
mailed by registered or certifie mail, with return re
ceipt requested, to the last known address of the owner, 
occupant, or both. 

(B) Penalties. 

(I) Any person who fails to comply with the provisions of 
this Code or who fails to carry out an order made pur
suant to this Code or violates any condition attached to 
a permit, approval, or certificat shall be subject to the 
penalties established by this jurisdiction. 

(2) Failure to comply with the time limits of an abatement 
notice or other corrective notice issued by the authority 
having jurisdiction shall result in each day that such 
violation continues being regarded as a new and sepa
rate offense. 

(3) Any person, firm or corporation who shall willfully 
violate any of the applicable provisions of this article 
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shall be guilty of a misdemeanor and, upon conviction 
thereof, shall be punished by a fin of not less than 
__ dol1ars or more than dollars 

for each offense, together with the costs of 
prosecution, imprisonment, or both, for not less than 
_~e ____ ,--~ ____ , days or more than __ _ 

80.25 Connection to Electricity Supply. Connections to 
the electric supply shall confonn to (A) through (E). 

(A) Authorization. Except where work is done under an 
annual permit and except as otherwise provided in 80.25, it 
shall be unlawful for any person, firm or corporation to 
make connection to a supply of electricity or to supply 
electricity to any electrical equipment installation for which 
a pennit is required or that has been disconnected or or
dered to be disconnected. 

(B) Special Consideration. By special permission of the 
authority having jurisdiction, temporary power shall be per
mitted to be supplied to the premises for specifi needs of 
the construction project. The Board shall determine what 
needs are permitted under this provision. 

(C) Notification within business days after the 
Electrical Inspector is notifie of the completion of an in
stallation of electric equipment, other than a temporary ap
proval installation, the Electrical Inspector has neither au
thorized connection nor disapproved the installation, the 
supplier of electricity is authorized to make connections 
and supply electricity to such installation. 

(D) Other Territories. If an installation or electric equip
ment is located in any territory where an Electrical Inspec
tor has not been authorized or is not required to make 
inspections, the supplier of electricity is authorized to make 
connections and supply electricity to such installations. 

(E) Disconnection. Where a connection is made to an in
stallation that has not been inspected, as outlined in the 
preceding paragraphs of this section, the supplier of elec
tricity shall immediately report such connection to the 
Chief Electrical Inspector. If, upon subsequent inspection, it 
is found that the installation is not in conformity with the 
provisions of Article 80, the Chief Electrical Inspector shall 
notify the person, firm or corporation making the installa
tion to rectify the defects and, if such work is not com
pleted within fiftee (15) business days or a longer period 
as may be specifie by the Board, the Board shall have the 
authority to cause the disconnection of that portion of the 
installation that is not in conformity. 

80.27 Inspector's Qualifications 

(A) Certificate All electrical inspectors shall be certifie 
by a nationally recognized inspector certificatio program 
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accepted by the Board. The certificatio program shall spe
cificall qualify the inspector in electrical inspections. No 
person shall be employed as an Electrical Inspector unless 
that person is the holder of an Electrical Inspector's certifi 
cate of qualificatio issued by the Board, except that any 
person who on the date on which this law went into effect 
was serving as a legally appointed Electrical Inspector of 
____ shall, upon application and payment of the pre
scribed fee and without examination, be issued a special 
certificat permitting him or her to continue to serve as an 
Electrical Inspector in the same territory. 

(B) Experience. Electrical inspector applicants shall dem
onstrate the following: 

(1) Have a demonstrated knowledge of the standard mate
rials and methods used in the installation of electric 
equipment 

(2) Be well versed in the approved methods of construction 
for safety to persons and property 

(3) Be well versed in the statutes of relating to 
electrical work and the National Electrical as 
approved by the American National Standards Institute 

(4) Have had at least experience as an Electrical 
Inspector or __ years in the installation of electrical 
equipment. In lieu of such experience~ the applicant shall 
be a graduate in electrical engineering or of a similar 
curriculum of a college or university considered by the 
Board as having suitable requirements for graduation and 
shall have had two years' practical electrical experience. 
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(C) Recertification Electrical inspectors sha II be recerti
fie as established by provisions of the applicable certifiea 
tion program. 

(D) Revocation and Suspension The Board 
shall have the authority to revoke an inspector's authority 
to conduct inspections within a jurisdiction. 

80.29 JLJ ......... " .... for Da,m~u!es. Article 80 shall not be con-
strued to affect the responsibility or liability of any party own
ing, designing, operating, controlling, or installing any electri
cal equipment for to persons or property caused by a 
detect therein, nor shall the or any of its employees be 
held as assuming any such liability by reason of the inspec
tion, reinspection, or other examination authorized. 

80.31 Validity. If any section, subsection, sentence, clause, 
or phrase of Article 80 is for any reason held to be unconsti
tutional, such decision shall not alfect the validity of the re
maining portions of Alticle 80. 

80.33 of Con Hictin Acts. All acts or parts of acts 
in conflic with the provisions of Article 80 are hereby 

repealed. 

80.35 Effective Date. Atticle 80 shall take effect ___ _ 
'--_ .... __ , days after its passage and publication. 
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Informative Annex I "liOoJ1J"Oe",",JiJlJUU'ii'. Torque JU'4'V"""'" from Standard 

This informative annex is not a part of the requirements of 
this NFPA doculnent, but is includedfor informational pur
poses only. 

In the absence of connector or equipment manufacturer's 
recommended torque values, Table 1.1, Table and Table 
1.3 may be used to correctly screw-type connections 
for power and lighting circuits*. Control and signal circuits 
may require different torque values, and the manufacturer 
should be contacted for guidance. 

TabJe 1.1 Tightening Torque for Screws 

*For proper termination of conductors, it is very impor
tant that fiel connections be properly tightened. In the 
absence of manufacturer's instructions on the equipment, 
the torque values in these tables are recommended. 
Because it is normal for some relaxation to occur in ser-

checking torque values sometime after installation is 
not a reliable means of determining the values of torque 
applied at installation. 

Tightening Torque, N-m Obf-in.} 

Slotted head No. 10 and largera Hexagonal head external drive socket wrench 

Slot width 1.2 mm (0.047 in.) Slot width over 1.2 mm 
Test Conductor or less and slot length 6.4 mm (0.047 in.) or slot length over 

Installed in Connector (114 in.) or less 8.4 mm (1.4 in.) Split-bolt connectors Other connectors 

AWG or 
kcnlil mm 2 A B A B A B A B 

30-10 0.05-5.3 1.7 (15) 2.3 (20) 2.8 (25) 4.0 7.3 (65) 9.0 (80) 6.8 (60) 8.5 (75) 
8 8.4 2.3 2.8 (25) 3.4 (30) 4.5 7.3 (65) 9.0 (80) 6.8 (60) 8.5 (75) 

6-4 .2 2.8 4.0 (35) 4.0 (35) 5.1 15.3 (135) 18.5 10.2 (90) 12.4 (10) 
3 2.8 4.0 (35) 4.5 (40) 5.6 25.4 (225) 31.1 14.1 (125 16.9 (150) 
2 33.6 3.4 (30) 4.5 (40) (40) 5.6 25.4 (225) 31.1 14.1 (125 16.9 (150) 
I 42.4 4.5 (40) 5.6 25.4 (225) 31.1 14.1 ( 125 16.9 (150) 

1/0-2/0 53.5-67.4 4.5 (40) 5.6 35.6 (315) 43.5 16.9 ( I 20.3 (180) 
3/0--4/0 85.0-107.2 4.5 (40) 5.6 45.2 (400) 56.5 22.6 28.2 (250) 
250-350 127-177 4.5 (40) 5.6 62.1 (550) 73.4 28.2 36.7 (325) 

400 203 4.5 (40) 5.6 76.3 (675) 93.2 28.2 36.7 (325) 
500 253 4.5 5.6 76.3 (675) 93.2 33.9 (300) 42.4 (375) 

600-750 304-380 4.5 5.6 (50) 90.4 (800) 113.0 33.9 (300) 42.4 (375) 
800-1000 405-508 4.5 (40) 5.6 (50) 111.7 (900) 124.3 ( 1100) 45.2 (400) 56.5 (500) 
1250-2000 635-1010 11L7 (900) 124.3 (1100) 56.5 (500) 67.8 (600) 

aFor values of slot width or not corresponding to those specified select the largest torque value associated with the conductor size. Slot width 
length shall be measured at the bottom of the slot. 

Table 1.2 Tightening Torque for Slotted Head Screws Smaller Than No. 10 Intended for Use with 8 AWe (8.4 mm2
) or Smaller 

Conductors 

Tightening Torque, N-m (Ibf-in.) 

Slot width of screw smaller than 1.2 mm Slot width of screw 1.2 mm (0.047 in.) and 
Slot Length of Screwa (0.047 in.)b largerb 

mm in. A B A B 

Less than 4 Less than 0.68 (6) 0.79 (7) 0.79 (7) 1.0 (9) 

4 0.68 (6) 0.79 (7) I.l (10) 1.4(12) 

4.8 Ylb 0.68 (6) 0.79 (7) 1.1 (10) 1.4(12) 

5.5 7!12 0.68 (6) 0.79 (7) 1.1 (10) 1.4 (12) 

6.4 1/4 0.79 (7) 1.0 (9) 1.1 (10) 1.4 (1 

7.1 1.4 (12) L 7 (15) 

Above 7.1 Above 'Y12 1.8 (15) 2.3 (20) 

aFor slot of intermediate values, select torques pertaining to next shorter slot lengths. Also, see 9.1.9.6 ofUL 486A-B-2003 for screws with 
multiple means. Slot length shall be measured at the bottom of the slot. 
hS/ot \vidth is the nominal design value. 
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INFORMATIVE ANNEX I Annex I: Tightening Torque Tables 

Table 1.3 Tightening Torque for Screws with Recessed Allen or Square Drives 

Socket Width Across Flats" Tightening Torque, N-m (1M-in.) 

mm in. A 

3.2 I/S 4.0 (35) 

4.0 5/:;2 9.0 (80) 

4.8 3/16 11.3 (100) 

5.5 13.5 (120) 

6.4 1/4 16.9 (150) 

7.9 5j1<i 25.4 (225) 

9.5 33.9 (300) 

12.7 1/2 45.2 (400) 

14.3 9/16 56.5 (500) 

"See 9.1.9.6 of UL 486A-B-2003 for screws with multiple tightening means. 
With the permission of Underwriters Laboratories, Inc., material is reproduced from UL Standard 486A-8, 
Wire Connectors, which is copyrighted by Underwriters Laboratories, Inc., Northbrook, Illinois. While use 
of this material has been authorized, UL shall not be responsible for the manner in which the information is 
presented, nor tor any interpretations thereof. For more information on UL or to purchase standards. please 
visit our Standards website at www.comm-2000.com or call 1-888-853-3503. 

2013 California Electrical Code 

B 

5.1 (45) 

11.3 (100) 

13.5 (120) 

16.9 (150) 

22.5 (200) 

31.1 (275) 

42.4 (375) 

56.5 (500) 

67.8 (600) 
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The copyright in this index is 
are not applicable to this index. 

-A-
AC and DC conductors in same 

enclosure 300.3(C)(1), 
725.48 

AC armored cable see Armored 
cable (Type AC) 

Access and working space; see 
also Working space 

Audio signal processing, ampli
tication and reproduc
tion equipment 640.46 

Elevator machine room 620.71 
Induction and dielectric heating 

equipment 665.22 
Manholes 110.72, lI0.73, 

110.75 
Not over 600 volts] 10.26 
Over 600 volts 110-1II 
Portable substations 530.62 
S\vitchboards 408.18 
Transformers, electric sign 

600.21(D) 
Vaults and tunnels 110.76 

Accessible 
Air-conditioning and refrigera

tion disconnects 440.14, 
440.63 

Attics and roof spaces 
Knob-and-tube wiring 394.23 
Open wiring on insulators 

398.23 
Cable trays 392.18(E), 

392.18{F) 
Conduit bodies, junction, pull, 

and outlet boxes 314.29, 
314.72(D) 

Definitio 100-1 
Ground-fault circuit interrupters 

210.8 
Grounding electrode connection 

250.68(A) 
Luminaires and lampholders 

410.5, 410.24(B), 
41O.137(A) 

Motor disconnects 430.107 
Overcurrent devices 240.24 
Panels, electrical equipment in-

Readily 

stalled behind 
368.10(B), 725.21, 
760.21,770.21,800.21, 
820.21, 830.21, 840.21 

Definitio 100-1 
Sealing fitting 50 1.15( C)(l), 

502.15,505.16(D)(I); 
see also Hazardous 
(classified locations 

Services 230.70 
Splices and taps in auxiliary 

gutters 366.56(A) 
Splices and taps in wireways 

376.56(A), 378.56 
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Index 

(f;) 20 I 0 National Fire Protection Association. All Rights Reserved. 

and distinct from the copyright in the document that it indexes. The licensing provisions set forth for the document 
index may not be reproduced in whole or in part by any means without the express \vritten permission of NFPA. 

Transformers, signs, outlet light
ing 600.21(A) 

Transformers and vaults 450.13 
AC-DC general-use snap 

switches 
Marking 404.15 
Motors 430.83(C) 
Panelboards, lise in 408.36(A) 
Ratings, type loads 408.36(A) 

AC general-use snap switch 
404. 14(A); see also 
AC-DC general-use 
snap switches 

AC resistance and reactance con
version Chap. 9, Table 
9 

AC systems 
Conductor to be grounded 

250.26 
Grounding connections 

250.24(A) 
Grounding electrode conductor 

250.66 
Grounding of 250.20, 250.30 

Systems not required Lo be 
grounded 250.21 

In same metallic enclosures 
215.4(B), 300,20 

Sensitive electronic equipment 
647.3, 647.5 

Administration and enforcement 
Annex H 

Adoption of Code Annex H 
80.5 

Application of Code Annex H 
80.9 

Authority Annex H 80.13 
Connection to electricity supply 

Annex H 80.25 
Definition Annex H 80.2 
Effective date Annex H 80.35 
Electrical board Annex H 80.15 
Inspector's qualification Annex 

H 80.27 
Liability for damages Annex H 

80.29 
Notice of violations, penalties 

Annex H 80.23 
Occupancy of building or struc

ture Annex H 80.11 
Permits and approvals Annex H 

80.19 
Plans revie\v Annex H 80.21 
Records and reports Annex H 

80.!7 
Repeal of con tlictin acts Annex 

H 80.33 
Title of Code Annex H 80.7 
Validity of atiicle Annex H 

80.31 
Aerial cables 

Community antenna tt:levision 
and radio distribution 
systems 820.44 

Identificatio 200.6(A) 
Messenger-supported wiring Art. 

396 
Network-powered broadband 

communications systems 
830.44 

Premises-powered broadband 
communications systems 
840.44 

Agricultural buildings Art. 547 
Bonding and equipotential plane 

547.10 
Definition 547.2 
Equipotential pJanes, bonding 

547.1 0 
Feeder and service loads, calcu-

lation of 220-V 
Luminaires 547.8 
Motors 547.7 
Service equipment, separately 

derived systems, feed
ers, disconnecting 
means, and grounding 
547.9 

Surface temperatures 547.4 
Switches, receptacles, circuit 

breakers, controllers, 
and fuses 547.6 

Wiring methods 547.5 
Air conditioners, room 440-VII 

Branch-circuit requirements 
440.62 

Definitio 440.60 
Disconnecting means 440.63 
Grounding 440.61 
Nameplate marking 220,82(C), 

440.4 
Air-conditioning and refrigerat

ing equipment Art. 440 
Arc-fuult circuit-intemlpter pro

tection 440.65 
Branch circuits 

Conductors 440-lV 
Ampacity, determination of 

440.6 
Combination loads for 

440.34 
General 440.31 
Multimotor equipment t()r 

440.35 
Several motor-compressors 

lor 440.33 
motor-compressor 

440.32 
Outlets 210.63 
Selection current 

Definitio 440.2 
Marking on nameplate 

440.4(C) 
Shori-circuit and ground-nutlt 

protection 440-111 
Equipment for 440.22(8) 

Controllers for 440-V 

Marking 440.5 
Rating 440.4] 

Definition 440.2, 551.2 
Disconnecting means 440-ll 

Cord-connected equipment 
440,13 

Ratings and interrupting ca
pacity 440.12 

Room air conditioners 440.63 
Hermetic refrigerant 1110tor

compressor see Her
metic refrigerant motor
compressors 

Leakage-current detector
interrupter 440.65 

Dcfinitio 440.2 
Load 220.82(C), 220.83 
Mobile homes 550.20 
Nameplate requirements 440.4 
Overload protection 440-Vl 

Application and selection of 
440.52 

Branch-circuit conductors for 
440.52(B) 

General 440.5] 
Motor-compressors 440.52(A) 

On 15- or 20-ampere 
branch circuits 440.54 

Park trailers 552.59(B) 
Rated-load current 

Definitio 440.2 
Marking on nameplate 

440.4(A) 
Room air conditioners Air 

conditioners, room 
Single machine, when consid

ered 440.8 
Trucks transporting refrigerated 

units Electrifie 
truck parking space 
equipment 

Aircraft hangars Art. 513 
Aircraft batteries 513.10 
Aircraft electrical systems 

513.10(A) 
Classificatio of locations 513.3 
Definition 513.2 
Equipment 513.4, 513.7, 513.8, 

513.10 
Ground-fault circuit interrupters 

513.12 
Grounding and bonding 513.16 
Mobile equipment 513.7(F), 

513.1 O(D) 
Definitio 513.2 

Painting hangar 513.3(C)(2) 
Definitio 513.2 

Portable equipment 513.] O(E) 
Sealing 513.9 
Stanchions, rostrums, and docks 

513.7(E) 
Wiring 513.4, 513.7, 513.8 

Ail" ducts see Ducts 
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Air plenums Plenums 
Air terminals see Lightning rods; 

Lightning (surge) arrcst-
crs 

Alarms 
Burglar Remote-control, 

signaling, and power
limited circuits 

Fire 230.82(5), 230.94 Ex. 4; 
see also Fire alarm sys
tems 

Alarm systems, health care facili
ties 517.32(C), 
517.42(C),517-YI 

Alternate power source see Power 
source, alternate 

Alternators see Generators 
Aluminum conduit see Rigid 

metal conduit 
Aluminum siding, grounding of 

250.116 IN 
Ambient temperature 

10.]5(A)(3) [N No.1, 
310.15(B)(2), Table 
3\0.15(B)(2)(a), Table 
310.15(B)(2)(b ), 
31 0.60(C)( 4), Table 
31O.60(C)(4); see also 
Tcmperature limitations 

Ambulatory health care centers; 
see also Health care 
facilities 

Detinitio 517.2 
Essential electrical systems 

517.45 
Ampacities; see also subhead, 

under en-

and emdp,l/1e"I( 

Conductors Tables 
I 0.15(B)( 16) through 

3 10. I 5(B)(21), 10.60, 
Tables 3 I 0.60(C)( 67) 
through 31 0.60(C)(86), 
B.31 0.15(B)(2)( 1 ) 
through 
B.310. 

Amusement attl:'acltlollS 
522.22 

Auxiliary gutters 366.23 
Crane and hoist Table 

610.l4(A) 
Fire alarm systems 760.51 
Motors, motor circuits, and 

controllers 430.6 
Small wind electric systems 

694.12(B), 694.64 
Solar photovoltaie systems 

690.8(B) 
Dcfinitio 100-1 

volts Tables 
31 0.15(B)( 16) through 
31 0.15(B)(21), Annex B 

Amusement attractions. control 
systems for permanent 
Art. 522 

Control circuits 522-11 
Control circuits wiring methods 

522-1I1 
Definition 522.2 
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Maintenance 
Voltage limitations 522.5 

Anesthetizing locations 517-1 Y; 
also Health care 

facilities 
Definitio 517.2 
Flammable 

Definitio 5 J 7.2 
Annexes, informative 90.5(0), 

Annexes A through I 
Antenna discharge units 8] 0.20, 

810.57 
Antenna systems, radio and tele

vision see Community 
antenna television and 
radio distribution 
(CATV) Radio 
and 
ment 

Apparatus 
Associated, grounding of 

504.50(8) 
Definitio 504.2 

Intrinsically safe, grounding of 
504.50(A) 

Detinitio 504.2 
Simple 

Definitio 504.2 
Appliances Art. 422; see also Mo

tors 
Battery-powered 5l7.64(E) 
Branch circuits see Branch cir-

cuits, appliances 
Construction 422-IV 
Cords see Cords, t1exibl 
Detill itio 100-1 
Disconnccting means 422-I1I 
Dwelling units, outlets 210.52 
Feeder calculations for 220040 
Fixed 550.12(0), 551.42(A) to 

(C) 
Definitio 550.2, 551.2 

Grounding 250-VI, 550.16, 
551.54 

Hazardous (classified locations 
see Hazardous (classi
fied locations 

Household cooking, demand 
factors and loads for 
Table 220.55 

Installation 422-II 
Live parts 422.4 
Load calculations 220.14. 

220.40, 220.52 to 
220.56, Table 220.55 

Marking 422-Y 
Mobile homes, in 550.12(B) and 

(D),550.14 
Motor-driven 422. J O(A) 

Disconnecting means 
422.31(C) 

Load 220.l8( A) 
Marking 422.62 
Overload protection 

422.Il(G) 
Overcun'ent protection 422. J I 

Single 422.11 (E) 
Portable 

Definitio 550.2, 551.2 
Recreational vehicles, in 

551.41(C) Ex. 1,551.42 

Signal transmission between 
517.82 

Small 210.52(A), 550.12(B) 
Stationary 

Definitio 550.2, 55 
Subject immersion 422.41 
Terminals, identificatio of 

200.1O(E) 
Approval, approved 

Definitio 100-1 
Equipment and materials 9004, 

90.7, 110.2, 500.8(B), 
Annex H 80.19 

Arc-fault circuit interruptel's 
210.12 

Definitio I OO~I 
Protection 21 0.12(A), 440.65, 

550.25 

Solar pbotovoltaic systems 
690.11 

Arc-flas hazard warning 110.16 
Arcing parts 240.41 ~ 

Enclosure of 110.18, 430.14(8), 
511.7(B)(I), 13.7(C), 
515.7(B),516.7(B), 
517.61(B)(2) 

Arc lamps, portable 
Motion picture studios 530.17 
Stage equipment 520.61 

Arc-welder motors see Welders, 
electric 

Arc welders Welders, electric 
Arenas 410.1 O( E), Art. 518, Art. 

520 
Errlcnger1cy lighting system Art. 

Armored cable (Type AC) Art. 
320 

Equipment grounding 320.108 
Equipmcnt conductor 

"""'<1'1,,1<"'11 250.120(A) 
work 320.15 
320.120 

Supports 320.30 
Through or LO framing 

Uses not permitted 320.12 
Uses pcrmitted 320.10 

Armories Art. 518 
Elrlen~cncy lighting system Art. 

700 
Army, solar photovoltaic systems 

690A(G), 690.5, 
690.7(E), 690.18; see 
ofw Solar photovolLaic 

Definitio 
An'estel's, surge Lightning 

(surgc) arresters 
ArtiticiaU made bodies of water 

see Natural and artlll 
cially made bodies of 
water. elcctrical wiring 
and equipment for ~ 

Audio 

Askarels 
Definitio 100-[ 
Transl()f'IllC1'S 450.25 

Assembly, places of 410.1 O(E), 
An. 8 

Classitication 51 x.2 
Emergency lighting syskm Art. 

700 
Supply 518.5 
Theaters, audience areas An. 

520 
Wiring mell10ds 51:-;,4 

Associative noninccndive tiel 
wiring llpparatus 

Definitio 500.2 
Atmosphcric groups see Hazard

ous (classificd loeations 
Attachment (caps); also 

H "''l'H'.rlnl'~ (classi lieu 
locations; Receptacles, 
cord eonnectors, and 
atLachment plugs (eaps) 

Construction of 406,7 
Definitio 100-1 
Flexible cords on 210.50(8), 

400.7(B), 400,24 
Grounding type 406.10 
Polarized, terminal icientificatio 

200.10(13) 
Attics 

Armored cabk, 320.23 
Knob and tubc 394,23 
Lighting outlets required 

210.70(A)(3) 
Metal-clad cable 330.23 
Nonmetallic extensions 

382.12( I) 
Nonmetallic-shcathed eable 

334.23 
Open wiring 398.23 
Sign lransformers in 600.21(E) 

Audio signal processing. amplifi 
cation, and reproduc
tion cquipment Art. 
640 

Access 640.5, 640.46 
Conduit or tubing 640.23 
Definition 640.2 
Envirol1menlal protection 640.44 
Flexible cords, use of MO.2!, 

M0.42, M0.45 
Grounding 640.7 

or conductors 640.8 
LV'~«ll\"'" and other articles 

MO.3 
Loudspeakers in firc-rcsistan 

eOl1strudioll 640.25 
Mechanical execution or work 

640.6 
Motion picture 540.50 
Permanent 640-11 
Portablc and temporary installa-

tions 640~-r II 
Protection of electrical equip

mcnt MO.4 
Theaters 520.4 
Transllmners 640.9(0) 

Detinitio 640.2 
Underwatcr 680.27(A), 

680.43(G) 
Water, near 640.1 () 
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Audio signal processing 

Wireways, gutters, auxiliary gut
ters 640.24 

Wiring methods 640.9 
Wiring of equipment racks 

640.22, 640.43 
Auditoriums Art. 518, Art. 520 

Emergency lighting system Art. 
700 

Authority having jurisdiction 
90.4; see a/so Approval, 
approved 

Oellnitio 100-J 
Automatic 

Oefinitio 100-1 
Autotransformers Trans form-

ers 
Auxiliary gutters Art. 366 

Conductors 
Ampacities 366.23 
Clearance, bare live parts 

366.100(E) 
lnsulated 366.58 
Number of 366.22 

Construction specification 366--
III 

Covers 366.1 OO(D) 
Oelinition 366.2 
Extension beyond equipment 

366.12 
Grounding 366.60 
Indoors 

Listing 366.6(8) 
Marking 366.120(8) 
Uses permitted 366.1 O(A)(1), 

366.10(8)(2) 
Installation 366-11 
Listing 366.6 
J\1arking 366.120 
Metallic 

Conductors 366.22(A), 
366.23(A) 

Definitio 366.2 
Securing and supporting 

366.30(A) 
Uses permitted 366.1 O(A) 

Nonmetallic 
Conductors 366.22(8), 

366.23(B) 
Definitio 366,2 
Marking 366.120 
Securing and supporting 

366.30(B) 
Uses permitted 366.10(8) 

Outdoors 
Listing 366.6(A) 
Marking 366.120(A) 
Uses permitted 366.1 O(A)(I), 

366.1 O(B)( I) 
Sound recording, similar equip-

ment 640.7(A), 640.24 
Splices and taps 366.56 
Supports 366.30 
Uses not permitted 366.12 
Uses permitted 366.10 

-B-
Back-fed devices 408.36(0) 
Backfil 300.5(F), 300.50(0) 
Balconies, outdoor, receptacles 

for 21 0.52(E)(3) 
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Sizing conduits for Chap. 9, 
Note 3 

Underground conduits, grounded 
neutral 230.30 Ex., 
230.41 Ex. 

Barriers 368.234(B), 408.3(A)(2) 
Basements (ceJlars) 

Armored cable 320.15 
Lighting outlets required 

2] 0.70(A)(3) 
Nonmetallic extensions 

382.12(1) 
Nonmetallic sheathed cable 

334.15(C) 
Receptacles in 21 0.8(A)(5), 

21 0.52(G), 406.9(A) 
Untinishe 210.8(A)(5) 

Bathrooms; see a/so Bathtubs 
Branch circuits for 210.11 (C)(3) 
Oefinitio 100-1 
Fixed electric space-heating 

equipment cables 
424.44(G) 
outlets required 
I 0.70(A)(1), 210.70(8) 

Overcurrent devices 240.24(E) 
Receptacles in 210.8(A)(1), 

Bathtubs 

21 0.8(8)(J), 210.52(D), 
406.9(C), 550.12(E), 
550.13(0),550.13(E), 
551.41 (C), 552.41(F) 

Hydromassage 680-VI, 680-VlI 
Oefinitio 680.2 
Fixed electric space-heating 

equipment cables 
424.44(G) 

Luminaires 410.1 OeD), 
550.14(0),551.53(B) 

Receptacles 406.9(C) 
Switches 404.4(C) 

Batteries; see also Storage batter
ies 

Aircraft 513.10 
Installations Art. 480, 690.4, 

690.71 
Nominal voltage 

Oefinitio 480.2 
Sealed 

Oefinitio 480.2 
Insulation 480.6(D) 
Vents 480.10(8) 

Battery charging equipment 
511.10(A) 

Aircraft hangars 513.1 O(B) 

Battery system; see a/so Storage 
batteries 

Oefinitio 480.2 
Bedrooms 

Arc-fault circuit-interrupter pro
tection 210.12(A), 
550.25(8) 

Bell circuits Remote-control, 
signaling, and power
limited circuits 

Bends 300.34; see a/so subhead 
under entries for spe
cific wiring system 

Bipolar photovoltaic arrays 
690.4(G), 690.7(E) 

Definitio 690.2 
Block (city, town, or village) 

Oefinitio SOO.2. 830.2 
Blocking diode, solar photovol

taic systems 
Definitio 690.2 

Boathouses and boat hoists, 
ground-fault circuit 
interrupters 
210.S(A)(8),210.8(C) 

Boatyards see Marinas and boat
yards 

Bodies, conduit Conduit bod-
ies 

Boilers 
Electrode-type 

600 volts or less 424-VlIl 
Over 600 volts 490-V 

Resistance-type 424-VlI 
Bonding 250-V 

Aircraft h an gars 513 .16 
Bulk storage 515.16 
Cable trays 
Carnivals, circuses, fairs, and 

similar events 525-IV 
CATV and radio distribution 

systems 820.100, 
820.106 

Communications circuits 
800.100, 800.106(8) 

Definitio 100-1 
Equipotential 547.10, 68026, 

682.33 
Flexible metal conduit (Type 

FMC) 348.60 
Floating buildings 553.11 
Garages, commercial 511.16 
Grounding-type receptacles 

250.146 
Hazardous (classified locations 

Hazardous (classi
fied locations 

Health care facilities 517.19(C), 
517.19(0) 

Induction and dielectric heating 
equipment 665.26 

Intersystem bonding termination 
Oefinitio 100-1 

Intrinsically safe systems 504.60 
Irrigation machines 675.14 
Liquidtight tlexibl metal con-

duit LFMC) 

Liquidtight tlexibl nonmetallic 
conduit (Type LFNC) 
356.60 

Loosely jointed raceways 250.98 

l\·1anufactured buildings 545.11 
Metal boxes 314.4 
\1otor fuel dispensing facilities 

514.16 

of water, electri
cal equipment for 682-
III 

Network-powered broadband 
communications systems 
830.100, 830.1 06(B) 

Optical fibe cables 770. J OO(A), 
770.100(0), 770. J 06(B) 

Other enclosures 250.96 
Outside raceway 250.1 02(E) 
Over 250 volts 250.97 
Over 600 volts 490.74 
Panelboards 408.40, 517.14 
Park trailers 552.57 
Piping systems and exposed 

structural steel 250.104 
Prclllises-pmvered broadband 

communications systems 
840.106(B) 

Raceways see Racew'ays 
Radio and television equipment 

810.21,8]0.58 
Receptacles 250.146 
Recreational vehicles 551.55(8), 

551.56 

250.30(B)(3), 
250.104(0) 

Service equipment 250.92, 
250.94 

Signs and outline lighting 
600.7(8), 600.33(0) 

Swimming pools see Swimming 
pools 

Tunnels 110.54 
Bonding conductors 517.19(D), 

770.100(A), 800.100, 
810.2 I, 810.58, 
820.1 00, 830.1 OO(A) 

Bonding jumpers .yee Jumpers, 
bonding 

Bored holes through studs, joists 
300.4(A)(I) 

Bowling alleys Art. 5 18 
Emergency lighting system Art. 

700 
Boxes (outlet, device, pull, and 

junction) Art. 314; see 
also Hazardous (classi
fied locations 

Accessibility 314.29, 314.72(D) 
Agricultural buildings 547.5(C) 
Comlllunity antenna television 

and radio distribution 
systems 820. I 33 (A)(I ) 

Concealed work 314.20 
Conductors, number in box 

14.16 
Entering boxes, conduit bod

ies or fitting 314.17 
Construction specification 314-

m 
Covers 314.25, 314.28(C), 

314.41, 314.42, 
314.72(E) 
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Cutout see Cabinets, cutout 
boxes, and meter socket 
enclosures 

Damp locations 314.15 
Depth, minimum 314.24 
Drop (theaters, etc.) 520.44, 

520.46 
Definitio 520.2 

Enclosures, handhole 314.29, 
314.30 

Fill calculations 314.16(B) 
Fire pumps 695.6(H)(l), 

695.6(1) 
Floor, for receptacles 314.27(B) 
Flush devices, enclosing 314.19 
Grounding 250.148, 250-VI 
Gutters, auxiliary, used as 

366.58(B) 
Insulating see Boxes, nonmetal

lic 
Junction, pull see Junction 

boxes 
Lighting (luminaires) outlets see 

Lighting outlets 
Marking 314.44 
Metal 

Construction 314.40, 314-III 
Grounding and bonding 314.4 
Installation 3 14-1I 
Wireways used as pull boxes 

376.23(B) 
Multioutlet assemblies used as 

pull boxes 380.23(B) 
Network-powered broadband 

communications systems 
830.133(A)(I) 

Nonmetallic 314.3, 314.17(C), 
314.43,334.40 

Receptacles installed in 
406.3(0)(2) 

Wireways used as pull boxes 
378.23(B) 

Not required 590A(G) 
Over 600 volts 314-IV 
Plugging (motion picture and 

TV studios) 
Definitio 530.2 

Portable, in theaters 520.62 
Repairing noncombustible sur-

faces 314.21 
Required location 300.15 
Round 314.2 
Secured supports 300.11, 314.23 
Snap switches over 300 volts, 

not ganged 404.8(B) 
Solar photovoltaic systems 

690.34 
Support of 392.18(G) 
Surface extensions 314.22 
Unused openings, closed 

110.12(A) 
Vertical raceway runs 300.19 
Volume calculations 314.16(A) 
Wall or ceiling 314.20, 

314.27(A) 
Wet locations 314.15 

Branch circuits Art. 210, Art. 220 
Air conditioners 440-1V, 440-

VII 
Appliances 210.23, 422-11 

Calculations 220-11 
Det'initio 100-1 
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Arc-fault circuit-interrupter pro
tection 210.12 

Audio equipment 640.1 O(A), 
640.41, 640.42(E) 

Bathrooms 210.1 1 (C)(3) 
Breakout assembly 

Definitio 520.2 
Busways as branch circuits 

368.17 
Calculation of loads 220-11, An-

nex 0 
Color code 210.5 
Common area 210.25 
Conductors, minimum ampacity 

and size 210.19 
Critical 517.33, S17.43 

Definitio S17.2 
Critical operations power sys

tems 708-II 
Definitio 100-1 
Emergency systems 700.1S, 

700.17, 700.18 
Fixed electric space-heating 

equipment 424.3 
General-purpose 

Definitio 100-1 
Guest rooms or suites 21 0.6(A), 

210.18 
Health care facilities SI7.18(A), 

SI7.63(B),517.63(C), 
SI7.73(A)(I) 

Individual 
Definitio 100-1 
Overcurrent protection 210.20 
Permissible loads 210.23 
Rating or setting 430.S2 
Required 490.72, 

S20.53(F)(2), 600.S, 
60S.8(B), 620.22 to 
620.25 

Infrared lamps 422.14 
Isolated power systems S17.160 
Maximum loads 220.18 
Mobile homes 550.11, 550.12 
Motor, on individual branch cir-

cuit see Motors 
Multiple 210.7 
Multiwire 210.4, 501.40,502.40, 

505.21 
Definitio 100-1 

Outside see Outside branch cir
cuits and feeders 

Overcurrent device 240.24(B)(2) 
Definitio 100-1 

Overcurrent protection 210.20, 
240.4, 520.52 

Patient bed location SI7.l8(A), 
517.19(A) 

Permissible loads 210.23 
Ratings 210.3, 210-11 
Recreational vehicles 551.42 
Requirements for 210.24, Table 

210.24 
Selection current 440.4(C) 

Defmitio 440.2 
Small-appliance 210.1l(C)(1) 
Stage or set 530.23 
Taps from 210. 19(A), Table 

210.24, 240.4(E), 
240.5(B)(2) 

Through luminaires 41 0.64(C) 
Two or more outlets on 210.24 

Voltage drop 210.19(A) IN No. 
4 

Voltage limitations 210.6 
X-ray equipment 517-V, 660.4, 

660.6(A) 
Branch-circuit selection current 

Definitio 440.2 
Marking on nameplate 440.4(C) 

Building 
Definitio 100-1 
First floo of 362.10 

Building component 
Definitio 54S.2 

Building system 
Definitio 545.2 

Building wire see Conductors 
Bulk storage plants Art. 515; see 

also Hazardous (classi
fied locations 

Class I locations 515.3 
Definitio 515.2 
Gasoline dispensing 515.1 0 
Grounding and bonding 515.16 
Sealing 515.9 
Underground wiring 515.8 
Wiring and equipment 515.4, 

515.7 
Bull switches 

Det'initio 530.2 
Burglar alarm systems see 

Remote-control, signal
ing, and power-limited 
circuits 

Busbars 
Aboveground wiring methods 

300.37 
Industrial control panels 409.102 
Motor control centers 430.97 
Switchboards 408.3, 408.51 

Bushings 
Cord, luminaire 410.84 
Fiber see Fiber bushings 
Generators 445.16 
High density polyethylene con

duit 353.46 
Insulated 300.4(G), 312.6(C) 

Lampholders attached to flex 
ible cord 410.62(A) 

Securing fitting or raceways 
300.4(G) 

Intermediate meta! conduit 
342.46 

Motors 430.13 
Outlet boxes, conduit bodies, 

and outlet fitting 
314.17(0),314.42 

Reinforced thermosetting resin 
conduit 355.46 

Rigid metal conduit 344.46 
Rigid polyvinyl chloride conduit 

352.46 
Snow-melting and deicing 

equipment 426.22(C) 
Underground installations 

300.5(H) 
Use in lieu of box or terminal 

fittin 300.16(B) 
Busways Art. 368 

Barriers, fir 368.234(B) 
Branches from 368.56 
Connections 368.238 
Construction 368-111 

Cable end fitting 

Dead ends closed 368.58 
Definitio 368.2 
Drains 368.236 
Extension through walls and 

floor 368.10(C) 
Feeder or branch circuits 368.17 
Grounding 368.60 

Over 600 volts 368.260 
Installation 368-11 
Luminaires connected to 

410.36(F) 
Manufactured wiring systems 

604.6(A)( 4) 
Marking 368.120, 368.320 
Overcurrent protection 368.17 
Over 600 volts 368-IV 
Reduction in size 368.17(B) 
Seals, vapor 368.234(A) 
Support 368.30 
Terminations 368.238 
Under 600 volts 368.240 
Through walls and floor 

368.10(C) 
Uses not permitted 368.12 
Uses permitted 368.10 
Ventilated enclosures 368.237 

Bypass isolation switch 700.5(B), 
701.5(B) 

Definitio 100-1 

-C-
Cahinets, cutout hoxes, and 

meter socket enclo
sures Art. 312 

Construction specification 
312-Il 

Damp and wet locations 312.2 
Definition 100-1 
Deflectio of conductors 312.6 
Installation 312-1 
Insulation at bushings 300.4(G), 

312.6(C) 
Position in walls 312.3 
Switch enclosures, splices, taps 

312.8 
Unused openings 110.12(A) 
Wire-bending space at terminals 

312.6(B) 
Wiring space, side or back 

312.9 
Cable bending see type of cable 
Cablebus Art. 370 

Conductors 370.4 
Ampacity 370.4(B) 
Overcurrent protection 370.5 
Terminations 370.7(3), 370.8 

Definitio 370.2 
Equipment grounding conductor 

installation 250.120(A) 
Fittings 370.7 
Grounding 370.9 
Marking 370.10 
Support and extension through 

walls and floor 370.6 
Use 370.3 

Cable connectors 
Definitio 324.2 
Theater 520.67 

Cable end fittings changing from 
cable to knob-and-tube 
300. 16(A) 
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Cable management system 

Cable management system 
626.23 

Definitio 626.2 
Cables 

Abandoned 
Coaxial 820.25 

Definitio 820.2 
Communications 800.25 

Definitio 800.2 
Fire alarm 760.25 

Definitio 760.2 
Interconnecting 

Definitio 645.2 
Network-powered broadband 

communications 830.25 
Definitio 830.2 

Optical tibe 770.25 
Definitio 770.2 

Premises-powered broadband 
communication 840.25 

Remote-control, signaling, 
and power-limited cir
cuits 725.25 

Definitio 725.2 
Aerial see Aerial cables 
Armored (Type AC) see Ar

mored cable (Type AC) 
Border lights, theater 520.44(C) 
Bundled 

Definitio 520.2 
Cable trays, installation in see 

Cable trays 
CATV Art. 820 
Coaxial Art. 820, 840.93(C) 
Continuity 300.12 
Definitio 800.2 
Flat cable assemblies (Type FC) 

Flat cable assem
blies (Type FC) 

Flat conductor (Type FCC) see 
Flat conductor cable 
(Type FCC) 

Flexible see Cords, Flexible 
Grouped 

Definitio 520.2 
Heating see Heating cables 
Installation in cable trays see 

Cable trays 
Installed in grooves 300.4(F) 
Instrumentation tray (Type rTC) 

see Instrumentation tray 
cable (Type fTC) 

Integrated gas spacer cable 
(Type IGS) see Inte
grated gas spacer cable 
(Type IGS) 

Manufactured wiring systems 
604.6(A) 

Medium voltage cable (Type 
MV) see Medium volt
age cable (Type MY) 

Metal-clad cable (Type MC) see 
Metal-clad cable (Type 
MC) 

Mineral-insulated metal-sheathed 
(Type MI) see Mineral
insulated metal-sheathed 
cable (Type MI) 

Multiconductor cables, identiti 
cation of conductors in 
250.119(B) 
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l\onmetallic extension see Non
metallic extensions 

Nonmetallic-sheathed (Types 
NM, NMC, and NMS) 
see Nonmetallic
sheathed cable (Types 
NM, NMC, and NMS) 

Nonmetallic underground con
duit with conductors see 
Nonmetallic under
ground conduit with 
conductors 

Optical fibe see Optical tibe 
cables 

Other types of see names of 
systems 

Point of entrance 
Definitio 800.2, 820.2, 830.2 

Portable Cords, fiexibl 
Power and control tray cable 

(Type TC) see Power 
and control tray cable 
(Type TC) 

Preassembled in nonmetallic 
conduit see Nonmetallic 
underground conduit 
with conductors 

Protection against physical dam
age 300.4 

Sealing 501.l5(D), 501.15(E), 
505.16(A)(2), 
505.16(B)(5), 
505. 16(B)(6), 
505. 16(B)(7), 
505. 16(C)(2) 

Secured 300.11, 314.17(B) and 
(C) 

Service; see also Service
entrance cable (Types 
SE and USE) 

Detinitio 1 OO~I 
Service-entrance (Types SE and 

USE) see Service
entrance cable (Types 
SE and USE) 

Splices in boxes 300.15 
Stage 530.18(A) 
Support of 392. 18(G) 
Through studs, joists, rafters 

300.4 
Traveling, elevator 620.11(B), 

620.12(A), 620-V 
Underground 230-I1I, 300.5, 

300.50 
Underground feeder and branch 

circuit Type UF see Un
derground feeder and 
branch-circuit cable 
(Type UF) 

Vehicle supply equipment 
625.17 

Welding 630-lY 
Cable sheath 

Definitio 770.2, 800.2 
Cable suspension 300.19 
Cable trays Art. 392 

Accessibility 392. 18(E), 
392.18(F) 

Ampacity 320.80(B), 392.80 
Bends 392.18(A) 
Bonding 392.60 

Cable and conductor installation 
392.20 

Cable fil 392.22 
Communications circuits in 

800.113(H) 
Community antenna television 

and radio distribution 
systems 820.1] 3(H), 
820.133(A)( I) 

Construction specification 392~ 

III 
Covers 392.18(C) 
Definitio 392.2 
Equipment grounding conductor 

installation 250.l20(A) 
Exposed 392.18(E) 
Fire alarm system conductors 

760.51 (C), 760.] 33, 
760.139 

Grounding 392.60 
Installation 392-JI 
Marking 392.18(H) 
Network-powered broadband 

communications systems 
830.133(A)(1 ) 

Optical fibe cables 770.11 O(H) 
Over 600 volts, cables rated 

392.20, 392.80(B) 
Securing and supporting 392.30 
Signaling Class I circuits 725.51 
Splices, cable 392.56 
Support for raceways, cables, 

boxes, and conduit bod
ies 392.18(G) 

Through partitions and walls 
392.18(0) 

Uses not permitted 392.12 
Uses permitted 230.44, 392.10 
Ventilated 392.22 
Wiring methods 392.10(A), 

Table 392.1 O(A) 
Calculations Annex D; see also 

Loads 
Camping trailer; also Recre-

ational vehicles (camp
ing trailers, motor 
homes, park trailers, 
travel trailers, truck 
campers) 

Detinitio 55 J .2 
Canopies 

Boxes and fitting 314.25 
Live parts, exposed 410.5 
Luminaires fixture 

Condu ctors, space for 41 0.20 
Cover 

At boxes 410.22 
Combustible finishes cov

ering required between 
canopy and box 410.23 

Capacitors Art. 460; see also Haz-
ardous (classified loca
tions 

Enclosing and guarding 460.2 
Induction and dielectric heating 

665.24 
600 volts and under 460~I 

Conductors 460.8 
Grounding 460.10 
Marking 460.12 
Means for discharge 460.6 

Overcurrent protection 
460.8(B) 

Rating or setting of motor 
overload device 460.9 

Motors 430.27,460.9 
Phase convetiers 455.23 
Over 600 volts 460-II 

Grounding 460.27 
Identificatio 460.26 
Means for discharge 460.28 
Overcurrent protection 460.25 
Switching 460.24 

X-ray equipment 660.36 
Caps see Attachment plugs 
Carnivals, circuses, fairs, and 

similar events Art. 525 
Conductor overhead clearance 

525.5 
Definition 525.2 
Grounding and bonding 525-IV 

Equipment bonding 525.30 
Equipment grounding 525.31 
Grounding conductor continu-

ity assurance 525.32 
Power sources 525-JT 

MUltiple sources of supply 
525.11 

Services 525.1 0 
Protection of electrical equip

ment 525.6, 525.23 
Wiring methods 525-11I 

Concessions 525.21 
Ground-fault circuit

interrupter protection 
525.23 

Portable distribution or termi
nal boxes 525.22 

Rides 525.21 
Tents 525.21 

Cartridge fuses 240-VI 
Disconnection 240.40 

CATV systems see Community 
antenna television and 
radio distribution 
(CATV) systems 

Ceiling fans 680.22(B), 680.43(B) 
Support of 314.27(C), 422.18 

Cell 
Cellular concrete fioo raceways 

Definitio 372.2 
Cellular metal fioo raceways 

Deflnitio 374.2 
Electrolytic see Electrolytic cells 
Sealed, storage batteries 

480.6(D), 480.1 O(B) 
Definitio 480.2 

Solar 
Definitio 690.2 

Cellars see Basements 
Cell line, electrolytic cells 

Attachments and auxiliary 
equipment 

Definitio 668.2 
Definitio 668.2 

Cellular concrete floo raceways 
Art. 372 

Ampacity of conductors 372.17 
Connection to cabinets and other 

enclosures 372.6 
Definition 372.2 
Discontinued outlets 372.13 
Header 372.5 
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Inselis 372.9 
Junction boxes 372.7 
Markers 372.8 
Number of conductors 372.11 
Size of conductors 372.10 
Splices and taps 372.12 
Uses not permitted 372.4 

Cellular metal 000 raceways 
Art. 374 

Ampacity of conductors 374.17 
Connection to cabinets and ex

tension from cells 
374.11 

Construction 374---11 
Definition 374.2 
Discontinued outlets 374.7 
Inserts 374.10 
Installation 374---1 
Junction boxes 374.9 
Markers 374.8 
Number of conductors 374.5 
Size of conductors 374.4 
Splices and taps 374.6 
Uses not permitted 374.3 

Chairlifts see Elevators, dumb
waiters, escalators, mov
ing walks, platform lifts, 
and stairway chairlifts 

Child care facility 
Definitio 406.2 
Tamper-resistant receptacles in 

406.14 
Churches Art. 51 8 
Cinder fiI 

High density polyethylene con
duit 353.10(3) 

Intermediate or rigid metal con
duits and electrical me
tallic tubing, in or under 
342.10(C), 344.1 O(C) 

Nonmetallic underground con
duit with conductors 
354.10(3) 

Reinforcing thermosetting resin 
conduit 355.10(C) 

Rigid polyvinyl chloride conduit 
352.10(C) 

Circuit breakers Art. 240; see 
also Hazardous (classi
fied locations 

Accessibility and grouping 
404.8(A) 

Circuits over 600 volts 490.21, 
490.45, 490.46 

Damp or wet locations, in 404.4 
Definitio 100-1, 100-11 
Disconnection of grounded cir-

cuits 404.2(B), 
514.11(A) 

Enclosures 404.3 
General 110.9, 240-1 
Indicating 240.81, 404.7 
Markings 240.83, 240.86(A) 
Noninstantaneous trips 240.87 
Overcurrent protection 230.208, 

240-1, 240-Vll 
Generators 445.12 
Motors 250.122(D), 430.52, 

430.58, 430.110, 
430.111, 430.225(C)( I) 

Transformers 450.3 
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Panel boards 408-TTT, 408.54, 
408.55 Ex.1 

Rating 
Fixed-trip circuit breakers 

240.6(A), 240.83(C), 
240.86 

Motor branch circuits 430.58 
Service disconnecting means 

230.70, 230.205 
Service overcurrent protection 

230.90, 230.91 
Solar photovoltaic systems 

690.10(E), 690.17 
Switches, use as 240.83(D), 

404.11, 410.141(A) 
Circuit directory, panelboards 

110.22, 408.4(A) 
Circuit interrupters, ground-fault 

see Ground-fault circuit 
interrupters 

Circuits 694-TT 
Abandoned supply circuits 

Detlnitio 645.2 
Anesthetizing locations 517.63 
Branch see Branch circuits 
Burglar alarm see Remote-

control, signaling, and 
power-limited circuits 

Central station see Fire alann 
systems 

Communication see Communi
cations circuits 

Control see Control circuits 
Fire alarm see Fire alarn1 sys

tems 
Fuel cell systems see Fuel cell 

systems 
Grounding Art. 250 
Impedance 110.10 
lnfonnation technology equip

ment 645.5 
Intrinsically safe 504.30 

Definitio 504.2 
Inverter input and output circuits 

690.1, 690.6, 690.8, 
690.10, 705.60(A)(2), 
705.65(A) 

Definition 690.2 
Less than 50 volts Art. 720 

Class I 725-[1 
Grounding 250.20(A) 

More than 600 volts see Over 
600 volts 

Motor 430-1I 
Motor control 430-VI 

Definitio 430.2 
Number of, in enclosures 

90.8(8) 
Output see Output circuits 
Photovoltaic output 690.1, 

690.4, 690.6(8), 690.7, 
690.8, 690.31(E), 
690.35 

Definitio 690.2, 690.85 
Photovoltaic source 690.1, 

690.4, 690.6 to 690.9, 
690.31 (E), 690.35, 
690.53 

Definitio 690.2, 690.85 
Power-limited see Remote

control, signaling, and 
power-limited circuits 

Protectors required 800.50, 
800.90, 800.100, 
800.106, 800.170, 
830.90 

Remote-control see Remote
control, signaling, and 
power-limited circuits 

Signal see Remote-control, sig
naling, and power
limited circuits 

Telegraph see Communications 
circuits 

Telephone see Communications 
circuits 

Underground see Communica
tions circuits 

Ungrounded 210.10, 215.7, 
410.93; see also Con
ductors, ungrounded 

Circuses see Carnivals, circuses, 
fairs, and similar events 

Clamp fill boxes 314.16(B)(2) 
Clamps, ground 250.10, 250.70 
Class 1, 2, and 3 circuits see 

Remote-control, signal
ing, and power-limited 
circuits 

Class I, II, and III 10cations see 
Hazardous (classified 
locations 

Clean surfaces, grounding con
ductor connections 
250.12 

Clearances; see also Enclosures; 
Space 

Antennas 810.13, 810.18, 
810.54 

Community antenna systems 
820.44(A)(4), 
820.44(8), 820.44(E), 
820.47, 820.133(A) 

Conductors 
Open, outside branch circuits 

and feeders 225.18, 
225.19 

Overhead service 230.24, 
230.26 

Live parts 
Auxiliary gutters 366.1 OO( E) 
Circuits over 600 volts 110-·· 

m 
Luminaires 410.116,410.136 
Network-powered broadband 

communications systems 
830.44 

Premises-powered broadband 
communication systems 
840.44(A)(4) 

Swimming pools 680.8 
Switchboards 408.5, 408.18 

Climbing space, line conductors 
on poles 225.14(D) 

Clothes closets 
Definitio 100-1 
Heating 424.38(C) 
Luminaires 410.16 
Overcurrent devices 240.24(D) 

Clothes dryers 
Calculations for 220.54 
Feeder demand factors Table 

220.54, 220.82(B) 
Grounding 250.114, 250.140 

Communications circuits 

Mobile homes 550.15(E), 
550.16(A), 550.16(B)(3) 

Clothing manufacturing plants 
500.5(D), Art. 503. Art. 
506; see also Hazardous 
(cJ ass i fied locati ons 

CO/ALR 
Receptacles 406.3(C) 
Switches 404.14(C) 

Collector rings 490.54, 675.11 
Definitio 675.2 

Collectors, cranes and hoists 
610.22 

Color code 
Branch circuits 210.5 
Conductors 310.110, 504.80(C), 

647.4(C) 
Grounded conductor 200.6, 

200.7,400.22 
Grounding conductor 

250.119, 310.IIO(B), 
400.23 

Isolated power systems 
517.160(A)(5) 

Ungrounded 21 0.5(C), 
215.12(C), 310.11 OCC) 

Heating cables 424.35 
Higher voltage to ground 

Sensitive electronic equip
ment 647.4(C) 

Service-entrance conductors 
230.56 

Photovoltaic system circuits 
690.4(B) 

Combustible dusts Art. 502; see 
also Hazardous (classi
fied locations 

Combustib.le gas detection sys
tems 500.7(K), 505.8(1) 

Definitio 500.2, 505.2 
Com bustible-liquid produced 

vapors see Hazardous 
(classified locations 

Commercial garages see Garages, 
commercial 

Common grounding electrode 
250.58 

Common neutral 
Feeders 215.4 
Outside wiring 225.7(8) 

Communications circuits Art. 
800; see also Commu
nity antenna television 
and radio distribution 
(CATV) systems; 
Premises-powered 
broadband communica
tion systems; Radio and 
television equipment 

Abandoned cables 800.25 
Definitio 800.2 

Access to electrical equipment 
800.21 

Bonding 800.1 OO(A), 
800.100(D), 800.106(8) 

Cable marking 800.179, Table 
800.179 

Cable routing assemblies 
800.182 

Cable substitution Table 
800.1 54(b ) 
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Communications circuits 

Conductors 
Overhead 800.44 
Within buildings 800-V 

Critical operations power sys
tems 708.14 

Definition 800.2 
Dwelling unit communications 

outlets 800.156 
Essential electrical systems 

517.32(D),517.42(D) 
Grounding 800.93, 800-IV 
Health care facilities 517.32(D), 

517.42(D),517-V1 
Hybrid power and communica-

tions cables 800.179(1) 
Installation 800-V 
Lightning conductors 800.53 
Listing of communications wires 

and cables 800.113(A), 
800.179 

Listing of equipment 800.18, 
800-VI 

Mechanical execution of work 
800.24 

Mobile homes 800.106 
Multifamily dwellings 

800.113(K) 
One- and two-family dwellings 

800.113(L) 
Protection 800-lIJ 

Devices 800.90 
Grounding 800.100, 

800.106(A) 
Mobile homes, grounding and 

bonding at 800.106 
Primary protectors 800.50, 

800.90, 800.100, 
800.106,800.170(A), 
830.90 

Secondary protectors 
800.90(D), 800.170(B) 

Raceways 800.133(A)(l), 
800.154, 800.182 

Types of cable 800.179 
Underground circuits entering 

buildings 800.47 
Unlisted cables entering build

ings 800.48 
Communications equipment 

Definitio 100-J 
Community antenna television 

and radio distribution 
(CATV) systems Art. 
820; see also Radio and 
television equipment 

Access to electrical equipment 
820.21 

Cables 
Abandoned coaxial 820.25 

Definitio 820.2 
Aerial entrance 820.44 
Within buildings 820-V 
Coaxial 

Definitio 820.2 
Entering buildings 820.47 
Listing 820.113(A), 820.154, 

820-VI 
Outside 820.44 
Types of 820.179 
Underground 820.47 

Definition 820.2 
Energy limitations 820.15 
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Grounding 820-IV 
Cables 820.93, 820-IV 
Equipment 820.103 

Installation of cables and equip
ment 820-V 

Locations 820.3, 820.44(A)( 1), 
820.93(D) 

Marking 820.179, Table 820.179 
Mechanical execution of work 

820.24 
Mobile homes 820.106 
Premises community antenna 

television (CATV) cir
cuit 840.170(D) 

Definitio 840.2 
Protection 820-III, 

820.100(A)(6) 
Raceways 820.133, 820.154 
Unlisted cables entering build

ings 820.48 
Compressors, refrigeration Art. 

440 
Computer rooms see Information 

technology equipment 
Concealed 

Definitio 100-1 
Knob-and-tube wiring see Knob

and-tube wiring 
Concentric knockouts see Knock

outs 
Concrete 

Cellular concrete floo raceways 
Art. 372 

Electrodes encased in 250.50 
Ex., 250.52(A)(3), 
250.66(B), 250.68(A) 
Ex.1,250.70 

Enclosures supported by embed
ment in 314.23(G) 

Heating cables, installation in 
concrete floor of 
424.44 

High density polyethylene con
duit in 353.10 

Liquidtight flexibl nonmetallic 
conduit 356.10(7) 

Metal raceways and equipment 
in 300.6(A)(3) and (B) 

Nonmetallic underground con
duit with conductors 
354.10(2) 

Conductive surfaces, exposed 
Definitio 517.2 

Conductor til 
Audio systems 640.23(A) 
Auxiliary gutters 366.22 
Boxes 314.16(B)(1) and (5) 
Cable trays 392.22 
Cellular concrete floo raceways 

372.11 
Cellular metal floo raceways 

374.5 
Control circuits 517.74(A) 
Electrical metallic tubing 358.22 
Electrical nonmetallic tubing 

362.22 
Elevators 620.32, 620.33 
Fixture wire 402.7 
Flexible metal conduit 348.22, 

Table 348.22 
Flexible metallic tubing 360.22 
General installations 300.17 

Hazardous (classified locations, 
sealing fitting 
501.15(C)(6), 
505.16(D)(5) 

High density polyethylene con
duit 353.22 

Intermediate metal conduit 
342.22 

Liquidtight flexibl metal con
duit 350.22 

Liquidtight flexibl nonmetallic 
conduit 356.22 

Maximum permitted 300.17 
Nonmetallic underground con

duit with conductors 
354. I OO(D) 

Outlet boxes, etc. 314.16 
Reinforcing thermosetting resin 

conduit 355.22 
Remote control circuits 725.51 
Rigid metal conduit 344.22 
Rigid polyvinyl chloride conduit 

352.22 
Signs 600.31(C) 
Strut-type channel raceway 

384.22 
Surface raceways 386.22, 

388.22 
Theaters 520.6 
Underfloo raceways 390.6 
Wireways 376.22,378.22 

Conductors; see also Cords, flex 
ible; Fixture wires 

Aluminum, conductor material 
250.120(B) 

Aluminum, properties of Chap. 
9, Table 8 

Ampacities of310.15, Tables 
310.15(B)(16) through 
31 0.15(B)(21), Tables 
310.60(C)(69) through 
310.60(C)(86), 
B.31 0.15(B)(2)( 1) 
through 
8.31 0.15(B)(2)( 1 0) 

Amusement attractions 522.20 
through 522.24 

Applications 310.104 
Armored cable, Type AC see 

Armored cable (Type 
AC) 

Bare see Bare conductors 
Bending radius 300.34 
Bonding see Bonding conduc-

tors 
Boxes and fittings junction 

314.16,314.17 
Branch circuits Art. 210; see 

also Branch circuits 
Bundled, in theaters, etc. 

Definitio 520.2 
Buried 310.1 O(F) 
Busways see Busways 
Cabinets and cutout boxes 312.5 

through 312.7 
Cablebus see Cablebus 
Calculations, examples Annex D 
Capacitors 460.8 
Cellular concrete floo raceways 

see Cellular concrete 
floo raceways 

Cellular metal floo raceways 
see Cellular metal floo 
raceways 

Circuit 
Communications Art. 800 
Control, health care facilities 

517.74 
Fire alarm Art. 760 
Less than 50 volts Art. 720 
Over 600 volts Art. 490 
Signal, remote-control, 

power-limited Art. 725 
Combinations Chap. 9, Table 1 
Communications circuits 800-II, 

800-V 
Concealed knob-and-tube see 

Knob-and-tube wiring 
Conduit or tubing, number in 

342.22, 344.22, 348.22, 
Table 348.22, 350.22, 
352.22, 353.22, 354.22, 
356.22, 358.22, 360.22, 
362.22, Chap. 9 Tables, 
Annex C 

Construction specification 310-
III, Tables 310.104(A) 
through 310.1 04(C) 

Cooling of electric equipment 
110.13(B) 

Copper 110.5, 505.18(A), 
760,49(C) 

Ampacities Tables 
31 0.15(B)( 16) through 
310.15(8)(21), Tables 
310.60(C)(69) through 
31 0.60( C)(86), 
B.31 0.15(B)(2)(I) 
through 
B.31 0.15(B)(2)(1 0) 

Properties Chap. 9, Table 8 
Copper-clad aluminum 

Definitio 100-1 
Equipment-grounding con

ductors 250.120(B) 
Cords, flexibl see Cords, flex 

ible 
Corrosive conditions see Corro

sive conditions 
Covered 

Definitio 100-1 
Crane and hoists 610-11, 610-

III,610.41 
Damp locations 310.10(B) and 

(C), Table 310.104(A) 
Definition 100-J 
Deflectio of see Deflectio of 

conductors 
Different systems 300.3(C), 

725.48 
Dimensions of Chap. 9, Table 4 
Dry locations 310.1 O(A) and 

(B), Table 310.104(A) 
Electrical metallic tubing see 

Electrical metallic tub
ing 

Electrical nonmetallic tubing see 
Electrical nonmetallic 
tubing 

Elevators, dumbwaiters, escala
tors, moving walks 
620-II through 620-IV 

Enclosure, grounding 250-IV 
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Grounding electrode conduc
tors 250.64(D), 
250.64(E) 

Equipment grounding see Equip
ment grounding conduc
tors 

Feeder Art. 215 
Fire alarm systems 760.48, 

760.49, 760.130 
Fixture wires Art. 402 
In free air Tables 310.15(8)( 17), 

310.1 5(8)(19), 
310.15(8)(21) 

Gauges (AWG), general provi-
sions 110.6 

General wiring Art 310 
Generators, size 445.13 
Grounded 

Alternating current systems 
250.24, 250.26 

Identificatio 200.6, 200.7, 
210.5(A) 

Change in size 240.23 
Continuity of 300.13(8) 
Definitio 100-1 
Different systems 200.6(D) 
Electrode-type boilers, over 

600 volts 490.72(£) 
Flat conductors, nonmetallic 

extensions 382.104(B) 
Fuses in 430.36 
Minimum rating and size 

215.2(A)(2) 
Motor controllers 430.85 
Overcurrent protection 

230.90(8), 240.22 
Panel boards, termination in 

408.41 
Separately derived systems 

250.30(A) 
Services 

Disconnection of 230.70, 
230.75 

Overcurrent protection 
230.90(B) 

Solar photovoltaic systems 
690.5(A) 

Switches, disconnection 
404.2(B) 

Use and identificatio Art. 
200 

Grounded power systems in 
anesthetizing locations 
517.63 

Grounding see Grounding con
ductors 

Grounding electrode see 
Grounding electrode 
conductors 

Grouped 
Definitio 520.2 

Identificatio 310.110 
Induction and dielectric heating 

equipment, ampacity of 
supply 665.10 

Industrial control panels 409.20 
Installation 3 10-1I 

Other systems, with 300.8 
Insulated 

Definitio 100-J 
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Lighting systems operating at 
30 volts or less 
411.5(D) 

Insulating materials 310.104 
Insulation Art. 3] 0 

At bushings, 4 AWG and 
larger 300.4(G), 
312.6(C) 

Construction and application 
310.104 

Elevators, dumbwaiters, esca
lators, moving walks, 
platform lifts, and stair
way chairlifts 620.11 

Fire alarm systems 760.49(8) 
Fixtures 410.52, 410.117(A) 
Hazardous (classified loca-

tions 501.20, 505.18(8) 
Identificatio 310.110 
Line-type fir detectors 

760.179(1) 
Marking 3 10.120 
Motion picture projectors 

540.14 
Reinforced thermosetting 

resin conduit 355.10(1) 
Service conductors 230.22, 

230.30, 230.41 
Splices and joints 11O.14(B), 

400.9, 530.12(B), 
590.4(G) 

Switchboards 408.19 
Theaters 520.42 

Intrinsically safe 504.30, 504.50 
Length in boxes 300.14 
Length in surge protective de-

vices 285.12 
Lightning rods, spacing from 

250.106 IN No.2, 
800.53, 820.44(£)(3) 

Liquidtight flexibl metal con
duit see Liquidtight 
flexibl metal conduit 

Liquidtight t1exibl nonmetallic 
conduit see Liquidtight 
flexibl nonmetallic 
conduit 

MateriaI3l0.106(B) 
Metal-clad cable see Metal-clad 

cable 
Metal enclosures, spacing from 

lightning rods 250.106 
IN No.2 

Mineral-insulated metal-sheathed 
cable see Mineral
insulated metal-sheathed 
cable (Type MI) 

Minimum size 230.31, 230.42, 
31O.106(A),517.74(8), 
620.12, 650.6(A), 660.9, 
725.49(A), 760.49(A), 
760.142,810.17,8]0.53 

Motion picture projectors 540.13 
Motor circuits 430.6, 430-II 
Multioutlet assembly see Multi-

outlet assembly 
Multiple 250.102(C), 

250.122(F), 300.5(1) Ex. 
1, 300.20, 310.1 O(H), 
392.20(C), 
520.27(A)(2), 
620.l2(A)(l ), 
690.4(8)(3) 

Neutral see Neutral 
Nonmetallic extensions see Non

metallic extensions 
Nonmetallic sheathed cable, 

Types NM, NMC, and 
NMS see Nonmetallic
sheathed cable (Types 
NM, NMC, and NMS) 

Number of, in see Conductor fit 
Organs 650.6, 650.7 
Outdoor overhead conductors 

over 600 volts Art. 399 
Outlet boxes, temperature limits 

410.21 
Outside wiring Art. 225 
Overcurrent protection 240.4 

Cablebus conductors 370.5 
Grounded conductors 

230.90(8), 240.22 
Service-entrance conductors 

230.90, 230.91, 230.208 
Overhead service see Overhead 

service conductors 
Over 600 volts Art. 490 

Outdoor overhead conductors 
Art. 399 

Paralleled 250.30(A)(3), 
250.l02(C),250.122(F), 
300.5(1) Ex. 1, 300.20, 
3l0.10(H),392.20(C), 
520.27(A)(2), 
520.53(H)(2), 
620. 12(A)(J ) 

Pendant fixture 410.54 
Propeliies of Chap. 9, Table 8 
Raceways, ntlmber of conduc-

tors in see Conductor 
til 

Radio and television equipment 
and antenna systems 
810.4, Art. 820 

Railway, power and light from 
110.19 

Recreational vehicle site feeder 
circuit 551.73,551.80 

Definitio 551.2 
Remote-control circuits Art. 725 
Rigid metal conduit see Rigid 

metal conduit 
Same circuit 300.5(1) 
Selection of, examples Annex D 
Service; see also Overhead ser-

vice conductors; 
Service-entrance cable 
(Types SE and USE); 
Service-entrance con
ductors 

Definition 100-1 
Service-entrance see Service

entrance conductors 
Signal circuits Art. 725, Art. 

760 
Signs and outline lighting 

600.31, 600.32, 600.33 
Single 392.10(B)(1), 392.20(0), 

392.22(B), 392.80 
Sizes II 0.6, 540.l3, 810.16, 

Table 810.16(A), 
810.17,810.53, Chap. 9, 
Tables 5 and 5A; see 
also subhead: Minimum 
size 

Conduit bodies 

Spliced 230.33, 230.46 
Stranded 310.1 06(C), Chap.9, 

Table 10 
Support of, in vertical raceways 

300.19 
Surface raceway see Strut-type 

channel raceway; Sur
face metal raceways; 
Surface nonmetallic 
raceways 

Switchboards and panelboards 
408.3(A), 408.19 

Temperature, limitations of 
31 0.15(A)(3), 
338.10(8)(3) 

Theaters, portable stage equip
ment 520.68 

Tunnels 110.53. 110.54 
Undertloo raceway see Under-

1100 raceways 
Underground feeder and branch

circuit cable see Under
ground feeder and 
branch-circuit cable 
(Type UF) 

Underground service 
Definitio 100-1 

Ungrounded 
Fixed electric space-heating 

equipment 424.99(C)(5) 
Flat conductors, nonmetallic 

extensions 382.104(A) 
Grounding separately derived 

systems 250.30(8) 
Identificatio 210.5(C), 

215.12(C) 
Insulated fitting 300.4(G) 
LamphoJders 410.93 
Multiple branch circuits 210.7 
Overcurrent protection 240.15 
Services 230.90(A) 
Tapped from grounded sys

tem 210.10 
Welders, electric 

Ampacity of supply 630.11, 
630.31 

Overcurrent protection 
630.12(B),630.32(B) 

Wet locations 225.4, 310.to(C), 
Table 310.104(A) 

Wireways Wircways, metal; 
Wireways, nonmetallic 

X-ray equipment 517~V, 660.6 
through 660.9 

Conduit bodies; see also Boxes 
(outlet, device, pull, and 
junction) 

Definitio 100-1 
Marking 314.44 
Number of conductors 

314.16(C) 
Over 600 volts 314-JV 
Pull and junction box 314.28 
Short radius 314.16(C)(3) 
Support of 

Cable trays 392.18(G) 
By reinforcing thermosetting 

resin conduit 355.1 O(H) 
By rigid nonmetallic conduit 

352.10(H) 
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Conduit tin 

Conduit fill 
til 

also Conductor 

Equipment grounding conduc
tors Chap, 9, Note 3 

Grounding conductor 
310,15(B)(6) 

Conduit nipples Chap. 9, Note 4 
Conduits 

Soxes 14.23(H)(2) 
protection of 

remote control 
725.31(B) 

Conductors, number in Chap. 9, 
Table), Annex C, 
Tables C I through 
CI2(A) 

Dimensions Chap. 9, Table 4 
Electrical metallic tubing see 

Electrical metallic tub
ing 

Electrical nonmetallic tubing see 
Eledrical nonmetallic 
tubing 

Flexible metal see nexible 
metal conduit 

High density polyethylene con
duit (Type H DPE) 
High density polyethyl
ene conduit (Type 
HDPE) 

lntermediate metal see Interme
diate metal conduit 

Liquidtighl tlexibl metal 
Liquidtight flexibl 
melal conduit 

Liquidtight Ilexibl nonmetallie 
see Liquidtight flexibl 
nonmetallic conduit 

Metallic, ""~'L"'~'"'''' 

Number or lixtur wires 111 

402.7 
Outside wiring 225,10 
Rigid metal see Rigid mctal 

conduit 
Rigid polyvinyl chloride see 

Rigid polyvinyl chloride 
conduit 

Connections 
Aluminum, copper conductors 

110.14 
Busways 368.238 
Cellular metal 1100 raceways to 

cabinets and extensions 
374.11 

Essential electrical 
517.34. 51 
517.45 

Grounding conductor 250-11l, 
250-VI 

High-impedance grounded neu-
tral 250, I 86(C) 

Integrity of I 2(B) 
Multiple circuit Multiple 

eircuit connections, 
groundinl! 

Point of intercol1l~ccted power 
production sources 
705.12 

Splices 110.14(13) 
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Switches 404.2 
Temperature limitations 

110.14(C), 110.40 
Terminals, general provisions 

lIO,14(A) 
X-ray installations 517.71 

Connectors 
Am10red cable 320.40 
Boxes 14.17 
Breakout assembly 

Definitio 520.2 
Cabinets and cutout boxes 

312.5(C) 
Cable 

Definitio 324.2 
Theater 520.67 

Connector strip 520.44, 520.46 
De.tinitio 520.2 

Electrical metallic tubing 358.42 
Electric whicle 625.19 

Definitio 625.2 
Flexible metal conduit 348.42 
Intermediate metal conduit 

342.42 
Liquidtight ilexibl metal con

duit 350.42 
Liquidtight nexibl nonmetallic 

conduit 356.42 
Pressure (solder less) 250.8(3), 

250.70 
Definitio 100-1 

Rigid metal conduit 344.42 
Single-pole separable 520.53(K), 

530.22 
Definitio 530.2 

Solar photovoltaic systems 
690.33 

Constant-yoltage generators Art. 
445 

Overcurrent protection for 
445.12(A) 

Construction, closed 
Detinitio 545.2 

Construction, types of Annex E 
Construction sites 

Assured equipment grounding 
conductor program 
590.6(B)(2) 

Extension cord sets 590.6(A) 
and (B)(2) 

Ground-fault circuit interrupter, 
protection for 590.6(A) 
and (B)(l) 

Continuity' 
Electrical 

Cable trays 392.60(A) 
Equipment grounding con

ductors 250.124 
Grounded conductors 

200.2(B) 
Gutters, aux! I iary 366.1 OO(A) 
Metal raceways and cables 

250.96, 250,97, 300.10 
Service equipment 

250,92(B), 250.94 
Wireways 376.100(A) 

Grounding, metal boxes, 
gn)urld1l1g-WIJe recep-
tacles 250. 

Mechanical 
Gutters, auxiliary 366.1 OO(A) 

Raceways and cables 300.10, 
300.12 

Conductors 300.13 
Grounded conductor of 

multiwire circuits 
300.l3(B) 

Wireways 376.l00(A) 
Continuous duty 

Definitio 100-1 
Motors see Motors, Continuous 

duty 
Continuous industrial processes 

Coordination, electrical system 
240.12 

Ground-fault protection 230,95 
Ex. 

Orderly shutdown 430.44 
Power loss hazard 240.4(A) 

Continuous load 
Applications 210. I 9(A), 

21O.20(A), 215.2(A) 
Definitio 100-1 

Control; also Hazardous (clas-
sified locations 

Remote 
Circuits see Remote-control, 

signaling, and power
limited circuits 

Of induction and dielectric 
heating equipment 665.7 

X-ray equipment 517-V, 660-II 
Control centers 

Arc-t1as hazard warning 110.16 
Guarding live parts 110,27 
Headroom 110.26(E), 110.32 
Illumination at II 0.26(D), 

110.34(D) 
Motor 430-VIII 

Definitio 100-1 
Working spaces about 110.26 

Working space 110.26, 110.32 
through] 10.34 

Control circuits 430-VI 
Amusement attractions 522-II, 

522-JII 
Definitio 409.2, 430.2, 522.2 

Control drawing 504.10(A) 
Detinitio 500.2, 504.2 

Controllers; see also Hazardous 
(classified locations 

Agricultural buildings 547.6 
Air-conditioning and refrigerat

ing equipment 440.5, 
440-V 

Cases, grounding 250.1 12(D) 
Charge controllers 

Detinitio 690.2, 694.2 
Solar photovoltaic systems 

690.4(D), 690.35(G), 
690.72 

Definitio 100-I 
Diversion load controllers 

694.7(C),694,75(B)(2) 
Definitio 694.2 

Enclosures, grounding 
250.II2(D) 

Motion 
Definitio 620,2 

Motor 430-VIl 
Definitio 620.2 
Disconnecting means 430.75, 

430-IX, 430.227 

Electrically operated pool 
covers 680.27(B)(I) 

Hazardous (classified loca
tions 501.115,502.115, 
503.115 

Marking 430,8 
Tunnels I 10.55 

Operation 
Definitio 620,2 

Ratings 430.83 
Resistors and reactors see Resis

tors and reactors 
Control panels; see also Industrial 

control panels 
Working space 110.26 

Control room 
Sranch circuits, lighting and 

receptacles 620.23 
Detinitio 620.2 
Wiring 620.21(A)(3) 

Control space 
Branch circuits, lighting and 

receptacles 620.23 
Definitio 620.2 
Wiring 620.2 I (A)(3) 

Control system 
Detinitio 620.2 

Convenience outlets see Recep
tacles 

Conversion table, AC conductor 
resistances and reac
tances Chap. 9, Table 9 

Converters 
Definitio 551.2 
Phase see Phase converters 
Recreational vehicle 

Definitio 551.2 
Cooking unit, counter-mounted; 

see also Ovens, wall
mounted; Ranges 

Branch circuits 21 0.19(A)(3), 
210.23(C), 220.55 

Definitio 100-T 
Feeders, calculation of load 

220.82(B)(3) 
Grounding 250.140 

Cooling of equipment II 0.13(B) 
Coordination, electrical systems 

240,12 
Detinitio 100-1 
Feeders 240.100(C), 517.17(B) 
Overcurrent protective devices 

Emergency systems 700.27 
Legally required standby sys

tems 701.27 
Copper-clad aluminum conduc-

tors Conductors, 
copper-clad aluminum 

Copper conductors see Conduc
tors, copper 

Cord connectors 626.25(B)(5) 
Definitio 626.2 

Cords; also Hazardous (classi
fied locations 

Electric-discharge luminaires 
410.62(C)(I) 

Flexible Art. 400, 422.16, 
422.43 

Air conditioner 440.64 
Ampacities Table 400.5 
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Audio signal processing, am
plification and repro
duction equipment 
grouping conductors 
640.8, 640.42, 640.45 

Bending radii, minimum 
400.34 

Construction specification 
400-11 

Emergency systems 700.12(F) 
Equipment grounding con

ductors 
Identificatio 400.23 
Over 600 volts 400.31 (B), 

400.32, 400.33 
Size of 250.122(E) 

Fittings 400.35 
Hazardous (classified loca

tions 505.17, 506.17 
ldentifie conductors within 

200.6(C), 250.1l9(C), 
400.22, 400.23 

Insulation Table 400.4, 
400.21(B) 

Labels 400.20 
Lampholders, insulating bush

ings 410.62(A) 
Manufactured wiring systems 

604.6(A)(3) 
Marking 400.6 
Motion picture projectors 

540.15 
Office furnishing 605.8(A) 
Outlets 

Covers 314.25(C) 
Required 21O.50(B) 

Overcurrent protection 240.5, 
400.13 

Over 600 volts 400-m 
Power-limited and signal cir

cuits, remote-control 
725.49(A) 

Pull at joints and tenninals 
400.10 

Repair of, hard service 400.9 
Showcases, wall cases 410.59 
Small wind electric systems 

694.30(B) 
Solar photo voltaic systems 

690.31(C) 
Splices and taps 400.9, 

400.36, 530.12(A) and 
(B) 

Construction sites 590.4(G) 
Swimming pools, fountains, 

and similar installations 
680.7,680.21(A)(5), 
680.23(B)(3), 
680.42(A), 680.55(B), 
680.56 

Types 400.4, Table 400.4 
Uses not permitted 400.8 
Uses pennitted 400.7 

Heater Table 400.4, 422.43(A) 
Tinsel 

Overcurrent protection 400.13 
Types Table 400.4 

Cord sets see Extension cord sets 
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Correction factors, ambient tem
perature Tables 
B.31 0.15(B)(2)( I) 
through 
B.31 0.15(B)(2)(1 0), 
Tables 31O.15(B)(16) 
through 31O.15(B)(20) 

Corrosion protection see Protec
tion, corrosion 

Corrosive conditions 
Agricultural buildings, wiring in 

547.5(C)(3) 
Annored cable 320.12(4) 
Bushing 430.13 
Cablebus 370.3 
Conductors and conductor insu

lation 300.6, 310.10(G), 
505.18(B) 

High density polyethylene 
conduit 353.10(2) 

Rigid polyvinyl chloride con-
duit 352.1 O(B) 

Deteriorating agents 110.11 
Flat cable assemblies 322.12(1) 
Flat conductor cable 324.12(2), 

324.101 
Luminaires installed in 

41O.1O(B) 
Nonmetallic wireways 378.10(2) 
Open wiring on insulators 

398.15(B) 
Reinforcing thennosetting resin 

conduit 355.1O(B) 
Surface metal raceways 

386.12(3) 
Countertops, outlets 21O.52(C), 

406.5(E) 
Ground-fault circuit interrupters 

21O.8(A)(6) 
Couplings 

Electrical metallic tubing 358.42 
Intennediate metal conduit 

342.42 
Liquidtight flexibl nonmetallic 

conduit 356.42 
Rigid metal conduit 344.42 
Rigid polyvinyl chloride con

duit, expansion fitting 
352.44 

Running threads at 342.42(B), 
344.42(B) 

Threaded and threadless 
250.92(B) 

Cove lighting, space for 410.18 
Covers 

Auxiliary gutters 366.100(D) 
Boxes and fitting 314.25, 

314.28(C),314.41, 
314.42,314.72(E) 

Cable 650.6(D) 
Cable trays 392.18(C) 
Faceplates see Faceplates 
Luminaires fixtures outlet boxes 

for 410.22,410.23 
Pool cover, electrically operated 

680.27(B) 
Definitio 680.2 

Strut-type channel raceways 
384.100(C) 

Wireways 376.2, 376.56(B)(4), 
376.100(D),378.2 

Cranes Art. 610; see also Hoists 
Conductors 610-II, 610-m 
Control 610-VI 
Disconnecting means 430.112 

Ex., 610-rV 
Electrolytic cells 668.32 
Flexible cords 400.7(A)(5) 
Grounding 250.22(1), 

250.112(E), 250.116(1), 
610-VII 

Hazardous (classified locations 
503.155, 61O.3(A) 

Marinas and boatyards 555.23 
Motors and controllers, discon

necting means 430.112 
Ex. 

Overcurrent protection 610-V, 
610.53 

Critical branch 517.33, 517.43 
Definitio 517.2 

Critical care areas 517.19, 
517.45(C) 

Definitio 517.2 
Critical operations data system 

645.10(B) 
Definitio 645.2 

Critical operations power sys
tems Art.708, Annex F 

Availability and reliability for 
Annex F-I 

Circuit wiring and equipment 
708-11 

Commissioning 708.8 
Definitio 708.2 

Definition 708.2 
Development and implementa

tion of functional per
fonnance tests (FPTs) 
Annex F-U 

Emergency operations plan 
708.64 

Grounding 708.20(C) 
Overcurrent protection 708-IV 
Physical security 708.5 
Power sources and connection 

708-111 
Risk assessment 708.4 
System performance and analy

sis 708-V 
Testing and maintenance 708.6, 

708.8 
Cross sectional areas 

Conductors Chap. 9, Tables 5 
through 8 

Conduits Chap. 9, Table 4 
Current-carrying capacities see 

Ampacities 
Current-limiting devices; see also 

Circuit breakers; Fuses 
Definitio 240.2 

Curtain machines, theaters 
520.48 

Cutout bases see Fuseholders 
Cutout boxes; see also Cabinets, 

cutout boxes, and meter 
socket enclosures 

Definitio 100-1 
Cutting tables, motion picture 

530-IV 

Delta-connected 

-D
Dampers (tlue) control 

Fixed stage equipment, smoke 
ventilator control 520.49 

Ventilating openings, trans
fonner vaults 450.45(E) 

Damp or wet locations 110.11; 
see also Wet locations 

Agricultural buildings 
547.5(C)(2) 

Boxes and fitting 314.15 
Busways 368.12(D) 
Cabinets and cutout boxes 312.2 
Cable bus 370.3 
Conductors, types 310.1 O(B), 

31O.10(C), Table 
31O.104(A) 

Definitio 100-1 
Electric signs and outline light

ing 600.42(G)(2), 
600.4 2(H)(2) 

Fixed electric space-heating 
equipment 424.12(B) 

Lampholders 410.96 
Luminaires 41O.10(A) 
Open wiring 398.15(B) 
Overcurrent protection, enclo-

sure 240.32 
Panelboards 408.37 
Receptacles 406.9 
Reinforcing thennosetting resin 

conduit 355.10(E) 
Rigid polyvinyl chloride conduit 

352.10(D) and (E) 
Switchboards 408.16 
Switches 404.4 

Dance halls Art. 518 
Data processing systems see In

fonnation technology 
equipment 

DC systems 250-VIII 
Grounding 250.162, 250.164 
Luminaires, installation of 

410.134 
Dead ends 

Busways 368.58 
Cablebus 370.7(2) 
Flat cable assemblies 322.40(A) 
Wireways 376.58, 378.58 

Dead front 
Definitio 100-1, 551.2 
Instruments, meters, and relays 

on 250.174(B) 
Recreational vehicles 551.2, 

551.45(C) 
Stage switchboards 520.21 
Working spaces about 

11O.26(A)(I) 
Decks, receptacles for 

210.52(E)(3) 
Definition Art. 100 
Detlectio of conductors 

Auxiliary gutters 366.58(A) 
Cabinets and cutout boxes 312.6 

Deicing installations see Fixed 
outdoor electric deicing 
and snow-melting 
equipment 

Delta breakers 408.36(C) 
Delta-connected 

Grounding separately derived 
systems 250.30(A)(3) 
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Delta-connected 

Identifying high-leg, 3-phase 
supply, 4-wire 110.15, 
230.56, 408.3(E), 
408.3( F), 409.102 

Demand factor; also Loads 
Oefinitio 100-1 

Detached buildings, oil-insulated 
transformers in 450.26 
Ex. 5 

Detearing equipment, electro
static 516.4(E) 

Deteriorating agents 110.11 
Device; see also Receptacles; 

Switches 
Oefinitio 100-1 

Device or equipment fiI for 
boxes 314.16(B)(4) 

Diagnostic equipment 517.73(A) 
Diagrams 

Adjustable speed drive control 
Fig. 0.10 

Autotransformer overcurrent 
protection Fig. 450.4 

Cable installation dimensions, 
underground Fig. 310.60 
for use with Tables 
310.60(C)(77) through 
310.60(C)(86), Figs. 
B.310.15(B)(2)(2) 
through 
B.310.15(B)(2)(5) for 
use with Tables 
B.310.15(B)(2)(5) 
through 
8.310.15(B)(2)(10) 

Cable substitution hierarchy 
Communications systems Fig. 

800.154 
Community antenna TV and 

radio distribution sys
tems Fig. 820.154 

Fire alarm systems Fig. 
760.154(0) 

Optical fibe cables Fig. 
770.154 

Remote control, signaling, 
and power limited cir
cuits Fig. 725.154(G) 

Elevators, dumbwaiters, escala
tors, etc. 

Control system Fig. 620.2 
Single line diagram Fig. 

620.13 
Feeders 215.5 
Generator fiel control Fig. 0.9 
Hazardous (classified locations, 

Class I, Zones 0, 1, and 
2, marking 505.9(C)(2) 

Hazardous (classified locations 
adjacent to dispensers 
Fig. 514.3 

Luminaires, closet storage space 
Fig. 410.2 

Marine terminal handling flam 
mabie liquids Fig. 515.3 

Mobile homes, receptacle and 
attachment plug Fig. 
550.10(C) 

Motor feeder and branch circuits 
Fig. 430.1 
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Park trailers, receptacles and 
attachment plugs Fig. 
552.44(C) 

Recreational vehicles, recep
tacles and attachment 
plugs Fig. 551.46(C) 

Remote control, signaling, and 
power limited circuits, 
Class 2 and 3 circuits 
Fig. 725.121 

Services Fig. 230.1 
Solar photovoltaic systems, 

identificatio of compo
nents Fig. 690J(A) and 
(8) 

Spray application, dipping, and 
coating Figs. 
516.3(C)( 1), (C)(2), 
(C)(4), and (C)(5) 

Swimming pools, clearance 
from pool structures 
Fig. 680.8 

Dielectric heating; see also Induc
tion and dielectric heat
ing equipment 

Oefinitio 665.2 
Different systems, conductors in 

same enclosure 
300.3(C), 725.48, 
725.136(8), 760.48, 
760.136, 800.47(A), 
800.133(A),8\O.18(C), 
820.133(A) 

Dimensions 
Conductors Chap. 9, Tables 5 

through 8 
Conduits and tubing Chap. 9, 

Table 4 
Dimmers 

Emergency lighting circuits 
700.23 

Solid-state-type 520.25(0), 
520.53(F)(l ) 

Oefinitio 520.2 
Stage switchboard 520.25, 

520.53(E), 520.5 3(F)( 1 ) 
Switch 404.9(B), 404.14(E); see 

also Snap switches 
Dining areas, essential electrical 

systems 517.42(E) 
Dip tanks Art. 516 
Direct burial 

Ampacities, modificatio of Fig. 
310.60, 310.60(C)(2), 
Table 310.60(C)(81) 
through 310.60(C)(85) 

Corrosion protection 
Aluminum metal equipment 

300.6(B) 
Ferrous metal equipment 

300.6(A)(3) 
Grounding conductor connection 

250.68(A) Ex. L 250.70 
High density polyethylene con

duit 353.10 
Liquidtight flexibl metal con

duit 350.10(3), 350.120 
Liquidtight flexibl nonmetallic 

conduit 356.10(4), 
356.10(7) 

Metal-clad cable 330.1 0(A)(5) 

Nonmetallic underground con
duit with conductors 
354.10(1) 

Over 600 volts 300.50 
Premises-powered broadband 

communication, optical 
fibe cables for 
840.47(8) 

Rigid metal conduit Table 300.5, 
344.10(A)(2), 344.10(B) 

Rigid polyvinyl chloride conduit 
300.50(C), 352.1 O(G) 

Bulk storage plants 515.8 
Service stations 514.8 Ex. 2 

Underground feeder and branch
circuit cable 340.10(1) 

Underground service cable 
230.30 Ex., Table 300.5, 
31OJO(F) 

Disconnecting means 
Agricultural buildings 547.9 
Air-conditioning and refrigerat

equipment 440-11, 

Appliances 422-UI 
Branch circuits, multiwire 

210.4(B) 
Capacitors 460.8(C) 
Carnivals, circuses, fairs, and 

similar events 
525.21(A) 

Cranes 430.112 Ex., 610-IV 
Definition 100-1, 100-II, 551.2 
Electric deicing, snow-melting 

equipment 426.50 
Electric pipeline, vessel heating 

equipment 427.55 
Electric space heating equipment 

424-1JI 
Electric vehicle charging system 

equipment 625.23 
Electrolytic cells 668.13 
Electroplating systems 669.8 
Elevators 620-VI, 620.91(C) 
Fire pumps 695.4(B) 
Fixed electric heating equipment 

for pipelines and vessels 
427.55 

Fixed outdoor electric deicing 
and snow-melting 
equipment 426.50 

Fuel cell systems see Fuel cell 
systems 

Fuses 240.40 
Generators 445.18 
ldentificatio 110.22,230.70(8), 

620.51(0) 
Induction and dielectric heating 

equipment 665.12 
Industrial control panels 409.30 
Industrial machinery 670.4(B) 
Information technology equip-

ment645.4(1 645.10 
Interconnected power 

production sources 
705.20 705.22 

Irrigation machines 
Luminaires 410.130(G), 

410.141 (A) 
Marinas and boatyards 555.17 
Mobile homes 550.11 

Motors and controllers 430.75, 
430.95, 430-IX, 
430.128, 430.227 

Naturally and artificiall made 
bodies of water, electri
cal equipment for 
682.14 

Outside branch circuits and 
feeders 225.31, 225.51, 
225.52 

Over 600 volts, mobile and por
table equipment 
490.51(0) 

Parking space 626.22(0), 
626.24(C), 626.31 (A) 

Oefinitio 626.2 
Phase converters 455.8, 455.20 
Pools, spas, and hot tubs 680.12 
Portable equipment 517.l7(C) 
Receptacles, cord connectors 

and attachment 
(caps) 422.33, 

Recreational vehicle parks 
551.77(B) 

Recreational vehicles 551.45(C) 
Sensitive electronic equipment, 

lighting equipment 
647.8(A) 

Separate building on same pre
mises 250.32(0) 

Services 230-VI, 250.64(0) 
Connections, ahead of 230.82 
Over 600 volts 225.51, 

225.52, 230.205, 
230.206 

Shore power connections 555.17 
Signs and outline lighting 600.6 
Small wind electric systems 

694-rIT,694.70(F) 
Solar photovoltaic 

690-JII, 
690.56, 690.71 (E), 
690.71(F) 

Standby systems, optional 
702.12 

Storage batteries 480.5 
Temporary circuits 590.4(E) 
Tunnels 110.58 
Welders 630.13, 630.33 
X-ray equipment 517.72, 660.5, 

660.24 
Discontinued outlets see Outlets, 

discontinued 
Dissimilar metals see Metals, 

dissimilar 
Distribution panelboards see 

PaneJboards 
Distribution point 547.9 

Detinitio 547.2 
Diversion load 694.75(B)(2) 

Definitio 694.2 
Diversion load controller 

694.7(C),694.75(8)(2) 
Oetinitio 694.2 

Doors, transformer vaults 450.43 
Double insulated 

Appliances and tools 250.114 
Ex., 422.16(B)(1) Ex., 
422.16(B)(2) Ex. 

Pool pumps 680.21 (8), 680.31 
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Double locknuts see Locknuts, 
double, required 

Drainage 
Busways 368.236 
Equipment 501.15(F), 505.16(E) 
Oil-insulated outdoor transform-

ers 450.27 
Raceways see Raceways, drain

age 
Transformer vaults 450.46 

Dressing rooms 
Motion picture studios 530-lJI 
Theaters 520-VI 

Drip loops 
Conductors entering buildings 

230.24(B)( 1), 230.52, 
230.54(F), 398.15(B) 

Service heads 230.54(F) 
Driveways 

Clearance of conductors 225.18 
Overhead service conductors 

230.24(B) 
Drop see Service drops; Voltage 

and volts, drop 
Dryers, clothes see Clothes dryers 
Dry location '10.' I; see also 

. Damp or wet locations 
Conductors, types 310.1 O(A) 

and (B), Table 
31 0.1 04(A) 

Definitio I 00-1 
Electric signs and outline light

ing 600.42(H)( 1) 
Portable or mobile 600.l0(D) 

Nonmetallic extensions 
382.10(B) 

Open wiring 398.l5(A) 
Reinforcing thermosetting resin 

conduit 355.1 O(E) 
Rigid polyvinyl chloride conduit 

352.10(E) 
Surface raceways 386. \0(1), 

388.10(1) 
Switchboards 408.20 

Dry-type transformers 450.1 Ex. 
2, 450.8(B), 450.21, 
450.22 

Dual-voltage motor, locked-rotor 
rating 430.7(B)(3) 

Duct heaters, installation of 
424-VI 

Ducts 
Electrical 31O.60(C)(3), Tables 

310.60(C)(77) through 
310.60(C)(80), Fig. 
310.60, 8.31 0.15(B)( 4) 

Definitio 310.2, 310.60(A) 
Luminaires in 410.1 O(C) 
Wiring in 300.21, 300.22, 

725.3(C), 760.3(B), 
770.26, 800.113(B), 
Table 800.154(a), 
800.179(A), 800.182(A), 
820.26, 820.113(B), 
Table 820.154(a), 
820.179(A), 830.113(B), 
Table 830.154(a), 
830. I 79(B)(1) 

Dumbwaiters see Elevators, 
dumbwaiters, escalators, 
moving walks, platform 
lifts, and stairway chair· 
lifts 
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Dust-ignitionproof 500.7(B), 
502.15, 506.8(A) 

Definitio 500.2, 506.2 
Dusts see Hazardous (classified 

locations 
Dusttight 500.7(C), 506.8(D) 

Definitio 100-1, 500.2, 506.2 
Duty, types 

Definition 100-1 
Duty cycle, welding 630.31 (B) IN 
Dwellings; see also Appliances; 

Boxes; Grounding; and 
similar general catego
ries 

Arc-fault circuit-interrupter pro-
tection 210.12 

Branch-circuit voltages 21 0.6(A) 
Definition 100-1 
Farm, services 220.102(A), 

220.103 
Feeders 

Load, calcu lations for 
220.14(1), 220.16(A), 
220.82 through 220.85, 
Annex D 

Minimum rating and size 
215.2(A)(4) 

Lighting loads for Table 220.12 
Lighting outlets required 

210.70(A) 
Luminaires 410.135, 

410.140(B); see also 
Luminaires 

Panelboards as services 
408.3(C), 408.36 Ex. 3 

Receptacle circuits required 
210.11 

Receptacle outlets required 
21O.52,680.22(A) 

Protection by ground-fault 
circuit interrupters 
210.8(A) 

Swimming pools 
680.22(A)(3) 

Receptacles, tamper-resistant 
406.12 

-E-
Eccentric knockouts see Knock

outs 
Elbows, metal, protection from 

corrosion 300.6 
Electrical datum plane 555.23, 

682.10 to 682.12, 
682. 14(B), 682.15 

Definitio 555.2, 682.2 
Electrical ducts see Ducts 
Electrical life support equipment 

Definitio 5l7.2 
Electrically operated pool covers 

see Covers 
.Electrical metallic tubing (Type 

EMT) Art. 358 
Bends 358.24, 358.26 
Connectors and couplings 

358.42 
Construction specification 358-

m 
Definitio 358.2 
Grounding 358.60 
Installation 358-TI 

Listing 358.6 
Marking 358.120 
Maximum number of conductors 

and fixtur wires in 
Tables C.l and C.l(A) 

Number of conductors in 358.22 
Reaming and threading 358.28 
Securing and supporting 358.30 
Size 358.20 
Splices and taps 358.56 
Uses not permitted 358.12 
Uses permitted 358.10 
Wet locations, in 358.1 O(C) 

Electrical noise 647.3; see also 
Sensitive electronic 
equipment 

Grounding 250.96(B), 
250. I 46(D) 

Receptacles 406.3(D) 
Electrical nonmetallic tubing 

(Type ENT) Art. 362 
Bends 362.24, 362.26 
Bushings 362.46 
Construction specification 362-

III 
Detinitio 362.2 
Grounding 362.60 
Installation 362-II 
Joints 362.48 
Listing 362.6 
Marking 362.120 
Maximum number of conductors 

and fixtur wires in 
Tables C.2 and C.2(A) 

Number of conductors in 362.22 
Securing and supporting 362.30 
Size 362.20 
Splices and taps 362.56 
Through metal framing members 

300.4(B) 
Trimming 362.28 
Uses not permitted 362.12 
Uses permitted 362.10 

Electric discharge lighting 
Connection of luminaires 

410.24,410.62(C) 
Definitio 600.2 
Hazardous (classified Class 1 

locations 501.130(B)(6) 
Lamp auxiliary equipment 

410.104 
Marking 410.146 
More than 1000 volts 410-X1lI 
Signs and outline lighting Art. 

600 
1000 volts or less 41O~XJ1 
Wiring, equipment 410. 130(A), 

410-XlU 
Electric heating equipment, fixe 

see Fixed electric heat
ing equipment tor pipe
lines and vessels; Fixed 
electric space-heating 
equipment; Fixed out
door electric deicing 
and snow-melting 
equipment 

Electric power production and 
distribution network 

Definitio 100-1, 690.2 

Electrodes 

Electric power production 
sOUl'ces see Generators; 
Interconnected electric 
power production 
sources; Solar photovol
taic systems; Wind elec
tric systems, small 

Electric signs see Signs, electric 
Electric vehicle charging system 

equipment Art. 625 
Automatic de-energization 

625.19 
Cable Table 400.4, 625.17 
Coupler 625.9 
Coupling method 625.16 
Detinition 625.2 
Disconnecting means 625.23 
Hazardous (classified locations 

625.28 
Interactive system 625.26 
Listed 625.5 
Marking 625.15 
Primary source, loss of 625.25 
Protection and control 625-IV 
Rating 625.14 
Supply equipment 625.13 

Construction 625-111 
Definitio 625.2 
Interlock 625.18 
Locations 625~ V 
Markings 625.15 

Ventilation not required 
625.29(C) 

Ventilation required 625.29(D), 
Table 625.29(D) 

Voltages 625.4 
Wiring methods 625-JI 

Electric vehicles 
Definitio 625.2 

Electric welders see Welders, 
electric 

Electrifie truck parking space 
equipment Art. 626 

Definition 626.2 
General requirements 626.4 
Supply equipment 626-[IJ 
Transport refrigerated unit 

(TRU) 626-IV 
Wiring systems 626-1I, 626.22 

Definitio 626.2 
Electrodes, grounding 250.64(F); 

see also Grounding 
electrode conductors 

Aluminum 250.52(B)(2) 
Common 250.58 
Community antenna television 

and radio distribution 
systems 820.106 

Concrete-encased 250.50 Ex., 
250.52(A)(3), 
250.66(B), 250.68(A) 
Ex.l, 250.70 

Definitio 100-1 
Fuel cell systems 692.47 
Gas piping as 250.52(B)( 1) 
Intrinsically safe apparatus 

504.50(C) 
Made 250.50, 250.52 
Metal frame of building as 

250.30(A)( 4), 
250.30(A)(8), 
250.52(A)(2), 250.68(C) 
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Electrodes 

Metal water piping system 
250.30(A)(4), 
250.30(A)(8), 
250.52(A)( I), 250.68(C) 

Premises-powered broadband 
communications systems 
840.l06(A) 

Separately derived systems 
250.30(A)(4), 
250.30(B)(2), 250.30(C) 

System installation 250.53 
Electrolytic cells Art. 668 

Auxiliary nonelectric connec
tions 668.31 

Cell line conductors 668.12 
Cell line working zone 668.10 

Definitio 668.2 
Cranes and hoists 668.32 
DC cell line process power sup-

ply 668.11 
Definition 668.2 
Disconnecting means 668.13 
Enclosures 668.40 
Fixed electrical equipment 

668.30 
Grounding 668.15 
Portable electrical equipment 

668.20, 668.21, 668.30 
Shunting means 668.14 

Electronically actuated fuse 
Definitio 100-II 

Electronic computer/data pro
cessing equipment see 
Information technology 
equipment 

Electronic equipment 
Definitio 500.2 

Electroplating systems Art. 669 
Branch-circuit conductors 669.5 
Disconnecting means 669.8 
Overcurrent protection 669.9 
Warning signs 669.7 
Wiring methods 669.6 

Electrostatic equipment, spraying 
and detearing paint 
516.4(E),516.10 

Elevators, dumbwaiters, escala
tors, moving walks, 
platform lifts, and 
stairway chairlifts Art. 
620 

Cables 
Flexible Table 400.4, 

400.7(A)(4),620.21 
Traveling 620.ll(B), 

620.12(A),620-V 
Clearances, working 620.5 
Conductors 620-U through 

620-IV 
Definition 620.2 
Disconnecting means and con

trol 620-VI, 620.91(C) 
Emergency and standby power 

systems 620-X 
Essential electrical systems 

517.32(G),517.42(G) 
Ground-fault circuit interrupters 

620.85 
Grounding 250.112(E), 250.116, 

250.136,620-IX 
Live parts 620.4 
Machine room 620-VIIl 
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Overcurrent protection 620-VII 
Voltage limitations 620.3 
Wiring 620-III 
Working clearances 620.5 

Emergency systems Art. 700; see 
also Legally required 
standby systems; Op
tional standby systems 

Capacity 700.4 
Circuits for lighting and power 

700-IV, 700-V 
Circuit wiring 700-II 
Connections at services 230.82 
Control700-V 
Definition 517.2, 700.2 
Elevators, dumbwaiters, escala-

tors, moving walks, 
platform lifts, and stair
way chairlifts 620-X 

Health care facilities 
517.30(B)(2), 
517.30(C)(3),517.31 

Overcurrent protection 700-VI 
Service disconnecting means 

230.72(B) 
Services 230.2(A) 
Signals 700.6 
Signs 700.7 

Grounding 700.7(B) 
Sources of power 700-III 
Tests and maintenance 700.3 
Transfer equipment 700.5 
Unit equipment 700.12(F) 
Wiring 700.10 

Enamel, coating of 
General equipment, indoor use 

only 300.6(A)(1) 
Metal boxes 314.40(A) 
Metal cabinets 312.1O(A) 
Removing for grounding con-

nections 250.96(A) 
Rigid metal conduit 

344.l0(A)(4) 
Enclosed 

Definitio 100-I 
Enclosures; see also Hazardous 

(classified locations 
Arcing parts 110.18 
Bonding 250.96, 250.146 
Busways 368.237 
Cabinets and cutout boxes 312.7 

through 312.9, 
312.1l(D) 

Circuits in, number of 90.8(B) 
Cranes, hoists, resistors 

6 10.3 (B) 
Definitio 100-1 
Electrolytic cells 668.40 
Elevators, dumbwaiters, escala-

tors, moving walks, 
platform lifts, and stair
way chairlifts 620.4, 
620-VIII 

Grounding 250.64(D), 
250.64(E), 250-IV 

Handhole enclosures 314.29, 
314.30, 314-IV 

Definitio ] 00-1 
Hazardous (classified locations; 

see also subhead under 
entries for specific haz
ardous location involved 

High-intensity discharge lamp 
auxiliary equipment 
41O.104(A) 

Indoor use, for Table 110.28 
Induction and dielectric heating 

665.20 
Industrial control panels 409.100 
Installations over 600 volts 

110.31 
Intrinsically safe systems 

S04.30(A)(2), 504.50(A) 
Outdoor use, for Table 1l0.28 
Overcurrent protection 

230.208(B), 240-111, 
312.8 

Panelboards 408.38 
Radio equipment 810.71(A) 
Signs 600.8, 600.42(H) 
Switches 312.8, 404.3,404.12, 

404.18,450.8(C) 
Types 110.28 
Underground see Underground 

enclosures 
Energized 

Definitio 100-1 
Energized parts; see also Live 

parts 
Motors, motor circuits, and con

trollers 430-XII 
Energy-limited, Class 2 and 

Class 3 control and 
signal circuits 
725.l21(A)(4) 

Enforcement of Code 90.4, 510.2, 
Annex H 

Engineering supervision see Super
vision, engineering 

Entertainment devices 
Definitio 522.2 

Equipment; see also specific types 
of equipment 

Approval 90.4, 110.2, Annex H 
80.19 

Cooling of 1l0.13(B) 
Detinitio 100-1, 500.2 
Examination of 90.7, 11 0.3 
Grounding 250-VI 
Installation, general provisions 

Art. 110 
Less than 50 volts Art. 720 
More than 600 volts Art. 490 
Mounting see Mounting of 

equipment 
Sealable see Sealable equipment 
Service 

Definitio 100-1 
Signal 

Definitio 620.2 
Equipment bonding jumpers see 

Jumpers, bonding 
Equipment grounding conductor 

til and boxes 
314.l6(B)(5) 

Equipment grounding conductors 
Armored cable (Type AC) as 

320.108 
Cable trays as 392.1 O(B)( I), 

392.60 
Capacitor cases connected to 

460.10, 460.27 
Carnivals, circuses, fairs, equip

ment at 525.30, 525.31 

Connections at outlets 250.146, 
250.148,400.33 

Fixed outdoor electric deicing 
and snow-melting 
equipment 426.44 

Floating buildings 553.8(C), 
553.10 

Fuel cell systems 692.44, 692.45 
Hazardous (classified locations 

501.30(B), 502.30(B), 
S03.30(B), 506.2S(B) 

Health care facilities 517.19(D), 
517.19(F) 

Identificatio 250.119,400.23 
Information technology equip

ment 645.15 
Installation 215.6, 250.120, 

250.130 
Intrinsically safe apparatus con

nected to 504.50(A) 
Luminaires 410.42, 410.44, 

410.46 
Messenger-supported wiring 

396.30(C) 
Metal-clad cable (Type MC) as 

330.108 
Mineral-insulated metal-sheathed 

cable (Type MI) as 
332.108 

Motor control centers 430.96 
Motor terminal housings 

430.12(E) 
Nonmetallic sheathed (Type 

NMS) cable as 334.108 
Panel boards 408.40 
ParalleI31O.10(H)(5) 
Park trailers, interior equipment 

552.56(B) 
Patient care areas, equipment in 

5] 7.13(B) 
Portable cables over 600 volts 

400.31(B),400.32, 
400.33 

Receptacles and cord connectors 
406.3(D)( I), 406.4, 
406.10 

Resistor and reactor 
cases/enclosures con
nected to 470.19 

Signs and outline lighting 
600.7(A) 

Sizing 250.122, 250. 190(C)(3), 
310.13 

Small wind electric systems 
694.40 

Snap switches, general-use 
404.9(B) 

Solar photovoltaic systems 
690.43 through 690.46 

Spas and tubs 680.7(B) 
Swimming pools 680.7(B), 

680.23(B)(3), 
680.23(F)(2) 

Switchboard, stage 520.51, 
520.53(H)(2) 

Switch enclosures connected to 
404.]2 

Switchgear and control assem
blies frames connected 
to 490.36, 490.37 

Systems and circuits over I kV 
250. 190(C) 
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Tunnels II 0.54(B) 
Types recognized 250. 118, 

250.l20, 250.134 
Equipment system 

Definitio 517.2 
Equipotential plane 547.10, 

682.33 
Definitio 547.2, 682.2 

Escalators see Elevators, dumb
waiters, escalators, mov
ing walks, platform lifts, 
and stairway chairlifts 

Essential electrical systems, 
health care facilities 
see Health care facilities 

Examples (calculations) Annex D 
Exciters 

Leads in enclosure with other 
conductors 
300.3(C)(2)( c) 

Overcurrent protection for 
445.12(A) 

Exhaust ducts see Ducts 
Exits, emergency lighting for 

517.32(A),517.32(8), 
517.42(A),517.42(B), 
700.12(F), 700.16 

Exit signs see Signs, exit 
Expansion joints (fittings 250.98, 

300.7(B), 352.44, 
355.44, 366.44, 
368.244, 424.44(C), 
424.98(C), 
424.99(C)(1), 426.20(E), 
426.21(C),426.22(D), 
427.16 

Explanatory material IN 90.5(C) 
Explosionproof equipment 

500.7(A), 501.10(B)(4), 
502.5, 505.16(B)(2) 

Definitio 100-1, 500.2 
Explosive atmospheres, gases, 

liquids, dusts, ignitible 
fibers/flying and lint 
see Hazardous (classi
tied locations 

Exposed; see also Enclosures 
Cable trays 392.18(E) 
Conductive surfaces 

Definitio 517.2 
Definitio 770.2, 800.2, 820.2, 

830.2 
Deicing and snow-melting 

equipment 426.21 
Hazardous (classified locations 

501..25, 502.25, 503.25, 
505.19 

Live parts 110.26 
Definitio 100-1 

Luminaire parts 410.5, 410.42, 
410.46 

Nonmetallic extensions 
382.1O(B) 

Receptacle terminals 406.5(F) 
Structural metal, grounding 

250.52(A )(2) 
Transformers 450.8(C) 
Wiring methods 

Definitio 100-1 
Open wiring on insulators 

398.15 

2013 California Electrical Code 

INDEX 

Extension cord sets 
On construction sites 590.6(A) 

and (B)(2) 
Overcurrent protection 240.5 

Extensions 
Auxiliary gutters 366.12 
Cellular metal £100 raceways 

374.11 
Flat cable assemblies 322.40(D) 
Lighting systems operating at 30 

volts or less, conductors 
for 411.4(A) 

Nonmetallic see Nonmetallic 
extensions 

Surface, boxes and fitting 
314.22 

Surface raceways 386. I 0(4), 
388.10(2) 

Wireways 376.70, 378.10(4), 
378.70 

Externally operable see Operable, 
externally 

-F-
Faceplates 

Grounding 404.9(8), 406.6(B), 
550.15(D) 

Material 404.9(C), 406.6 
Minimum thicknesses for 

404.9(C), 406.6 
Mobile homes 550.l5(D) 
Mounting surfaces, against 

404.9(A),404.10(B), 
406.5, 406.9(E) 

Fairs see Carnivals, circuses, fairs, 
and similar events 

Fans, ceiling see Ceiling fans 
Farm buildings, feeder calcula

tions 220.102; see also 
Agricultural buildings 

Fault protection device 
Dcfinitio 830.2 

Fault-tolerant external control 
circuits 695.14(A) 

Definitio 695.2 
}<'eeder assembly, mobile homes 

550.1O(A) 
Definition 550.2 

Feeders Art. 215, Art. 220 
Busways 368.17 
Calculation of loads see Loads 
Critical operations power sys-

tems 708-11 
Definitio 100-1 
Emergency systems 700.1 OeD) 
Equipment grounding conduc-

tors 250.122(G) 
Farm buildings, for 220.102 
Ground-fault circuit interrupters, 

with 215.9 
Grounding means 215.6 
Hoistways and machine rooms 

620.37(C) 
Identitlcatio 225.37, 230.2(E) 
Kitchen equipment, commercial 

220.56 
Loads see Loads, feeders 
Mobile homes and parks 

550.10(A), 550-1II 
Motion picture studios 

530.18(B) 

Motors 430-Il 
Outside see Outside branch cir

cuits and feeders 
Overcurrent protection 215.3 

Accessibility 240.24(A) 
Motor 430-V 

Pools, permanently installed 
680.25 

Recreational vehicle sites 
551. 73, 551.80 

Restaurants 220.88 
Services 220-111 
Stage switchboard 520.27 
Taps 240.21 (B), 240.92, 430.28 
Television studio sets 530.19 

Feed-through conductors 
312.11(D) 

Ferrous metals; see also Rigid 
metal conduit (Type 
RMC) 

Induced currents in enclosures 
or raceways 300.20 

Protection from corrosion 
300.6(A) 

Festoon lighting 
Conductor size 225.6(B) 
Definitio 100--1 
Portable stage equipment 520.65 

Festoon wiring, portable stage 
equipment 520.65 

Fiber bushings, AC cable ends 
320.40 

Fibers/flyings lint, ignitible Art. 
503, Art. 506; see also 
Hazardous (classified 
locations 

Fiber-to-the-premises (FTTP) 
840.1 IN I 

Detinitio 840.2 
Figures see Diagrams 
Films, motion picture; see also 

Projector rooms, motion 
picture 

Storage vaults 530-V 
Viewing, cutting, patching tables 

530-IV 
Finish rating 

Dei-initio 362.10(2) IN 
Fire alarms see Alarms; Alarm 

systems, health care 
facilities; Fire alarm 
systems 

Fire alarm systems Art. 760 
Abandoned cables 760.25 

Definitio 760.2 
Access to electrical equipment 

760.21 
Circuits extending beyond one 

building 760.32 
Connections at services 

230.82(5), 230.94 Ex. 4 
Critical operations power sys-

tems 708.14 
Definition 760.2 
Grounding 250.112(1) 
Health care facilities 517.32(C), 

517.42(C),517-VI 
Identificatio 760.30 
Installation 760.32 
Location 760.3 
Mechanical execution of work 

760.24 

Fire pumps 

Nonpower-limited circuits 760-
II, 840.47(A) 

Cable marking 760.176, Table 
760.176(G) 

Conductors 760.49 
Different circuits in same 

raceway, etc. 760.48 
Number of conductors in 

raceway, etc., and derat
ing 760.51 

Listing 760.176 
Marking 760.176 
Multiconductor cablc 760.53 
Overcurrent protection 

760.43, 760.45 
Power source requirements 

760.41 
Requirements 760.35(A) 
Wiring method 760.46, 

760.53(A) 
Power-limited circuits 760-IU 

Cable markings 760.179 
Cable substitutions 

760.154(D), Table 
760.1 54(D) 

Circuit integrity cable 
760. I 79(G) 

Circuit markings 760.124 
Conductors 

Separation 760.136 
Size 760.142 
Support 760.143 

Installation 760.133, 760.139 
Line-type fir detectors 

760.145,760.179(J) 
Listing 760.179 
Marking 760.179 
Overcurrent protection Chap. 

9, Tables 12(A) and 
12(B) 

Power sources 760.121 
Requirements 760.35( B) 
Wiring methods and materials 

Load side 760.130 
Supply side 760.127 

Fire detectors, line-type 
760.1 79(J) 

Fire pumps Art. 695 
Connection at services 

230.72(A) Ex., 
230.82(5), 230.94 Ex. 4 

Continuity of power 695.4 
Control wiring 695.14 
Detlnition 695.2 
Emergency power supply Art. 

700 
Equipment location 695.12 
Grounding 250.1 12(L), 

250.112(M) 
Listing 695.6(H), 695.10 
Motor, overcurrent protection 

430.31 IN 
On-site standby generator 

695.3(B)(2),695.3(D), 
695.4(8), 695.6(C) Ex. 
2 

Definitio 695.2 
Power sources to electric motor

driven 695.3 
Power wiring 695.6 
Remote-control circuits 

430.72(B) Ex. 1 
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Fire pumps 

equipment overcurrent 
protection 230. 90(A) 
Ex. 4 

Services 
Supervised 695.4 
Transformers 695.5 
Voltage drop 695.7 

Fire spread 
Prevention of: 

300.21, 
760.3(A), 770.26, 
800.26, 820.26, 830.26 

Fire-stopped partitions 300.21; 
see also Firewalls 

Firewalls, wiring through 300.21 
Fittings Art. 314: see also Wiring 

methods, Types and 
materials 

Conduit bodies 314.16 
Cords, Jkxibl 400.35 
Delinitio 100-1 

Expansion joints 

Flat assemblies, installed 
with 322.40(C) 

Insulation 300.4(G) 
Integrated gas spacer cable 

326.40 
fixed electric heating equipment 

for pipelines and ves
sels Art. 427 

Continuous load 427.4 
Control and protection 427-VII 

Controls 427.56 
Disconnecting means 427 .55 
Overcurrent 427.57 

Definition 
Impedance heating 427-IV 

Definitio 427.2 
Grounding 427.29 
Induced currcnts 427.28 
1 solation tnmsfol'mcr 427.26 
Personnel protection 427.25 
Secondary conductor sizing 

427.30 
Voltage limitations 427.27 

Induction heating 427-V 
Definitio 427.2 
Induced currcnt 427.37 
Personnel protection 427.36 
Scope 427.35 

Installation 427-1 I 
General 427.10 
IdentiJicatio 427.13 
Thermal protection 427.12 

427.11 
Resistance heating elements 

427-1Il 
Derinitio 
Electrical connections 427.1 <) 

Equipment protection 427.22 
Expansion and contraction 

427.16 
Flexural capability 427.17 
Grounded conductive cover-

ing 427.23 
Marking 427.20 
Not in direct contact 427.15 
Power supply kads 427.\8 
Secured 427 .14 

Skin elTeet heating 427-V\ 
Conductor amp~1city 427.45 

70-H44 
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Grounding 427.48 
Pull boxes 427.46 
Single conductor in enclosure 

427.47 
Fixed electric space-heating 

equipment Ali. 424 
Branch circuits for 424.3 

Boilers 424.82 
Radiant heating panels 

424.95, 424.96 
Cables 424-V 

Area restrictions 424.38 

Construction 424.34 
Finished ceilings 424.42 
Installation 

In concrete or ma-
sonry floor 

Nonheating leads 424.43 
Marking 424.35 
Splices 424.40, 424.41(D) 
Tests and inspections 424.45 

Control and protection 424-lIT 
Controllers 424.20(A) 
Disconnecting means 424.19 

through 424.21,424.65 
Indicating 424.21 

Overcurrent protection 
424.22, 424.72, 424.82 

Duct heaters 424-VI 
Airflo 424.59 
Condensation 424.62 
Disconnecting means, loca-

tion 424.65 
Elevated inlet temperature 

424.60 
Fan circuit interlock 424.63 
ldentificatio 424.58 
Installation 424.61, 424.66 
Limit controls 424.64 

Electrode-type boi lers 424-VIII 
I.nslallation 424-1I 

Location 
Damp or wet locations 

424.12(B) 
Exposed to physical dam

age 424.12(A) 
combustible materi-
424.13 

Special pcrmission 424.10 
Supply conductors 424.11 

Listed 424.6 
Load 220.51, 220.R2(C), 
Marking 424-IV 

Boilers 424.86 
Cables 424.35 
Healing elements 424.29 
i\!ameplates 220.82(C), 

424.28 
Radiant heating panels and 

panel sets 

Overcurrent protection for 
424.22, 424.72, 424.82 

Radiant heating panels and heat
sets 424-IX, 

Walls 424.95 
Connection 424.96 
Definition 424.91 
Installation 424.93, 424.98, 

424.99 
424.92 

NOlnheatlflg leads 424.97 
Resistance-type boilers 424-VII 

Fixed equipment, grounding 
250.l10, 250.112, 
250.116, 250.134, 
250.136, 250.190, 
517.13 

Fixed outdoor electric deicing 
and snow-melting 
equipment Art. 426 

Branch circuits tor 21 0.1 9(A)(4) 
Ex. ICe) 

Connections 426.24 
Continuous load 426.4 
Control and protection 426-VI 
Cord-and-plug-connected 

426.50(B), 426.54 
Definition 426.2 
Disconnecting means 426.50 
General 426.10 
Ground-fault circuit intcrrupters 

210.8(A)(3) Ex. 
Grounding 426.22(A), 426.27, 

426.34, 426.44 
Tdentificatio of 426.13 
Impedance 426-IV 

Definitio 
fnduced currents 426.33 
Isolation transfonner 426.3] 
Personnel protection 426.30 
Voltage limitations 426.32 

Installation 426-Il 
Marking 426.25 
Nonheating leads, installation of 

426.22, 426.23 
Protection 

Corrosion 426.26, 426.43 
Exposed equipment, nonheat

leads for 426.23(B) 
210.8(A)(3) Ex., 

426.28 
Thennal 426.12 

Resistance heating elements 
426-1I1 

Definitio 426.2 
Embedded 426.20 
Exposed 426.21 

Skin effect heating 426-V 
Conductor ampacity 426.40 
Definitio 426.2 
Pull boxes 426.41 
Single eonductor in enclosure 

426.42 
permission 426.14 

'l'h,pr""''''''<:ll'" for 426.51 
Use of 426.11 

Fixtures Luminaires 
.Fixture wires Art. 402 

Ampacities 402.5 
Grounded conductor, identifica 

tion 402.8 
Marking 402.9 
Minimum size 402.6 
Number in conduits or tubing 

402.7 

Overcurrent protection 240.5, 
402.12 

Types 402.3 
Uses not permitted 402.11 
Uses permitted 402.10 

Flame spread see Fire spread 
Flammable anesthetics; see also 

Anesthetizing locations 
Detinitio 517.2 

Flammable gases see Hazardous 
(classified locations 

Flammable-liquid produced va
pors see Hazardous 
(classified locations 

Flammable liquids see Hazardous 
(classified locations 

Flashers, time switches, etc. 
404.5, 600.6(B) 

Flat cable assemblies (Type FC) 
Art. 322 

Boxes and fitting 322.40 
Branch-circuit rating 322. J O( I) 
Conductor insulations for 

322.112 
Conductor size 322.104 
Construction 322-ITl 
Dead ends 322.40(A) 
Definitio 322.2 
Extensions from 322.40(D) 
Fittings for 322.40(C) 
Identificatio of grounded con-

ductor 322.120(B) 
Luminaire hangers 322.40(B) 
Marking 322.120 
Number of conductors in 

322.100 
Size of conductors in 322.104 
Splices 322.56 
Supports tor 322.30 
Tenninal block identificatio 

322.120(C) 
Uses not 322.12 
Uses 322.10 

Flat conductor cable (Type FCC) 
Art. 324 

Branch-circuit rating 324.1 O(B) 
Cable connections and ends 

324.40(A) 
Construction 324-1 lJ 

Conductor identificatio 
324.120(B) 

Insulation 324.ll2 
Markings 324.120(A) 
Receptacles and housings 

324.42 
Shields 324. 1 OO(B) 

Definition 324.2 
Transition assemblies 

324.56(B) 
Definitio 324.2 

Definition 324.2 
Grounding 324.60 
Installation 324-11 

Alterations 
Boxes and titting 
Cable connections and insu-

lating ends 324.40(A) 
Connections to other systems 

324.40(D) 
Crossings 324.18 
Floor coverings 324.41 
Heated floor 324.10(F) 
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Metal shield connectors 
324.40(E) 

Receptacles and housings 
324.42 

Shields 324.40(C), 324.40(E) 
Definitio 324.2 

Supports 324.30 
System height 324.10(G) 

Insulating ends 324.40(A) 
Definitio 324.2 

Listing requirements 324.6 
Polarization 324.40(B) 
Splices and taps 324.56 
Systems alterations 324.56(A) 
Uses not permitted 324.12 
Uses permitted 324.10 

Flatirons 
Cords 422.43(A) 
Signals 422.42 
Stands for 422.45 
Temperature-limiting means 

422.42, 422.46 
Flexible cords see Cords, flexibl 
Flexible metal conduit (Type 

FMC) Art. 348 
Bends 348.24. 348.26 
Couplings and connectors 

348.42 
Definitio 348.2 
Grounding and bonding 348.60 
Installation 348-11 
Liquidtight see Liquidtight flex 

ible metal conduit 
Listing 348.6 
Maximum number of conductors 

and fixtur wires in 
Tables C3 and C3A 

Number of conductors in 348.22 
Securing and supporting 348.30 
Size 348.20 
Splices and taps 348.56 
Trimming 348.28 
Uses not permitted 348.12 
Uses permitted 348.10 

Flexible metallic tubing (Type 
FMT) Art. 360 

Bends 360.24 
Boxes and fitting 360.40 
Construction specification 360-

m 
Definitio 360.2 
Grounding 360.60 
Installation 360-11 
Listing 360.6 
Marking 360.120 
Number of conductors 360.22 
Sizes 360.20 
Splices and taps 360.56 
Uses not permitted 360.12 
Uses permitted 360.10 

Floating buildings Art. 553 
Bonding of noncurrent-carrying 

metal parts 553.11 
Definitio 553.2 
Feeder conductors 553.6 
Grounding 553-III 
Insulated neutral 553.9 
Service conductors 553.5 
Service equipment location 

553.4 
Services and feeders, installation 

553.7 
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Floor pockets 520.46 
Floors 

Busways through 368.10(C)(2) 
Cablebus support and extension 

through 370.6 
Flat conductor cable (Type 

FCC) inion 324.1 OCC) 
Floor coverings 324.41 
Heated floor 324.10(F) 

Insul.ating ends 324.41 
Masonry or concrete floors in

stallation of heating 
cables in 424.44 

Radiant heating panels, installa
tion of 424-IX 

Receptacles 210.52(A)(3), 
250.146(C), 314.27(B), 
406.9(0) 

Flue damper control see Dampers 
(flue) control 

Fluorescent luminaires 410-XIJ, 
410-XUI 

Autotransformers in ballasts 
410.138 

Auxiliary equipment 410.104, 
410.137 

Ballast protection required 
410.130(£) 

Circuit breakers used to switch 
240.83(D) 

Connection of 410.24, 
41O.62(C) 

Disconnecting means 
410.130(G) 

Load calculations 
Ampere ratings, ballasts 

220.18(B) 
Branch circuits 210.23 

Raceways 410.64 
Snap switches for 404.14(A)(I), 

404. 14(B)(2) 
Surface-mounted or recessed 

41O.16(A),410.16(C) 
Thermal protection 410.130(£) 

Fluoroscopic equipment see 
X-ray equipment 

Flyings, ignitible see 
Fibersl1lyings lint, ig
nitible 

Footlights, theaters 520.43 
Definitio 520.2 
Disappearing 520.43(C) 

Formal interpretations 90.6 
Forming shells, underwater pool 

luminaires 680.23(B), 
680.24(B), 
680.26(B)( 4), 
680.27(A)(3) 

Definitio 680.2 
Fountains; see also Swimming 

pools, fountains, and 
similar installations 

Drinking 422.52 
Foyers, receptacles in 210.52(T) 
Frame 

Definitio 551.2 
Fuel cell systems Art. 692 

Circuit requirements 692-11 
Circuit sizing 692.8 
Connection to other circuits 

692-VII 

Identifie interactive equip
ment 692.60 

Loss of interactive system 
power 692.62 

Output characteristics 692.61 
Point of connection 692.65 
Transfer switch 692.59 
Unbalanced interconnection 

692.64 
Definition 692.2 
Disconnecting means 692-TIJ 

All conductors 692.13 
Switch or circuit breaker 

692.17 
Emergency systems, source of 

power for 700.12(E) 
Grounding 692-V 

Equipment grounding con
ductor 692.44, 692.45 

Grounding electrode system 
692.47 

System grounding 692.41 
Installation 692.4 
Marking 692-Vr 

Fuel cell power sources 
692.53 

Fuel shutoff 692.54 
Stored energy 692.56 

Overcurrent protection 692.8(B), 
692.9 

Over 600 volts 692-VUI 
General 692.80 

Stand-alone system 692.10 
Standby systems, legally re

quired 701.12(F) 
Wiring methods 692-IV 

Full-load current motors 
Alternating current 

Single-phase Table 430.248 
Three-phase Table 430.250 
Two-phase Table 430.249 

Direct current Table 430.247 
Furnaces see Heating equipment, 

central 
Fuseholders 

Cartridge fuses 240-VI 
Over 600 volts 490.21(B) 
Plug fuses 240-V 
Rating, motor controllers 430.90 
Type S 240.53, 240.54 

Fuses Art. 240; see also Hazard
ous (classified locations 

Cartridge see Cartridge fuses 
Communications circuits, pro

tectors for 800.90(A)(2) 
Definition over 600 volts 

100-II 
Disconnecting means 240.40 
Electronically actuated 

Definitio 100-II 
Enclosures 240-111 
Generators, constant-voltage 

445.12(A) 
Group installation of motors 

430.53(C) 
Location in circuit 240.21 
Location on premises 240.24 
Markings 240.60(C) 
Motor branch circuit protection 

430~IV 

Motor overload protection 430-
III,430.225(C)(1) 

Multiple see Multiple fuses 
Over 600 volts 490.21 (B) 
In parallel, not permitted 240.8, 

404.17 
Plug, Edison-base type 240-V 
Potential (voltage) transformers 

450.3(C) 
Ratings 240.6 
Service equipment 230.95(B) 
Services over 600 volts 230.208 
Small wind electric systems 

694.26 
Solar photovoltaic systems 

690.16 
Type S 240.53, 240.54 

Future expansion and conve
nience 90.8(A) 

-G-
Gages (AWG), conductors 110.6 
Garages, commercial Art. 511 

Battery charging equipment 
511.1 O(A) 

Classificatio of locations 511.3 
Definition 100-1, 511.2 
Electric vehicle charging 

511.10(B) 
Elevators, dumbwaiters, escala

tors, moving walks, in 
620.38 

Equipment 511.4, 511.7 
Ground-fault circuit-interrupter 

protection 210.8(B)(8), 
511.12 

Grounding 250.II2(F) 
Grounding and bonding 511.16 
Locations 511.4 
Sealing 511.9 
Special equipment 511.10 
Ventilation 511.3(C) through (E) 
Wiring 511.4, 511.7 

Gases see Hazardous (classified 
locations 

Gasoline bulk storage plants see 
Bulk storage plants; 
Hazardous (classified 
locations 

Gasoline dispensing and service 
stations see Motor fuel 
dispensing facilities 

Gas pipe 
As grounding electrode 

250.52(B)(1 ) 
General care areas 517.18 

Definitio 517.2 
General provisions, installation 

of wiring and equip
ment Art. 110 

General requirements for wiring 
methods Art. 300; see 
also Wiring methods 

Boxes, conduit bodies, or fit 
tings, where required 
300.15 

Changing raceway or cable to 
open wiring 300.16 

Conductors 300.3 
Difterent systems 300.3(C) 
Installation with other sys

tems 300.8 
Insulated fitting 300.4(G) 



General requirements for wiring methods INDEX 

Number and sizes of, in race
ways 300.17 

Supporting of conductors in 
vertical raceways 
300.19 

Exhaust and ventilating ducts, 
wiring 300.22 

Expansion joints, raceways 
300.7(8) 

Free length of wire at outlets, 
junction and switch 
points 300.14 

Induced currents in ferrous 
metal enclosures 300.20 

Mechanical and electrical conti
nuity, conductors, race
ways, cables 300.10, 
300.12,300.13 

Over 600 volts 11 O-III, 30D-Il, 
Art. 490 

Protection against 
Corrosion 300.6 
Physical damage 300.4 

Raceway installations 300.18 
Raceways and cables with other 

systems 300.8 
Raceways and fIttings metric 

designator and trade 
size 300,1(C) 

Raceways as a means of support 
300.11(B) 

Raceways exposed to different 
temperatures 300.7 

Raceways in wet locations 
above grade 300.9 

Sealing, raceways, change in 
temperature 300.7(A) 

Securing and supporting 300.11 
Spread of fir or products of 

combustion 300.21 
Temperature limitations 

310.l5(A)(3) 
Through studs, joists, rafters 

300.4 
Underground installations 300.5, 

300.50 
Voltage limitations 300.2 
Wiring in ducts, plenums, air

handling spaces 300.22 
Generators Art. 445 

Bushings 445.16 
Conductor, ampacity of 445.13 
Critical operations power sys-

tems 585.20(F) 
Disconnecting means 445.18 
Emergency systems 700.12(B) 
Essential electrical systems, task 

illumination 517.32(E), 
517,32(F),517.42(F) 

Grounding 250.34, 250.35, 
250.112 

Guards for attendants 445.15 
Hazardous (classified locations 

505.22 
Health care facilities 517.30, 

517.35,517.44 
Interconnected electric power 

production sources 705-
III 

Legally required standby sys
tems 701.12(8) 

Location 445,10 
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Marking 445.11 
Multiple loads, supplying 445.19 
Overcurrent protection 445.12 
Portable 250,34 
Protection of live parts 445.14 
Recreational vehicles 551.30 
Standby systems Art. 701, 702 

Fire pump, on-site 
695.3(B)(2), 695.3(D), 
695.4(8), 695,6(C) Ex. 
2 

Terminal housings 445.17 
Goosenecks, service cables 230.54 
Grooves, cables and raceways 

installed in 300.4(F) 
Ground 

Definitio 100-1 
Voltage to 

Definitio 100-1 
Ground clamps 250.10, 250.70 
Grounded 

Definitio 100-1 
Solidly 

Definitio 10D-1 
Grounded conductor see Conduc

tors, Grounded; ~eutral 
Ground fault 

Definitio 100-1 
Ground-fault circuit interrupters 

Accessory buildings, dwelling 
units 21O.8(A)(2) 

Aircraft hangars 513.12 
Appliances 

Drinking fountains 422.51 
High-pressure spray washers 

422.49 
Vending machines 422.51 

Basements, dwelling units, un
finishe 210.8(A)(5) 

Bathtubs, hydromassage 680.71 
Carnivals, circuses, fairs, and 

similar events 525.23 
Definitio 10D-l 
Electrically operated pool covers 

680.27(B)(2) 
Electric signs, portable or mo

bile 600.1O(C)(2) 
Electrifie truck parking space 

supply equipment 
626.24(D) 

Elevators, dumbwaiters, escala
tors, moving walks, 
platform lifts, and stair
way chairlifts 620.85 

Fixed electric space-heating 
equipment cables 
424.44(G) 

Fountains 680.51(A) 
Garages 

Commercial 511.12 
Dwelling units 210.8(A)(2) 

Naturally and artificial1 made 
bodies of water, electri
cal equipment for 
682.15 

Permitted uses 210.8, 215.9 
Personnel, protection for 426.32 
Pipeline heating 427.27 
Pools and tubs lor therapeutic 

use 680,62(A}, 
680.62(£) 

Receptacles 21 0.8 

Bathrooms, in dwelling units 
21O.8(A)(I) 

Bathrooms in other than 
dwelling units 
210.8(B)(I) 

Boathouses 555.19(B)(I) 
Construction sites, at 590.6 
Fountains 680.57(B), 680.58 
Garages, in dwelling units 

210.8(A)(2) 
Health care facilities 

517.20(A),517.21 
Kitchens in dwelling units 

2 IO.8(A)(6) 
Marinas and boatyards 

555.19(B)(I) 
Mobile homes 550.13(B), 

550.32(E) 
Outdoors, dwelling units 

210,8(A)(3) 
Park trailers 552.41 (C) 
Pools 680.5, 680.6, 

680.22(A)(4), 
680.22(8)( 4), 680.32, 
680,62(E) 

Recreational vehicles 
551.40(C),551.41(C) 

Replacement 406.4(0) 
Required 210.8 
Rooftops in other than dwell

ing units 21 0.8(B) 
Sensitive electronic equip

ment 647.7(A) 
Spas and hot tubs 680,43(A), 

680.44 
Swimming pools see Swimming 

pools, fountains, and 
similar installations 

Ground-fault protection 
Connections at services 230.82 
Cranes and hoists 610.42 
Deicing and snow-melting 

equipment 426.28 
Emergency systems, not re

quired 700.26 
Equipment 215.10,240.13 

Definitio 100-J 
Fire pumps 695.6(G) 
Fixed electric space-heating 

equipment 424.99(C)(5) 
Health care facilities 517.17 
Marinas and boatyards 555.3 
Motors 430-IV, 430-V 
Personnel see Ground-fault cir-

cuit interrupters 
Pipeline heaters 427.22 
Service disconnecting means 

230.95 
Solar photovoltaic systems 

690.5, 690.6(D), 
690.35(C) 

Grounding Art. 250; see also sub
head under entries for 
specific wiring and 
equipment 

AC systems 250.20, 250.24, 
250.26 

Air-conditioning units 250.114 
Anesthetizing locations 517.62 
Antenna 810.15, 810.21, 810,58, 

810.71(B) 
Appliances 250.114 

Audio signal processing, ampli
fication and reproduc
tion equipment 640.7 

Bonding see Bonding 
Bulk storage plants 515.16 
Busways 368.60 

Over 600 volts 368.260 
Cablebus 370.9 
Capacitors 460.10, 460,27 
CATV systems 820.93, 82D-IV 
Circuits 250-1 

Less than 50 volts 250.20(A) 
Clothes dryers 250.114, 250.140 
Clothes washers 250.114 
Communications systems 

800.93, 800.1 06(A), 
80D-IV 

Continuity 250.96 
Control, radio equipment 

810.71(B) 
Control panels 409.60 
Cranes and hoists 610-VU 
DC systems 250.162, 250.164 
Deicing, snow-melting systems 

426.22(A),426.27, 
426.34, 426.44 

Dishwashers 250.114 
Electrode system 250-III 
Elevators 250.1I2(E), 250.116, 

250.136, 62D-IX 
Enclosures 250.64(D), 

250.64(E), 250-IV 
Equipment, cord-and-plug

connected 250.114 
Fire alarm systems 250.112(1) 
Fixed equipment 250.110, 

250.112, 250.134, 
517.13 

Fixtures, lampholders, etc. 
410.155(B),4ID-V 

Fountains 680.54, 680.55 
Freezers 250.114 
Fuel cell systems 692-V 
Garages, commercial 511.16 
Generators 250.34, 250.112 
Hazardous (classified locations 

501.30, 502.30, 503.30, 
505.25, 506.25 

Health care facilities 517.13, 
5] 7.19 

High density polyethylene con
duit 353.60 

Induction and dielectric heating 
equipment 665-Il 

Information technology equip
ment 645.15 

Instrument transformers, relays, 
etc. 250-X 

Intrinsically sate systems 504.50 
Lightning surge arresters 280.25 
Metal boxes 314.4, 314.40(0) 
Metal enclosures for conductors 

250.80, 250.86 
Metal faceplates 404.9(B), 

406.6(B) 
Metal siding 250.116 IN 
Methods 250-VII 
Mobile homes 550.16 
More than 600 volts between 

conductors 300.40 
Motion picture studios 530.20 
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Motors and controllers 250-VI, 
430.12(E), 430.96, 430-
XIlI 

Naturally and artificiall made 
bodies of water, electri
cal equipment for 682-
II1 

Nonelectrical equipment 250.116 
Organs 650.5 
Over 600 volts 300.40, 490.36, 

490.37 
Over 1000 volts 250-X 
Panelboards 408.40, 517.19(D) 
Patient care areas 517.13 
Patient care vicinity 517.19(C) 
Portable equipment 250.114 
Radio and television equipment 

810.l5,810.20(C), 
810.21,810.58, 
81O.71(B) 

Ranges and similar appliances 
250.140 

Receptacles 250.146,250.148, 
406.4,517.13, 
517.19(G) 

Recreational vehicles 551.54, 
551.55, 551.75, 551.76 

Refrigerators 250.114 
Sensitive electronic equipment 

647.6 
Separate buildings 250.32 
Separately derived systems 

250.21 (A), 250.30 
Signs and outline lighting 

600.7(A), 600.24(B), 
600.33(D) 

Small wind electric systems 
694-V 

Spas and tubs 680.6, 680.7(B), 
680.43(F) 

Spray application, dipping, and 
coating processes 
516.16 

Surge arresters 280.25 
Surge protective devices 285.28 
Swimming pools 680.6, 

680.7(B), 680.23(B)(3), 
680.23(B)( 4), 
680.23(F)(2), 680.24(D), 
680.24(F), 680.25(B) 

Switchboards 250.112(A), 
408.22 

Switches 404.9(B), 404.12 
Systems 2SO-I, 2SO-JI 
Theaters and similar locations 

520.81 
Tools, motor operated 2S0.114 
Transformers 450.5, 450.6(C), 

4S0.1O 
X-ray equipment 517.78, 

660-IV 
Grounding conductors 2S0-III, 

2S0-VI; see also Equip
ment grounding conduc
tors; Grounding elec
trode conductors 

Definitio I 00-1 
Earth as 2S0.4(A)(5), 250.54 
Enclosures 250-IV 
Flat conductors, nonmetallic 

extensions 382.1 04(C) 
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Identification multiconductor 
cable 250.119 

Installation 250.64, 250.120 
Material 250.62 
Objectionable current over 250.6 
Sizes 250.122 

Grounding electrode conductors; 
see also Electrodes, 
grounding 

Communications circuits 
800.100 

Community antenna television 
and radio distribution 
systems 820.100, 
820.106 

Connection to electrodes 250-1, 
2S0.24(0), 250-III 

Definitio 100-1 
Installation 250.64 
Intersystem, connecting 250.94 
Material 2S0.62, 250.118 
Network-powered broadband 

communications cable 
830.100(A) 

Optical fibe cables 770.100(A) 
Radio and television equipment 

810.21,8lO.58 
Separately derived systems 

2S0.30 
Sizing 250.30(A)(6)(a), 250.66, 

250.l66 
Solar photovoltaic systems 

690.47 through 690.49 
Surge-protective devices 285.28 
Systems and circuits over 1 kV 

2S0.190(B) 
Grounding electrodes see Elec

trodes, grounding 
Grounding point 

Patient equipment 
Definitio 517.2 

Reference 
Detinitio S17.2 

Grounding*type attachment 
plugs 406.10 

Ground ring 2S0.S2(A)( 4), 
250.53(F), 250.66(C), 
250.166(E) 

Grouping, switches, circuit 
breakers 404.8; see 
also Accessible 

Grouping of disconnects 230.72 
Group installation, motors see 

Motors, grouped 
Guarded 

Detinitio 100-1 
Guarding, guards; see also En

closures; Live parts 
Cables 

Coaxial 820.93, 820.100, 
820.106,840.101(A) 

Flat conductor cable (Type 
FCC) 324.40(C), 
324.40(E) 

Definitio 324.2 
Grounded 31 0.60(C)(1) 
Over 600 volts, requirements 

for 300.40 
Portable 400.32 

Circuit breaker handles 
240.41 (B) 

Conductors, dielectric insulated 
310.10(E) 

Connectors, solar photovoltaic 
systems 690.33(B) 

Construction sites 590.7 
Elevators, dumbwaiters, escala

tors, moving walks 
620.71 

Generators 445.1 S 
Grounding 250.190(C)(2) 
Handlamps, portable 410.82(8) 
Induction and dielectric heating 

equipment 665-II 
Intrinsically safe apparatus, 

cable shields for 
504.50(B) 

Lamps, theaters, dressing rooms, 
etc. S20.44(A)(3), 
520.47, 520.65, 520.72 

Live parts 
General I 10.27 
Solar photovoltaic batteries 

690.71(B)(2) 
On stage switchboards 520.22 
In theaters 520.7 
Wind electric system batteries 

694.70(B)(2) 
Motion picture studios 530.15, 

530.62 
Motors and motor controllers 

430.243, 430-Xll 
Over 600 volts 110.34,590.7; 

see also Protection, 
Physical damage 

Portable cables 400.32 
Transformers 4S0.8 
Ventilation openings 110.78 
X-ray installations 517.78, 

660-1 V 
Guest rooms or suites 

Branch-circuit devices 
240.24(B) 

Branch-circuit voltages 210.6(A) 
Cooking equipment, branch cir

cuits for 210.18 
Oefinitio 100-1 
Outlets 210.60, 210.70(B), 

220.14(J) 
Overcurrent devices 240.24(E) 
Tamper-resistant receptacles in 

406.13 
Gutters, auxiliary see Auxiliary 

gutters 

-H-
Hallways, outlets 21 0.52(H) 
Handhole enclosures see Enclo

sures, Handhole enclo
sures 

Handlamps, portable 410.82 
Hangars, aircraft see Aircraft 

hangars 
Hazard current 

Definitio 517.2 
Hazardous areas see Hazardous 

(classified locations 
Hazardous atmospheres Art. 500 

Class T locations SOO.5(B) 
Class II locations SOO.5(C) 
Class III locations 500.5(D) 
Groups A through G 500.6 

Hazardous (classified) locations 

Speciti occupancies Art. 510 
Hazardous (classified locations, 

Classes I, II, and III, 
Divisions 1 and 2 Art. 
SOO; see also Hazardous 
(classified locations, 
Class I, Zone 0, I, and 
2 locations 

Aircraft hangars S13.3 
Anesthetizing locations 

S17.60(A), S17.61 
Bulk storage plants 515.3 
Class I see Hazardous (classi

fied locations, Class I 
Class I, Zone 0, I, and 2 see 

Hazardous (classified 
locations, Class I, Zone 
0, I, and 2 locations 

Class II see Hazardous (classi
fIed locations, Class II 

Class HI see Hazardous (classi
fied locations, Class 1II 

Combustible gas detection sys-
tem 500.7(K) 

Definition 500.2 
Oust-ignitionproof SOO.7(B) 
Dusts, explosive Art. 502 
Ousttight 500.7(C) 
Equipment 500.8 

Approval for class and prop-
erties SOO.8(B) 

Marking SOO.8(C) 
Optical fibe cable 500.8(F) 
Suitability 500.S(A) 
Temperature marking 500.8 

(D) 
Threading 500.8(E) 

Explosion proof equipment 
500.7(A) 

Fiberslflyings lint, highly com
bustible material Art. 
503, Art. S06 

Flammable liquids Art. 500, Art. 
501 

Garages, commercial 5 I 1.3, 
5J 1.4 

Gases, flammabJ Art. 500, Art. 
501 

Gasoline service stations see 
Motor fuel dispensing 
facilities 

General 500.4 
Group classification 500.6 
Hoists 503.155 
Inhalation anesthetizing loca

tions see Anesthetizing 
locations 

Intrinsic safety 500.7(E); see 
also Intrinsically safe 
systems 

Lighting systems, less than 30 
volts 411.7 

Material groups 500.6 
Protection techniques SOO.7 
Specifi occupancies Art 510 
Spray application, dipping and 

coating processes 516.3 
Vapors, flammabl Art. 500, Art. 

501 
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Hazardous (classified) locations 

Hazardous (classified locations, 
Class ( 500.5(B), 
500.6(A), Art. 501; see 
also Hazardous (classi
fied locations, Classes 
I, II, and III, Divisions 
1 and 2; Hazardous 
(classified locations, 
Class I, Zone 0, ], and 
2 locations 

Bonding 501.30(A), 504.60 
Circuit breakers 501.115, 

50L135(8)(3) 
Control transformers and resis

tors 501.1 05(B)(2), 
501.120 

Cranes and hoists 6] O.3(A)(I) 
Drainage of equipment 

501.l5(F) 
Exposed parts 501.25 
Flexible cords 501.140 
Fuses 50Ll15, 50LJ35(B)(3) 
Grounding 501.30 
Hermetically sealed 500.7(1) 
Induction and dielectric heating 

equipment 665.4 
Luminaires 501.130 
Meters, instruments, and relays 

50Ll05 
Motor controllers 501.115 
Motors and generators 501.120 
Nonincendive circuit 500.7(F) 
Nonincendive component 

500.7(H) 
Nonincendive equipment 

500.7(G) 
Oil immersion 500.7(1) 
Process sealing 501.17 
Receptacles and attachment 

plugs 50].]45 
Sealing 501.15, 50l.17 
Signaling, alarm, remote-control, 

and communications 
systems 501.150 

Surge protection 50L35 
Switches 501.115, 

501.130(B)(5), 
50 1. 135(B)(3) 

Transformers and capacitors 
501.100 

Utilization equipment 501.135 
Wiring methods 501.10 
Zone 0, 1, and 2 locations see 

Hazardous (classified 
locations, Class I, Zone 
0, 1, and 2 locations 

Zone equipment 501.5 
Hazardous (classified locations, 

Class I, Zone 0, 1, and 
2 locations Art. 505 

Bonding 505.25(A) 
Class T, Zone 0, 1, and 2 group 

classification 505.6(A) 
through (C) 

Classificatio of locations 505.5 
Class I, Zone 0 505.5(B)(1) 
Class I, Zone I 505.5(B)(2) 
Class I, Zone 2 505.5(B)(3) 

Conductors and conductor insu
lator 505.18 

Definition 505.2 
Documentation 505.4(A) 
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Equipment construction 505.9 
Class I temperature 505.9(D) 
Listing 505.9(B) 
Marking 505.9(C) 
Optical fibe cable 505.9(F) 
Suitability 505.9(A) 
Threading 505.9(E) 

Equipment for use in 505.20 
Exposed parts 505.19 
Flexible cords 505.17 
General 505.4 
Grounding 505.25 
Material groups 505.6 
Process sealing 505.26 
Protection techniques 505.8 

Combustible gas detection 
system 505.8(1) 

Definitio 505.2 
Encapsulation 505.8(G) 

Definitio 505.2 
Flameproof 505.8(A) 

Definitio 505.2 
Increased safety 505.8(F), 

505.22 
Definitio 505.2 

Intrinsic safety 505.8(C) 
Definitio 505.2 

Oil immersion 505.8(E) 
Definitio 505.2 

Powder fillin 505.8(H) 
Definitio 505.2 

Purged and pressurized 
505.8(B) 

Definitio 505.2 
Type of protection "n" 

505.8(D) 
Definitio 505.2 

Reference standards 505.4(B) 
Sealing 

Drainage and 505.16 
Process 505.26 

Special precaution 505.7 
Wiring methods 505.15 
Zone equipment 505.9(C)(2), 

Fig. 505.9(C)(2) 
Hazardous (classified locations, 

Class II 500.5(C), Art. 
502; see also Hazardous 
(classified locations, 
Classes J, II, and III, 
Divisions 1 and 2 

Bonding 502.30(A) 
Circuit breakers 502.115 
Control transformers and resis-

tors 501.120 
Cranes and hoists 61O.3(A)(2) 
Exposed parts 502.25 
Flexible cords 502.140 
Fuses 502.115 
Grounding 502.30 
Luminaires 502.130 
Motor controllers 502.115 
Motors and generators 502.125 
Multiwire branch circuits 502.40 
Receptacles and attachment 

plugs 502.145 
Sealing 502.] 5 
Signaling, alarm, remote-control, 

and communications 
systems, meters, instru
ments, and relays 
502.150 

Surge protection 502.35 
Switches 502.115 
Transfonners and capacitors 

502.100 
Utilization equipment 502.135 
Ventilating piping 502.128 
Wiring methods 502.10 
Zone 20, 21, and 22 locations 

for flammabl dusts, 
fibers/flyin Art. 506 

Zone equipment 502.6 
Hazardous (classified locations, 

Class HI 500.5(D), Art. 
503; see also Hazardous 
(classified locations, 
Classes I, II, and III, 
Divisions ] and 2 

Bonding 503.30(A) 
Circuit breakers 503.115 
Control transformers and resis-

tors 503.120 
Cranes and hoists 503.155, 

610.3(A)(3) 
Exposed parts 503.25 
Flexible cords 503.140 
Fuses 503.115 
Grounding 503.30 
Luminaires 503.130 
Motor controllers 503.115 
Motors and generators 503.125 
Receptacles and attachment 

plugs 503.145 
Signaling, alarm, remote-control, 

and local loudspeaker 
intercommun ications 
503.150 

Storage battery charging equip
ment 503.160 

Switches 503.115 
Transformers and capacitors 

503.1 00 
Utilization equipment 503.135 
Ventilation piping 503.128 
Wiring methods 503.10 
Zone 20, 21, and 22 locations 

for flammabl dusts, 
fiberslflyin Art. 506 

Zone equipment 503.6 
Hazardous (classified locations, 

specifi Art. 510 
Hazardous (classified locations, 

Zone 20, 21, and 22 
Art. 506 

Bonding 506.25(A) 
Classificatio of locations 506.5 
Definition 506.2 
Documentation 506.4(A) 
Equipment installation 506.20 

Manufacturer's instructions 
506.20(D) 

Temperature 506.20(E) 
Equipment requirements 506.9 

Listing 506.9(B) 
Marking 506.9(C) 
Suitability 506.9(A) 
Temperature 506.9(D) 
Threading 506.9(E) 

Flexible cords 506.17 
General 506.4 
Grounding 506.25 
Multiwire branch circuits 506.21 
Protection techniques 506.8 

Definition 506.2 
Dust-ignitionproof 506.8(A) 
Dusttight 506.8(D) 
Encapsulation 506.8(E) 
Enclosure 506.8(H) 
Intrinsic safety 506.8(C), 

506.8(J) 
Nonincendive circuit and 

equipment 506.8(F), 
506.8(G) 

Pressurization 506.8(B), 
506.8(1) 

Reference standards 506.4(B) 
Sealing 506.16 
Special precautions 506.6 
Wiring methods 506.15 
Zone equipment 506.9(C)(2) 

Headers 
Cellular concrete floo raceways 

372.2, 372.5, 372.9 
Cellular metal floo raceways 

374.2, 374.6 
Definitio 372.2,374.2 

Health care facilities Art. 517 
Communications, signaling sys

tems, data systems, Jess 
than 120 volts, nominal 
517-Vl 

Other-than-patient care areas 
517.81 

Signal transmission between 
appliances 517.82 

Definition 517.2 
Essential electrical systems 517-

III 
Ambulatory health care cen

ters 517.45 
Clinics, medical and dental 

offices, and other health 
care facilities 517.45 

Connections 
Alternate power source 

517.34 
Critical branch 517.43 
Life safety branch 517.42 

Critical branch 517.33, 
517.43 

Definitio 517.2 
Emergency system 517.31 
Essential electrical systems 

517.41 
Hospitals 5] 7.30 
Life safety branch 517.32 
Nursing homes and limited 

care facilities 517.40 
Power sources 517.3 5, 517.44 

General 5] 7-1 
Inhalation anesthetizing loca

tions 517-IV 
Classificatio 517.60 
Grounded power systems in 

anesthetizing locations 
517.63 

Grounding 517.62 
Line isolation monitor 

517.160(B) 
Low-voltage equipment and 

instruments 517.64 
Wiring and equipment 

517.61,517.160 
Isolated power systems 517-VII 
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Critical care areas 517. 1 9(E), 
517.19(F) 

Definitio 517.2 
Essentiul electrical systems 

517.30(C)(2) 
Grounding SI7.19(F), 

647.7(B) 
Installation 517.l60(A) 
Wet procedure locations 

517.20(B) 
Wiring and protection 517-II 

Applicability 517.10 
Critical care areas 517.19 
Fixed electrical equipment 

and grounding of recep
tacles 517. 13 

General care ureas 517.1 8 
General 

installation/construction 
criteria 517.11 

Ground-fault circuit
interrupter protection 
517.20(A), 517.21 

('.rround-tault protection 
517.17 

Grounding 517.13 
Panelboard bonding 517.14, 

5 [7.19(D) 
Receptacles 517.13,517.16, 

517.19(B),517.19(G) 
Wet locations 517.20 
Wiring methods 517.12 

X-ray in'StalIations 517-V 
Connection to supply circuit 

517.71 
Control circuit conductors 

517.74 
Disconnecting means 517.72 
Equipment installations 

517.75 
Guarding and grounding 

517.78 
High tension x-ray cables 

517.77 
Overcurrent protection 517.73 
Rating of supply conductors 

517.73 
Transformers and capacitors 

517.76 
Heater cords see Cords, heater 
Heat generating equipment see 

Induction and dielectric 
heating equipment 

Heating; see also Heating systems; 
Induction and dielectric 
heating equipment 

Dielectric 
Definitio 665.2 

Induction 
Definitio 665.2 

Heating appliances Art. 422; see 
also Tnfrared lamp in
dustrial heating appli
ances; Water heaters 

Heating cables Art. 424 
Heating elements 

Marking 422.61 
Resistance see Fixed electric 

heating equipment for 
pipelines and vessels; 
Fixed outdoor electric 
deicing and snow
melting equipment 
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Heating equipment 
Central 422.12 
Definition 665.2 
Fixed see Fixed electric heating 

equipment 1br pipelines 
and vessels; Fixed elec
tric space-heating equip
ment; Fixed outdoor 
electric deicing and 
snow-melting equipment 

Induction and dielectric see Tn
duction and dielectric 
heating equipment 

Outside 550.20(8) 
Receptacle outlets 210.63 
Swimming pools see Swimming 

pools, fountains, and 
similar installations 

Heating panels and heating panel 
sets, radiant see Fixed 
electric space-heating 
equipment; Radiant 
heating panels and heat
ing panel sets 

Heating systems 
Definitio 426.2 
lmpedance see Fixed electric 

heating equipment for 
pipelines and vessels; 
Fixed outdoor electric 
deicing and snow
melting equipment 

Induction see Induction heating 
systems 

Integrated 
Definitio 427.2 

Skin effect see Pixed electric 
heating equipment for 
pipelines and vessels; 
Fixed outdoor electric 
deicing and snow
melting equipment 

Heavy-duty lampholders 
Branch circuits 210.21(A), 

210.23, Table 210.24 
Unit loads 220.14(E) 

Hermetically sealed 500.7(J) 
Definitio 500.2 

Hermetic refrigerant motor
compressors; see also 
Air-conditioning and 
refrigerating equipment 

Ampacity and rating 440.6(A) 
Definitio 440.2 
Marking 440.4 
Rating and interrupting capacity 

440.12(A) 
High density polyethylene con

duit (Type HDPE) Art. 
353 

Bends 353.24, 353.26 
Bushings 353.46 
Construction specification 353-

m 
Definitio 353.2 
Grounding 353.60 
Installation 353-Tl 
Joints 353.48 
Listing 353.6 
Marking 353.120 
Number of conductors 353.22 
Size 353.20 

Splices and taps 353.56 
Trimming ends 353.28 
Uses not permitted 353.12 
Uses permitted 353.10 

High-impedance grounded neu
tral systems 250.20(D), 
250.30(A)(3), 250.36, 
250.186 

Hoists Art. 610; see also Cranes 
Conductors, contact 6 I O-III 
Control 6 I O-VI 
Electrolytic cells 668.32 
Flexible cords 400.7(A)(5) 
Grounding 250.22(1), 

250. I 12(E), 250.116( J), 
61O-VII 

Hazardous (classitied locations 
503.155 

Marinas and boatyards 555.23 
Motors and controllers, discon

necting means 430.112 
Ex., 61O-1V 

Overeurrent protection 61 0-V, 
610.53 

Wiring 6 I O-U 
Hoistways 

Busways in 368.12(B) 
Cablcbus in 370.3 
Definitio 100-1 
Surface raceways 386.12(4), 

388.12(4) 
Wiring in 620.2 1 (A)(l), 620.37, 

725. I 36(H), 
760.53(A)(3), 
760. 130(B)(3 ), 
760.136(F) 

Hoods, metal, stage switchboard 
520.24 

Hoods, range, cord-and-plug
connected 422.16(B)( 4) 

Hoods for commercial cooking, 
lighting in 410.10(C) 

Hospitals; see also Health care 
facilities 

Definitio 517.2 
Essential electrical systems 

517.30 
Patient care areas see Patient 

care areas 
Psychiatric 

Detinitio 517.2 
Hotels and motels 

Branch-circuit voltages, guest 
rooms and suites 
210.6(A) 

Lighting load Table 220.12 
Lighting outlets required 

210.70(B) 
Overcurrent devices, guest 

rooms and suites 
240.24(E) 

Receptacle ground-fault circuit 
interrupter protection 
210.8(B) 

Receptacle outlets, guest rooms 
and suites 210.60, 
210.70(8),220.14(J) 

Hot tubs see Spas and hot tubs 
Houseboats see Floating buildings 
Hybrid systems 705.82 

Definitio 690.2, 705.2 

Incandescent lamps 

Hydromassage bathtubs 680-Vll 
Definitio 680.2 

-1-
Identification also Color 

code; Markings 
Boxes (outlet, dcvice, pull, and 

junction) 314.44 
Critical operations power sys

tems wiring 708. I O(A) 
Direct-buried cables Table 

300.50 Note d 
Disconnecting means 110.22, 

230.70(B), 620.51 (D) 
Service disconnects 230.2(E) 

Emergency circuits and systems 
700.IO(A) 

Feedcrs 215.12 
Flexible cords, identifie con

ductors within 200.6(C), 
250.119(C), 400.22, 
400.23 

Fuel cell systems 692.4(B) 
Grounded conductors Art. 200, 

400.22, 402.8 
Grounding-pole 406. 
High-leg 110.15, 

408.3(F), 409.102 
Intrinsically safe systems 504.80 
Sensitive electric equipment 

conductors 647 A( C) 
Service disconnecting means 

230.70(8) 
Switchboards and panclboards 

408.3(F), 408.4, 
409. 102 

Ungrounded conductors 
210.5(C),215.12(C) 

Wiring device terminals 
250. I 26, 504.80 

ldentifie 
Definitio 100-1 

mumination; see also Lighting; 
Luminaires 

Means of egress 517.32(A), 
517.42(A) 

Task 51 7.33(A) 
Definitio 517.2 

Immersible appliances 422.41 
Immersion heaters, cord-and

plug-connected 422.44 
Immersion pools Swimming 

pools, fountains, and 
similar installations 

impedance heating systems see 
Fixed electric heating 
equipment for pipelines 
and vessels; Fixed out
door electric deicing 
and snow-melting 
equipment 

IN, explanatory material 90.5(C) 
Incandescent lamps Art. 410; 

also Hazardous (classi
fied locations 

Guards 
Aircraft hangars 513.7(C) 
Garages 51 1.7(B) 
Theater dressing rooms 

520.72 
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Incandescent hlmps 

Lamp wattage, marking on lu
minaire (Iixture 
410.120 

Medium and mogul bases 
410.103 

holders for 

Snap switches for 404.14(8)(3) 
Independent 

Circuits for emergency lighting 
700.17 

Supports, services, over build
ings 230.29 

Wiring, ellllen:;::erlCY circuits 
700. 

X-ray control 
Individual branch circuits see 

Branch circuits, indi
vidual 

I nduced currents, metal enclo
sures 300.20, 330.31 

Induction and dielectric heating 
equipment Art. 665 

Ampacity of supply conductors 
66S.10 

Definition 66S.2 
Disconnecting means 66S.12 
Guarding, grounding, and labcl-

ing 66S~J1 
Access to interior equipment 

665.22 
Capacitors 66S.24 
Component interconnection 

665.19 
Control panels 665.21 
Enclosures 665.20 
Grounding and bonding 

665.26 
iVlarking 665.27 
Shielding 66S.25 
Warning labels or signs 

665.23 
Hazardous (classified locations 

665.4 
Output circuits 66S.5 
Overcurrent protection 66S.11 
Remote control 665.7 

Induction heating systems; see 
a/so Induction and di
electric heating equip
ment 

DcCinilio 427.2. 665.2 
Fixed equipment for pipelines 

and vessels 427-V 

ratings 404.14 
Industrial control panels Art. 409 

Arc-Has hazard warning 110.16 
Condlwtors 

Busbars 409.102 
Minimum and ampacily 

409.20 
Construction specification 409--

III 
Definilio 409.2 
Disconnecting means 409.30 
Enclosures 409.100 
Grounding 409.60 
Installation 409-11 
Marking 409.110 
Overcurrenr protection 409.21 
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Service equipment 409.108 
Spacing, minimum 409.106 
Wiring space in 409.1 04 

Industrial installation, supervised 
Ddinitio 240.2 
Overcurrent protection 240-V11I 

Industrial machinery Art. 670 
Definitio 670.2 
Disconnecting means 670.4(B) 
Nameplates 670.3 
Supply conductors and overcur

rent protection 670.4 
Industrial manufacturing system 

Definitio 670.2 
lnformational notes, explanatory 

material 90.5(C) 
Information technology equip

ment Art. 645 
Cables not in information tech

nology equipment 
rooms 645.6 

Definition 645.2 
Disconnecting means 64S.4(1), 

64S.10 
Grounding 64S.15 
Marking 645.16 
Power distribution un its 64S.17 
Special requirements for infor-

mation technology 
eqlHplment rooms 645.4 

Supply and interconnect-
ing cables 645.S 

Unintcrruptible power supplies 
(UPS) 645.11 

Information technology equip-
ment rooms 

Definitio 645.2 
Special requirements 645.4 
Zones 

Detlnitio 
Informative annexes 90.S(D), An

nexes A through 1 
Infrared lamp industrial heating 

appJiances 422.14, 
422.48 

Branch circuits 21 O.23(C), 
422.11 (C), 424.3(A) 

Overcurrent protection 
422.11(C) 

lnhalation anesthetizing locations 
see Anesthetizing loca
tions 

Inserts 
Cellular concrete t100 raceways 

372.9 
Cellular metal floo raceways 

374.10 
UnderJloo raceways 390.14 

In sight from 
Air-conditioning or refrigerating 

equipm~nt 440. t4 -
Center pivol irrigation machines 

675.8(B) 
Dcfinitio I OO~[ 
Duct heaters 424.65 
Electric-discharge lighting 

410.141(8) 
Fixed electric space-heating 

equipment 424.19(A) 

Motor driven appliances 
422.31(C) 

Motors, motor controllers 
430.] 02 

Room air conditioners 440.63 
Signs 600.6(A) 

Institutions, emergency lighting 
Art. 700 

Instructions 1l 0.3(B), 230.95(C) 
Instrumentation tray cable (Type 

lTC) Ali. 727 
Allowable ampacity 727.8 
Bends 727.10 
Construction 727.6 
Definitio 727.2 
Marking 727.7 
Overcurrent protection 727.9 
Uses not permitted 727.5 
Uses permitted 727.4 

Instruments, meters, relays 
Grounding 250-IX 
Hazardous (classified location 

501.105,502.150 
Low-voltage S17.64 

Instrument transformers 
Grounding 2S0-]X 

Connections at services 
230.82(4) 

Insulation 
Conductors see Conductors, 

insulation 
Double see Double insulated 
Equipment 11 0.3(A)( 4) 
Fixture wire 402.3 lN, Table 

402.3 
Flexible cords Table 400.4, 

400.21(B) 
Heating cables 424-V 
Luminaire and lampholder parts 

410.52, 410.S6 
Thennal insulation 

Armored cable installed in 
320.80(A) 

Luminaires, installed near 
410.116(B) 

Service-entrance cables in
stalled in 338.1O(A)(4) 

Insulators 
Nonabsorbent 230.27, 394.30(A) 
Open wiring see Open wiring on 

insulators 
Outdoor overhead conductors 

399.30(C) 
Integrated electrical systems Art. 

685 
DC system grounding 68S.12 
Orderly shutdown 645.10 Ex., 

645.1 685~Jl 

Overcurrent protection, location 
of685.10 

Ungrounded control circuits 
685.14 

Integrated gas spacer cable (Type 
IGS) Art. 326 

Construction 326~1 fl 
Conductors 326.104 
Conduit 326.116 
Insulation 326.112 
Marking 326.120 

Definitio 326.2 
Installation 326-II 

Ampacity 326.80 

Bending radius 326.24 
Bends 326.26 
Fittings 326.40 
Uses not permitted 326.12 
Uses pennitted 326.]0 

Interactive systems 
Definitio 100-1, 690.2, 692.2 
Fuel cell systems 692-Vn 
Small wind electric systems 

694.50, 694.60 
Solar photovoltaic systems 

690.54, 690.60, 690.61 
Intercommunications systems see 

Communications cir
cuits; Hazardous (classi
fied locations 

Interconnected electric power 
production sources Art. 
705; see also Utility
interactive inverters 

Definition 705.2 
Directory 70S.1O 
Disconnect device 705.22 
Disconnecting means 

Equipment 705.21 
Sources 705.20 

Equipment approval 70S.4 
Generators 705-[[[ 
Ground-fault protection 705.32 
Grounding 705.S0 
Interrupting and short-circuit 

current rating 705.16 
Loss of 3-phase primary source 

70S.42 
Loss of primary source 705.40 
Output characteristics 705.14 
Overcurrent protection 70S.30 
Point of connection 70S.12 
Synchronous generators 705.143 
System installation 70S.6 

Intermediate metal conduit (Type 
IMC) Art. 342 

Bends 342.24, 342.26 
Bushings 342.46 
Construction 342-1IT 
Couplings and connectors 

342.42 
Definitio 342.2 
Dissimilar metals 342.14 
Installation 342-II 
Listing 342.6 
Maximum number of conductors 

and fixtur wires in 
Tables C4 and C4A 

Number of conductors in 342.22 
Reaming and threading 342.28 
Size 342.20 
Splices and taps 342.56 
Standard lengths 342.130 
SuppOlis and 342.30 
Uses permitted 
Wet locations 342.1 OeD) 

Intermittent duty 
Detlnitio 1 OO~I 
Motors 430.22(E), 430.33 

Interpretations, formal see for
mal interpretations 

Interrupter switch see Switches, 
intenupter 

Interrupting rating 110.9, 
240.60(C)(3), 240.83(C) 

Definitio 100-1 
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Intersystem bonding termina
tion 250.94, 770.100, 
800.100, 810.21, 
820.100, 830.100 

Definitio 100-1 
Intrinsically safe apparatus 

Definitio 504.2 
Grounding 504.50(A) 

Intrinsically safe circuits 504.30 
Detinitio 504.2 

Intrinsically safe systems Art. 504 
Bonding 504.60 
Conductors, separation of 

504.30 
Definition 504.2, 506.2 
Enclosures 504.30(A)(2), 

504.50(A) 
Equipment installation 504.10, 

506.8(C), 506.8(1) 
Equipment listing 504.4 
Grounding 504.50 
Identificatio 504.80 
Sealing 504.70 
Separation of intrinsically safe 

conductors 504.30 
Wiring methods 504.20 

Introduction Art. 90 
Inverters; see also Utility

interactive inverters 
Definitio 690.2, 694.2 
Small wind electric systems 

694.12(A), 694.18(A) 
Solar photovoltaic systems 

690.4(H), 690.6(B), 
690.8(A), 690.35(G), 
690.47(B) 

Irons see Flatirons 
Irrigation machines Art. 675 

Bonding 675.14 
Center pivot 675-11 

Definitio 675.2 
Collector rings 675.11 
Conductors 675.5, 675.9 
Current ratings, equivalent 675.7 
Definition 675.2 
Disconnecting means 675.8 
Grounding 675.12,675.13 
Irrigation cable 675.4 
Lightning protection 675.15 
Marking 675.6 
Motors on branch circuit 675.10 
Supply source, more than one 

675.16 
Isolated 

Arcing parts 110.18 
Circuits, low voltage 517.64(C) 
Definitio 1 00~1 
Equipment grounding conductor 

250.146(D) 
Health care facility power sys

tems 517-VII 
Critical care areas 517 .19(E), 

517.19(F) 
Definitio 517.2 
Essential electrical systems 

517JO(C)(2) 
Grounding 517.19(F), 

647.7(B) 
Installation 517.160(A) 
Wet procedure locations 

517.20(B) 
Phase installations 300.5(1) Ex. 

2 
Isolating means, over 600 volts 

490.22 
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Isolating switches see Switches, 
isolating 

Isolation by elevation 
Circuits over 600 volts 

11O.34(E) 
Circuits under 600 volts 

11O.27(A) 
Resistors and reactors over 600 

volts 470.18(B) 
Isolation equipment, systems 

(motors) 430.109(A)(7) 
Definitio 430.2 

Isolation transformer see Trans
fonners, Isolation 

-J-
Joints; see also Splices and taps 

Expansion see Expansion joints 
Grounding electrode conductor 

250.64(C) 
High density polyethylene con-

duit 353.48 
Insulating, fixture 410.36(D) 
Insulation of l1O.14(B) 
Reinforced thermosetting resin 

conduit 355.48 
Rigid polyvinyl chloride conduit 

352.48 
S train at 400.1 0 

Joists 
Air-handling, space 300.22(C) 

Ex. 
Armored cable 320.23(A) 
Concealed knob-and-tube wiring 

394.23 
Electric space heating cables 

424.41(1),424.41(1) 
Holes through or notches in 

300.4(A) 
Nonmetallic sheathed cable 

334.15(C) 
Open wiring, crossing 398.15(C) 
Parallel to framing members, 

cables and raceways 
300.4(D) 

Jumpers, bonding 250.168 
Cable trays 392.60(C) 
Community antenna television 

and radio distribution 
systems 820.100(0) 

Definitio 100--1 
Equipment 250.98, 250.102, 

310.1 0(H)(6) 
Definitio 100-1 
Generators 250.35(B) 
High-impedance grounded 

neutral system 
250.36(E), 250.36(G) 

Separately derived systems 
250.30(A)(2) 

Solar photovoltaic systems 
690.50 

Expansion joints, telescoping 
sections of raceways 
250.98 

Grounding electrode system 
250.53(C), 250.64(F) 

Grounding-type receptacles 
250.146 

Hazardous (classified locations 
250.100, 501.30(A), 
502.30(A), 503JO(A), 
50S.25(A) 

Health care facilities 517.19(C) 
and (D) 

Main 250.24(B), 250.28 
Definitio 100-1 
Wire or busbar, as 

250.24(A)(4) 
Metal, structural 250J04(C) 
Network-powered broadband 

communications system 
830. 1 OO(D) 

Optical fibe cables 770. 1 OO(D) 
Panel boards 408.3(C) 
Piping systems 250.104 
Radio and television equipment 

810.21(1) 
Separately derived systems 

250.30(A), 250JO(B)(3) 
Service equipment 250.28, 

250.92(B), 250.1 02(C) 
Solar photovoltaic systems 

690.48, 690.49 
Supply-side 250.30(A)(2), 

250.30(B)(3) 
Definitio 250.2 

Switchboards 408.3(C) 
System 250.28, 250JO(A) 

Junction boxesj see also Boxes; 
Pull boxes 

Accessibility 314.29 
Cellular concrete floo raceways 

372.7 
Cellular metal floo raceways 

374.9 
Covers 314.28(C), 314.72(E) 
Deicing and snow-melting 

cables 426.22(E), 
426.24(B) 

Motor controllers and discon-
nects 430.10(A) 

Nonheating cable leads 424.43 
Over 600 volts 314-IV 
Sensitive electronic equipment 

647.4(B) 
Separation from motors 

430.245(B) 
Size 

Conductors 4 AWG and 
larger 314. J 6, 314.28(A) 

Conductors 6 AWG and 
smaller 3 14 .16( C)(l ) 

Construction specification 
314-1Il 

Supports 314.23 
Swimming pools 680.23(C)(2), 

680.24 
Switch enclosures 110.59, 

404.3(B) 
Underfloo raceways 390.13 

-K-
Kitchen 

Definitio 100-1 
Receptacles in 210.8(A)(6) 

Kitchen equipment, commercial 
220.56, 422.1 1 (F)(2) 

Knife switches 
Butt contacts 404.6(C) 

Lampholders 

Connection 404.6(C) 
Construction specification 

404-11 
Enclosures 404.3 Ex. I 
General-use 404.13(C) 
lnterrupt current 404.13(8) 
Isolating 404.13(A) 
Motor-circuit 404.13(D) 
Position, enclosed and open 

types 404.6 
Ratings 404.14 
600-volt 404.16 

Knob-and-tube wiring Art. 394 
Accessible attics 394.23 
Clearances 394.19 
Conductors 394.104 
Construction 394-III 
Definitio 394.2 
Devices 394.42 
Installation 394-Il 
Securing and supporting 394.30 
Splices and taps 394.56 
Through or parallel to framing 

members 394.17 
Uses not permitted 394.12 
Uses permitted 394.10 

Knockouts 
Bonding 

Over 250 volts 250.97 Ex. 
Service equipment 250.92(8) 

Openings to be closed 
1I0.I2(A),314.17(A) 

-L-
Labeled 

Definitio 100--1 
Labels required 550.20(B), 

550.32(G), 551.46(D), 
551.4 7(Q)(3), 
55L47(R)(4), 
552.44(D), 552.48(P)(3), 
552.59(B); see also 
Warning signs (labels), 
at equipment 

Lacquers and paints 
Application Art. 516 
Atmospheres 500.5(8), 

500.6(A), Art. 501, Art. 
505, 505.5(B) 

Lampholders 
Branch circuits supplying 

210.23 
Circuits less than 50 volts 7205 
Combustible material, near 

410.97 
Damp or wet locations 

41O.IO(A),410.96 
Double-pole switched 410.93 
Heavy-duty see Heavy-duty 

lampholders 
Infrared lamps 422.14 
Installation 410-VIU 
Mogul base see Mogul base 

lampholders 
Outdoor 225.24 
Outlet boxes 314.27(A) 
Pendant 

Bathrooms 410.IO(D) 
Not in clothes closets 

410.16(8) 
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Lampholders 

Not in theater dressing rooms 
520.71 

Screw-shell types for lamps only 
410.90 

Supports 3l4.23(F) 
Unswitched over combustible 

material 410.12 
Lamps Art. 410; see also Lumi

naires; Hazardous (clas
sified locations 

Arc see Arc lamps, portable 
Auxiliary equipment 41O-IX 
Backstage (bare bulb) 520.47 
Clothes closets, in 410.16 
Electric discharge 41 0.62( C), 

410.104, 41O-XII, 410-
XII1 

Electric discharge, auxiliary 
equipment enclosure 
410.l04(A) 

Fluorescent see Fluorescent 
luminaires 

Guards see Guarding, guards 
Headlamps see Handlamps, por

table 
Incandescent see Incandescent 

lamps 
Infrared Infrared lamp in-

dustrial heating appli
ances 

Motion picture projectors 
540.14, 540.20 

Motion picture studios 
Film storage vaults 530.51 
Stages, portable 530.16, 

530.17 
Viewing, cutting tables 

530.41 
Outdoor, location 225.25 
Pendant conductors 410.54 
Portable see Portable luminaires 
Stand 520.68(A)(2) 

Definitio 520.2, 530.2 
Theaters 

Border and proscenium 
520.44 

Festoons 520.65 
Footlights 520.43 
Stage, arc, pOltable 520.61 
Switchboards, pilot lights 

520.53(G) 
Wattage marking, flus and re

cessed luminaires 
410.120 

Laundry 
Circuit load 220.52(B) 
Outlets 

Dwelling 210.11(C)(2), 
210.50(C), 210.52(F) 

Mobile homes 550.13(D)(7) 
Laundry area 210.52(F), 

550.12(C),550.13(D)(7) 
Definitio 550.2 

Leakage-current detector
interrupter 440.65 

Definitio 440.2 
LED sign illumination systems 

600.33 
Definitio 600.2 
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Legally required standby systems 
Art. 701 

Accessibility 701.25 
Capacity and rating 701.4 
Circuit wiring 701.10, 70 I-II 
Definitio 701.2 
Ground-fault protection of 

equipment 701.26 
Grounding 701.7(B) 
Overcurrent protection 70 I-TV 
Signals 701.6 
Signs 701.7 
Sources of power 70 I-III 
Tests and maintenance 701.5 
Transfer equipment 701.5 
Wiring 701.10 

Lengths 
Branches from busways 

368.56(B) 
Conduit bodies 314.71 
Electrical metallic tubing 

358.120 
Electrical nonmetallic tubing 

362.120 
Enclosures, handhole 314.71 
Free conductors at outlets and 

switches 300.14, 424.43, 
426.23(A) 

High density polyethylene con
duit, marking 353.120 

Intermediate metal conduit 
342.120,342.130 

Liquidtight tlexibl nonmetallic 
conduit 356.120 

Open wiring in nonmetallic flex 
ible tubing 398. 1 5(A) 

Pull and junction boxes 314.28, 
314.71 

Reinforced thermosetting resin 
conduit 355.120 

Rigid metal conduit 344.120, 
344.130 

Rigid polyvinyl chloride con
duit, marking 352.120 

Space-heating cable, nonheating 
leads 424.34 

Taps 210.19(A)(4)Ex. 1,240.21, 
240.92(B) 

Motor branch circuit 
430.53(D) 

Motor feeders 430.28 
Life safety branch 

Definitio 517.2 
Essential electrical systems 

517.32, 517.42 
Life support equipment, electri

cal 517.45(B) 
Definitio 517.2 

Lighting 
Airfiel cable 31O.1O(F) 

2 
Branch circuits, calculation of 

load 220.12 
Cove 410.18 
Decorative 410-XY 
Electric discharge see Electric 

discharge lighting 
Emergency Art. 700 
Exits see Exits, emergency 

lighting 
Feeders, calculation of load 

220.42, 220-IV 

Festoon see Festoon lighting 
Fixtures see Luminaires 
Outlets see Lighting outlets 
Outline see Outline lighting 
Sensitive electronic equipment 

647.8 
Systems see Lighting systems, 

30 volts or less 
Track see Lighting track 

Lighting assembly, cord-and
plug-connected 

Definitio 680.2 
Lighting outlets 210.70, 

314.27(A),41O.36(A), 
410-11I 

Definitio 100-1 
Lighting systems, 30 volts or less 

Art. 411 
Branch circuit 411.6 
Definitio 411.2 
Hazardous (classified locations 

411.7 
Listing required 411.3 
Location requirements 411.4 
Secondary circuits 41 L5 

Lighting track 41 O-XIV 
Construction requirements 

410.155 
Definitio 410.2 
Fastening 410.] 54 
Heavy-duty 410.153 
Installation 410.151 
Load calculations 220.43(B) 

Lightning rods 
Irrigation machines 675.15 
Spacing from 250.106 IN No.2 

Lightning (surge) arresters Art. 
280 

Antenna discharge units 810.20 
Community antenna television 

and radio distribution 
systems 820.106 

Connections at services 
230.82(4) 

Definitio 100-1 
Grounding 250.60, 250.106, 

280.25 
Radio and television equipment 

Receiving stations (antenna 
discharge units) 810.20 

Transmitting stations, antenna 
discharge units 810.57 

Services over 600 volts 230.209 
Lightning (surge) protection Art. 

280; see also Surge
protective devices 
(SPDs) 

Communication circuit conduc
tors 800.53 

Connections at services 230.82 
Hazardous (classified locations 

501.35, 502.35 
Hoistways and machine rooms 

620.37(B) 
Network-powered broadband 

communications systems 
830.44(I)(3 ) 

Small wind electric systems 
694.40(C)( 4) 

Lights; see also Lamps; Lighting; 
Luminaires 

Border 520.44 

Cables for, theaters 520.44(C) 
Definitio 520.2 

From railway conductors 110.19 
Scenery, theaters, halls 520.63 
Strip 

Definitio 520.2 
Limited care facilities; see also 

Health care facilities 
Definitio 517.2 
Essential electrical systems 

517.40 
Line isolation monitor 517.160(B) 

Definitio 517.2 
Lint, flying Art. 503, Art. 506 
Liquidtight flexibl metal conduit 

(Type LFMC) Art. 350 
Bends 350.24, 350.26 
Couplings and connectors 

350.42 
Definitio 350.2 
Grounding and bonding 350.60 
Installation 350-1I 
Listing 350.6 
Maximum number of conductors 

and fixtur wires in 
Tables C7 and C7 A 

Number of conductors and 
cables in 350.22 

Securing and supporting 350.30 
Size 350.20 
Uses not permitted 350.12 
Uses permitted 350.10 

Liquidtight flexibl nonmetallic 
conduit (Type LFNC) 
Art. 356 

Bends 356.24, 356.26 
Construction specification 356-

HI 
Couplings and connectors 

356.42 
Definitio 356.2 
Grounding and bonding 356.60 
Installation 356-11 
Listing 356.6 
Marking 356.120 
Maximum number of conductors 

and fixtur wires in 
Tables C5 through C6A 

Number of conductors or cables 
in 356.22 

Securing and supporting 350.30, 
356.30 

Size 356.20 
Splices and taps 356.56 
Trimming 356.28 
Uses not permitted 356.12 
Uses permitted 356.10 

Listed 
Detinitio 100-I 

Live parts; see also Enclosures; 
Energized parts; Guard-

guards 
Arc-flas warning 110.16 
Capacitors 460.2(B) 
Definitio 100-I 
Elevators, dumbwaiters, escala

tors, moving walks, 
platform lifts, and stair
way chairlifts 62004 

Exposed 110.26 
Generators, protection 445.14 
Guarding see Guarding, guards 
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Lampholders 410.5, 410.142 
Lamp terminals 410.142 
Lighting systems, electric dis-

charge 410.130(B), 
410.l40(C) 

Luminaires and lamps 410.5, 
410.140(C) 

Metal wireways 376.56{B)(4) 
In motion picture and television 

studios 530.15 
Over 600 volts 490.24, 490.35 
Storage batteries 480.9(B) 
In theaters 520.7 
Transtonners, guarding 450.8(C) 
In tunnels 110.56 

Loads 
Appliances, household cooking, 

demand Table 220.55 
Branch circuits 

Calculations Art. 220, Annex 
o 

Maximum 210.25, 220.18 
Mobile homes 550.12 
Permissible 210.23, 210.24, 

Table 210.24 
Continuous see Continuous load 
Demand 

Clothes dryers 220.54 
Household cooking appli

ances 220.55 
Farm 220-V 
Feeders, calculations for 

215.2(A), Art. 220, An
nex D 

E1ectrifie truck parking 
space equipment 626.11 

Inductive see Inductive loads 
Mobile home parks 550.31 
Mobile homes 550.18 
Motors, conductors 430-JI 
Nonlinear 

Definitio 100-1 
Service, calculations for Art. 

220 
Stage equipment, circuit loads 

520.41 
Location board 

Definitio 530.2 
Locations 

Capacitors 460.2(A) 
Communications circuits 

Protective devices 800.90(B), 
830.90(B), 830.90(C) 

Raceways 800.113(B) through 
(L) 

Community antenna television 
and radio distribution 
systems 820.3(A), 
!320.44(A)( I), 820.93(0) 

Crane and hoist disconnecting 
means 610~IV 

Damp or wet see Damp or wet 
locations 

Definitio 100-1 
Dry see Dry location 
Electric discharge lighting trans

formers, over 1000 volts 
410.144 

Elevator motor disconnecting 
means 620.51 (C) 

Foreign pipes, accessories, trans
former vaults 450.47 
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Generators 445.10 
Grounding connections at elec

trodes 250.68 
Hazardous see Hazardous (clas

sified locations 
Intrinsically safe equipment 

504.10(8) 
Lamps, outdoors 225.25 
Luminaires 410-11 
Mobile homes disconnecting 

means and branch
circuit protective equip
ment 550.11 

Motion picture projection equip
ment 540.11 

Motor disconnecting means 
430.102 

Motor feeder taps 430.28 Ex. 
Motors 430.14 
Outlet boxes and conduit boxes 

314.29 
Overcurrent devices 240-II 
Overhead service 230.54 
Panelboards, damp or wet 

408.37 
Recreational vehicle disconnect

ing means and distribu
tion panel board 
551.45(B) 

Resistors and reactors 470.2 
Service disconnecting means 

230.70(A), 230.72(A) 
Ex. 

Service overcurrent protection 
230.91,230.92 

Shooting 
Definitio 530.2 

Sign switches 600.6(A) 
Splices and taps 

Auxiliary gutters 366.56 
Wireways 376.56, 378.56 

Surge arresters 280.1 J 

Surge protective devices 285.11 
Swimming pool junction box 

and transformer enclo
sures 680.24 

Switchboards 408.16, 408.17, 
408.20 

Switches in damp or wet loca
tions 404.4 

System grounding connections 
250-11 

Transfomlcrs and vaults 450.13 
Unclassifie 

Definitio 500.2, 505.2 
Ventilation openings for trans

fonner vaults 450.45(A) 
Wet see Wet locations; Damp or 

wet locations 
Locked rotor motor current 

Code letters 430.7(8), Table 
430.7(B) 

Conversion Tables 430.251{A) 
and (B) 

Hermetic refrigerant motor
compressors 440.4(A) 

Locknut~, double, required 
Hazardous (classified locations 

501.30(A) 
Mobile homes 550.l5(F) 
Over 250 volts to ground 250.97 

Ex. 

Recreational vehicles 551.47(8) 
Low~voltage circuits; see also 

Remote-control, signal
ing, and power-limited 
circuits 

Definitio 551.2 
Less than 50 volts Art. 720 

Lugs 
Connection to terminals 

110,14(A) 
Listed type at electrodes 250.70 

Luminaires Art. 410; see also 
Hazardous (classified 
locations 

Adjustable 41 0.62(B) 
Agricultural buildings 547.8 
Are, portable 520.61, 530,17 
Autotransformers 

Ballasts supplying fluorescen 
luminaires 410.138 

Supply circuits 210.9, 215.11 
Auxiliary equipment 410.137 
Bathtubs, near 410, I O( D), 

550.14(D), 551.53(B) 
Boxes, canopies, pans 41 O~llJ 
Branch circuits 41 O.24(A), 

410.68 
Computation of 21 0.19(A), 

220.12,220.14 
Sizes 210.23, 220.18 
Voltages 210.6, 410.130 

Clothes closets 410.16 
Definitio 410.2 

Combustible materiaL near 
410.11,410.12,410.23, 
4]0.70, 41O.116(A)(2), 
410.136 

Connection, fluorescen 410.24, 
410.62(C) 

Construction 410.155, 410-Vn, 
410-XI 

Cords, flexibl see Cords, Plex
ible 

Damp, wet, or corrosive loca
tions 410.1 O(A), 
410.10(8),410.30(B)(I) 

Decorative lighting 410-XV 
Definitio 100~1 

Dry-niche 680.23(C) 
Definitio 680.2 

Ducts or hoods, in 41 O.1O(C) 
Electric discharge see Electric 

discharge lighting 
Flat cable assemblies, luminaire 

hangers installed with 
322.40(B) 

Fluorescent see Fluorescent 
luminaires 

Flush 410-X, 410-XI 
Fountains 680.51 
Grounding 410-V 
Indoor sports, mixed-use, and 

all-purpose facilities, 
use in 410.1O{E) 

Inspection 410.8 
Listing 410.6 
Live parts 410.5 
Location 410-][ 
Marking 410.74(A) 
l\'1ounting 410.136, 410.137 
No-niche 680.23(0), 680.24(B), 

680.26(B)(4) 

Manholes 

Definitio 680.2 
Outlets required see Lighting 

outlets 
OverculTent protection, wires 

and cords 240.5 
Polarization 410.50 
Portable see Portable luminaires 
Raceways 41 0.30(B), 41 0.36(E), 

410.64 
Rating 410.74 
Recessed see Recessed lumi

naires 
Recreational vehicles 551.53 
Showers, near 410.1 OeD), 

550.14(0), 551.53(8) 
Show windows 410.14 
Strip lights 

Definitio 520.2 
Supports 314.23(F), 41 O-TV 
Swimming pools, spas, and 

similar installations 
680.22(B), 680.23, 
6RO.26(B)(4), 680.33, 
680.43(B), 6XO.5!, 
680.62(F), 680.72 

Theaters Art. 520 
Wet 410.1 O(A), 41 0.30(B)(1) 
Wet-niche 680.23(8) 

Definitio 680.2 
Wiring 41 0-VI 

Luminaire stud construction 
410.36(C) 

-M
Machine rooms 

Branch circuits, lighting and 
receptacles 620.23 

Definitio 620.2 
Guarding equipment 620.71 
Wiring 620.21 (A)(3), 620.37 

Machinery space 
Branch circuits, lighting and 

receptacles 620.23 
Detinitio 620.2 
Wiring 620.21(A)(3) 

Machine tools Industrial ma-
chinery 

Made electrodes 250.50, 250.52 
Mandatory rules 90.5(A) 
Mandatory rules, permissive 

rules, and explanatory 
material 90.5 

Manholes 1l0-V 
Access 110.75 

Covers 11 0.75(D) 
Dimensions 110.75(A) 
Location J 10.75(C) 
Marking 1IO.75(E) 
Obstructions 11 0.75(B) 

Conductors 
Bending space for 110.74 
Class I, of different circuits 

725.136{F) 
Class 2, 3 installation 

725.133, 725.136(F) 
Over 600 volts 300.3(C)(2)(e) 

Control circuits installed in 
522.24(8)(3 ) 

Fixed ladders 110.79 
Ventilation 110.77, 110.78 
Work space 110.72, 110.73 
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Manufactured buildings INDEX 
----------------------------------------------------------------------------------------------

Manufactured buildings Art. 545 
Bonding and grounding 545.11 
Boxes 545.9 
Component interconnections 

545.13 
Definition 545.3 
Grounding electrode conductor 

545.12 
Protection of conductors and 

equipment 545.8 
Receptacle or switch with inte

gral enclosure 545.10 
Service-entrance conductors 

545.5, 545.6 
Service equipment 545.7 
Supply conductors 545.5 
Wiring methods 545.4 

Manufactured homes; see also 
Mobile homes; Recre
ational vehicles 

Definitio 550.2 
Manufactured phase 

Definitio 455.2 
Marking 455.6(B) 

Manufactured wiring systems 
Art. 604 

Construction 604.6 
Definitio 604.2 
Installation 604.7 
Markings 604.6(B) 
Uses not permitted 604.5 
Uses permitted 604.4 

Marinas and boatyards Art. 555 
Circuit breakers 555.11 
Connections 555.9 
Cranes 555.23 
Definition 555.2 
Disconnecting means 555.17 
Distribution system 555.4 
Enclosures 555.10 
Ground-fault circuit interrupters 

555.19(B)(I) 
Ground-fault protection 555.3 
Grounding 555.15 
Hazardous (classified locations 

555.21 
Hoists 555.23 
Load calculations 555.12 
Marine power outlets 555.11 

Definitio 555.2 
Motor fuel dispensing 555.21 
Panelboards 555.11 
Railways 555.23 
Receptacles 555.19 
Service equipment, location 

555.7 
Switches 555.1 J 

Transformers 555.5 
Wiring methods and installation 

555.13 
Markings 110.21; see also Identi

fication subhead Mark
ing under entries lor 
specific wiring and 
equipment 

Means of egress 
Health care facilities 517.32(A) 
Illumination 517.32(A), 

517.42(A) 
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Mechanical execution of work 
110.12, 640.6, 720.11, 
725.24, 760.24, 770.24, 
800.24, 820.24, 830.24, 
840.24 

Medium voltage cable (Type 
MV) Art. 328 

Ampacity 328.80 
Construction specification 328-

m 
Definitio 328.2 
Installation 328-II 
Marking 328.120 

Messenger-supported wiring Art. 
396 

Definitio 396.2 
Grounding 396.60 
Installation 396-1I 
Messenger support 396.30 
Splices and taps 396.56 
Uses not permitted 396.12 
Uses permitted 396.10 

Metal-clad cable (Type MC) Art. 
330 

Accessible attics 330.23 
Ampacity 330.80 
Bends 330.24 
Boxes and fitting 330.40 
Conductors 330.104 
Construction specification 330-

m 
Definitio 330.2 
Equipment grounding conductor 

330.108 
Installation 330-11 
Insulation 330.112 
Marking 310.120 
Sheath 330.116 
Single conductors 

330.1O(A)(l2),330.31 
Supports 330.30 
Through or parallel to framing 

members 300.4(A), 
330.17 

Uses not permitted 330.12 
Uses permitted 330.10 

Metal-enclosed switchgear see 
Switchgear, metaJ
enclosed 

Metal frame of building 
Bonding 250.104(C) 
Grounding electrode 

250.30(A)( 4), 
250.30(A)(8), 
250.52(A)(2), 250.68(C) 

Not pennitted as equipment 
grounding conductor 
250.136(A) 

Metal gutters see Auxiliary gutters 
Metal hoods, stage switchboard 

520.24 
Metal outlet boxes see Boxes, 

metal 
Metals 

Corrosion, protection against see 
Protection, Corrosion 

Dissimilar 110.14,250.70, 
342.14,344.14 

Ferrous 300.6(A), 300.20 
Metal siding, grounding of 

250.116 IN 

Metal wireways see Wireways, 
metal 

Metal working machine tools and 
plastic machinery see 
Industrial machinery 

Meters 
Connection and location at ser

vices 230.82, 230.94 
Ex. 5 

Grounding of cases 250.174, 
250.176 

Grounding to grounded circuit 
conductor 250.142(B) 
Ex. 2 

Hazardous (c1assitied locations 
501.105,502.150 

Meter socket enclosures see Cabi
nets, cutout boxes, and 
meter socket enclosures 

Metric equivalents 
Raceviays, trade sizes 300.1 (C) 

Metric units of measurement 
90.9 

Mineral-insulated metal-sheathed 
cable (Type MI) Art. 
332,332-11 

Ampacity 332.80 
Bends 332.24 
Boxes and fitting 332.40 
Conductors 332.104 
Construction specification 332-

m 
Definitio 332.2 
Equipment-grounding conduc-

tors 332.108 
Installation 332-11 
Insulation 332.112 
Sheath 332.116 
Single conductors 332.31 
Supports 332.30 
Terminal seals 332.40(B) 
Through or parallel to framing 

members 300.4,332.17 
Uses not permitted 332.12 
Uses permitted 332.10 

Mobile home lot 
Definitio 550.2 

Mobile home parks Art. 550 
Definition 550.2 
Distribution system 550.30 
Electrical wiring system 

Definitio 550.2 
Feeder and service demand 

factors 550.18, 550-III, 
Table 550.31 

Minimum allowable demand 
factor 550.31 

Mobile home service equipment 
550.32 

Definitio 550.2 
Mobile homes Art. 550; see also 

Park trailers; Recre
ational vehicles 

Accessory buildings or struc
tures 

Definition 550.2 
Appliances 550.l2(B) and (D), 

550.14 
Arc-fault circuit-interrupter pro

tection 550.25 
Branch-circuit protective equip

ment 550.11 

Branch circuits 550.12 
Calculations of loads 550.18 
CATV coaxial cables, bonding 

and grounding of 
820.106 

Communications circuits 
800.106 

Definition 550.2 
Disconnecting means 550.11 
Expandable and dual units, wir-

ing 550.19 
Feeder 215.2(A)(4), 550.33 
General requirements 550.4 
Ground-fault circuit interrupter 

550.13(B) 
Grounding 550.16 
Insulated neutral required 

550.16(A)(1) 
Luminaires 550.14, 550.20 
Multiple section, wiring 550.19 
Nameplates 550.11 (D) 
Network-powered broadband 

communications cables, 
bonding and grounding 
of 830.106 

Optical fibe cables 770.106 
Outdoor outlets, luminaires, air

cooling equipment 
550.20 

Power supply 550.10 
Premises-powered broadband 

communications sys
tems, bonding and 
grounding of 840.1 06 

Receptacle outlets 550.13 
Service equipment 550.32 

Definitio 550.2 
Testing 550.17 
Wiring methods and materials 

550.15 
Mobile X-ray equipment 

660.4(B), 660.21 
Definitio 660.2 

Modules, solar photovoltaic sys
tems 690.4(C) through 
690.4(E), 690.8(D), 
690.32, 690.43(E), 
690.51, 690.52; see also 
Solar photovoltaic sys
tems 

Detinitio 690.2 
Mogul base lampholders 

21 0.6(C)(3), 410.103 
Monopole subarrays 690.4(G) 

Definitio 690.2 
Monorails 555.23, Art. 610 
Motion picture and television 

studios Art. 530 
Definition 530.2 
Dressing rooms 530-IlJ 
Feeder conductors, sizing 530.19 
Film storage vault 530-V 
Grounding 530.20 
Lamps, portable arc 530.17 
Live parts 530.15 
Luminaires, portable 530.16 
Overcurrent protection 530.18, 

530.63 
Portable equipment 530.6 
Stage or set 530-[1 
Substations 530-VI 
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Viewing, cutting, and patching 
tables 530-IV 

Wiring 
Permanent 530.11 
Portable 530.12 

Motion picture projector rooms 
see Projector rooms, 
motion picture 

Motion picture theaters see The
aters 

Motor-circuit switches 
Definitio 100-1 

Motor control center see Control 
centers 

Motor fuel dispensing facilities 
Art. 514; see also Haz
ardous (classified loca
tions 

Circuit disconnects 514.11 
Classificatio of locations 514.3 
Definitio 514.2 
Equipment 514,4, 514.7 
Grounding and bonding 514.16 
Maintenance and servicing 

514.13 
Sealing 514.9 
Underground wiring 514.8 
Wiring 514,4, 514.7, 514.8 

Motor-generator arc welders see 
Welders, electric 

Motor homes; see also Mobile 
homes; Recreational 
vehicles 

Definitio 551.2 
Motors Art. 430 

Adjustable speed drive and drive 
systems 430.88, 430-X 

Definition 430.2 
Air-conditioning units Art. 440 
Appliances, motor-driven see 

Appliances 
Branch circuits 430-£1 

Combination loads 430.54, 
430.63 

Overload protection 430-IU 
Short-circuit and ground-fault 

protection 430-IV 
Taps 430.28, 430.53(D) 
Torque motors 430.52(D) 

Bushing 430.13 
Capacitors 430.27, 460.9 
Circuit conductors 430-U 
Code letters Table 430.7(B) 
Conductors 430-II 

Adjustable speed drive sys-
tems 430.122 

Ampacities 430.6 
Combination loads 430.25 
Continuous duty 430.22 
Direct-current motor-recti fie 

supplied 430.22(A) 
Equipment grounding con-

ductors 250.122(D) 
Feeder demand factor 430.26 
Intermittent duty 430.22(E) 
Motor and other loads 430.24 
Several motors 430.24 
Single motor 430.22 
Small motors 430.22(G) 
Wound rotor secondary 

430.23 
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Wye-start, delta-run 
430.22(C) 

Continuous duty 430.32 
Controller rating 430.83(D) 
Overload protection 

430.32(A), 430.32(C) 
Wound-rotor secondary 

430.23 
Control centers see Control cen

ters 
Control circuits 430-VI 
Controllers see Controllers, mo

tor 
Cord-and-plug-connected 

430.109(F) 
Current, full load see Full-load 

current motors 
Curtain, theater 520,48 
Definition 430.2 
Disconnecting means 430.75, 

430.95, 430-IX, 
430.128, 430.227 

Feeder demand factor 430.26 
Feeders, calculation of load 

220,40, 220.50, 22O-IV 
Full-load current see Full-load 

current motors 
Fuseholder, size of 430.57 
General 430-1 
Ground-fault protection 430-IV, 

430-V 
Grounding 250-VI, 430.l2(E), 

430.96,430-XIII 
Grouped 430.24, 430,42, 430.53, 

430.87, 430.112 Ex. 
Guards for attendants 430.233 
Hazardous (classified locations 

501.125, 502.125, 
503.125,505.16(E)(2), 
505.22 

Highest rated or smallest rated 
430.17 

Industrial machinery Art. 670 
Intermittent duty 430.22(E), 

430.33 
Liquids, protection from 430.11 
Live parts, protection of 430-

XII 
Location 430.1 4 
Maintenance 430.l4(A) 
Marking 430.7 

Motor control centers 430.98 
Terminals 430.9(A) 

Motor control centers 430-VIII 
Multispeed see Multispeed mo

tors 
Overcurrent protection 

Branch circuits 430-IV 
Combined overcurrent protec

tion 430.55 
Control circuits 430.72 
Equipment grounding con-

ductors 250.l22(D) 
Motor control centers 430.94 
Motor feeders 430-V 
Over 600 volts 430.225 

Overheating, dust accumulations 
430.16 

Overload protection 430-UI, 
430.55, 430.124, 
430.225(B), 460.9 

Overtemperature protection 
430.126 

Over 600 volts 430-XI 
Part winding see Part-winding 

motors 
Rating or setting of branch

circuit short-circuit and 
ground-fault devices 
Table 430.52 

Restarting, automatic 430.43 
Short circuit protection 430-IV, 

430-V 
Speed limitations 430.89 
Starting, shunting 430.35 
Swimming pools, fountains, and 

similar installations 
680.21, 680.27(8)(1) 

System isolation equipment 
430. 1 09(A)(7) 

Definitio 430.2 
Tables 430-XIV 
Taps 430.28, 430.53(D) 
Terminal housings 430.12, 

430.245(A) 
Terminals 430.9 
Three overload units Table 

430.37 
Torque motors 

8ranch circuits 430.52(0) 
Controller rating 430.83(0) 
Disconnecting means 

430.109(G), 430.110(8) 
Ultimate trip current 

430.32(A)(2) 
Ventilation 430.14(A), 430.16 
Wiring diagram Fig. 430.1 
Wiring space in enclosures 

430.10 
Mounting of equipment 110.13, 

314.23,404.9(A), 
404.10, 410-IV 

Moving walks see Elevators, 
dumbwaiters, escalators, 
moving walks, platform 
lifts, and stairway chair
lifts 

Multioutlet assembly Art. 380 
Calculation of load 220.14(H) 
Definitio 1 00-1 
Deflecte insulated conductors 

380.23(A) 
Insulated conductors 380.23 
Metal, through dry partitions 

380.76 
Pull boxes, use as 380.23(B) 
Uses not pennitted 380.12 
Uses permitted 380.10 

Multiple branch circuits 210.7 
Multiple circuit connections, 

grounding 250.144 
Multiple conductors (conductOl's 

in parallel) see Con
ductors, multiple 

Multiple fuses (fuses in parallel) 
240.8, 404.17 

Definitio 100-U 
Multispeed motors 

Branch circuits 430.22(8) 
Locked-rotor code letters 

430.7(8)(1) 
Marking 430.7(B)(I) 

Network-powered broadband 

Overload protection 
430.52(C)(4) 

Multiwire branch circuit 210.4 
Definitio 100-1 
Hazardous locations 501.40, 

502.40, 505.21 

-N-
Nacelle 

Detinitio 694.2 
Nameplates see subhead under 

entries specific wir-
ing equipment 

Natural and artificiaL! made 
bodies of water, elec
trical wiring and 
equipment for Art. 682 

Definition 682.2 
Grounding and bonding 682-Ill 
Installation 682-11 

Neat and workmanlike installa
tion 110.12, 640.6(A), 
720.11, 725.24, 760.24, 
770.24, 800.24, 820.24, 
830.24, 840.24 

Neon tubing 600.41 
Definitio 600.2 

Network interface unit 
Definitio 830.2 

Network-powered broadband 
communications sys
tems Art. 830 

Access to electrical equipment 
behind panels 830.21 

8uildings 830-11, 830~V 
Cables outside or entering see 

subhead: Cables outside 
and entering buildings 

Installation methods within 
830-V 

Underground circuits entering 
see subhead: Under
ground circuits entering 
buildings 

Cables outside and entering 
buildings 830~1I 

Aerial cables 830,44 
Above roof') 830,44(8) 
Between buildings 

830.44(H) 
On buildings 830,44(1) 
Clearance from ground 

830.44(C) 
Climbing space 

830,44(A)(3) 
Final spans 830,44(E) 
Lead-in clearance 

830,44(A)(4) 
Over pools 830.44(D) 
On poles 830.44(A) 

Entrance cables 830AO 
Low-power circuits 

830.40(B) 
Medium-power circuits 

830,40(A) 
Cable types 830. 113, Table 

830. 1 54(a), 830.179 
Definition 830.2 
General 

Mechanical execution of 
work 830.24 
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Network-powered broadband 

;'· ... mti"',y llldhods 830-IV 
Bonding and nr('llIn{111"O at 

106 
Cable network interface unit, 

nnd primary protection 
830.100 

Metallic members 830.93 
Listing 830.113(A), 830--VI 
Locations 1:530.3(A) 
Low-power cables 830.110, 

830. I 33(A)( I), 
830.179(8) 

Marking 830,179 
r--kdiul11-power wiring 830.110, 

830.133(A)( I), 
830.179(A) 

Power limitations 830.15 
Protection 830-IIl 

Grounding of metallic me111-
830.93 

Physical damage, protection 
against 830.3(E), 
830.44(1)(4),830.47(C), 
830. 1 00(A)(6) 

Primary electrical proLection 
830.00 

Underground circuits entering 
buildings 830.47 

Direct-buried cables and race
ways 830.47(B) 

Mechanical protection 
830.47(C) 

Pools. under 830.4 7(D) 
Underground systems 

830.47(A) 
Neutral; see also Conductors, 

8are Ex .. 230.30 Ex., 
230.41 Ex. 

Bonding to service equipment 
250.92 

Bus\vays, over 600 volts 
368.258 

Com1110n see Common neutral 
Conductor 10.15(8)(5), 

310.15(8)(7), Tables 
8.31 0.15(B)(2)( 1) 
through 
13.310.15(13)(2)( 10) 

Definitio 100-1 
Continuity of 300.13 
Direct current generators 

445.12(D),445.13 
Equipment, to 

142 
Feeder load 220.61 
Floating buildings, conductors in 

553.9 
Grounding of 

AC systems 250.4, 250.24, 
250.26, 250.34, 250.36 

DC systems 250.4, 250.34, 
250.36, 250.162(B) 

High-voltage systems 250.182 
through 250. J 86 

Identificatio Art 200 
Messenger suppOlted wiring 

396.30(£3) 
Point 

Definitio 100-1 
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grounding 
250.142(13) Ex. 

Small wind electric systems 
694.64 

Switchboard, stage 520.27(B), 
520.53(H)(2), 520.53(0) 

Un insulated, where 
230.22 Ex., Ex., 
230.41 Ex., 250.140 
Ex., 338.10(13)(2) 

Neutral systems, high-impedance 
grounded see High
impedance grounded 
neutral systems 

Nightclubs Alt. 518 
Nipples. conduit see Conduit 

nipples 
Noise see Electrical noise 
Nonautomatic 

Definitio 100-1 
Nonelectrical equipment, ground

ing 250.116 
Nongrounding-type receptacles, 

replacements 
250.130(C), 406.4(D)(2) 

Nonincendive circuits 500.7(F), 
506.8(F) 

Definitio 500.2, 506.2 
Nonincendive component 

500.7(H) 
Definitio 500.2 

Nonincendive equipment 
500.7(G}, 506.8(G) 

Definitio 500.2, 506.2 
Nonincendive fiel wiring 

501.1 0(B)(3), 
502.10(8)(3), 
503. I 0(A)(4) 

Detinitio 500.2, 506.2 
Nonlinear load 

Definitio 100-1 
Nonmetallic boxes see Boxes, 

nonmetallic 
Nonmetallic conduit Liq-

uidtight flexibl nonme
tallic conduit; Nonme
tallic underground 
conduit with conductors 

Nonmetallic extensions Art. 382 
Bends 382.26 
Boxes and fitting 382.40 
Concealable 382.15(B) 

Bends 382.26(B) 
Definitio 382.2 
Flat conductors 382.1 04 
Listing 382.6 
Securing and supporting 

382.30(B) 
Uses permitted 382.10 

Construction specification 382-
m 

Definitio 382.2 
Devices 382.42 
Exposed 382.10(13), 382.15 
Flat conductors 382.104 
Installation 382-II 
Insulation 382.112 
Listing requirements 382.6 
Marking 382.120 
Splices and taps 382.56 
SUPPOlting and securing 382.30 

Uses not permitted 382.12 
Uses permitted 382.10 

Nonmetallic-sheathed cable 
(Types NM, NMC, and 
NMS) Art. 334 

Accessible attics 334.23 
Ampacity 334.80 
Bends 334.24 
Boxes and fitting 334.40 
Conductors 334.104 
Construction 334-Tll 
Detinitio 334.2 
Devices of insulating material 

334.40(B) 
Devices with integral enclosures 

334.40(C) 
Equipment grounding conductor 

334.108 
Exposed work 334.15 
Installation 334-II 
Insulation 334.112 
Listed 334.6 
Marking 310.120 
Nonmetallic outlet boxes 

334.40(A) 
Sheath 334.116 
Supports 334.30 
Through or parallel to framing 

members 300.4, 334.17 
Unfinishe basements 334.15(C) 
Uses not permitted 334.12 
Uses permitted 334.10 

Nonmetallic underground con
duit with conductors 
(Type NUCC) Art. 354 

Bends 354.24, 354.26 
Bushings 354.46 
Conductor terminations 354.50 
Construction specification 354-

1lI 
Definitio 354.2 
Grounding 354.60 
Installation 354-11 
Joints 354.48 
Listing 344.6 
Listing requirements 354.6 
Marking 354.120 
Number of conductors 354.22 
Size 354.20 
Splices and taps 344.56 
Trimming 354.28 
Uses not permitted 354.12 
Uses permitted 354.10 

Nonmetallic wireways see Wire
\vays, nonmetallic 

Nonpower-limited control circuits 
Amusement attractions 

522.10(B) 
Nonpower-limited fi e alarm cir

cuits (NPLFA) see Fire 
alarm systems, 
Nonpower-limited cir
cuits 

Nontamperable 
Circuit breakers 240.82 
Type S fuses 240.54(D) 

Number of services 230.2 
Disconnecting means 230.71, 

250.64(D) 
Service-entrance conductor sets 

230.40 

Nurses' stations 
Definitio 517.2 

Nursing homes; see also Health 
care facilities 

Definitio 517.2 
Essential electrical systems 

517.40 

-0-
Occupancy, lighting loads 220.12, 

Table 220.12 
Office furnishings Art. 605 

General 605.2 
Lighting accessories 605.5 
Partitions 

Fixed-type 605.6 
Freestanding type 605.7, 

605.8 
Interconnections 605.4 

Wireways 605.3 
Official interpretations For-

mal interpretations 
Oil (filled cutouts 490.21 (D) 

Definitio 100-II 
Oil-fille equipment 490.3; see 

a/so Transformers, oil
insulated 

Oil immersion 500.7(1) 
Definitio 500.2 

Oil-insulated transformers see 
Transfonners 

On-site power production facility 
695.3(A) 

Detinitio 695.2 
On-site stand by generator 

695.3(8)(2), 695.3(D), 
695.4(8), 695.6(C) Ex. 
2 

Definitio 695.2 
Openings in equipment to be 

closed 11 0.12(A), 
312.5(A),314.17(A) 

Open wiring on insulators Art. 
398 

Accessible attics 398.23 
Clearances 398.19 
Conductors, types permitted 

398.104 
Construction specification 398-

m 
Definitio 398.2 
Devices 398.42 
Exposed work 398.15 
Flexible nonmetallic tubing 

398.15(A) 
Installation 398-U 
Securing and supporting 398.30 
Through or parallel to framing 

members 398.17 
Uses not permitted 398.12 
Uses permitted 398.10 

Operable, externally 
Detinitio 100-\ 

Operating device 
Definitio 620.2 

Operating rooms, hospital 
517-JV 

Emergency lighting system Art. 
700 

Optical fibe cables Art. 770 
Abandoned cables 770.25 
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Definitio 770.2 
Access to electrical equipment 

770.21 
Applications of listed cables and 

raceways 770.154 
Within buildings 770-HI, 

770.100,77O--V 
Composite cables 770.3(B) 

Detlnitio 770.2 
Conductive cable 770.48(A) 

Definitio 770.2 
Detinition 770.2 
Grounding 770.93, 770-1 V, 

770.114, 840.93(A), 
840.100 

Installation 770-V 
Listing 770.l13(A), 770-VI, 

840.170(8) 
Location 505.9(F), 770.3(A) 
Marking Table 770.179 
Mechanical execution of work 

770.24 
Nonconductive cable 770.48, 

770.110(B)(2) 
Definitio 770.2 

Outside and entering buildings 
770-I[ 

Premises-powered broadband 
communication systems 
Art. 840 

Protection 770-1ll 
Raceway system 770.3, 770.12, 

770.26, 770.110, 
770.154, 770.182, 
840.11O 

Definitio 770.2 
Substitution cables 770.154 

Optical network terminal (ONT) 
840.1, 840.93(C), 840-
lV, 840.113, 840.170 

Definitio 840.2 
Optional standby systems Art. 

702 
Capacity and rating 702.4 
Circuit wiring 702-JI 
Definitio 702.2 
Grounding 702.7(B), 702. J1 
Portable generator grounding 

702.11 
Signals 702.6 
Signs 702.7 
Transfer equipment 702.5 

Organs 
Electronic 640.1 
Pipe Art. 650 

Conductors 650.6 
Grounding 250.112(B), 650.4 
Installation of conductors 

650.7 
Ovcrcurrent protection 650.8 
Source of energy 650.4 

Outdoor overhead conductors 
over 600 volts Art. 399 

Dclinitio 399.2 
Support 399.30 
Uses not permitted 399.12 
Uses permitted 399.10 

Outdoor receptacles 210.8(A)(3), 
210.52(E), 406.9, 
680.22(A), 680.32 

Outlet boxes see Boxes 
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Outlets 
Appliance 21 0.50(C) 
Communications circuits 

800.156 
Definitio 100-1 
Discontinued 

Cellular concrete t100 race
ways 372.13 

Cellular metal Hoo raceways 
374.7 

Underfloo raceways 390.8 
Heating, air-conditioning, and 

rpt'rlm'r!>j',{\n equipment 
550.12(D) 

see Laundry 
Lighting outlets 

220.14 
Multioutlet assembly see Multi

outlet assembly 
Outdoor 550.20, 551.53(C), 

552.41 (E), 552.59 
Power 

Definitio 100-] 
Receptacle 210.50 

Definitio 100--1 
Dwellings, where required 

21O.52 
Required 210-TIl 
Vacuum assembly, central 

422.15 
Outlet spacing, dwelling base

board heaters 210.52 
Outline lighting Art. 600; see also 

Signs 
600.7(B), 600.33(D) 

circuits 220.14(F), 600.5 
Definition 100-1, 600.2 
Grounding, conductor size 

600.7(A),600.24(B), 
600.33(D) 

Output circuits 
Amplifier 640.9(C) 
Definitio 692.2 
Fuel cell systems 692.61, 692-

VIII 
Heat generating equipment 

665.5 
Solar photovoltaic systems 

690.1, 690.4, 690.6(B), 
690.7,690.8,690.31(E), 
690.35 

Detinitio 690.2, 690.85 
Outside branch circuits and feed

ers Art. 225 
Calculation of load 225.8 

Branch circuits 220--1, 220-II, 
225.8(A) 

Feeders 220--UI, 225.8(B) 
Circuit entrances and exits, 

buildings 225.11 
Conductors 

Clearance 
From buildings 225.19, 

225.61 
From ground 225.18, 

225.60 
Covering 225.4 
Size 225.5, 225.6, 225.50 

Disconnection 225.31, 225.51, 
225.52 

Lighting equipment installed 
outdoors 225.7 

Location of outdoor lamps 
225.25 

Mechanical protection 225.20 
More than one building or struc

ture 225-II 
Access to occupants 225.35 
Access to overcurrent protec

tive devices 225.40 
Disconnect 

Construction 225.38 
Disconnecting means 

225.31 
Grouping of 225.34 
Location of 225.32 
Maximum number 225.33 
Rating of 225.39 
Suitable for service equip

ment 225.36 
Identiticatio 225.37, 

230.2(E) 
Number of supplies 225.30 

Outdoor lampholders 225.24, 
225.25 

Over 600 volts 225-IJI 
Point of attachment 225.16 
Spacing, open conductors 

225.14 
Supports 

Masts 225.17 
Open conductors 225.12 
Over buildings 225.] 5 

Vegetation 225.26 
Wiring on buildings 225.10 

Outside of buildings 
Separately derived systems 

250.30(C) 
Services considered 230.6 

Ovens, wall-mounted; see also 
Cooking unit, counter
mounted; Ranges 

Branch circuits 21O.l9(A)(3), 
210.23(C), 220.55, 
Table 220.55 Note 4 

Connections 422.16(B )(3), 
422.31(B) 

Demand factors and loads Table 
220.55 

Feeders, calculation of load 
220.82(B)(3) 

Grounding 250.140 
Overcurrent 

Definitio 100-J 
Overcurrent devices; see also 

Overcurrent protection 
Branch circuit 240.24(B)(2) 

Definitio 100-1 
Enclosed 230.208(B), 312.8 
Solar photovoltaic systems 

690.8(B) 
Standard 240.6 

Overcurrent protection Art. 240 
Air-conditioning and refrigerat-

ing equipment 440--III 
Amusement attractions 522.23 
Appliances 422.11 
Auxiliary gutters 366.56(D) 
Branch circuits 210.20, 240.4, 

250.32(B)(2), 
250.32(C)(2) 

Busways 368.17 
Capacitors 460.8(B), 460.25 
Circuit breakers 240-VII 

Overcurrent protection 

Circuits, remote control, 
ing, and Dm.ver-mnm~a 

Class 1 systems 725.43 
Class 2 and Class 3 systems 

Chap. 9, Tables I 1 (A) 
and 11(B) 

Communications systems see 
Communications cir
cuits, protection 

Conductors see Conductors 
Cords, flexibl and tinsel 240.5, 

400.13 
Cord sets, extension 240.5 
Cranes and hoists 61 O--V 
Critical operations power sys-

tems 708-IV 
Current-limiting 

Definitio 240.2 
Disconnecting and guarding 

24 0--1 V 
Electric pipeline, vessel heating 

equipment 427.57 
Electric equipment 

Electric vehicle supply equip
ment 625.21 

Electroplating systems 669.9 
Elevators, dumbwaiters, escala

tors, moving walks, 
platform lifts, stairway 
chairlifts 620-VII 

Emergency systems 700-VI 
Enclosures 230.208(B), 240--IIl, 

312.8 
Exciters 445.12(A) 
Feeders 215.3, 250.32(B)(2), 

250.32(C)(2) 
Feeder taps 240.21, 240.92, 

430.28 
Fire alarm systems 760.43, 

760.45, Chap. 9, Tables 
12(A) and 12(B) 

Fire pumps 230.90(A) Ex. 4, 
430.31 IN,695.4(B), 
695.5(8), 695.5(C) 

Fixture wires 240.5, 402.12 
Flexible cords see Cords, tlex 

ible 
Fuel cell systems 692.8, 692.9 
Fuses and fuseholders 240.8, 

240--V, 240-VI, 404.17 
Generators 445.12 
Induction and dielectric heating 

equipment 665.11 
Industrial conlrol panels 409.21 
Industrial installations, super

vised 240-VlIl 
Industrial machinery 670.4(C) 
Instrumentation tray cable (Type 

ITC) 727.9 
Integrated electrical systems 

685.]0 
Interconnected electric power 

production sources 
705.30 

Generators 705.130 
Utility-interactive inverters 

705.65 
Legally required standby sys

tems 701-IV 
Lighting track 410.153 
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Overcurrent protection 

Location 230.91, 230.92, 
240.92, 240-11 

Mobile home 550.11 
Motion picture and television 

studios 530.18, 530.63 
Motors see Motors 
Multiple fuses and circuit break

ers (in paraJlel) 240.8, 
404.17 

Occupant access to 240.24(B) 
Organs 650.8 
Over 600 volts 110.52, 240-1X, 

460.25, 490.52 
Panelboards 408.2, 408.36, 

408.52, 408.54, 408.55 
Ex.l 

Paralleled fuses and circuit 
breakers 240.8, 404.17 

Park trailers 552.1 O(E) 
Phase converters 455.7 
Recreational vehicle parks 

551.74 
Recreational vehicles 551-IV, 

551.43,551.45 
Remote-control circuits 

240.4(G), 725.41(A)(2), 
725.43, 725.45, Chap. 9, 
Tables II (A) and 11 (B) 

Sensitive electronic equipment 
647.4(A) 

Services 
Equipment 230-VII 
Over 600 volts 230.208 

Small wind electric systems 
694.12(B), 694.15 

Solar photovoltaic systems 
690.4(G), 690.6(E), 
690.9, 690.35(B) 

Storage battery prime movers 
480.4 

Supervised industrial installa
tions 240-VIII 

Supplementary 240.10 
Definitio 100-1 

Switchboards 408.2 
Television studios see Motion 

picture and television 
studios 

Theaters, stage switchboards 
520.23, 
520.50(C), 
520.62(B) 

Transformers 450.3, 450.4(A), 
450.5(A)(2), 
450.5(B)(2), 450.6(B) 

Vertical position, enclosures 
240.33 

Welders, electric 630.12(B), 
630.32(B) 

X-ray equipment 517.73, 660.6 
Overhead gantry 626.23 

Definitio 626.2 
Overhead service conductors 

230-11, 800.44 
Clearances 230.24 
Definitio 100-1 
Insulation or covering 230.22 
Location 230.54 
Means of attachment 230.27 
Minimum size 230.23 
Point of attachment 230.26, 

230.28 
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Supports over buildings 230.29 
Overhead spans 225.6(A) 
Overload 

Definitio 100-1 
Protection; see also Overcurrent 

protection 
Cranes and hoists 610.43 
Fire pumps 695.6(C) 
Motors, motor circuits, and 

controllers 430-III, 
430.55, 430.225(B), 
460.9, 610.43(A) to (C), 
620.61(B) 

Over 600 volts Art. 490 
Ampacity 310.15, 310.60, 

392.80(8) 
Bending 300.34 
Bonding 490.74 
Boxes, pull and junction 314-IV 
Busways 368-JV 
Capacitors 460-11 
Circuit breakers see Circuit 

breakers 
Circuit conductors 110.36 
Circuit interrupting devices 

490.21 
Conductors II O-III, 300.39 
Conduit bodies 314-IV 
Definition 100-11, 490.2 
Distribution cutouts 490.21(C) 
Electrode-type boilers 490-V 

Bonding 490.74 
Branch circuit requirements 

490.72 
Electrical supply system 

490.71 
General 490.70 
Pressure and temperature 

limit control 490.73 
Elevation of unguarded live 

parts 110.34(E) 
Enclosed power switchgear and 

industrial control assem
blies 490-Ul 

Accessibility of energized 
parts 490.35 

Arrangement of devices in 
assemblies 490.31 

Circuit breaker locking 
490.46 

Circuit breakers interlocks 
490.45 

Clearance for cable conduc
tors entering enclosure 
490.34 

Door stops and cover plates 
490.38 

Enclosed equipment 110.3], 
490-Ill 

Fused interrupter switches 
490.44 

Gas discharge from interrupt-
ing devices 490.39 

General 490.30 
Grounding 490.36, 490.37 
Guarding 490.32, 490.33 
Inspection windows 490.40 
Interlocks interrupter 

switches 490.42, 490.45 
Location of industrial control 

equipment 490.41 
Service equipment 490.47 

Stored energy for opening 
490.43 

Enclosure for electrical installa-
tions 110.31, 490-III 

Enclosures, handhole 314-IV 
Equipment Art. 490 
Fuel cell 692-VIll 
Fuses and 490.21(B) 
Grounding Art. 250,490.36, 

490.37 
Headroom above working 

spaces 110.32 
Illumination of working spaces 

11O.34(D) 
Indoor installations 110.31 (B) 
Insulation shielding 300.40 
Isolating means 490.22 
Load interrupters 490.21 (E) 
Mobile and portable equipment 

490-IV 
Collector rings 490.54 
Enclosures 490.53 
General 490.51 
High-voltage cables for main 

power supply 490.56 
Overcurrent protection 490.52 
Power cable connections to 

mobile machines 490.55 
Moisture, mechanical protection, 

metal-sheathed cables 
300.42 

Oil-fille equipment and cutouts 
490.3, 490.21(D) 

Outdoor installations 110.31 (C) 
Outdoor overhead conductors 

Art. 399 
Outside branch circuits and 

feeders 225-IIl 
Overcurrent protection 110.52, 

240-1X, 460.25, 490.52 
Portable cables 400.36 
Protection of equipment 

110.34(F) 
Resistors and reactors 470-U 
Separation 490.24, Table 490.24 
Services 230-VUJ 
Shielding solid dielectric-

insu lated conductors 
31O.10(E) 

Small wind electric systems 
694-IX 

Solar photovoltaic systems 
690-IX 

Temporary Art. 590 
Tray installations Art. 392 
Tunnel installation IIO-IV 
Voltage regulators 490.23 
Wiring methods 300-11, Table 

300.50 

-p-
Panel, solar photovoltaic systems 

Definitio 690.2 
Panelboards Art. 408 

Arc-flas hazard warning 110.16 
Bonding 408.40, 517.14, 

517.l9(D) 
Circuit directory 408.4 
Component parts 408.53 
Damp or wet locations 408.37 
Definitio 100-1 

Distribution 550.10(B), 550.11, 
551.45, 551.54(B), 
552.45, 552.55(B) 

Definitio 550.2, 551.2 
Enclosure 408.38 
General 408.30 
Grounded conductor termina-

tions 408.41 
Grounding 408.40, 517.19(D) 
Installation 110.26(E) 
Marking 408.58 
Overcurrent protection 408.36, 

408.52, 408.54, 408.55 
Ex. I 

Relative arrangement of 
switches and fuses 
408.39 

Sensitive electronic equipment 
647.4(A) 

Service equipment 408.3(C), 
408.36 Ex. 1, 408.36 
Ex. 3 

Spacing, minimum 408.56 
Support for busbars and conduc

tors 408.3 
Wire-bending space 408.55 
Working spaces about 110.26 

Pans, fixtu e 410.23 
Paralleled 

Alternate sources Art. 705 
Circuit breakers and fuses 240.8, 

404.17 
Conductors see Conductors, 

paralleled 
Elevators, dumbwaiters, escala

tors, moving walks 
620. I 2(A)(l) 

Power production sources Art. 
705 

Park trailers Art. 552; see also 
Mobile homes; Recre
ational vehicles 

Appliance accessibility and fas-
tening 552.58 

Bonding 552.57 
Branch circuits 552.46 
Calculations 552.47 
Combination electrical systems 

552.20 
Conductors and boxes 552.48, 

552.49 
Connection of terminals and 

splices 552.51 
Cord 552.43(B), 552.44 
Definitio 552.2 
Distribution panelboard 552.45, 

552.55(B) 
Grounded conductors 552.50 
Ground-fault circuit interrupters 

552.41 (C) 
Grounding 552.55, 552.56 
Low-voltage systems 552.10, 

552.60(B) 
Luminaires 552.1O(G), 552.54, 

552.59 
Nominal 120- or 120/240-volt 

systems 552.60(A), 
552-IV 

Outdoor outlets, fixtures equip
ment 552.41(E), 552.59 

Power supply 552.43 
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Receptacle outlets required 
552.41, 552.53 

Switches 552.52 
Tests, factory 552.60 
Wiring methods 552.48 

Parts see specific type such as 
Live parts 

Part-winding motors 430.4 
Code letter markings 

430.7(B)(5) 
Conductors 430.22(D) 

Patching tables, motion picture 
530-IV 

Path, ground-fault current 
250.4(A)(5) 

Definitio 250.2 
Path, grounding 250.28 
Patient bed location 517.] 8(8), 

5] 7.19 
Definitio 517.2 

Patient care areas 517.13, 517.80; 
see also Health care 
facilities 

Definitio 517.2 
Patient care vicinity 

Definitio 517.2 
Pediatric locations 517.18(C) 
Pendant conductors, lamps 

410.54 
Pendants 

Aircraft hangars 513.7(B), 
513.16(B)(1) 

Anesthetizing locations 
517.61(B)(3) Ex. 2, 
517.61(C)(l) Ex. 

Bathrooms 410.10(0) 
Clothes closets 41O.16(B) 
Connector, cord 210.50(A) 
Dressing rooms, theater 520.71 
Flexible cord 314.25(C), Table 

400.4,400.7(A)(l) 
Garages, commercial 

511.7(A)(2), 
511.16(8)(1 ) 

Hazardous (classi fled locations 
501.130(A)(3), 
501.130(B)(3), 
502.l30(A)(3 ), 
502.130(8)(4), 
503.130(C), 511. 7(A)(2) 

Mobile homes 550.l4(C) 
Performance area 

Definitio 520.2 
Periodic duty 

Definitio ] 00-1 
Permanent plaque or directory 

225.37,230.2(E), 
705.10 

Permission, special 
Detinitio 100-1 

Permissive rules 90.5(B) 
Person, qualifie 

Definitio 100-1 
Phase converters Art. 455 

Capacitors 455.23 
Conductors 455.6 
Connection of single-phase 

loads 455.9 
Definitio 455.2 
Different types of 455-II 
Disconnecting means 455.8, 

455.20 

2013 California Electrical Code 

INDEX 

Equipment grounding connec-
tion 455.5 

Marking 455.4 
Overcurrent protection 455.7 
Power interruption 455.22 
Rotary 

Definitio 455.2 
Start-up 455.21 
Static 

Definitio 455.2 
Tenninal housings 455.10 

PhotovoItaic systems see Solar 
photovoltaic systems 

Physical damage see Protection, 
physical damage 

Pipe, gas see Gas pipe 
Pipe electrodes 250.3O(A)(4), 

250.30(A)(8), 
250.52(A)( 1), 
250.52(A)(5), 250.53, 
250.66(A), 250.68(C), 
250.70 

Pipe heating 
Cable outlet, mobile home 

550. 13(E) 
Cord-and-plug connected assem

bly 422.50 
Pipeline; see also Fixed electric 

heating equipment for 
pipelines and vessels 

Definitio 427.2 
Pipe organs see Organs, pipe 
Piping systems, bonding 250.104 
Places of assembly see Assembly, 

places of 
Plants 

8ulk storage Art. 515 
Cleaning and dyeing 

500.5(B)(1), Art. 501, 
Art. 505 

Clothing manufacturing 
500.5(D), Art. 503, Art. 
506 

Plate electrodes 250.52(A)(7), 
250.53, 250.66(A) 

Platform lifts see Elevators, 
dumbwaiters, escalators, 
moving walks, platfonn 
lifts, and stairway chair
lifts 

Plenums 300.22 
Definitio 100-1 
Wiring in 300.22 

CATV coaxial cable 
820.1 1 0(A)(2) , 
820.l13(C), Table 
820.154(a),820.179(A) 

Communications circuits 
Table 800.154(a), 
800. 179(A), 800. 182(A) 

Network-powered broadband 
communications cables 
830.l13(C), Table 
830. 154(a), 
830.179(A)(2), 
830.179(8)(3) 

Pliable raceways see Raceways, 
pliable 

Plugging boxes, motion picture 
studios 530.14, 
530.18(E) 

Definitio 530.2 

Plugs, attachment see Attachment 
plugs 

Point of common coupling 692.2 
Definitio 705.2 

Point of entrance 
Definitio 800.2, 820.2, 830.2 

Polarization 
Appliances 422.40 
Connections 200.11 
Luminaires 410.50 
Plugs, receptacles, and connec

tors 200.1O(B) 
Portable handlamps 410.82(A) 
Receptacle adapters 

406.1 0(B)(3) 
Screw-shell-type lampholders 

410.50 
Poles 

Climbing space, conductors 
225.14(D) 

Communications wiring 
840.44(A) 

Conductors, mechanical protec
tion 225.20 

Supporting luminaires 
410.30(B),410.64 

Pool covers see Covers 
Pools; see also Swimming pools, 

fountains, and similar 
installations 

Definition 680.2 
Porches, receptacles for 

210.52(E)(3) 
Portable appliances see Appli

ances 
Portable equipment 

Definitio 520.2 
Disconnecting means 517.17 (C) 
Double insulation 250.114 Ex. 
Generators 250.34 
Grounding 250.114, 250.138 

Conductor size 250.122, 
Table 250.122 

High-voltage equipment 
250.188, 250.190 

Stage and studio 520.5(B), 
520-V,530.6 

X-ray 660.4(8), 660.21 
Detinitio 660.2 

Portable handlamps 410.82 
Portable luminaires 410.82, 

513.10(E)(1),515.7(C), 
516.4(0) 

Flexible cords for Table 400.4, 
400.7 

Handlamps 410.82 
Hazardous (classified locations 

501.130(B)(4), 
502.130(B)(1 ), 
503.130(D), 51 L4(B)(2) 

Live parts 410.5 
Motion picture studios, in 

530.16 
Show windows, showcases 

400.11 Ex. 2 
Portable power distribution unit 

520.62, 525.22 
Definitio 520.2 

Portable switchboards, theater 
stages 520-IV 

Portable wiring, motion picture 
studios 530.12 

Premises 

Positive-pressure ventilation 
500.7(D),501.125(A), 
505.8(8), 506.8(B) 

Power, emergency systems see 
Emergency systems 

Power and control tray cable 
(Type TC) Art. 336 

Ampacity 336.80 
Bends 336.24 
Conductors 336.1 04 
Construction specification 336-

III 
Definitio 336.2 
Installation 336-11 
Jacket 336.116 
Marking 336.120 
Uses not pennitted 336.12 
Uses pennitted 336.10 

Power factor 
Definitio Annex D 

Power-limited circuits see 
Remote-control, signal
ing, and power-limited 
circuits 

Power-limited control circuits 
Amusement attractions 

522.l0(A) 
Power-limited fi e alarm circuit 

(PLFA) see Fire alann 
systems, Power-limited 
circuits 

Power-limited tray cable (Type 
PLTC) 725.154, 
725.1 54(D){1 ) 

Class I, Division 2 locations 
501.1 O(B)(I) 

Marking 310.120, 725.179(E) 
Power outlet see Outlets, power 
Power production sources see 

Interconnected electric 
power production 
sources 

Power source, alternate 517.34, 
551.33 

Definitio 517.2 
Power supply 

Jnfonnation technology equip
ment 645.5 

Mobile homes 550.10 
Supervisory control and data 

acquisition (SCADA) 
Annex G 

Power-supply assembly 
Electrifie truck parking spaces 

626.25 
Recreational vehicles 551.44, 

551.46 
Definitio 55].2 

Preassembled cable in nonmetal
lic conduit see Nonme
tallic underground con
duit with conductors 

Premises 
Definitio 800.2, 820.2 

Premises communications circuits 
840.170(C) 

Definitio 840.2 
Premises-powered broadband 

communication sys
tems Art. 840 

Access to electrical equipment 
behind panels 840.21 
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Premises 

Cables outside and entering 
buildings 840-Il 

Definition 840.2 
Grounding methods 840.93, 

840-1V 
Installation within buildings 

840-V 
Listing 840.113, 840.154, 

840-VI 
Protection 840-m 
Underground circuits entering 

buildings 840.47 
Premises wiring (system) 

Definitio 100-1 
Pressure (solderless) connectors 

250.8(3), 250.70 
Definitio 100-1 

Prevention of fi e spread see Fire 
spread 

Product safety standards Annex 
A 

Projector rooms, motion picture 
Art. 540 

Audio signal equipment 540.50, 
540-IV 

Definition 540.2 
Projectors, nonprofessional 540-

III 
Definitio 540.2 
Listing 540.32 
Projection rooms 540.31 

Projectors, professional type 
540-II 

Conductor size 540. I 3 
Conductors on hot equipment 

540.14 
Definitio 540.2 
Flexible cords 540.15 
Listing 540.20 
Location of equipment 540.11 
Marking 540.21 
Projector room 540.10 
Work space 540.12 

Proscenium 
Definitio 520.2 

Protection 
Combustible material, appli

ances 422.17 
Communications systems see 

Communications circuits 
Corrosion 

Aluminum metal equipment 
300.6(B) 

Boxes, metal 312.1O(A), 
314.40(A),314.72(A) 

Cable trays 392.10(D), 
392.100(C) 

Conductors 310 .JO( G) 
Deicing, snow-melting equip

ment 426.26, 426.43 
Electrical metallic tubing 

358.10(B) 
Flat conductor cable 324.1 01 
General equipment 300.6 
Intermediate metal conduit 

342.10(B) and (D) 
Metal-clad cable 330.116 
Metal equipment 300.6(A) 

and (B), 312.1O(A) 
Mineral-insulated metal

sheathed cable 332.12 

70-860 

Rigid metal conduit 
344. I O(B) and (D) 

Strut-type channel raceways 
384.100(B) 

iNDEX 

Underfloo raceways 390.3(B) 
Ground fault see Ground-fault 

protection 
Ground fault circuit interrupter 

see Ground-fault circuit 
interrupters 

Hazardous (classified locations 
500.7, 505.8, 506.8 

Liquids, motors 430.11 
Live parts 110.27,445.14, 

450.8(C) 
Luminaires and lamps, conduc

tors and insulation for 
410.56 

Motor overload 430.55, 
430.225(B), 430-IU 

Motor overtemperature 430.126 
Overcurrent see Overcurrent 

protection 
Overload see Overload 
Physical damage 

Agricultural buildings, wiring 
in 547.5(E) 

Armored cable 320.12, 
320.15 

Audio signal processing, am
plification and repro
duction equipment 
640.45 

Busways 368.12(A) 
Cabinets, cutout boxes, and 

meter socket enclosures 
312.5 

Conductors 250.64(B), 300.4, 
300.S0(B) 

CATV coaxial cable 
820.100(A)(6) 

Communications systems 
800.100(A)(6) 

Motor control circuits 
430.73 

Network-powered broad
band communications 
cable 830.3(E), 
830.44(1)(4),830.47(C), 
830.100(A)(6) 

Optical fibe cables 
770.100(A)(5) 

Radio and television re
ceiving station 
810.21(0) 

Cords, flexibl 400.8(7), 
400.14,640.45 

Critical operations power sys
tems 708.1 0(C)(1) 

Electrical metallic tubing 
3S8.12(1) 

Electrical nonmetallic tubing 
362.12(9) 

Electric signs 600.33(C), 
600.41(D) 

Emergency system 
517.30(C)(3) 

Flat cable assemblies 
322.10(3) 

Flexible metal conduit 
348.12(7) 

Information technology 
equipment cables 
645.5(D) 

Lamps, electric discharge 
lighting 410.145 

Lighting track 410.1S1(C)(l) 
Liquidtight flexibl metal 

conduit 350.12(1) 
Liquidtight flexibl nonmetal

lic conduit 356.12(1) 
Luminaires 410.1O(E), 

501.l30(A)(2), 
501.130(B)(2), 
S02.130(A)(2), 
502. 130(B)(3) 

Metal-clad cable 300.42, 
330.12 

Mineral-insulated metal
sheathed cable 
332.10(10) 

Multioutlet assembly 
380.1 2(2) 

Nonmetallic-sheathed cable 
334.15(B) 

Open conductors and cables 
230.50(B)(2) 

Open wiring 398.1S(A), 
398.15(C) 

Overcurrent devices 
240.24(C),240.30(A) 

Raceways 300.5(D)(4), 
300.50(B) 

Recreational vehicle outdoor 
or under-chassis wiring 
551.47(N) 

Recreational vehicle park 
underground branch 
circuits and feeders 
551.80(B) 

Reinforcing thermosetting 
resin conduit 355.12(C) 

Remote-control circuits 
725.31(B) 

Resistors and reactors 
470.l8(A) 

Rigid polyvinyl chloride con
duit 352.12(C) 

Service-entrance cable 
338.12(A)( 1) 

Service-entrance conductors 
230.50 

Service-lateral conductors 
230.32 

Space-heating systems 
424.12(A) 

Surface raceways 386.12(1), 
388.12(2) 

Switchboards, theater 
520.53(L) 

Transformers 450.8(A) 
UF cable 340.12(10) 
Underground installations 

230.32, 230.50(A), 
300.5(D) and (J) 

Wireways 376.12(1), 
378.12(1) 

Thermal protection see Ther
mally protected (thermal 
protection) 

Protective devices see Arc-fault 
circuit interrupters; Cir
cuit breakers; Fuses; 
Ground-fault circuit in
terrupters; Overcurrent 
protection 

Protective equipment see Guard
ing, guards 

Protector, communications sys
tems see Communica
tions circuits 

Public address systems Art. 640 
Public assembly places Art. 518 

Emergency lighting system Art. 
700 

Pull boxes; see also Boxes; Junc
tion boxes 

Accessibility 314.29 
Construction specification 

314.72, 314~IIl 
Gutters, auxiliary, used as 

366.58(B) 
Multioutlet assemblies used as 

380.23(B) 
Nonmetallic wireways used as 

378.23(B) 
Over 600 volts 314-1V 
Sizes 

4 AWG and larger conductors 
314.28(A) 

6 AWG and smaller conduc
tors 314.16(C)(l) 

Over 600 volts 314.71 
Pumps; see also Fire pumps 

. Grounding, water pumps 
250.1 12(L), 250.112(M) 

Pool 
Double insulated 680.21 (B), 

680.31 
Storable pools 680.31 

Purged and pressurized SOO.7(D) 
Definitio SOO.2 

-Q-
Qualifie person see Person, 

qualifie 

-R-
Raceways 

Bonding 250-V, 501.30(A), 
502.30(A), S03.30(A), 
50S.2S(A) 

Busways see Busways 
Cable trays, supported by 

392.18(G) 
CATV coaxial cable 820.110, 

820.133, 820.154 
Cellular concrete floo see Cel

lular concrete floo race
ways 

Cellular metal floo see Cellular 
metal floo raceways 

Communications circuits 
800.110, 800. 133(A)(l ), 
800.154,800.182 

Definitio 800.2 
Conductors in service 230.7 
Continuity 300.10, 300.12 
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Cords, flexible installed in 
400.14 

Definitio 100-1 
Drainage 225.22, 230.53 
Electrical metallic tubing (Type 

EMT) see Electrical 
metallic tubing (Type 
EMT) 

Electrical nonmetallic tubing 
(Type ENT) see Electri
cal nonmetallic tubing 
(Type ENT) 

Emergency circuits, independent 
700.10(B) 

Equipment grounding conductor 
installation 250.120(A) 

Expansion joints 250.98, 
300.4(H), 300.7(B), 
352.44, 355.44 

Exposed to different tempera
tures 300.7 

Fixed outdoor electric deicing 
and snow-melting 
equipment 426.22(8) 

Flexible metal conduit (Type 
FMC) Flexible 
metal conduit (Type 
FMC) 

Flexible metallic tubing (Type 
FMT) see Flexible me
tallic tubing (Type 
FMT) 

Grounding 250.132, 250-IV 
Short sections 250.86 Ex. 2, 

250.132 
Induced currents 300.20 
Installed in grooves 300.4(F) 
Insulating bushings 300.4(G), 

300.16(B) 
Intermediate metal conduit 

(Type IMC) see Intcr
mediate metal conduit 
(Type IMC) 

Intrinsically safe systems 
504.50(A) 

Liquidtight flexibl metal con
duit (Type LFMC) see 
Liquidtight flexibl 
metal conduit (Type 
LFMC) 

Liquidtight flexibl nonmetallic 
conduit (Type LFNC) 
see Liquidtight flexibl 
nonmetallic conduit 
(Type LFNC) 

Luminaires (fixtures 
Poles used as raceway 

410.30(B),410.64 
Supported by raceway fitting 

410.36(E) 
Manufactured wiring systems 

604.6(A)(5) 
Network-powered broadband 

communications cables 
830.110, 830.113 

Number of conductors 300.17; 
see also Conductor fil 

Optical fibe cable 770.3, 
770.12, 770.26, 
770.110, 770.154, 
770.182, 840.11 0 

Definitio 770.2 
Pliable 362.2 
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Premises-powered broadband 
communications systems 
840.110 

Rigid metal conduit (Type 
RMC) see Rigid metal 
conduit (Type RMC) 

Rigid polyvinyl conduit (Type 
PVC) see Rigid polyvi
nyl chloride conduit 
(Type PVC) 

Seal 225.27, 230.8, 300.7(A), 
300.50(F) 

Secured 300.II(A) 
Service see Service raceways 
Signaling Class I circuits 

725.48, 725.51 
Strut-type channel see Strut-type 

channel raceway 
Support for nonelectrical equip

ment 300. 11 (B) 
Supporting conductors, vertical 

300.19 
Support of 392.l8(G) 
Surface metal see Surface metal 

raceways 
Surface nonmetallic see Surface 

nonmetallic raceways 
Underfloo Underfloo race-

ways 
Underground 225.27,300.5, 

300.50 
Wireways see Wireways, metal; 

Wireways, nonmetallic 
Wiring, exterior surfaces of 

buildings 225.22 
Radiant heating panels and radi

ant heating sets see 
Fixed electric space
heating equipment 

Radio and television equipment 
Art. 81 0; see also Com
munity antenna televi
sion and radio distribu
tion (CATV) systems 

Amateur transmitting and re
ceiving stations 810-III 

Community television antenna 
81004 

Interior installation transmit-
ting stations 81O-IV 

Noise suppressors 810.5 
Receiving equipment antenna 

systems 810-II 
Radiographic equipment see 

X-ray equipment 
Railway conductors, power and 

light 110.19 
Rainproof 

Definitio 100-1 
Raintight 

Definitio 100-1 
Ranges 422.16(B)(3), 422.33(B); 

see also Cooking unit, 
counter-mounted; Ov
ens, wall-mounted 

Branch circuits 210.19(A)(3) 
Calculation of load 220.55, 

Table 220.55 
Conductors 210.19 
Maximum load 220.18 

Feeders, calculation of load 
220040, 220.82(B)(3) 

Grounding 250.140 
Hoods, cord-and-plug connected 

422.16(B)(4) 
Loads, demand tactors and 

Table 220.55 
Mobile homes 550.15(E), 

550.16(A), 550.16(B)(3) 
Receptacles 250.140 Ex. 

Rated load current 440.4(A) 
Definitio 440.2 

Rated power 
Definitio 694.2 

Reactors see Resistors and reac
tors 

Readily accessible; see also Ac
cessible 

Definitio ] 00-1 
Reaming, ends of metal conduits 

342.28, 344.28, 358.28 
Re-bar electrodes 250.50 Ex., 

250.52(A)(3) 
Receptacles, cord connectors, 

and attachment plugs 
(caps) Art. 406 

Anesthetizing locations 
517.64(F) 

Branch circuits 210.52 
Configuration 550.l0(C), 

551.46(C), 552.44(C) 
Critical branch 517 .33(A) 
Definitio 100-1 
Disconnecting means 422.33, 

440.63 
Electric vehicle charging equip

ment 511.10(B) 
Electrifie truck parking space 

supply equipment 
626.24(B), 626.25(B), 
626.31(C) 

Faceplates 406.5, 406.6, 
406.9(£) 

GFCI protection see Ground
fault circuit interrupters 

Grounding type 250.130(C), 
250.146, 406A(A), 
406.10,406.11, 517.13, 
517.19(G) 

Hazardous (classified locations 
501.145,502.145, 
503.145 

Health care faci lities 517.13, 
517.18,517.19, 
517.60(C)(2), 
517.61(A)(5), 
517.61(B)(5),517.61(C) 

Insulated grounded terminals 
250.146(D),517.16 

Less than 50 volts 720.6, 720.7 
Manufactured wiring systems 

604.6(C) 
Marinas and boatyards 555.19 
Maximum cord-and-plug

connected load to 
210.21(B)(2), Table 
21 0.21 (B)(2), 210.23 

Minimum ratings 406.3(B) 
Mobile homes 550.13 
Motors 430.1 09(F) 
Mounting 406.5, 406.9(E) 
Nongrounding-type, replacement 

250.l30(C), 406.4(0)(2) 
Noninterchangeable 406.4(F), 

406.8 
Nonmetallic extensions 382.42 

Recreational vehicle parks 

Outdoor Outdoor receptacles 
Outlets 210.50 

Definitio 1 00-1 
Dwellings, where required 

210.52 
Loads 220.14 

Patient bed location 517.18(8), 
517.19(B) 

Ratings ror various size circuits 
210.21 (8)(3), Table 
210.2\ (8)(3) 

Recreational vehicles 551.52 
Replacement 406.4(0) 
Selected, health care facilities 

517.33(A) 
Detinitio 517.2 

Sensitive electronic equipment 
647.7 

Showcases, wall cases 
410.59(B) 

Show windows, in 210.62 
Stages and sets 530.21 
Swimming pools 680.22(A), 

680.32, 680.34, 
680.43(A), 680.62(E) 

Tamper-resistant 406.12 
Child care facilities 406.14 
Dwelling units 406.12 
Guest rooms and suites 

406.13 
Replacements 406.4(0)(5) 

Temporary installations 
590.4(D), 590.6(A) 

Terminals, identificatio 
200.10(B) 

Theaters 520.45 
Voltages between adjacent de

vices 406.5(G) 
Weather-resistant 406.4(0)(6), 

406.9(A) 
Wind electric systems, small 

694.7(E) 
Recessed luminaires 41 O-X, 

410-Xl 
Clearances, installation 410.116 
Construction 410-XI 
As race\vays 410.64 
Temperatures 410.115 
Wiring 410.117 

Recording systems Art. 640 
Recreational areas, and dining 

essential electrical sys
tems, health care facil
ity 5 I 7.42(E) 

Recreational vehicle parks 
551-VI 

Calculated load 551.73 
Demand factors Table 551.73 

Definition 551.2 
Disconnecting means 55 I. 77(B) 
Distribution system 551.72 
Grounding 551.75, 551.76 
Outdoor equipment, protection 

of 551.78 
Overcurrent protection 551.74 
Overhead conductors, clearance 

for 551.79 
Receptacles 551.71, 551.81 
Underground wiring 551.80 
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Recreational vehicles 

Recreational vehicles (camping 
trailers, motor homes, 
park trailers, travel 
trailers, truck camp
ers) Art. 551 

Alternate power source restric
tions 551.33 

Appliance accessibility and fas
tening 551.57 

Attachment plugs 551.20(F), 
551.46(C) 

Bonding 551.55(B), 551.56 
Branch circuits 551.42, 551.43 
Calculation for loads 551.42(D) 
Combination electrical systems 

551.20, 551-II 
Conductors 551.48 
Connections 

Grounding 551.54, 551.55 
Power supply 551.46 
Splices and terminals 551.50 

Definition 551.2 
Distribution panelboard 551.45 
Expandable units, connection 

551.47(P) 
Generator installations 551.30 
Ground-fault circuit interrupter 

551.40(C),551.41(C) 
Grounding 551.54,551.55 
Grounding conductor splices 

551.50 
Identificatio of grounded con-

ductor 551.49 
Luminaires 551.53 
Multiple supply source 551.31 
Other power sources 551.32 
Outlet boxes 551.48 
Overcurrent protection 

Branch circuit 551.43 
Distribution panelboard 

551.45 
Power sources, other 551-JJI 

Power-supply assembly 551.44, 
551.46 

Definitio 55 J .2 
Receptacles 551.20(F), 551.41, 

551.52 
Supply source l20-volt or 

120/240-volt system 
55t-IV 

Switches 551.51 
System voltages 551-IV 
Tags, labels, and marking 

551.46(D) 
Tests, factory 551-V 
Wiring methods 551.47 

Recreational vehicle site 
Definitio 551.2 
Supply equipment 551.71, 

551.77 
Definitio 551.2 
Grounding 551.76 

Recreational vehicle stand 
Definitio 551.2 

Refrigeration compressor motors 
and controls Art. 440 

Refrigeration equipment see Air
conditioning and refrig
erating equipment 

Refrigerators, grounding 250.114 
Regulator bypass switch 

Definitio 100-11 
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Reinforced thermosetting resin 
conduit (Type RTRC) 
Art. 355 

Bends 355.24, 355.26 
Bushings 355.46 
Construction 355-III 
Definitio 355.2 
Grounding 355.60 
Installation 355-11 
Joints and expansion fitting 

355.44, 355.48 
Listing 355.6 
Marking 355.120 
Number of conductors 355.22 
Securing and supporting 355.30, 

Table 355.30 
Size 355.20 
Splices and taps 355.56 
Trimming 355.28 
Uses not permitted 355.12 
Uses permitted 355.10 

Relays 
Automatic load control 

Definitio 700.2 
Hazardous (classified locations 

501.1 05, 502.150 
Overload, motor overcurrent 

protection 430.40 
Reverse-current, transformers 

450.6(B) 
Remote control 

Circuits see Remote-control, 
signaling, and power
limited circuits 

Disconnect control, information 
technology equipment 
645.1O(A) 

Definitio 645.2 
Of induction and dielectric heat

ing equipment 665.7 
Switches 517.63(D) 

Remote-control, signaling, and 
power-limited circuits 
250.112(1), Art. 725 

Abandoned cables 725.25 
Definitio 725.2 

Access to electrical equipment 
725.21 

Class I circuits 725-Il 
Circuits extending beyond 

one building 725.52 
Conductors 725.49 

Different circuits 725.48 
Extending beyond one 

building 725.52 
Insulation 725.49(B) 
Number in raceways and 

cable trays 725.51 
Overcurrent protection 

725.41 (A)(2), 725.43 
Size and use 725.49(A) 

Locations 725.3(D), 725.45 
Overcurrent protection 

725.4 1 (A)(2), 725.43, 
725.45 

Physical protection 725.31(B) 
Power limitations 725.41 
Wiring methods 725.46 

Class 2 and Class 3 circuits 
725-III 

Applications of PLTC cables 
725.154 

Circuits extending beyond 
one building 725.141 

Conductors 725.130, 725.143 
Installation 725.133 through 

725.141 
Interconnection of power sup-

plies 725.121(B) 
Listing 725-IV 
Locations 725.3(D) 
Marking 725.124, 725.179 
Overcurrent protection Chap. 

9, Tables Il(A) and 
11 (B) 

Power sources 725.121(A), 
Chap. 9, Tables II(A) 
and I1(B) 

Separation 725.136 
Wiring methods 

Load side 725.130 
Supply side 725.127 

Classifications definition 725.2 
Class 1 725-1I 
Class 2 and Class 3 725-III 

Definitio 100-1 
Identificatio 725.30 
Mechanical execution of work 

725.24 
Motors 430-VI 
Overcurrent protection 240.4(G), 

725.41(A)(2),725.43, 
725.45, Chap. 9, Tables 
Il(A) and 11(B) 

Safety-control equipment 725.31 
Remote machine room and con

trol room 
Definitio 620.2 

Remote machinery space and 
control space 

Definitio 620.2 
Requirements for electrical in

stallations Art. 110 
Residential occupancies see 

Dwellings 
Resistance 

AC resistance and reactance, 
cables Chap. 9, Table 9 

Conductor properties Chap. 9, 
Table 8 

Dimmers 520.25(B), 
520.53(F)(l ) 

Heating elements see Fixed 
electric heating equip
ment for pipelines and 
vessels 

Welders 630-III 
Resistors and reactors Art. 470 

Combustible material, on, near 
470.3, 470.18(C) 

Conductor insulation 470.4 
Hazardous (classified Class II 

locations 502.120 
Location 470.2 
Over 600 volts 470-II 

General 470.18 
Grounding 470.19 
Oil-fille reactors 470.20 

Space separation 470.3 
Restaurants, service or feeder 

load 220.88 
Rheostats, construction specifica 

tions 430.82(C) 

Ride device 
Definitio 522.2 

Rigid metal conduit (Type RMC) 
Art. 344 

Bends 344.24, 344.26 
Bushings 344.46 
Cinder fiI 344.10(C) 
Construction specification 344-

III 
Couplings and connectors 

344.42 
Definitio 344.2 
Dissimilar metals 344.14 
Expansion fitting 300.7(B) 
Ferrous 300.6(A) 
Grounding 344.60 
Installation 344-11 
Listing 344.6 
Marking 344.120 
Maximum number of conductors 

and fixtur wires in 
Tables C8 and C8(A) 

Number of conductors 344.22, 
Chap. 9, Table 1 

Reaming and threading 344.28 
Size 344.20 
Splices and taps 344.56 
Standard lengths 344.130 
Supporting and securing 

314.23(E) and (F), 
344.30 

Uses permitted 344.10 
Wet locations 344.1 OeD) 

Rigid polyvinyl chloride conduit 
(Type PVC) Art. 352 

Bends 352.24, 352.26 
Bushings 352.46 
Construction specification 352-

m 
Definitio 352.2 
Expansion fitting 300.7(B), 

352.44, Table 352.44 
Exposed 352.1O(F) 
Grounding 352.60 
Installation 352-II 
Joints 352.48 
Listing 352.6 
Marking 352.120 
Maximum number of conductors 

and fixtur wires in 
Tables C9 through 
CI2(A) 

Number of conductors 352.22 
Schedule 80 300.5(D)(4), 

300.50(B), 551.80(B) 
Securing and supporting 352.30 
Size 352.20 
Splices and taps 352.56 
Supporting and securing Table 

352.30 
Trimming ends 352.28 
Uses not permitted 352.12 
Uses pennitted 352.10 

Road show connection panel 
520.50 

Rod electrodes 250.52(A)(5), 
250.53, 250.66(A), 
250.70 

Roof decking, cables and race
ways installed under 
300.4(E) 
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Roofs, conduits exposed to sun
light on 3IO.l5(B)(3)( c) 

Room air conditioners see Air 
conditioners, room 

Rooms, motion picture projector 
see Projector rooms, 
motion picture 

Rotary phase converter 
Definitio 455.2 

Rules, permissive 90.5(B) 
Running threads 342.42(B), 

344.42(B) 

-s-
Safety, examination of equipment 

for 90.7 
Screws, tightening torque tables 

Annex I 
Screw shells 

Electric-discharge luminaires 
and LED luminaires 
410.62(C)(2) 

ldentificatio 
Polarity 200.10, 410.50 
Tenninals 200.10 

Lampholders 410.122 
Sealable equipment 

Definitio 100-1 
Sealing; also Hazardous (c las-

sHied locations 
Busways, vapor seals for 

368.234(A) 
Conduit systems 50 LI5, 502.15, 

505.16, 506.16 
Intrinsically safe systems 

504.70 
Raceway seal, underground 

service 230.8 
Temperature changes 

300.7(A) 
Hermetically 500.7(1) 

Definitio 500.2 
Raceways 225.27, 230.8, 

300.7(A),300.50(F) 
Secondary ties, transformers 

450.6 
Sensitive electronic equipment 

Art. 647 
Grounding 647.6 
Lighting equipment 647.8 
Receptacles 647.7 
Single-phase supply system 

647.3 
Three-phase supply system 

647.5 
Wiring methods 647.4 

Separable power supply cable 
assembly 626.25, 
626.32 

Definitio 626.2 
Separately derived systems 

250.21(A),250.28(D), 
250.30, 250.35(A) 

Definitio 100-1 
Feeders or branch circuits, 

buildings/structures sup
plied by 

Grounded systems 
250.32(B)(2) 

Ungrounded systems 
250.32(C)(2) 
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Grounding electrode conductors 
250.169 

Metal piping and frames, bond
ing of 250.1 04(D) 

Portable generators 702.11 (A) 
Surge protective devices, con

nection of 285.24(C) 
Service cables; see also Service

entrance cable (Types 
SE and USE) 

Definitio 100-1 
Service conductors see Conduc

tors, service 
Service drops 

Connections, service head 
230.54 

Detinitio 100-1 
Service-entrance cable (Types SE 

and USE) Art. 338 
Bends 338.24 
Branch circuits or teeders 

338.1O(B) 
Construction 338-1II 
Definitio 338.2 
Grounding frames of ranges and 

clothes dryers 250.140 
Ex. 

Installation 338-1I 
Installation methods, for branch 

circuits and feeders 
338.10(B)(4) 

Marking 338.120 
Service-entrance conductors 

23 0-1 V, 338.1 O(A) 
Uses not pennitted 338.12 
Uses pennitted 338.10 

Service-entrance conductors 230-
IV, 338.1O(A) 

Conductor sets, number of 
230.40 

Considered outside of building 
230.6 

Definition 100-1 
Disconnecting means 230-VI 
Drip loops 230.52 
Insulation 230.41 
Mounting supports 230.51 
Overcurrent protection 230.90, 

230.91, 230.92, 230.208 
Over 600 volts 230-VIlI 
Physical damage 230.50 
Service head 230.54 
Size 230.42 
Splices 230.46 
Underground 300.5(D)(3) 

Definitio Art. I 00-1 
Wiring methods 230.43 

Service·entrance equipment see 
Service equipment 

Service equipment 230-V 
Definitio 100-1 
Disconnecting means 230-VI 

Connections, supply side 
230.82 

Connections to tenninals 
230.81 

Electrically operated 230.94 
Ex. 6 

Grounded conductor, discon
nection of 230.75 

Ground-fault, protection at 
230.95, 705.32 

Grounding electrode conduc
tor installation 
250.64(D) 

Indicating 230.77 
Location 230.70(A) 
Marking 230.70(B) 
Maximum number of discon-

nects, six switch rule 
230.71 

Multiple occupancy buildings 
230.72(C) 

Over 600 volts 230.205, 
230.206 

Rating 230.79, 230.80 
Simultaneous openings 

230.74 
Six switch rule 230.71 
Suitable for use 230.70(C) 

Guarding 230.62 
Industrial control panels as 

409.108 
Marking 230.66 
Mobile homes/manufactured 

homes 550.32 
Motor control centers as 430.95 
Overcurrent protection 230-VII 

Accessibility 240.24(A) 
Location 230.91, 230.92 
Over 600 volts 230.208 
Relative location 230.94 
Specifi circuits 230.93 
Ungrounded conductors 

230.90(A) 
Over 600 volts, metal enclosed 

and metal clad equip
ment 490.47 

Panel boards 408-TIl 
Service lateral 

Definitio 100-1 
Service loads, calculations Art. 

220, Annex D 
Service point 

Definitio 100-1 
Service raceways 

Conductors, others pennitted in 
230.7 

Drainage 230.53 
Service head 230.54 
Underground 230-Ill 

Services Art. 230 
Definitio 100-1 
Emergency systems separate 

service 700.12(D) 
Farm 220-V 
Ground-fault protection 230.95 
Insulation 230.22 
Masts, service 230.6(5), 230.28 
Number 230.2 

Disconnecting means 230.71, 
250.64(0) 

Service-entrance conductor 
sets 230.40 

Overhead supply 230-11 
Over 600 volts 230-Vm 
Supply to one building not 

through another 230.3 
Two or more buildings 250.32 
Underground 230-1lI 

Service stations, gasoline see Mo
tor fuel dispensing fa
cilities 

Signs 

Setting (of circuit breaker) 
Definitio 100-1 

Shielding see Guarding, guards 
Short-circuit current rating 

110.10 
Definitio 100-1 
Industrial machinery 670.5 
Surge protective devices 285.6 

Short-time duty 
Definitio 100-1 

Showcases, wall cases 410.59 
Shower spaces see Bathtubs 
Show windows 

Definitio 100-1 
Flexible cords 400.11 
Luminaires 410.14 

Branch circuits 220. 14(G) 
Feeders 220.40, 220.43(A) 

Receptacles 210.62, 314.27(B) 
Ex. 

Sidelights, borders, and prosce
nium 520.44 

Signaling circuits; see also Fire 
alann systems; Remote
control, signaling, and 
power-limited circuits 

Critical operations power sys-
tems 708.14 

Definitio 100-1 
Health care facilities 517-VI 
Installation requirements Art. 

725, Art. 760 
Signals for heated appliances 

422.42 
Sign body 

Definitio 600.2 
Signs 

Discharge, lighting, electric 
410-XIl,410-XIIl 

Electric Art. 600 
Ballasts, transformers, and 

electronic power sup
plies 600.21 through 
600.24 

Bonding 600.7(B), 600.33(D) 
Branch circuits 220.14(F), 

600.5 
Definition 100-1, 600.2 
Disconnects 600.6 
Enclosures 600.8 
Field-installed secondary wir-

ing 600.12 
Field-installed skeleton tubing 

600-1I 
Applicability, neon second

ary circuit conductors 
600.30, 600.42(A) 

Grounding 250.112(G), 
600.7(A), 600.24(B), 
600.33(D) 

Listing 600.3 
Location 600.9, 600.1O(D), 

600.21,600.33(A)(l), 
600.42(G), 600.42(H) 

Markings 600.4 
Portable or mobile 600.] 0 
Section signs 600.4(E) 

Definitio 600.2 
Exit health care facilities 

517.32(B),517.42(B) 
Mandated standby 701.7(A) 
Outline lighting Art. 600 
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Signs 

Standby 702.7 
Warning see Warning signs 

Site-isolating devices 547. 9( A) 
Definitio 547.2 

Skeleton tubing 600-JI 
Definitio 600.2 

Slices and taps 
Service-entrance conductors 

230.46 
Small wind electric systems see 

Wind electric systems, 
small 

Smoke ventilator control, stage 
520.49 

Snap switches; see also AC-DC 
general-use snap 
switches 

Accessibility, grouping 404.8(B) 
Definitio 100-1 
Electric-discharge lighting 

410.138 
Grounding 404.9(B) 
Motors 430.83(C), 

430.109(A)(3), 
430.109(C)(1 ), 
430.109(0) 

Mounting 404.10 
MuItipoJe 404.8(C) 
Ratings 404.14 

Snow melting see Fixed outdoor 
electric deicing and 
snow-melting equipment 

Solar cell 
Definitio 690.2 

Solar photovoltaic systems Art. 
690 

AC modules 690.6, 690.52 
Detinitio 690.2 

Building integrated photovolta
ics 

Definitio 690.2 
Circuit requirement" 690-IJ 
Circuit sizing and current 690.8 
Connection to other sources 

690-VlJ 
Definition 100-1, 690.2 
Disconnecting means 690.4(G), 

690.6(C), 690-IlI, 
690.35(A), 690.56, 
690.71 (E), 690.71 (F) 

Ground-fault protection 690.5, 
690.6(D), 690.35(C) 

Grounding 690-V 
Installation 690.4 
Marking 690.14(C)(2), 

690.31 (E)(3), 690-Vl 
Maximum voltage 690.7 
Overcurrent protection 690.4(G), 

690.6(E), 690.9, 
690.35(B) 

Over 600 volts 690-JX 
Stand-alone systems 

690.8(A)(4),690.10, 
690.56(A) 

Definitio 690.2 
Storage batteries 690-VllI 
Wiring methods 690-JV 

Solderless (pressure) connectors 
250.8(3), 250.70 

Definitio 100-1 

70-864 
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Solidly grounded 
Definitio 100-1 

Sound recording equipment Art. 
640 

Audio signal processing, ampli
fication and reproduc
tion equipment 540.50 

Theaters 520.4 
Space 

Cabinets and cutout boxes 
312.7,312.9,312.ll 

Climbing see Climbing space, 
line conductors on poles 

Lightning rods, conductor enclo
sures, equipment 
250.60,250.106 IN No. 
2 

Outside branch circuits and 
feeders 225.14 

Over 600 volts, separation 
1] 0.33, 110.34 

Working see Working space 
Space heating, fixe see Fixed 

electric space-heating 
equipment 

Spacing between bare metal 
parts 408.56, Table 
408.56 

Spas and hot tubs 680-IV 
Definition 680.2 
Indoor installations 680.43 
Outdoor installations 680.42 
Packaged equipment assembly 

Definitio 680.2 
Protection 680.43, 680.43(A)(2) 

Special permission see Permis
sion, special 

Spider (cable splicing block) 
Deiinitio 530.2 

Splices and taps 
Antennas 810.14 
Auxiliary gutters 366.56 
Cabinets and cutout boxes 312.8 
Cable trays, in 392.56 
Cellular concrete floo raceways 

372.12 
Cellular metal floo raceways 

374.6 
Concealed knob-and-tube 394.56 
Conduit bodies 300.15, 

314.16(C)(2) 
Construction sites 590.4(G) 
Deicing and snow-melting 

426.24(B) 
Electrical metallic tubing 358.56 
Electrical nonmetallic tubing 

362.56 
Equipment grounding conduc-

tors 250.l22(G) 
Flat cable assemblies 322.56 
Flat conductor cable 324.56 
Flexible cords and cables 400.9, 

400.36 
Flexible metal conduit 348.56 
Flexible metallic tubing 360.56 
General provisions IlO.14 
Hazardous (classified Class I 

locations 501.15(C)(4) 

High density polyethylene con
duit 353.56 

Intermediate metal conduit 
342.56 

Liquidtight flexibl nonmetallic 
conduit 356.56 

Luminaires 410.56(C), 
410.56(D) 

Messenger-supported wiring 
396.56 

Nonmetallic extensions 382.56 
Nonmetallic underground con

duit with conductors 
354.56 

Reinforced thermosetting resin 
conduit 355.56 

Rigid metal conduit 344.56 
Rigid polyvinyl chloride conduit 

352.56 
Space-heating cables 424.40, 

424.4 1 (D) 
Strut-type channel raceways 

384.56 
Surface raceways 386.56, 

388.56 
Underfloo raceways 390.7 
Underground 300.5(E), 

300.50(C) 
Wireways 376.56, 378.56 

Spray application, dipping, and 
coating processes Art. 
516 

Classificatio of locations 516.3 
Definition 516.2 
Equipment 516.4, 516.7, 516.10 
Grounding 516.16 
Wiring 516.4, 516.7 

Spray washers, high-pressure 
422.49 

Spread of fi e or products of 
combustion see Fire 
spread 

Stage effect (special effect) 
Definitio 530.2 

Stage equipment, theaters 
Fixed 520-1II 
Portable 520.5(B), 520-V 

Definitio 520.2 
Stage property 

Definitio 530.2 
Stages, motion picture and televi

sion 530-II 
Definitio 530.2 

Stage set 
Definitio 530.2 

Stairway chairlifts Art. 620; see 
also Elevators, dumb
waiters, escalators, mov
ing walks, platform lifts, 
and stairway chairlifts 

Stand-alone systems 
Definitio 690.2, 692.2 
Fuel cell systems 692.10 
Small wind electric systems 

694.12(A)(3), 694.18, 
694.54 

Solar photovoltaic systems 
690.8(A)(4), 690.10, 
690.56(A) 

Standby systems see Emergency 
systems; Legally re
quired standby systems; 
Optional standby sys
tems 

Static phase converter 
Definitio 455.2 

Steel, structural, bonding 250.104 
Steel siding 250.116 TN 
Storage batteries Art. 480 

Aircraft hangars 513.10(B) 
Charging equipment 503.160 
Critical operations power sys-

tems 708.20(E) 
Definitio 480.2 
Disconnecting means 480.5 
Electric vehicle nonvented 

625.29(C) 
Definitio 625.2 

Emergency systems 700.12(A), 
700.12(B)(4) 

Garages 511.1 0 
Installation 690.71 
Insulation 480.6, 480.7 
Legally required standby sys-

tems 701.l2(A), 
701. 12(B)(4) 

Locations 480.9 
Overcurrent protection for prime 

movers 480.4 
Racks and trays 480.8 
Small wind electric systems 

694-VIII 
Solar photovoltaic systems 690-

VIII 
Sound recording equipment 

640.9(B) 
Vents 480.10 
Wiring and equipment supplied 

from 480.3 
Strike termination devices; see 

also Lightning (surge) 
arresters 

As a ground 250.60 
Structural metal see Metal frame 

of building 
Structures 

Definitio 100-1 
Strut-type channel raceway Art. 

384 
Construction specification 384-

III 
Definitio 384.2 
Grounding 384.60 
Installation 384-II 
Listing requirements 384.6 
Marking 384.120 
Number of conductors 384.22 
Securing and supporting 384.30 
Size of conductors 384.21 
Splices and taps 384.56 
Uses not permitted 384.12 
Uses permitted 384.10 

Submersible equipment 680.51 
Substations 

Definitio 225.2 
Motion picture and television 

studios 530-Vl 
Over 600 volts 490-IlJ 
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Supervision, engineering 
1l0.22(B),1I0.71, 
210.19(B)(2), 
215.3(B)(3), 240.2, 
240.86(A), 
240.92(C)(1 )(3), 
240. 92( C)(2)( 4), 
240.100(A), 
250. 184(A)(2), 
310.1 O(H)(l), 
310.15(A)(I), 
310. 15(C), 310.60(B), 
310.60(D), 400.5(C), 
430.255(B)(1 ), 
501.140(A)(2), 505.17, 
645.25, B.31O.15(B)(l) 

Supervisory control and data 
acquisition (SCADA) 
Annex G 

Support fitting fill boxes 
314.16(B)(3) 

Supports see subhead~ Securing 
and supporting and Sup
port under entries for 
specific wiring and 
equipment 

Suppressors, radio noise 810.5 
Surface metal raceways Art. 386 

Combination raceways 386.70 
Construction specification 386-

JIl 
Definitio 386.2 
Grounding 386.60 
Installation 386-II 
Listing requirements 386.6 
Number of conductors or cables 

386.22 
Securing and supporting 386.30 
Size of conductors 386.21 
Splices and taps 386.56 
Uses not permitted 386.] 2 
Uses permitted 386.10 

Surface nonmetallic raceways 
Art. 388 

Combination raceways 388.70 
Construction specification 388-

m 
Definitio 388.2 
Grounding 388.60 
Installation 388-II 
Listing requirements 388.6 
Marking 388.120 
Number of conductors or cables 

in 388.22 
Securing and supporting 388.30 
Size of conductors 388.21 
Splices and taps 388.56 
Uses not permitted 388.12 
Uses permitted 388.1 0 

Surfaces, exposed conductive 
Definitio 517.2 

Surge arresters Art. 280, see 
Lightning (surge) arrest
ers 

Surge protection see Lightning 
( surge) protection 

Surge-protective devices (SPDs) 
Art. 285, 501.35, 
502.35, 694.7(D) 

Conductor routing 285.12 
Connection 285-III 
Definitio 100-1 
Installation 285-1I 
Listing 285.5 
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Location 285.11 
Number required 285.4 
Short circuit current rating 285.6 
Uses not pern1itted 285.3 

Swimming pools, fountains, and 
similar installations 
Art. 680 

Approval of equipment 680.4 
Bonding 680.26, 680.42(B), 

680.43(D), 680.53, 
680.57(E), 680.62(B), 
680.62(C), 680.74 

Ceiling fans 680.22(B), 
680.43(B) 

Cord-and-plug-connected equip
ment 680.7, 
680.2] (A)(5), 
680.22(B)( 5), 680.31, 
680.42(A)(2), 680.56 

Deck area heating 680.27(C) 
Definition 680.2 
Fountains 680-V 

Drinking fountain 422.52 
Ground-fault circuit interrupters 

680.5 
Fountains 680.51(A) 
Hydromassage bathtubs 

680.71 
Junction boxes for 680.24 
Luminaires 680.22(B), 

680.23(A)(3), 680.24(B) 
Pool covers 680.27(B)(2) 
Receptacles 680.5, 680.6, 

680.22(A)(4), 680.32, 
680.43(A), 680.44, 
680.57(B), 680.58, 
680.62(E) 

Signs 680.57(B) 
Spas, hot tubs 680.43, 680.44 
Storable pool equipment, for 

680.32, 680.33(B)(3) 
Therapeutic pools 680.62(A), 

680.62(E) 
Wiring to 680.24(B) 

Grounding 680.6, 680.7(B), 
680.23(B)(3), 
680.23(B)( 4), 
680.23(F)(2), 680.24(D), 
680.24(F), 680.25(B), 
680.43(F), 680.54, 
680.55, 680.57(E), 
680.62(D) 

Heaters and heating equipment 
Deck area heating 680.27(C) 
Pool water heaters 680.9 

Hydromassage bathtubs 680-VI, 
680-VII 

Junction boxes and enclosures 
680.23(C)(2), 680.24 

Lighting 411.4(B), 680.22(B), 
680.23,680.26(B)(4), 
680.33, 680.43(B), 
680.51, 680.62(F), 
680.72 

Overhead conductor clearances 
680.8 

Permanently installed 680-Il 
Receptacles, location and pro

tection 680.22(A), 
680.32, 680.34, 
680.43(A), 680.62(E) 

Spas and hot tubs 680-IV 

Storable 680-Ill 
Definitio 680.2 

Switches and switching devices 
680.22(C), 680.41 

Therapeutic pools and tubs 
680-VI 

Transformers 680.23(A)(2), 
680.24(B) 

Underwater audio equipment 
680.23 

Underwater luminaires 680.23, 
680.26(B)( 4), 680.33, 
680.43(B)(2) 

Switchboards Art. 408 
Arc-flas hazard warning llO.16 
Clearances ] 10.26, 408.5, 

408.18 
Combustible material, location 

relative to 408.17 
Conductor insulation 408.19 
Construction specification 

408-IV 
Damp or wet locations 408.16 
Definitio 100-1 
Dry location 408.20 
Easily ignitible materials, near 

408.17 
Grounding frames and structures 

250.112(A) 
Grounding instruments 408.22 
Guarding live parts 11 0.27 
Illumination 110.26(D) 
Installation, indoor and outdoor 

110.26 
Instruments, meters, and relays 

on 250.174 
Location 408.16, 408.17, 408.20 
Portable, theater stages 520-IV 
Stage 520-11, 520-IV 
Support, busbars, conductors 

408.3 
Working spaces about 110.26 

Switches Art. 404; see also Haz
ardous (classified loca
tions; specific types of 
switches 

AC general-use snap switch 
404.14 

Accessibility and grouping 
404.8 

AC-DC general-use snap 
switches see AC-DC 
general-use snap 
switches 

Air-conditioning and refrigerat
ing equipment 440-II 

Appliances 422.34, 422.35 
Bypass isolation 700.5(B), 

701.5(B) 
Definitio 100-1 

Circuit breakers used as 
240.83(D) 

Construction specification 
404-11 

Definition 100-1 
Devices over 600 volts 

In busways 368.239 
Definitio 100-II 

Dimmer see Dimmers 
Disconnecting means 

Appliances 422-III 
Definitio 100-II 

Tables 

Motors, controller 430-IX 
Services 230-VI 

Emergency systems 700-V 
X-ray equipment 517.72, 

660-11 
Enclosures, installation in 404.3, 

404.12,404.18, 
450.8(C) 

Essential electrical systems, 
transfer switches 
517.32(E),517.41(B) 

General-use Art. 404 
Definitio 100-1 

Identificatio 110.22 
Indicating 404.7,422.35, 424.21 
Interrupter 

Definitio 100-1 I 
Isolating 501.1 15(B)(2) 

Capacitors, over 600 volts 
460.24(B) 

Definitio 100-1, 100-II 
Motors over 100 HP 

430. 1 09(E) 
Services, over 600 volts 

225.51, 230.204 
Knife see Knife switches 
Limit, cranes and hoists 610.55 
Manually operable Art. 404 
Motor-circuit 

Definitio 100-1 
Motor controllers 430-VU 
Panelboards 408.36(A), 408.39 
Regulator bypass 

Definitio 100-11 
Remote-control 517.63(D) 
Service 230-V[ 
Signs, outline lighting 600.6 
Snap see Snap switches 
Theater dressing rooms 520.73 
Transfer see Transfer switches 
Tunnels llO.55 
Unit, appliances 422.34, 422.35 
X-ray equipment 517.72, 660-IJ 

Switchgear, metal-enclosed 
110.34(F), 230.211, 
490-1ll 

Definitio 100-1 

-T-
Tables Chap. 9, Annex B, An

nex C 
AC resistance and reactance 

cables Chap. 9, Table 9 
Ampacities 

Amusement attraction con
ductors Table 522.22 

Cable insulated, over 
2000 volts 

Three-conductor aluminum 
in isolated conduit in air 
Table 310.60(C)(76) 

Three-conductor aluminum 
in underground electri
cal ducts Table 
310.60(C)(80) 

Three-conductor aluminum 
isolated in air Table 
31O.60(C)(72) 
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Tables 

Three-conductor copper 
cable in isolated conduit 
in air Table 
310.60(C)(75) 

Three-conductor copper in 
underground electrical 
ducts Table 
310.60(C)(79) 

Three-conductor copper 
isolated in air Table 
310.60(C)(71) 

Triplexed or three single
conductor aluminum in 
isolated conduit in air 
Table 31O.60(C)(74) 

Triplexed or three single
conductor aluminum in 
underground electrical 
ducts Table 
31 0.60( C)(77) 

Triplexed or three single
conductor copper in 
isolated conduit in air 
Table 310.60(C)(73) 

Conductor, single insulated, 
isolated in air, over 
2000 volts 

Aluminum Table 
310.60(C)(70) 

Copper Table 
310.60(C)(69) 

Conductor, three single
insulated in under
ground electrical ducts, 
over 2000 volts Table 
310.60(C)(78) 

Crane and hoist motor con-
ductors Table 610.14(A) 

Fixture wire Table 402.5 
Flexible cord Table 400.5 
General conductors, 0 

70-866 

through 2000 volts 
Aluminum, copper, or 

copper-clad aluminum, 
single-conductor in free 
air Tables 
31O.15(B)( 1 7), 
310.15(B)(19) 

Aluminum, copper, or 
copper-clad aluminum, 
two or three single
insulated conductors 
supported on messenger 
Table 31O.15(B)(20) 

Aluminum, copper, or 
copper-clad aluminum 
in raceways or cables 
Types AC, NM, NMC 
SE, Tables 
31O.15(B)(16), 
310.15(8)(18) 

Bare or covered conduc
tors 310.15(8)(21) 

Multiconductor cables, 
Types TC, MC, and MI 
in free air Table 
B.310.15(B)(2)(3) 

Three-conductor cable in 
raceway in free air 
Table 8.31O.15(B)(2)(1) 

INDEX 

Three insulated conductors 
in cable in underground 
electrical ducts Table 
B.310.15(B)(2)(6) 

Three single insulated con
ductors directly buried 
in earth, Types UF, USE 
Table 
B.31 0.15(B)(2)(1 0) 

Three insulated con-
ductors nonmagnetic 
underground electrical 
ducts Table 
B.310.15(B)(2)(5) 

Three single insulated con
ductors in underground 
electrical ducts Table 
8.310.15(B)(2)(7) 

Three triplexed single in
sulated conductors di
rectly buried in earth 
(UF and USE cables) 
Table B.310.15(8)(2)(9) 

Two or three insulated 
conductors cabled 
within an overall cover
ing directly buried in 
earth Table 
8.31 0.15(B)(2)(8) 

Wound-rotor secondaries 
Table 430.23(C) 

Bare metal parts, spacings be
tween switchboard and 
panelboard Table 408.56 

Branch-circuit requirements 
Table 210.24 

Bulk storage plants, electrical 
area classification 
Table S15.3 

Cable markings Tables 725.179, 
760.176(G), 760.179(1) 

Cable substitutions Tables 
72S.154, 760.lS4(D), 
770.1 54(b), 800.JS4(a), 
820. I 54(b), 830. I 54(b ) 

Cable trays 
Cable til Tables 392.22(A), 

392.22(A)(S), 
392.22(A)(6), 
392.22(B)(1 ) 

Wiring methods Table 
392.10(A) 

Calculation of feeder loads by 
occupancies Table 
220.42 

Coaxial cables 
Applications in buildings of 

Table 820.1 54(a) 
Uses and pemlitted substitu

tions Table 820.154(b) 
Communications circuits 

Applications in buildings of 
Table 800.154(a) 

Cable marking Table 800.179 
Cable substitution Table 

800. 154(b) 
Conductors 

Application Tables 
310. 1 04(A) through 
310.104(C), 402.3 

Clearances, conductors enter
ing bus enclosures 
408.5 

Clearances, services Table 
230.S1(C) 

Conduit and tubing fiI for 
Annex C Tables 

Deflection minimum bending 
space in cabinets, cutout 
boxes Tables 312.6(A), 
312.6(B) 

Dimensions 
Compact aluminum build

ing wiring Chap. 9 
Compact copper and alu

minum building wiring 
Chap. 9, Table SA 

Insulated conductors, and 
fixtur wires Chap. 9, 
Table 5 

Rubber, thermoplastic
covered Chap. 9, Table 
5 

Fixture wires Table 402.3, 
Chap. 9, Table S 

Flexible cords and cables, 
types Table 400.4 

Grounding, size 
For AC equipment 

Table 2S0.122 
For grounded systems 

Table 2S0.66 
Stranding Chapter 9, 

Table 10 
Hazardous (classified loca

tions, Classes I, II, and 
III, Divisions 1 and 2 

Classificatio of maximum 
surface temperature 
Table SOO.8(C) 

Class II temperatures Table 
SOO.8(D)(2) 

Hazardous (classified loca
tions, Class 1, Zones 0, 
1, and 2 

Classificatio of maximum 
surface temperature of 
Group II equipment 
Table 50S.9(D)(l) 

Gas classificatio groups 
Table 50S.9(C)( 1 )(2) 

Minimum distance of ob
structions from flame 
proof flang openings 
Table 505.7(D) 

Types of protection desig
nation Table 
SOS.9(C)(2)(4) 

Insulations Tables 310.1 04(A) 
through 310 .104( C) 

Maximum number in Annex 
C Tables 

Electrical metallic tubing 
Tables CI and CI(A) 

Electrical nonmetallic tub
ing Tables C2 and 
C2(A) 

Flexible metal conduit 
Tables C3 and C3(A) 

Intermediate metal conduit 
Tables C4 and C4(A) 

Liquidtight flexibl metal 
conduit Tables C7 and 
C7(A) 

Liquidtight flexibl nonme
tallic conduit C6, 
Tables C5 through 
C6(A) 

Rigid metal conduit Tables 
C8 and C8(A) 

Rigid nonmetallic conduit 
Tables C9 through 
CI2(A) 

Metal boxes, number in Table 
314.16(A) 

Minimum size of Table 
3 10. 106(A) 

Over 2000 to 35,000 volts 
Ampacities Table 

31 0.60(C)(81) through 
310.60(C)(86) 

Properties Chap. 9, Table 8 
Support, vertical raceways 

300.l9(A) 
Volume required per con

ductor Table 314.16(B) 
Conduit or tubing 

Combination of conductors, 
percent area fil Chap. 
9, Table 1 

Conduit and tubing fill for 
conductors and fixtur 
wires Annex C Tables 

Dimensions Chap. 9, Table 4 
Expansion characteristics 

Table 352.44 
Flexible metal (trade size 3/8) 

Table 348.22 
Number of conductors in An

nex C Tables 
PVC rigid nonmetallic, ex

pansion characteristics 
3S2.44 

Supports Tables 344.30(B)(2), 
3S2.30(B) 

Construction, types of Annex E 
Tables 

Cooking appliances, demand 
factors and loads Tables 
220.SS, Table 220.56 

Ducts, wiring in Table 
800.154(a) 

Electrifie truck parking space 
feeder/service load cal
culations Table 
626.l1(B) 

Farm load, method for comput
ing Tables 220.102, 
220.103 

Fixture wires 
Conduit and tubing fil for 

Annex C Tables 
Maximum number in 

Electrical metallic tubing 
Tables Cl and CI(A) 

Electrical nonmetallic tub
ing Tables C2 and 
C2(A) 

Flexible metal conduit 
Tables C3 and C3(A) 

Intermediate metal conduit 
Tables C4 and C4(A) 

Liquidtight flexibl metal 
conduit Tables C7 and 
C7(A) 
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Liquidtight flexibl nonme
tallic conduit Tables C5 
through C6(A) 

metal conduit Tables 
and C8(A) 

Rigid polyvinyl chloride 
conduit Tables C9 
through C12(A) 

General lighting loads by occu
pancies Table 220.12 

Household clothes de-
mand loads 
220.54 

Household ranges and similar 
cooking appliances, de
mand factors and loads 
Table 220.55 

Live parts, separation 
Minimum distance from 

fence to live parts Table 
110.31 

Over 600 volts 
Air separation Table 

490.24 
Elevation Table 110.34(E) 
Working space Table 

llO.34(A) 
Working clearances Table 

1l0.26(A)(I) 
Mobile home park demand fac

tors Table 550.31 
Motor fuel dispensing facilities 

Class I locations Table 
514.3(B)(I) 

Electrical equipment classi
fie areas Table 
514.3(B)(2) 

Motors 
Conductor rating factors for 

power resistors Table 
430.29 

Duty cycle service Table 
430.22(E) 

Full-load currents Tables 
430.247 through 
430.250 

Locked-rotor, code letters 
Table 430.7(B) 

Locked-rotor current conver
sion Tables 430.251 (A) 
and (B) 

Maximum rating or setting, 
branch-circuit protective 
devices Table 430.52 

Maximum rating or setting, 
control circuit overcur
rent protective device 
Table 430.72(B) 

Minimum spacings between 
bare live parts, motor 
control centers Table 
430.97 

Number and location, over
load units Table 430.37 

Other articles Table 430.5 
Secondary ampacity Table 

430.23(C) 
Terminal, spacing and hous

ing Tables 430.12(B), 
430.12(C)(l ), 
430. I 2(C)(2) 
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Multifamily dwellings, optional 
calculation demand fac
tors Table 220.84 

Network-pO\vered broadband 
communications systems 

Applications in buildings of 
Table 830.1 54(a) 

Cable substitution Table 
830.1 54(b) 

Cover requirements Table 
830.47 

Limitations Table 830.15 
Optical fibe cables 

Applications of Table 
770. I 54(a) 

Marking Table 770.179 
Substitutions Table 

770.154(b) 
Optional calculations, three or 

more multifamily units 
Table 220.84 

Radio and TV equipment, an
tenna sizes 

Amateur stations Table 
810.52 

Receiving stations Table 
810.16(A) 

Rating factors for power resis
tors Table 430.29 

Recreational vehicle park de
mand factors Table 
551.73 

Restaurants, optional method 
load calculation Table 
220.88 

Schools, optional method load 
calculation Table 220.86 

Screws, tightening torque tables 
Annex r 

Support services Table 
230.51(C) 

Transformers, medium and high 
voltage Tables 450.3(A), 
450.3(B) 

Underground wiring, minimum 
cover Tables 300.5, 
Table 300.50 

Wire-bending 
Tables 
312.6(B) 

Tamperability 
Circuit breakers, nontamperable 

240.82 
Type S fuses, nontamperable 

240.54(0) 
Tamper-resistant receptacles see 

Receptacles 
Taps; see also Splices and taps 

Branch circuit 21 0.19(A) 
Busways 368.17(C) Ex. 1 
Cranes and hoists 61 0.42(B), 

61O.53(A) 
Definitio 240.2 
Equipment grounding conduc

tors 250.) 22( G) 
Feeders see Feeders, taps 
Grounding electrode conductors 

250.64(D)(I ) 
Luminaires 410.1 

protecti~on 240.2 L, 

Remote-control circuits 725.45 

Separately derived systems 
250.30(A)(6) 

Task illumination 517.33(A) 
Definitio 51 7.2 

Telecommunications equipment 
Commun ications 

circuits 
Telegraph systems see Communi

cations circuits 
Te]ephone exchanges, circuit load 

220.14 Ex. 
Telephone systems see Communi

cations circuits 
Television and radio distribution 

systems see Community 
antenna television and 
radio distribution 
(CATV) systems 

Television equipment see Radio 
and television equip
ment 

Television studios Art. 520, 
Art. 530 

Temperature controls 
Boilers, overtemperature limit 

control 424.73,424.83 
Fixed electric heating equipment 

for pipelines and vessels 
427.56 

Fixed outdoor electric deicing 
and snow-melting 
equipment 426.51 

Motor overtemperatme protec
tion 430.126 

Temperature limitations 
Conductors 310.J 5(A)(3), 

338.10(B)(3) 
Nonmetallic raceways and tub

ing see subhead under 
entries for specific race
way or tubing zype 

In outlet boxes for luminaires 
(fixtures 410.21 

Service-entrance cable 
338.1O(B)(3) 

Temporary installations Art. 590 
All wiring installations 590.2 
Branch circuits 590.4(C) 
Disconnecting means 590.4(E) 
Feeders 590.4(B) 
Ground-fault protection 590.6 
Guarding over 600 volts 590.7 
Lamp protection 590.4(F) 
Protection from accidental dam-

590.4(H) 
Rec-epta.cles 590.4(D), 590.6(A), 

590.6(B) 
Services 590.4(A) 
Splices 590.4(G) 
Terminations at devices 590.4(1) 
Time constraints 590.3 

Terminal housings 
Generator 445.17 
Motor 430.12 

Uf()uD.dll1lg through 

Terminals 
Connections to 110.14, 250.8, 

250.68 
Electric discharge tubing, signs, 

etc. 600.42 

Track lighting 

Identi ficatio 
Flat conductor cable 

322. 120(C) 
Motors, controllers 430.9(A) 
Polarity 200.9 through 200.11 
Wiring device 250.126 

Receptacles 406.5(F) 
Tests 

Emergency systems 700.3 
Ground-fault protection 

230.95(C) 
Insulation resistance, space heat

ing cables 424.45 
Legally required standby sys-

tems 701.5 
Mobile homes 550.17 
Park trailers 552.60 
Recreational vehicles 551.60 

Theaters Art. 520 
Audio 
Branch 

nro1ces!;ing 520.4 
520.9 

Conductors, Humber in raceway 
520.6 

Definition 520.2 
Dressing room 520-Vl 
Emergency systems Alt. 700 
Grounding 520-VII 

Fixed electric equipment 
250.112(F) 

Live pm1s 520.7 
Portable equipment 520.10 
Stage equipment 

Fixed 520-1l 
Portable 520-V 

Switchboard 
Fixed 520-11 
Portable 520-IV 

Wiring methods 520.5 
Therapeutic equipment 517. 73(B) 
Therapeutic high-frequency di

athermy e(luipment 
Definitio 517.2 

Therapeutic pools and tubs 
680-Vl 

Definition 680.2 
Thermal devices 

Overcurrent protection 240.9 
Thermally protected (thermal 

protection) 
Definitio 100-1 
Fixtures, recessed 410.1) 5(C) 
Fluorescent ballasts in lu-

mmatres 
Luminaires, recessed 4] O.115(C) 

Thermal protector 
Definitio 100-1 
Motor 430.32(A)(2), 

430.32(B)(2) 
Thermal I'esistivity 

B.310.15(8)(2) 
Detinitio 310.2,310.60(A) 

Three overload units, motors 
Table 430.37 

Tightening torque tables Annex 1 
Tools 

Double insulated 250.114 Ex. 
Metal working machine see In

dustrial machinery 
Motor-operated. hand-held, 

grounding 250.114(4)( c) 
Track lighting see Lighting track 
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Trailers, types 

Trailers, types of; see also Park 
trailers 

Definitio 551.2 
Transfer switches 

Critical operations power sys-
tems 708.24 

Definitio 100-1 
Emergency systems 700.5 
Fuel cell systems 692.59 
Legally required standby sys-

tems 701.5 
Optional standby systems 702.5 

Transformers Art. 450; see also 
Hazardous (classified 
locations 

Amusement attractions 
522.IO(A)(1) 

Arc welders 630-11 
Askarel-insulated 450.25 
Audio see Audio signal process

ing, amplification and 
reproduction equipment 

Autotransformers 430.1 09(D), 
450.4 

Audio 640.9(D) 
Definitio 640.2 

Ballast for lighting units 
410.138 

Branch circuits 210.9 
Dimmers 520.25(C), 

520.53(F)(l ) 
Feeders 215.11 
Grounding 450.5 
Motor starting 430.82(B), 

430.109(D) 
Capacitors Art. 460 

Installation Art. 450 
X-ray equipment 517.76, 

660-III 
Control transformer in controller 

enclosure 430.75(8) 
Definition 450.2, 694.15(B) 
Dry-type 450.1 Ex. 2, 450.8(B), 

450.21,450.22 
Electric discharge lighting sys

tems 
More than 1000 volts 410-

XIII 
1000 volts or less 410-XII 

Elevators, dumbwaiters, escala
tors, moving walks, 
platform lifts, and stair
way chair lifts 
620.13(C) 

Fire pumps 695.5 
Grounding 450.5, 450.6(C), 

450.10 
Guarding 450.8 
Hazardous (classified Class II 

locations, control trans
formers at 502.120 

Installations, indoor and outdoor 
450.21 through 450.27 

Instrument, grounding 250-IX 
Connections at services 

230.82(4) 
Isolation 

Definitio 517.2 
Electric deicing, snow

melting equipment 
426.31 
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Electric pipeline, vessel heat
ing equipment 427.26 

Health care facilities 
517.19(F),517.20(B), 
517.63(E),517.63(F), 
517.64(B),517.64(C), 
517.76,517.160(A)(4) 

Less-flammabl liquid-insulated 
450.23 

Location, accessibility 450.13 
Marking 450.11 
Modificatio of 450.28 
Motor control circuit 430.72(C) 
Nonflammabl fluid-insulate 

450.24 
Oil-insulated 

Indoors 450.26 
Outdoors 450.27 

Overcurrent protection 450.3, 
450.4(A), 450.5(A)(2), 
450.5(B)(2), 450.6(B) 

Parallel operation 450.7 
Power-limited and signaling cir

cuits, remote control 
725.41 (A)( 1), 725.45(D) 

Remote control circuits for 
725.41(A)(l),725.45(D) 

Research and development 
450.1 Ex. 8 

Secondary ties 450.6 
Signs and outline lighting 

600.21, 600.23, 600.24 
Solar photovoltaic systems 

690.9(8) 
Specifi provisions 450-11 
Swimming pools, fountains, and 

similar installations 
680.23(A)(2), 680.24(B) 

Terminal wiring space 450.12 
Tunnels 1l0.55 
Two-winding, underwater light

ing 680.23(A)(2) 
Unused current transformers, 

short-circuiting of 
1l0.23 

Vaults 450-JII 
Ventilation 450.9 
X-ray equipment 517.76, 660-

III 
Transformer vaults 450-III 

Doorways 450.43 
Drainage 450.46 
Location 450.41 
Storage 450.48 
Ventilation openings 450.45 
Walls, roofs, and floor 450.42 
Water pipes and accessories 

450.47 
Transmitting stations, radio and 

television 810-1I1 
Transport refrigerated unit 

(TRU) 626-IV 
Definitio 626.2 

Travel trailer; see also Park trail
ers 

Definitio 551.2 
Trays, storage batteries 480.8(B) 
Trees, luminaires (lighting fix 

tures) supported by 
41O.36(G) 

Truck camper; see also Recre
ational vehicles 

Definitio 551.2 
Truck coupler 

Definitio 626.2 
Truck flange surface inlet 

626.25(B)(4) 
Definitio 626.2 

Trucks 
Definitio 626.2 
Electrified parking space equip

ment see Electrifie 
truck parking space 
equipment 

Tubing; see also Conduits 
Definition 600.2 
Electrical metallic see Electrical 

metallic tubing 
Electrical nonmetallic see Elec

trical nonmetallic tubing 
Electric discharge, signs, etc. 

600.41 
Flexible metallic Art. 360; see 

Flexible metallic tubing 
Tunnels 

Access 110.76 
Installations over 600 volts, 

nominal 110-IV 
Ventilation 110.57, 110.77, 

110.78 
TV see Radio and television equip

ment 
Two-fer 520.69 

Definitio 520.2 

-u-
Underfloo raceways Art. 390 

Conductors 
Ampacity 390.17 
Number in raceway 390.6 
Size of 390.5 

Connections to cabinets, wall 
outlets 390.15 

Covering 390.4 
Dead ends 390.11 
Definitio 390.2 
Discontinued outlets 390.8 
Inserts 390.14 
Junction boxes 390.13 
Laid in straight lines 390.9 
Markers 390.10 
Splices and taps, junction boxes 

390.7 
Uses not permitted 390.3(B) 
Uses permitted 390.3(A) 

Underground circuits, communi
cation 800.47 

Underground enclosures 110.59; 
see also Manholes; 
Vaults 

Underground feeder and branch
circuit cable (TYpe UF) 
Art. 340 

Ampacity 340.80 
Bending radius 340.24 
Conductors 340.104 
Construction specification 340-

m 
Definitio 340.2 
Equipment grounding conductor 

340.108 

Installation 340-II 
Insulation 340.112 
Listing 340.6 
Sheath 340.116 
Uses not permitted 340.12 
Uses permitted 340.10 

Underground installations see 
Manholes; Tunnels; 
Vaults 

Underground service conductors 
Defmitio 100-1 

Underground service-entrance 
cable (USE) see 
Service-entrance cable 
(Types SE and USE) 

Underground wiring 300.5; see 
also Hazardous (classi
fied locations 

Aircraft hangars 513.8 
Ampacities 31 0.60(C)(2), Tables 

310.60(C)(77) through 
310.60(C)(85), Fig. 
310.60 

Bulk storage plants 515.8 
Buried conductors, Types USE, 

UF 340.10 
Conductor types in raceways 

310.l0(F) 
Dry and damp locations 

310.10(8) 
Earth movement and 300.5(J) 
rntermediate metal conduit 

342.1 O(B) and (C) 
Liquidtight flexibl metal con

duit 350.1 0(3) 
Minimum cover requirements 

300.5(A) 
Motor fuel dispensing facilities 

514.8 
Over 600 volts 300.50 
Protection of 300.5(D), 300.5(J) 
Raceways, service 250.84 
Recreational vehicle parks 

551.80 
Reinforcing thermosetting resin 

conduit 355.1 O(G) 
Rigid metal conduit 344.1 0 
Rigid nonmetallic underground 

conduit Art. 354 
Rigid polyvinyl chloride conduit 

352.10(G) 
Service cable 250.84 
Services 230-III 
"S" loops 300.5(J) IN 
Splices and taps 300.5(E), 

300.50(C) 
Swimming pools 680.10 
Wet locations 310.1 O(C) 

Ungrounded; see also Conductors, 
Ungrounded 

Definitio 100-1 
Solar photovoltaic systems 

690.35 
Uninterruptible power supplies 

(UPS) 645.11, 
700.l2(C),701.12(C) 

Unit equipment, emergency and 
standby systems 
700.12(F),701.12(G) 

Unused openings 
Boxes and fitting 1l0.12(A) 
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Utility-interactive inverters 200.3 
Ex., 705.12(0), 
705.30(D), 70S-IT 

Oefinitio 100-1 
Fuel cell systems 692.65 
Hybrid systems 705.82 

Detlnitio 705.2 
Output circuit 705.60(A)(2), 

705.65(A) 
Definitio 705.2 

Solar photovoltaic systems 
690.14(D), 690.72(B)(3) 

Utilization equipment 
Aircraft hangars, portable utili

zation equipment in 
513.10(E)(2) 

Boxes 
Minimum depth of 314.24 
Outlet 314.24(B), 314.27(D) 

Branch circuits, permissible 
loads 210.23 

Bulk storage plants 515.7(C) 
Definitio 100-I 
Spray areas, portable equipment 

in 516.4(D) 

-v-
Vacuum outlet assemblies, cen

tra1422.15 
Valve actuator motor (VAM) as

semblies 430.l02(A) 
Ex. 3 

Definitio 430.2 
Vapors, flammabl liquid

produced see Hazard
ous (classified locations 

Varying duty 
Definitio 100-1 

Vaults 110.71, 110.73, 110-V 
Access 110.76 
Capacitors 460.2(A) 
Film storage 530-V 
Service over 600 volts 110.31, 

230.212 
Service 600 volts or less 

230.6(3) 
Transformers 450-IU 
Ventilation 110.77, 110.78 

Vehicles see Electric vehicles; Rec
reational vehicles 

Vending machines, cord-and
plug-connected 422.51 

Oefinitio 422.2 
Ventilated 

Busway enclosures 368.238 
Cable trays 392.22 
Definitio 100-1 

Ventilating ducts, wiring 300.21, 
300.22 

Ventilating piping for motors, 
etc. 502.128, 503.128 

Ventilation 
Aircraft hangars 513.3(0) 
Battery locations 480.9(A) 
Equipment, general IIO.13(B) 
Garages, commercial 511.3(C) 

through (E) 
Manholes, tunnels, and vaults 

110.57, 110.77, 110.78 
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Motor fuel dispensing facilities, 
lubrication and service 
rooms - without dis
pensing Table 
514.3(B)( I) 

Motors 430. 14(A), 430.16 
Transformers 450.9, 450.45 

Vessels; see also Fixed electric 
heating equipment for 
pipelines and vessels 

Definitio 427.2 
Viewing tables, motion picture 

530-IV 
Volatile flammabl liquid 

Definitio 100-1 
Voltage and volts 

Branch circuits, limits 210.6 
Circuit 

Definitio 100-1 
Drop 

Branch circuits 210.19(A) IN 
No.4 

Conductors 310.15(A)(1) IN 
No. I 

Feeders 215.2(A)(4) IN No.2 
Sensitive electronic equip

ment 647.4(D) 
Electric discharge lighting 410-

XII, 410-XIII 
General provisions 110.4 
Ground, to 

Definitio 100-1 
High 

Definitio 490.2 
Less than 50 Art. 720 
Limitations, elevators, dumb

waiters, escalators, mov
ing walks 620.3 

Low 
Definitio 551.2 

Marking 240.83(E) 
Nominal 

Definitio 100-1 
Nominal battery 

Definitio 480.2 
Over 600 volts Art. 490 
Receptacles, voltages between 

adjacent 406.5(G) 
Small wind electric systems 

694.66 
Swimming pool underwater lu

minaires 680.23(A)(4) 
Wiring methods 300.2 

-W-
Wading pools 

Oefinitio 680.2 
Wall-mounted ovens see Ovens, 

wall-mounted 
Warning signs (labels), at equip-

ment; also Labels 
required 

Aircraft hangars 513.7(F), 
513.10 

Arc-flas hazard warning 110.16 
Electroplating 669.7 
Electrostatic hand spraying 

516.1 0(A)(8) 

Elevators, dumbwaiters, escala
tors, moving walks, 
platform lifts, and stair
way chairlifts 620.3(A), 
620.52(B) 

Emergency systems 700.7(B) 
Fuel cell systems 692.1 O(C), 

692.17, 692.56 
Guarding live parts 600 volts or 

less II 0.27(C) 
Induction and dielectric heating 

665.23 
Legally required standby sys

tems 701.7(B) 
Locked room or enclosure with 

live parts over 600 volts 
110.34(C), 
490.2 I (B)(7)Ex., 
490.2 1 (C)(2), 490.21 (E), 
490.44(B), 490.53, 
490.55 

Optional standby systems 
702.7(B) 

Small wind electric systems 
694.18(C), 694.22(A) 

Solar photovoltaic systems 
690.5(C), 690.10(C), 
690.17, 690.35(F) 

Switchboards or panels 408.3(F) 
Transformers 450.8(D) 
Utility interactive inverters 

705. 12(D)(7) 
Water, natural and artificiall 

made bodies of see 
Natural and artificiall 
made bodies of water, 
electrical wiring and 
equipment for 

Water heaters 422.11 (E), 
422.11 (F)(3), 422.13 

Controls 422.47 
Protection 422.11 (E), 

422.11 (F)(3) 
Water pipe 

Bonding (metal) 250.104 
Connections 250.68 
As grounding electrode 

250.52(A)(I),250.53(D) 
Watertight 

Definitio 100-1 
Weatherproof 

Definitio 100-1 
Welders, electric Art. 630 

Arc 630-11 
Resistance 630-IJI 
Welding cable 630-IV 

Wet locations; see also Damp or 
wet locations 

Conductors, types 310.1 O(C), 
Table 310.104(A) 

Control circuits in 522.28 
Definitio 100-1 
Electrical metallic tubing 

358.1O(C) 
Electric signs and outline light-

600.9(D), 

600A2(H)(2) 
Enameled equipment 

300.6(A)(J) 

Wireways, metal 

Ground-fault circuit interrupters 
210.8(B)(6) 

Gutters, sheet metal auxiliary 
366.10(A)(2) 

Health care facilities 517.20 
Intermediate metal conduit 

342.10(0) 
Lampholders in 410.96 
Luminaires in 410.1 O( A), 

41 0.30(B)(1) 
Mounting of equipment 

300.6(D) 
Nonmetallic wireways 378.10(3) 
Raceways 

Above grade locations, in
stalled in 300.9 

Exterior surfaces of buildings, 
on 225.22 

Recreational vehicle parks 
551.78(A) 

Reinforcing thermosetting resin 
conduit 355.10(0) 

Rigid metal conduit 344.1 O(D) 
Rigid polyvinyl chloride conduit 

352.10(0) 
Underground locations as 

300.5(B) 
Wet procedure locations 

Health care facilities 517.20 
Definitio 517.2 

Wind electric systems, small Art. 
694 

Circuit requirements 694-I1 
Connection to other sources 

694-VII 
Definition 694.2 
Disconnecting means 694-III, 

694.70(F) 
Grounding 694-V 
Installation 694.7, 694.28, 

694.62, 694.70 
Markings 694.22(C)(2), 694-VI 
Overcurrent protection 

694.12(8),694.15 
Over 600 volts 694-IX 
Stand-alone systems 

694.12(A)(3),694.18, 
694.54 

Storage batteries 694-VIlI 
Wiring methods 694-IV 

Windows, show see Show win
dows 

Wind turbines; see also Wind 
electric systems, small 

Oefinitio 694.2 
Wired luminaire sections 

410.137(C) 
Wires; see also Conductors; 

Cords; Fixture wires 
In concrete footings, electrodes 

250.52(A)(3) 
Definitio 800.2 

Wireways, metal Art. 376 
Ampacities 376.22 
Bends 376.56(B)(3) 
Construction specification 376-

I1I 
Dead ends 376.58 
Definitio 376.2 
Oetlecte insulated 376.23(A) 
Extensions 376.70 
Installation 376-11 
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Wireways, metal 

Insulated conductors 376.23 
Marking 376.120 
Number of conductors 376.22 
Securing and supporting 376.30 
Size of conductors 376.21 
Splices and taps 376.56 
Uses not permitted 376.12 
Uses permitted 376.10 

Wireways, nonmetallic Art. 378 
Construction specification 378-

m 
Dead ends 378.58 
Definitio 378.2 
Deflecte insulated 378.23(A) 
Expansion fitting 378.44 
Extensions 378.10(4), 378.70 
Grounding 378.60 
Installation 378-IJ 
Insulated conductors 378.23 

requirements 378.6 
378.120 

Number of conductors 378.22 
and supporting 378.30 

Size conductors 378.21 
Splices and taps 378.56 
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Uses not permitted 378.12 
Uses permitted 378.10 

Wiring integrity 110.7 
Wiring methods 110.8, Art. 300 

Ducts 300.21, 300.22 
Exposed 

Definitio 100-1 
Open wiring on insulators 

398.15 
Fuel cell systems 692-IV 
General requirements for see 

General requirements 
for wiring methods 

Hazardous (classified locations 
see subhead under en
tries for specific hazard
ous location involved 

Health care facilities 517-11 
Intrinsically safe systems 504.20 
Manufactured homes 550.10 
Mobile home parks 550.10 
Mobile homes 550.10 
Planning 90.8 
Small wind electric systems 

694-IV 

Solar photovoltaic systems 
690-IV 

Temporary see Temporary in
stallations 

Theaters 520.5 
Types and materials Chap. 3 

Within sight from see In sight 
from 

Working space 
About electrical equipment 

110.26, 110.32 through 
110.34, 110.72, 110.73 

Adjacent to live parts (circuits 
over 600 volts) 110.32 
to 110.34 

Battery systems 480.9(C) 
Manholes 110.72, 110.73 
Motion picture projectors 540.12 
Switchboards 110.26,408.18 

Workmanlike installation 11 0.12, 
640.6(A), 720.11, 
725.24, 760.24, 770.24, 
800.24, 820.24, 830.24, 
840.24 

-x-
X-ray equipment 517-V, Art. 660 

Control 517.74, 660-11 
Definition 517.2, 660.2 
Guarding and grounding 517.78, 

660-IV 
Transformers and capacitors 

517.76,660-III 

-z-
Zone 0, 1, and 2 locations see 

Hazardous (classified 
locations, Class I, Zone 
0, I, and 2 locations 

Zone 20, 21, and 22 see Hazard
ous (classified loca
tions, Zone 20, 21, and 
22 

Zones, information technology 
equipment rooms 
645.1O(A)(3) 

Definitio 645.2 

2013 California Electrical Code 



Reference: 410, Part X 
F.I. 81-6 

Formal Interpretation 

NFPA 
National Electrical Code® 

2011 Edition 

Question: Is it intended that fixtures installed in suspended ceilings be subject to the requirements 
of Part X of Article 410? 

Answer: Yes. 

Issue Edition: 1981 
Reference: 410, Part N 
Date: October 1982 

Copyright © 2010 All Rights Reserved 
NATIONAL FIRE PROTECTION ASSOCIATION 



Reference: Article 517 
F.I. 99-1 (NFPA 70) 

Formal Interpretation 

NFPA 70 
National Electrical Code 

2011 Edition 

Question: Does Part II of Article 517 of the NEe apply to patient sleeping rooms of nursing homes or 
limited care facilities where patient care activities do not involve the use of electrical or electronic life 
support systems; or invasive procedures where patients are electrically connected to line connected 
electromedical devices? 

Answer: No. 

Issue Edition: 1999 
Reference: Article 517 
Issue Date: August 1, 2000 
Effective Date: August 21,2000 

Copyright © 2010 All Rights Reserved 
NATIONAL FIRE PROTECTION ASSOCIATION 



Sequence of Events Leading to Issuance 
of an NFPA Committee Document 

Step 1: Call for Proposals 

·Proposed new Document or new edition of an existina 
D 

. b 
ocument IS entered into one of two yearly revision cy-

and a Call for Proposals is published. 

Step 2: Report on Proposals (ROP) 

·Committee meets to act on Proposals, to develop its own 
Proposals, and to prepare its Report. 

·Committee votes by written ballot on Proposals. If two
thirds approve, Report goes forward. Lacking two-thirds 
approval, Report returns to Committee. 

·Report on Proposals (RaP) is published for public re
view and commen t. 

Step 3: Report on Comments (ROC) 

·Committee meets to act on Public Comments to develop 
its own Comments, and to prepare its report. 

·Committee votes by written ballot on Comments. If two
thirds approve, Report goes forward. Lacking two-thirds 
approval, Report returns to Committee. 

-Report on Comments (ROC) is published for public re
view. 

Step 4: Technical Report Session 

·"Notices of intent to make a motion" are filed, are reviewed, 
and valid motions are certified for presentation at the 
Technical Report Session. ("Consent Documents" that 
have no certified motions bypass the Technical Report 
Session and proceed to the Standards Council for issu
ance.) 

-NFPA membership meets each June at the Annual "Nleet
Technical Report Session and acts on Technical 

Committee Reports (Rap and ROC) for Documents 
with "certified amending motions." 

·Committee(s) vote on any amendments to Report ap
proved at NFPA Annual Membership Meeting. 

Step 5: Standards Council Issuance 

GNotification of intent to fIle an appeal to the Standards 
Council on Association action must be filed within 20 
days of the NFPA Annual Membership Meeting. 

·Standards Council decides, based on all evidence, 
whether or not to issue Document or to take other ac-
tion, including any appeals. 

6/0B-A 

Committee Membership Classifications 

The following classifications apply to Technical Commit
tee members and represent their principal interest in the 
activity of the committee. 

M 

U 

l/M 

L 

R/T 

E 

C 

SE 

Nlanu!acturcr: A represen tative of a maker or mar
keter of a product, assembly, or system, or portion 
thereof, that is affected by the standard. 
User: A representative of an entity that is su~ject to 
the provisions of the standard or that voluntarily 
uses the standard. 
Installer/A1aintainer: A representative of an entity 
that is in the business of installing' or maintainirlO' b 

a product, assembly, or affected by the stan-
dard. 
Labar: A labor representative or employee con
cerned with safety in the workplace. 
Applied Research/Testing Labomtm:y: A representative 
of an independent testing laboratory or indepen
dent applied research organization that promul
gates and/or enforces standards. 
Enforcing A representative of an agency 
or an organization that promulgates and/ or en
forces standards. 
Insurance: A representative of an insurance com
pany, broker, agen t, bureau, or inspection 
Consumer: A person who is, or represen ts, 
timate purchaser of a product, system, or service 
affected by the standard, but who is not included 
in the User classifIcation. 
SjJecial A person nor representing any of 
the previous classifications, but who has a special 
expertise in the scope of the standard or portion 
thereof. 

NOTES; 
1. "Standard" connotes code, standard, recommended 
practice, or guide. 
2. A representative includes an employee. 
3. vVhile these classifications will be used by the Standards 
Council to achieve a balance for Technic~l Committees 
the Standards Council mav determine that new classifi~ 
cations of members or unique interests need representa
tion in order to foster the best possible committee delib
erations on any project. In this connection, the Standards 
Council may make appointments as it deems appropriate 
in the public interest, such as the classification of "Utili
ties" in the National Electrical Code Committee. 
4. Representatives of subsidiaries of any group are gener
ally considered to have the same classification as the par
ent organization. 



NEe SCHEDULE FOR 2014 
(2013 NFPA Conference and Expo) 

Date 
Nov. 4, 2011 
Jan. 9-21, 2012 
Jan. 27,2012 
Feb. 24,2012 
April 23-27, 2012 
June 4-7,2012 
June 15, 2012 
July 13, 2012 
Oct. 17,2012 
Nov. 28-Dec. 8, 2012 
Dec. 14,2012 
Jan. 11,2013 
Feb. 18-22, 2013 
March 1, 2013 
March 22, 2013 
May 3,2013 
May 17, 2013 
June 2-6, 2013 
August 2013 
Sept. 2013 
Rev 6/4109 

No. of Weeks 
Between each 
Event 

10 (+1) 
1 
4 
8 

7 
4 
14 
5 
1 
3 
5 
1 
3 
6 
2 
2 

Event 
Closing Date for Proposals 
Code-Making Panel Meetings (RaP) 
Mail Ballots to CMPs 
Receipt of Initial Ballots 
Correlating Committee Meeting 
NFPA Annual Meeting - Las Vegas 
NEC-ROP to Printer 
NEC-ROP to Mailing House 
Closing Date for Comments 
Code-Making Panel Meetings (ROC) 
Mail Ballots to CMPs 
Receipt of Initial Ballots 
Correlating Committee Meeting 
NEC-ROC to Printer 
NEC-ROC to Mailing House 
Notice of Intent to Make Motion (NITMAM) 
Posting of Certified NITMAMs 
NFPA Annual Meeting - Chicago 
Standards Council Issuance 
Release of 2014 NEC 

Anyone may submit proposals to amend the 2011 Code. A sample form for this purpose may be obtained from the 
Secretary of the Standards Council at NFPA headquarters, and a copy is included in this Code. 

Method of Submitting a Proposal to Revise the National Electrical Code 

The following is based on the NFPA Regulations Governing Committee Projects, adopted by the Board of Directors in 
October 1996 (last amended in March 2004). 

A proposal to revise the 2011 edition of the National Electrical Code must be submitted so that the proposal is 
received at NFPA headquarters by November 4,2011, as indicated in the time schedule for the 2014 National 
Electrical Code. A proposal received after this date will be returned to the submitter. The proposal is to be sent to the 
Secretary of the Standards Council at NFPA Headquarters, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02169-
7471. 

Each proposal must include the following: 

1. Identification of the submitter (the person's name) and his or her affiliation (Le., committee, organization, 
company), where appropriate 

2. An indication that the proposal is for revision of the 2011 National Electrical Code and identification of the 
specific section number, table number (or equivalent identification) of the section, etc., to be revised 

3. A statement of the problem and substantiation for the proposal 
4. The proposed text of the proposal including the wording to be added, revised (and how revised), or deleted 

Proposals that do not include all of the above information may not be acted on by the National Electrical Code 
Committee. 

It is preferred that the forms available from NFPA for submittal of proposals be used. A separate proposal form 
should be used for revision of each section of the Code. 

Proposal forms appear on the following pages. 



FORM FOR PROPOSAL FOR 2014 NATIONAL ELECTRICAL CODE® 

INSTRUCTIONS - PLEASE READ CAREFULLY 
Type or print legibly in black ink. Use a separate copy for each proposal. Limit 
each proposal to a SINGLE section. All proposals must be received by NFPA by 

FOR OFFICE USE ONLY 

Log#: 

5 p.m., EST, Friday, November 4,2011, to be considered for the 2014 National 
Electrical Code. Proposals received after 5:00 p.m., EST, Friday, November 4, 2011, 
will be returned to the submitter. If supplementary material (photographs, diagrams, reports, 
etc.) is included, you may be required to submit sufficient copies for all members and 
alternates of the technical committee. 

For technical assistance, please call NFPA at 1·800·344·3555. 

Date Rec'd: 

Please indicate in which format you wish to receive your ROP/ROC D . L:.glJ~3j·;;~: D paper l8J download ........ .. 
(Note: If choosing the download option, you must view the ROP/ROC from no copy will be scnt to you.) 

Date 8/1/200X 

Company 

Street Address 

***IfYOll wish to receive a hard copy, a street address 

Please indicate organization represented (if any) 

1. Section/Paragra ph 21 0-60( A) 

2. Proposal Recommends (check one): 

3. Proposal (include proposed new or revised wording, 
legislative fonnat; i.e., use underscore to denote wording to be inscned I..!lli~~~~\¥» 
(deleted 'Nordiflg).] 

98402 

D deleted text 

problem that would be resolved by your recommendation; give the 
fire experience, etc. If more than 200 words, it may be abstracted for 

The existing langu~tg¢ 
accommodations. 

electrical and building codes as to the precise definition of these types of 

5. Copyright Assignment 

(a) [g] I am the author of thertell(t or other material (such as illustrations, graphs) proposed in the Proposal. 

(b) 0 Some or all of other material proposed in this Proposal was not authored by me. Its source is as 
follows: (please identify material and provide complete information on its source) 

I hereby grant and assign to the NFPA al/ and full rights in copyright in this Proposal and understand that I acquire no rights in any publication of NFPA 
in which this Proposal in this or another similar or analogous form is used. Except to the extent that I do not have authority to make an assignment in 
materials that I have identified in (b) above, I hereby warrant that I am the author of this Proposal and that I have full power and authority to enter into 
this assignment. 

Signature (Required) 

PLEASE USE SEPARATE FORM FOR EACH PROPOSAL 

Mail to: Secretary, Standards Council' National Fire Protection Association 
1 Batterymarch Park' Quincy, MA 02169-7471 OR 

Fax to: (617) 770-3500 OR Email to: proposals comments@nfpa.org 

8/5/2010-B 



FORM FOR PROPOSAL FOR 2014 NATIONAL ELECTRICAL CODE® 

INSTRUCTIONS - PLEASE READ CARE FULL Y 
Type or print legibly in black ink. Use a separate copy for each proposal. Limit 
each proposal to a SINGLE section. All proposals must be received by NFPA by 

FOR OFFICE USE ONLY 

Log#: 

5 p.m., EST, Friday, November 4, 2011, to be considered for the 2014 National 
Electrical Code. Proposals received after 5:00 p.m., EST, Friday, November 4,2011, 
will be returned to the submitter. If supplementary material (photographs, diagrams, reports, 
etc.) is included, you may be required to submit sufficient copies for all members and 
alternates of the technical committee. 

For technical assistance, please call NFPA at 1·800-344-3555. 

Date Rec'd: 

Please indicate in which format you wish to receive your ROP/ROC electronic D paper D download 
(Note: If choosing the download option, you must view the ROP/ROC from our website; no copy will be sent to you.) 

Date 

Company 

Street Address 

Name 

City 

Tel. No. 

Email 

State 

***IJyou wish to receive a hard copy, a street address MUST be provided. Deliveries cannot be made to PO boxes. 

Please indicate organization represented (if any) 

1. Section/Paragraph 

2. Proposal Recommends (check one): D new text D revised text 

Zip 

D deleted text 

3. Proposal (include proposed new or revised wording, or identification of wording to be deleted): [Note: Proposed text should be in 
legislative format; i.e., use underscore to denote wording to be inserted (inserted wording) and strike-through to denote wording to be deleted 
(deleted ltVording).] 

4. Statement of Problem and Substantiation for Proposal: (Note: State the problem that would be resolved by your recommendation; give the 
specific reason for your Proposal, including copies of tests, research papers, fire experience, etc. If more than 200 words, it may be abstracted for 
publication. ) 

5. Copyright Assignment 

(a) D I am the author of the text or other material (such as illustrations, graphs) proposed in the Proposal. 

(b) D Some or all of the text or other material proposed in this Proposal was not authored by me. Its source is as 
follows: (please identify which material and provide complete information on its source) 

I hereby grant and assign to the NFPA all and full rights in copyright in this Proposal and understand that I acquire no rights in any publication of NFPA 
in which this Proposal in this or another similar or analogous form is used. Except to the extent that I do not have authority to make an assignment in 
materials that I have identified in (b) above, I hereby warrant that I am the author of this Proposal and that I have full power and authority to enter into 
this assignment. 

Signature (Required) 

PLEASE USE SEPARATE FORM FOR EACH PROPOSAL 

Mail to: Secretary, Standards Council· National Fire Protection Association 
1 Batterymarch Park' Quincy, MA 02169-7471 OR 

Fax to: (617) 770-3500 OR Email to: proposals comments@nfpa.org 

8/5/201O-C 
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