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NOTICE 

All questions or other communications relating to this document should be sent 
only to NFPA Headquarters, addressed to the attention of the Committee responsible 
for the document. 

For .information on the procedures for requesting Technical Committees to issue 
Formal Interpretations, proposing Tentative Interim Amendments, proposing 
amendments for Committee consideration, and appeals on matters relating to the con- 
tent of the document, write to the Secretary, Standards Council, National Fire Protec- 
tion Association, Batterymarch Park, Quincy, MA 02269. 

A statement, written or oral, that is not processed in accordance with Section 16 
of the Regulations Governing Committee Projects shall not be considered the official 
position of NFPA or any of its Committees and shall not be considered to be, nor be 
relied upon as, a Formal Interpretation. 

Users of this document should consult applicable Federal, State and local laws 
and regulations. NFPA does not, by the publication of this document, intend to urge 
action which is not in compliance with applicable laws and this document may not be 
construed as doing so. 

Policy Adopted by NFPA Board of Directors on December 3, 1982 

The Board of Directors reaffirms that the National Fire Protection Association 
recognizes that the toxicity of the products of combustion is an important factor in the 
loss of life from fire. NFPA has dealt with that subject in its technical committee 
documents for many years. 

There is a concern that the growing use of synthetic materials may produce more 
or additional toxic products of combustion in a fire environment. The Board has, 
therefore, asked all NFPA technical committees to review the documents for which 
they are responsible to be sure that the documents respond to this current concern. To 
assist the committees in meeting this request, the Board has appointed an advisory 
committee to provide specific guidance to the technical committees on questions 
relating to assessing the hazards of the products of combustion. 

Licensing Provision - -  This document is copyrighted by the National Fire Pro- 
tection Association (NFPA). 

1. Adoption by Reference - -  Public authorities and others are urged to 
reference this document in laws, ordinances, regulations, administrative orders or sim- 
ilar instruments. Any deletions, additions and changes desired by the adopting au- 
thority must be noted separately. Those using this method are requested to notify the 
NFPA (Attention: Secretary, Standards Council) in writing of such use, The term 
"adoption by reference" means the citing of title and publishing information only. 

Cont inued on inside back cover 
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If you use the NEC * 
you neeo this Handbook. 

National 
Electrical 
Code 1987 
Handbook 
With C~mplete Text of 1987 Code 

i 

NATIONAL FIRE PROTECTION ASSOCIATION 

The 1987 National Electrical 
Code Handbook. It's the "bible" 
of the electrical industry. A 
necessary companion to your 
1987 NEC. The Handbook con- 
tains the complete 1987 Code 
together with concise explana- 
tions and clear examples by the 
Nation's leading Code experts. 
Plus hundreds of explanatory 
diagrams, tables, photos and 
illustrations. It provides insight 
that often escapes long-time 
Code users and also helps 
beginners with basic principles. 

Order your copy today. Call, toN-free, 1-800-344-3555, 8:30 AM to 
8:00 PM, ET. Or complete and mail the attached postage-paid reply card. 

Rush me the 1987 National Electrical Code* Handbook. 
QTY. 
_ _  Copy(ies) NEC Handbook (J7-70-87-HB) $ 

539.50 (Members $35.55) 
_ _  Copy(ies) 1987 NEC Looseleaf (J7-70-87-LL) $ 

$24.50 (Members $22.05) 
(Prices guaranteed through December 31, 1987) 

Handling * 
Total $ 

NFPA Member Number 
[] Check Enclosed [] Please bill me [] VISA [] MASTERCARD 
Card No. Exp. date 

Signature 
Name. 
Address 
City. State Zip 
Phone 
To order, call toll-free 1-800-344-3555, 8:30 AM to 8:00 PM, ET Monday through Friday. 
Or complete and mail the attached postage-paid reply card. 



New! Looseleaf version 
of the 1987 NEC 

• Sturdy, washable, vinyl binder 7 ~,4 x 9 inches. 
• 7 Ring Binder for easy access to individual pages. 
• Lays flat for convenient use. 
• Convenient binder pocket to store papers, etc. 
• Contains complete text of the 1987 NEC. 

IIIIII NO POSTAGE 
NECESSARY 

IF MAILED 
IN THE 

UNITED STATES 

BUSINESS REPLY MAIL 
FIRSTCLASS MAIL PERMIT NO. 3376 QUINCY, MA 

POSTAGE WILL BE PAID BYADDRESSEE 

NATIONAL FIRE PROTECTION ASSOCIATION 
BATTERYMARCH PARK 
QUINCY, MASSACHUSETTS 02269 



You can vote for a change. 
Join NFPA today 

Your vote can make a difference. As an NFPA member you can take an active role in 
the acceptance of the National Electrical Code.* 

The National Fire Protection Association is dedicated to protecting lives and 
property from fire and electrical hazards. NFPA accomplishes this through its spon- 
sorship of the most widely used code in the world--the National Electrical Code. 

As an NFPA member, you are part of an increasingly powerful and persua- 
sive group of professionals with a special interest in safety. Your Association mem- 
bership entitles you to apply to the NFPA Sections devoted to Electrical Safety--The 
Chief Electrical Inspectors Section brings together public officials who work to 
minimize electrically-related accidents and fires. The Electrical Section brings 
together people with a common interest on issues involving electrical safety. 

Give your voice a vote. Join NFPA. 
Call, toll-free, 1-800-344-3555, 8:30 AM to 8:00 PM, ET, Monday through 

Friday. Or complete and mail the attached postage-paid reply card. 

Sign me up as an NFPA member. 
Name Title 

Organization/Business 

Address Phone 

City State Zip 

Signature Date 

I am interested in membership in the Section indicated. (Note: NFPA Membership includes one 
Section membership. Additional Section Memberships cost $15.00 each.) 
[] Chief Electrical Inspectors Section [] Electrical Section 

NFPA Membership Fee: (1 year): $60.00 
Please bill me. [] My check for $ is enclosed. 
Charge my NFPA Membership Fee to [] VISA [] MASTERCARD 

Card. No Exp. Date 

Signature 
(Required for Credit Card Charges.) 



Take Advantage 
of NFPA Membership. 

• Voting privileges. 
• Section membership. 
• 10 % discount on all products, publications, services. 
• Subscription to Fire Journal and Fire News. 
• NFPA Seminars, Workshops, and Annual and Fall 

Meetings. 
• Technical Assistance. 

Join NFPA Today. 
Call 1-800-344-3555, 8:30 AM to 8:00 PM, ET, Monday 
through Friday. Or complete and mail the attached 
postage-paid reply card. 
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Er/'ata 

N F P A  70 
National Electrical 

1987 Edition 

Code 

Refe rence :  370-11 

The National Electrical Code Committee notes the following error in NFPA 70-1987. 

1. Page 261, Section 370-11:"(1.59 mm)" should be changed to "(3.18 ram)". 

Copyright © 1987 All Rights Reserved 
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( Errata 

. /  
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N F P A  70 
National Electrical Code 

1987 Edi t ion  

Reference:  110-16(c),  370-13 

The National Electrical Code Committee notes the following errors in the 1987 edition of the Na- 
tional Electrical Code, NFPA 70-1987. 

1. Section 110-16(c): The third (lasO paragraph should be second paragraph of Exception No. 2, 
and in italics. 

. 2. Section 370-13: In first paragraph change "a through f" to "a through h". 
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E r r a t a  ,/ 

N F P A  70 
National  Electrical Code 

1987 E d i t i o n  

R e f e r e n c e :  110-33(a) ,  336-4(a)(3) ,  820-13(a)  

The  National Electrical Code Committee notes the following errors in NFPA 70-1987. 

1. Page 24, Section 110-33(a): The second paragraph (following Exception No. 2) should be in 
itah'cs and become a second paragraph of Exception No.2. 

2. Page 216, Section 336-4(a)(3): Change reference from "511-2" to "511-3". 

3. Page 712, Section 820-13(a): In the third line, delete "or coaxial cable" and the marginal rule. 
Add "or coaxial cable" between "Class i" and "circuit" in line I of Exception No. I, and add marginal 
rule opposite line 1 of Exception No. 1. 
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" Errata 

N F P A  70 
National  Electrical Code 

1987 Ed i t i on  

The National Electrical Code Committee notes the following errors in NFPA 70-1987. 

1. Page 131, Section 300-15(b), Exception No. 5, FPN: Change references from "550-8(j)" and 
"551-14(e)" to "550-10(j)" and "551-16(e)". 

2. P a g e  128, Section 300-5(d): In lines 3 and 4, change references from "Table 300-5(a)" to 
"Table 300-5". 

3. Page 179-196, Tables 310-77 through 310-84: In heading, change "104°F" to "i94°F ". 
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E r r a t a  

N F P A  70 
N a t i o n a l  Electrical  Code ® 

1 9 8 7  E d i t i o n  

T h e  N a t i o n a l  E lec t r i ca l  C o d e  C o m m i t t e e  no t e s  t he  fo l lowing  e r ro r s  in  N F P A  70-1987.  

1. Section 230-22". Delete the fine print note (FPN). 

2. Section 310-5". Delete the f ine print note (FPN). 

3. Table 3,4, Chapter 9. The data for sizes 12, 4, 2, and 1 A WG conductors is missing. This data 
is the same as in the 1984 NEC. A complete Table 3/t with the corrections made is shown below. 

4. Section A-517-64, Appendix A. Change referenced paragraph to 8-3.3 .  

Table aA. Maximum Number of Conductors in Trade Sizes of Conduit or Tubing 
(Based on Table 1, Chapter 9) 

/ 
i" 

~.,._ 

Conduit Trade Size (Inches) 

Conductor 
Size 

Type Letters AWG, MCM 

TW, RUH, 14 
12 

XHHW (14 thru 8) I0 
8 

RHW and RHH 14 
(without outer 12 
coveting), THW 10 

8 

TW, 

THW, 

FEPB (6 thru 2), 
RHW and RHH 
(without outer 
coveting) 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
500 

600 
700 

: 750 

t,2 :~ 1 11,. 1 ~  2 2 ~  3 3 ~  4 5 

9 
.7 
5 
2 

15 25 44 60 99. 142 
12 19 35 47 78 111 171 
9 15 26 36 60 85 131 176 
4 7 12 17 28 40 62 84 108 

10 16 29 40 65 . 93 143 192 
8 13 24 32 53 76 117 157 
6 11 19 26 43 61 95 127 163 
3 5 I0 13 22 32 49 66 85 133 

2 4 7 10 16 23 36 48 62 97 
1 3 5 7 12 17 27 36 47 73 
1 2 4 6 10 15 23 31 40 63 
1 2 4 5 9 13 20 27 34 54 
1 1 3 4 6 9 14 19 25 39 

1 1 2 3 5 8 12 16 21 33 
I l I 3 5 7 I0 14 18 29 
I I I 2 4 6 9 12 15 24 

I I l 3 5 7 I0 13 20 

1 I I 2 4 6 8 I0 16 
I 1 I 2 3 5 7 9 14 

I I I 3 4 6 8 12 
I I I 2 4 5 7 II 
l I I I 3 4 6 9 

I I I 3 4 5 7 
I 1 I 2 3 4 7 
1 1 1 2 3 4 6 

141 
106 
91 
78 
57 

49 
41 
35 
29 

23 
20 
18 
16 
14 

11 
10 
9 

i' 

Note: This table is for concentric stranded conductors only. For cables with compact conductors, the dimensions in Table 5A shall be used. 

* F P N  no t  p r i n t e d  in all  cop ies  of  1987 NEC. 

Copyright © 1986 All Rights Reserved 
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N F P A  7 0 .  

National Electrical Code® 

1987 Edition 

1987  E d i t i o n  o f  ti le National.Electrical Code ' 

This 1987edition of the National Electrical "Code (NFPP~ 70-1987) was 
adopted  by the National Fire Protection Association, Inc. on May 21, at its 
1986 Annual Meeting, in Atlanta, GA, and was released by the Standards 

• Count:il on July 10, 1986. It was approved by the .American National 
- Standards h~stitute on July 30, 1986. This 1987 edition supersedes all other 
• pre~,ious editions, supplements, and printings dated 1897, 1899, 1901, 1903, 

1904, 1905, 1907, 1909, 1911, 1913, 1915, 1918, 1920, 1923,A925, 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, 1978, 1981, and 
1984. 

Changes in this 1987 edition of the National Electrical Code (as compared 
with the 1984 edition) are indicated by vertical lines in the margin. 

The location (in the 1984 edition) of material 'not appearinghn.the t987 
edition, and not identified as a change by a vertical line,.is identified by a 
bullet (e) in the margin. Changes in.section and table numbers are not - 

• identified. - 

This Code is purely advisory asfar  as'the NFPA and ANSI are concerned 
,but is offered for use'in law and for regulatory purposes in the interes{ of life 
and-property protection. Anyone noticing any errors should notify the 

' Secretary Of the National Electrical CodeCommit tee  at the NFPA Executive 
Office. 

History and Development .of the National Electrical Code 

• .The National Fire Protection Association has acted as, sponsor of the 
National Electrical Code since 1911. 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 Govei'ning 
• Committee Projects, a National Electrical Code Technical Committee Report 
• containing proposed amendments to the 1984 National Electrical Code was 
• published by the N F P A  in June, 1985. This.report recorded the actions of the 

various ,Code-Making Panels and the Correlating Committee of the National 
Electrical.Code Committee on ea~:h proposal that had been made to revise 
the 1984 Code. ,The report was circulated to all •members of the National 
.Electrical Code Committee, and w a s  made .available to-other  interested 
NFPA members and tovthe public for review and comment. Following the 

,~ : :dose ,of  the public .comment-period, the:Code-Making Panels met, acted on 
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NATIONAL ELECTRICAL CODE" 

each comment • and reported their action to the Correlating Committee. The 
NFPA published the National Electrical Code Technical Committee Docu- 
mentation in April, 1986, which recorded the actions of theCode-Making 
Panels and the Correlating Committee on each public comment to the 
National. Electrical Code Technical Committee Report. The NFPA also 
published the Advanced Printing of the Proposed 1987 National.Electrical 
Code in April, 1986, to permit the study and evaluation by those interested, 
prior to formal action on the Committee Report by the 1986 NFPA Annual 
Meeting. The National Electrical Code Technical Committee Report and the 
National Electrical Code Technical Committee •Documentation were. pre- 
sented to the. 1986 NFPA Annual Meeting for adoption. The proceedings of 
that adoption are published in the September 1986 igsue of the NEPA Eire~. 
Journal®. 

The NFPA has an Electrical Section .that provides-particular opportunity 
for NFPA members interested in electricalsafety to become better informed 
and to contribute to the development of the National Electrical Code and 
other NFPA electrical standards. Each of the Code-Making Panels and the 
Chairman of the Correlating Committee reported their recommendations to 
meetings of thezElectrieal Section at the 1986 NFPA Annual Meeting. The 
Electrical Section thus 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. 

The time schedule for processing the 1990~edition of.tile National Electri- 
cal.Code is as follows: 

1990 NATIONAL ELECTRICAL CODE.SCHEDULE 

• (1989 ANNUAL MEETING) 

• Nov. 6, 1987 (5:00 PM E.S.T.) 
Jan. 4-23, 1988 
May 9-13, 1988 
June 17, 1988 

Oct. 21, 1988 (5:00 PM E.D.S.T.) 
Nov. 28- Dec. 9, 1988 
March.6-1'O, 1989 
April 7, 1989 

May 15-18, 1989 . 

Receipt of Proposals 
Code-Making Panel Meetings . 
Correlating Committee Meeting 
Technical Committee Report of. NEC 

'to Mailing House , 
Closing Date for Comments • 
Code-Making Panel Meetings . 
Correlating Committee Meeting 
Technical Committee Documentation 

of NECto Mailing House 
Annual Meeting (Washington, DC) 

Anyone may submit proposals to.amend the 1987 Code. Sample forms for 
this purpose may be obtained from the Secretary of the Standards Council at 
NFPA Headquarters. 

The NFPA Electrical Code for One- and Two-FamilyDwellings, NFPA -• 
70A-1987, is an abridged versionof the 1987 text, edited Only as dictated:to 
eliminate extraneous material not of concern to this type occupancy, and to 
place in the text only' the. more popular types of wiring .methods, not to 
exclude any other type authorized by the complete. Code. 



HISTORY AND DEVELOPMENT 70-ii i  

The National.Electrical Code.Handbook is published by the National Fire 
Protection Associfltion. This text was prepared by the NFPA Chief Electrical 

'Engineer  and the NFPA,Electrical  Field Service Specialists. 

M e t h o d  o f - S u b m i t t i n g  P r o p o s a l , t o  Rev i se  t he  
National Electrical Code .. 

The.following is based on the NFPA Regulations Governing Committee 
Projects, adopted by the .Board of Directors on December 3, 1977, with 
amendments of December 9, 1978, June 19, 1979, December 8 1979, June 17, 
1980, October 29, 1980, December 5, 1980, Mflrch20, 1981, December 3, 
1982, .December 2, 1983, December 7; 1984, and December 6; 1985. • 

A proposal to reyise the 1987 edition of the National Electrical Code must 
be submitted so that.the-proposal is received at NFPA Headquarters by 
November.6,  .1987, asindicated in .the time schedule for the 1990 National 

• Electrical Code. A proposal received after this date will be returned .to the 
.submitter. The. proposal is to be sent to t h e  Secretary. of the Standards 

Council at NFPA Headquarters, Batterymarch Park, Quincy,.MA 02269. 

.Each proposal shall-include: 
(a) identification of the submitter (the person's-name) and his or her 

.affiliation (i.e., committee, organj.zation,.company), where appropriate, and 
(b) an indication that . theproP0sal  is"for revision of the 1987 .National 

Electrical. Code and identification of the- specific section number,-table 
' .number (or equivalent identification) of the section, etc. to be revised, and 

(c) .a' statement of the problem and substantiation for proposal, and 
(d) the proposed text of the proposal, including the wording to be added, 

• /-evised (and how revised), or deleted. 

Proposals that do not include.all of.the above information may be returned 
. t o  the. submitter by the:National Electrical Code Committee without Com- 

mittee action.. :' ' . 
• ' I t  is .preferred that .the forins available from NFPA for submittal of 

-proposals b e  used. A separate proposal form should be used for revision' of 
.each Section of the Code. 

. An exam[91e of 'a pro'pel:ly submitted (altt/ough not necessarily.technically 
' correct bracceptable)  proposal appears On the following page.- 

.NOTICE 

Following issuance 6f, this edition, of-NFPA 70,, the National Electrical 
Code,two appeals.were filed with the NFPA Board of Directors. 

The  first appeal requests that the NEC Committee reconsider a proposal 
.that Sections 325-1 and 325-21, and Table 325-21, be revised to recognize 
integrated gas spacer cable rated up to 35,000 volts.. 

The second appeal requests that Sections 331-3 and 331-4 be revised to 
return to the 1984 NEC wording. In addition, the appeal.requests that the 
lariguage of Section331-4 in the 1984 edition be amended to prohibit use of 
electrical nonmetallic tubing in certain occupancies. 

NFPA will announce thedisposition of the appeals when they have been 
determined. Anyone wishing to receive automatically the disposition of the 
appeals should notify, in writing the Secretary, Standards Council, NFPA 
Headquarters. 
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FORM FOR PROPOSALS ON NFPA T E C H N I C A L  C O M M I T T E E  D O C U M E N T S  

MaiI to: Secretary, Standards Council  " . " 
• . ~ . . . National  Fire Protect:on Association, Batterymarch Park,  Quincy.  Massachusetts 02269 

D a t e 0 c t .  1~- ]01~7Name J o h n  Doe - ~ .  Tel .  No . ( f i ]7~  7"7f)-30(10 

A d d r e s a ~ ~ .  Anywhere. MA~269 

Representing(Pleaseindicateorg~nization, companyor self) Foreiqn. Manufacturinq Co. , Ltd. 

l.a) DocumentTitle:National Electrical Code NFPANo,&Year_ 70-1987 

b )  Sect lon/Paragraph:  250-5(b) ~ -~.~ 

2 .  Proposal recommends: (Check one) [][] revisednew teXttext . ~¢~ ' / / ~  \ ~ / ~ / "  ~ ' /  " ~  

• ~ O deleted text• \ x ~ . ' ~ x ~ " x ~ /  ¢ / ' N  

3 .  " P r o p o s a l  (include proposed new or revised wording,  or  idenftf~ication of wordlng~to be ~ l e ~  " ele/ted)eted): 

Revise Section 250-5(b) to add a new suli~a~agf'~p'h (3) as~f.ol~Iows, 
changing existing subparagraphs (3)/-~nd'~i~.)~to (.~)x.and/('5*i~: 

/ i /  i I \ .~S. /  (3) Where the system is nomina'l~l,y~rated~380Y/220-~v~'It, 3-phase, 
c i rcui t  conductor. 4-wire in which the midpoin[ ;\one\p=hase~is use as a 

. \x.~ "~,% , b \  / 

4. Statement of Problerh andSubs tant ia t /on  for Prol~osal: 

Such systems 'a~e n~Lt~o%required to be grounded by'the National-Electrica 
Code.,~.J~hi~s wiri~'~y's~em:~j's in common use outside of the United States. 
It/i~sYi~h~'-~equiva'i';~Et of the 208Y/120-volt, 3-phase, 4-wire and 480Y/277-volt 
3~p' fi~ase 4~w~i:r.e s~i~tems often used in the United States and requiring 
gflound~i.ng~in acconoance with Sections 250-5(a)(I) and (a)(2) except for 
the~vo~l?tage ]nvolved. I t  should be required to be grounded for the same 
reasonsthe ~08Y/120-volt and 480Y/277-volt systems are presently •required 
to be g~ound~'~/. This change wil l  fac i l i ta te in t roduct ion of this wiring " 
system '1%~he United States. - 

5. [] Th i s  Proposal is or ig inal  material• 
[ ]  Th i s  Proposal is not or iginal  material;  its source ( i f~nown) is as follows: 

l agree to give NFPX alt and full rights, including righu of copyright, in this Proposal and l unde~tand that I acqui~ no righu in 
any publication of NFPA in which this Proposal in this or another similar or analogous form is u~d. 

__/o~ ~ 3----PO~---- 
Signature 

PLEASE USE SEPARATE FORM FOR EACH PROPOSAL 
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Alternates. . 

David P. Brown, Baltimore Gas & Electric Co. 
(Alternate to J. E. Lipsey) 

Stanley Kahn, Eastern States-Kahn Electric 
(Alternate to A. F. KnicKrehm) 

Roger S. Keith, Barrington, RI 
. (Alternate to D. Durham) 

J. S. Prifogle, Cooper Industries 
(Alternate to J. E. Conley) 

Robert R. Sallaz, City of Akron, OH 
(Alternate to P. H. Cox, Jr.) 

• • Steven L. Stump, lnt'l Brotherhood of Electrical 
Workers, Local 1340 

(Alternate to W. C. Berry) 
Austin D. Wetherell,.Underwriters Laboratories 
Inc. 

(Alternate to E.J. 'Coffey) . . 

• Nonvoting 

J. G. C. Henderson, Canada Wire & Cable Ltd. 
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PANEL NO. 7 - -  Articles 320, 321,324, 325, 326, 
• 328, 330, 333, 334, 336, 337; 338, 339, 

340, 342, 344, 363 

Constantine S. Golovko, C h a i r m a n  

LA County Bldg. & Safety Div. 
(Rep. International Assn. of Electrical Inspectors) I 

W. O. Andersen, Jr., Kaiser Aluminum & Chemical 
Corp• -: " 

(Rep. TheAluminum Association) 
James W. Barthman, City of Oakland, CA 

(Rep. Int'l Conference of Building Officials) 
Thomas.J.~ Guide, Underwriters Laboratories Inc. 
A. P. Haggerty, Scott Paper Co. 
• (Rep. Inst. of Electrical & Electronics 
Engineers) 
Charles J. Hart, Nar l  Electrical Contractors Assn. 
Russell W. Higginbetfom, Triangle Conduit & Ca- 
ble Co. 
- (Rep. Narl  Electrical Manufacturers Assn.). 
John A. Kroiss, Shell Oil Co. 
• (Rep. Chemical Manufacturers Assn.) "" 

Frank D. Moore, Livingston. AL 

Alternates 

W. H. Chambers, Kern County, CA 
(Alternate to C. S. Golovko) 

. Edward J. Coffey, Underwriters Laboratories Inc. 
(Alternate to T. J. Guida) 

Bobby C..Gentry, Southwire Co. 
(Alternate to W. O..Andersen, Jr.) 

J. Dale Hampton, Oklahoma Gas & Electric Co. ° 
- (Alternate to D. C. Roberts) 
Ralph H. Lee, Lee Electrical Engineering, Inc. 

(Alternate to A. P. Haggerty) 
John V. Lipe, ITT Royal Electric Division 

(Alternate to R. W~ Higginbottom) " • 
James Muninax, Jr., IBEW Local 136 

(Alternate to F. D. Moore) 
(Rep: lnt'l.'Brotherhood of Electrical Workers). " D.F. Tull0h, Union Carbide Corp. 

David C. Roberts, American Electric Power Ser- (Alternate to J. A. Kroiss) - - 
.vice Corp. " Bryan W. Vaughan,-Baum Electric Co. 

(Rep. Electric Light & Power Group) (Alternate to National Home Builders Rep.) 

PANEL NO. 8 -  Articles 318, 331,345, 346,. 
347, 348, 349, 350, 351, 352, 353, 354; . 

356, 358, 362, 364, 365, 374, 
Chapter 9 Tables 1 through 4 

Armond C. Webb, Chairman . , 

Pacific Gas & Electric Co. 
(Rep. Electric Light & Power Group) 

Charles R. Bartholf, Underwriters Laboratories 
Inc. 
Dwight Durham, Southwire Co. 

(Rep. The Aluminum Association) , " 
Mark W. Earley, Factory Mutual Research Corp. 
J. Earl Kreuzer, Electric Products Division, Mid- 
land'Ross Corp. . • 

" (Rep. Narl  Electrical Manufacturers Assn.) 
Samuel S. Lovinrad, US Veterans Administration 
Richard re. Long, Union'Carbide Corp. 

(Rep.  Inst. of Electrical & Electronics 
Engineers) 
Milton Lounsbu~, New York Board of Fire Under: 
writers 
Ray O'Lee~, O'Leary Electric Inc. 

(Rep. Narl 'Electrical Contractors Assn.) 
Roger L. Sandstedt, Monsanto Co. • 

(Rep: Chemical Manufacturers Assn.) 
John T. Theemke, lnr l  Brotherhood of Electrical 
'Workers, Seniority Board 
M. L. Young, Springfield, VA 

(Rep. lnr l  Assn. of Electrical-Inspectors) G: W. Brand, City Hall, Vancouver, BC. Canada 

PANEL NO. 9 - -  Articles 370 373 380, 384 

"Dale R. Deming, Acting Chairman 
Midland-Ross Corp. 

Artie O. Barker, Boise, ID Daniel P. LaMorte, AT&T Resource Ma.nagement 
Raymond J. Burniston, Thomas & Betts Co. 

(Rep. Nar l  Electrical Manufacturers Assn.) (Rep. Inst. of Electrical & Electronics 
Clyde H.'Craig, Craig Electric Co. " ,Engineers) . 

(Rep. Nar l  Electrical Contractors Assn.) 
RayW. Eckardt, Underwriters Laboratories Inc. 

'" Alternates 

Robert P. Bohn, Wisconsin Power & Light Co. " 
(Alternate to A. C. Webb) 

W. M. Griffith, Charlotte-Mechlenburg'Bldg. Stds., 
NC 

(Alternate t6 M. L. Young) 
Roger S. Keith, Barrington, RI 
• (Alternate to D. Durham) 
'Ronald C. Muckway, Inrl  Brotherhood of Electri- 

• cal Workers, Local 531 
(Alternate to J. T. Thoemke) 

Robert B. Phillips, Monsanto Co. 
(Alternate to R: L. Sandstedt) . 

Richard Troth, VA Ottice of Construction 
(Alternate to S. S. Levinrad) 

L. Vincent, I-T-E Elec. Prod• Div. of 
Siemens-Allis, Inc. 
• "(Alternate to J. E. Kreuzer) 

Nonvoting 

Anthony J. Mussi, New York Board of Fire Under- 
writers 

(Rep. lnt'l Assn• of Electrical Inspectors) 
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" Fred'J. Smith, lnt'l Brotherhood of Electrical 
Workers, Local 117 
Max E. Treoce, Duke Power Co." 

(Rep. Electric Light & Power Group) 

Alternates, 

Joseph A. Cannatelli, ARCO Chem. Co. 
(Alternate to CMA Rep.) 

' Michael J. Faser, Underwriters Laboratories Inc. 
(Althernate to R. W. Eckardt) 

Jerome E. Helding,' lnt'l Brotherhood of Electrical 
Workers, Local 430 •.. 

(Alternate to F. J. Sinith)" 

Philip L. Johnson, I-T-E Electrical Products 
(Alternate to R. J. Burniston) 

Paul E. Kaup, Bell of Pennsylvania" 
(Alternate to D.' P. LaMorte) ' 

William R. Stalker, Commonwealth Edison Co. 
(Alternate to M. E. Treece) 

Jeffrey L. Steplowski,' US Veterans Administration • 
(Alternate to VA Rep.) 

Nonvoting 

R. A..Harris, Winnipeg, Manitoba, Canada 

PANEL NO. 10'--  Articles 422, 424, 426 

Ben Z. Segell, C h a i r m a n  

New Orleans, LA 

Leland Dockery, Dockery Electrical Co. 
(Rep. Nat'l Electrical Contractors Assn.) 

Charles A. Oubberley, The T(ane Co. 
(Rep. Air-Conditioning & Refrigeration Inst.) . 

Edward T. Hoock, Jr., lnt ' l  B/'otherhood of Electri- 
cal Workers, Local 1 
Morris L. Markel, Therma-Ray Mfg. Co. 

(Rep. Nat'l Electrical Manufacturers Assn.) 
(Liaison Rep. on'ANSI-CIOD 

Leo F. Martin, City of Boston, MA 
(Rep. Int'l Assn. of Electrical Inspectors) 

James W. Reinbeld, General Electric Co. 
(Rep. Assn. of Home Appliance Manufacturers) 

Donald C. Rockholm, Underwriters Laboratories 
• Inc. 

Leo Stambaugh, Texas Power & Light Co. 
(Rep. Electric Light & Power Group) 

Robed M. Yurkanin, Electran Process Int'l Inc. • . 
(Rep. Inst. of Electrical & Electronics 

Engineers) 

Alternates 

Joseph Kuntz, Jr., National.Institute of Health 
(Alternate.to L. F. Martin). 

Jerry E..Lawson, TPI Corp. 
(Alternate to M. L. Markel) 

Alfred B. Marden; Kidde Systems Inc. 
(Alternate to R. M. Yurkanin) 

Donald Meadows, lnt'l Brotherhood of Electrical 
Workers, Local I 

(Alternate to E. T. Hoock, Jr.) 
Herbert C. Skarbek, Air-Cooditioning & Refrigera- 

"tion Inst. 
(Alternate to C. A. Dubberley) 

John T. Weizeoriek,.Assn. of Home Appliance 
Manufacturers 

(Alternate to J. W. Reinbold) . 

Nonvoting .- 

Rick C. Gilmour, Toronto, Ontario, Canada ." 
William H. King, Jr., US Consumer Product Safety 
Commission 

PANEL NO. 11 - -  Articles 430, 440, 670, Chapter 9 Example No. 8 

Richard W. Osbern, C h a i r m a n  • . 

(Rep. Nat'l Electrical Contractors Assn.) 

Lucas G. Ananian, General Motors Corp. 
(Rep. Inst. of Electrical & Electronics 

Engineers) 
Ben L. Auger, City of Royal Oak, MI 

(Rep. Int'l Assn. of Electrical Inspectors) 
N. EIh's Cannady, Jr., M. B. Haynes Electric Co. 

Milton E. Cox, Underwriters Laboratories Inc. 
Thomas E. Dye, Olin Corp." 

(RelL Chemical Manufacturers Assn.) 
William T. Fiske, ETE Testing-Laboratories, Inc. 
Paul P. Gubeny, Bussman:Mfg. Div., McGraw- . '  
Edison Co. 
T. A. Jacohy, Tecumseh Products Co. 

(Rep. Air-Conditioning & Refrigeration Inst.) 
Dimitrios M. Ka~/das, Factory Mutual Re'search • 
Corp. 
Miguel G: Lolsez, US Veterans Aclministration 
R. C. Mierenflorf,- Square D Co. 

(Rep. Nat'l Electrical Manufacturers 'Assn.) 
David C. Morton, Bethlehem Steel Corp. 

(Rep. Assn. of Iron & Steel Engineers) 
Joseph A. Schomaker, The Travelers Insurance .. 
Cos. 

(Rep. American Insurance Service Group, Inc.) 
Victor A. Smith, Virginia Electric & Power Co. 

(Rep. Electric Light.& Power Group) 

John E. Taylor, lnt'l Brotherhood of Electrical 
Workers, Local 103 . 
A. P. White, Texas Instruments, Inc. 

Alternates 

David S. Baker, Brown & Root USA, Inc. 
. (Alternate to L. G. Ananian) 

Charles A. Dubberley; The Trane Co. 
(Alternate to T. A. Jacoby). 

Francis Finnegan, Texas Instruments, Inc. . - 
(Alternate to A. P. White) ' 

W. E. Greiser, Bethlehdm Steel.Corp. 
(Alternate to D. C. Morton) 

Dean H. Klohr, Bussman Mfg. Div., . 
. McGraw-Edison Co . . . .  

(Alternate t o P .  P. Gubany) 
Walter J, Martiny, Jr., General Electric Co. 

(Alternate.to R. C. Mierendort3 
Stanley I. Rzebecki, Underwriters Laboratories "-~ 
Inc. 

(Alternate to M. E. Cox) 
Anthony J. Scalone, US Veterans Administration. 

(Alternate to M. G. Lopez) 
Mark N. Shapiro,. City of Madison Heights,. MI' 

(Alternate to B. L. Auger) ." 
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Robert H: Stevens, Florida Power & Light Co. " John T. Weizeorick, Assn. of Home .Appliance 
(Alternate to V. A. Smith) Manufacturers 

WilliamM. Swanson, Jr., Joint Apprentice & (Alternate to Assn. of Home Appliance Manu- 
Training Comm. " facturers Rep.) 

(Alternate to J. E. Taylor) Thomas 14.-Wood, Cecil'B. Wood, Inc. 
(Alternate to R. W. Osborn) 

PANEL NO. 12 - -  Articles 427, 610, 620, 630, 645 
660, 665, 668, 669, 685 

.Bernard W. Whittington, Chairman 
Whittington Engineering, Inc. 

Ralph C. Best, Niagara Mohawk Power Corp. 
(Rep. Electric Light & Power Group) 

A. R. Cartal, Middle Dept. Inspection Agency, Inc. 
(Rep. lnt'l Assn• of Electrical Inspectors) 

Ralph E. Dreste, Otis Elevator Co. 
(Rep. National Elevator Industry. Inc.) 
(Vote limited to Articles 610, 620, 630) 

C. James Erickson, E. 1. du Pont de Nemours & 
Co. 

(Rep. Chemical Manufacturers Assn•) 
(Vote limited to Articles 427, 610, 645,660, 665, 

668,669,685) 
Robert G. Harris, Underwriters Laboratories Inc. 
B. J. Lowery, lnt'l Brotherhood of Electrical Work- 
ers, Local 175 
C. L. Pittman, Maryville, TN 

(Rep..The Aluminum Association) 
(Vote limited to Articles 645,660, 665,668, 669, 

685) 
Robert 14. Reuss, Harnischfeger Corp. 

"(Rep. Crane Manufacturers of America Assn. 
& Hoist Manufacturers lnstittlte) 

-(Vote.limited to Article 610) 
William C. Rhine, Cutler-Hammer, Inc. 

(Rep. Nat'l Electrical Manufacturers Assn.) 
Robert Riley, IBM Corp. 

(Rep. Computer &:Business Equipment Manu- 
facturers 

Assn. & Electronic Industries Assn.) 
(Vote limited to Article 645) 

"PANEL NO. 13 - -  Articles 450; 460, 470, 710 

Kernan R. Dennis, Chairman 
Northwest Electric Co. 

, (Rep'.'Nat'l Electrical Contractors Assn.) 

W. O.'Andersen, Jr., Kaiser Aluminum & Chemical 
Corp. 
. (Rep. The'Aluminum Association) 
Richard B. Boyd, Jr., NC Department of Insurance 
• (Rep. lnt'l Assn. of Electrical Inspectors) 
E. E. Carlton, Menlo Park. CA 
Mark W. Earley, Factory Mutual Research.Corp. 
Edwin J. 14ansen, lnt'l Brotherhood of Electrical 

Workers, Local'441 
. James J..Jefferson, Tennessee Eastman C6~ 

(Rep. Chemical Manufacturers Assn.) 
William T. O'Grady, Underwriters Laboratories 
Inc. 
John A. O'Neill, Jr., US.Veterans Administration 
Milton.D: Robinson, Milt Robinson Engineering 
Co. 
., (Rep. Inst. of Electrical & Electronics 
Engineers) 
W. E. Thomas, Westinghouse Electric Corp. 

(Rep. Nat'l Electrical Manufacturers Assn.): 
John W. Troglia, Wisconsin Electric Power Co. 

(Rep. Electric Light'& Power Group) 

T. Nell Thorla, Inland Steel Co. 
(Rep. Assn. of Iron & Steel Engineers) 
(Vote limited to Articles 610, 620, 639) 

George V. Waters, Waters Electric, Inc. 
(Rep. Nat'l Electrical Contractors Assn.) 

Alternates 

John F. Burr, Consolidation Coal Corp. 
(Alternate to IEEE Rep.) 

Michael J. DeMartini, Underwriters Laboratories 
Inc. 

(Alternate to R. G. Harris) 
Peter J. Dureiko, Town of Vernon, CT 

(Alternate to A. R. CartalF 
, James 14. Layne, Reynolds Metals Co. 

(Alternate to C. L. Pittman) 
Raymond B. Pohlman, Jr., Dover Corp. 

(Alternate to R. E. Droste) 
S. L. Ralston, PPG Industries, Inc. 

(Alternate to C. J. Erickson) 
Donald 6. Thorbum, Philips Medical Systems, Inc. 

(Alternate to W. C. Rhine) 
' JohnN. Wright, lnt'l Brotherhood of Electrical 

Workers, Local 270 
(Alternate to B..J. Lowery) 

Robert I. Tudor, Electro Test Inc. 
(Rep. Nat'l Electrical Testing Assn.) 

Alternates 

Bruce A. Baxter, Int'l13rotherhood of Electrical 
Workers, Local 332 

(Alternate to E. J. Hansen) 
Harry A. Burr, US Veterans Administration 

(Alternate to J..A. O'Neill, Jr.) 
• Richard P. Fogarty, Consolidated Edison of New 

York 
(Alternate to J. W. Troglia) 

Robert G. Haines, Underwriters Laboratories Inc. 
(Alternate to W. T. O'Grady) 

Joseph W. Hupp, Acme Transformer 
(Alternate to W. E. Thomas) 

Walter Kroboth," Exxon Chemical Co. 
(Alternate to J. J. Jefferson) 

Charles S. Rennells, Empire Electric Co. 
(Alternate to K. R. Dennis) 

Robert L. Simpson, Monsanto Enviro-Chem Sys- 
tems, Inc. 

(Alternate to M. D. Robinson) 
A. R. Thompson, City-of Durham, NC 

. (Alternate toR.. B. Boyd, Jr.) 
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PANEUNO. 1 4 -  Articles 500, 501, 502, 503, 510, 511, 
513, 51~4, 515, 516 

Leland J. Hall, Chairman 
Carson City, NV 

F. D. Alroth, Underwriters Laboratories Inc. 
Richard J..Busehart, Monsanto Co. 

(Rep. 'Chemical-Manufacturers Assfi.) 
C. W. Conaway, Industrial Risk Insurers 
M a r k  W. Farley, Factory Mutual Research Corp. 
Clarence B..Joriman; City of New Brighton, MN 

-(Rep. lnt'l Assn. of.'Electi:ical Inspectors) 
Gerald W. Lemberg, Lemberg Electric Co., Inc. 

(Rep. Nat'l Electrical Contractors Assn.) 
. Ernest C. Magison, Honeywell 

(Rep. Scientific Apparatus Makers Assn.) 
Donald T. Murphy, Ralston Purina Co. 

(Rep. American Feed Manufacturers Assn., 
Inc.) 

IVote limited to Articles 500, 502) ' " 
-Walter A. Short, Crouse-Hinds Co. 

(Rep. Nat'l Electrical Manufacturers Assn.) 
Harold B. Smith, Cargill, Inc. 

(Rep. Grain Elevator & Processing Society) 
L a w r e n c e  C. Strachota, Iowa Power & Light Co. 

(Rep. Electric Light & Power Group) 
William T. :Trinkei', The Mill Mutuals 
J a m e s  A. Weldon,, lnt'l Brotherhood of Electrical 

Workers, Local 728 . 

' Alternates 

Albert A. Bartkus, Underwriters Laboratories Inc. 
(Alternate to F.D..Alroth) ." :" 

Dan C. Bowers, lnt'l Brotherhood of Electrical 
Workers, Local 413 
(Alternate to"J. A-..Weldon). 

M a r i o n  A." Cabler, Phillips 'Petroleum Co. 
(Alternate to R. J. Buschart) 

Robert O. Epstein, Detroit Edison Co. - 
(Alternate to L. C. Strachota) 

J o s e p h  H. Kuezka, Killark Electric Mfg. Co. 
IAIternate to W. A. Short) 

.Francis J. MeGowan~ The Foxboro Co. . 
(Alternate to E. C. Magison) 

David F. Moorhead, H. K. Webster Co., Inc. 
(Alternate to D. T. Murphy) 

W. L. Raines, St. Louis County Dept. of Public 
Works, MO. 

(Alternate to C. B. Joriman) 
Warren Stancl, The Mill Mutuals 

(Alternate to W. T. Trinker) 

-" Nonvoting 

John A. Bossert, Energy Mines & Resources, 
Ottawa, Ontario, Canada 

PANEL NO. 1 5 - -  Articles 445, 480, 518, 520, 530, 
• 540, 700, 701, 702,.705 

James G..Stallcup, Chairman 
City of Ft. Worth, TX 

.(Rep. lnt'l Assn. of Electrical Inspectors) 

. " George W. Flach, Flach Consultants 
.V.C. Holloway, Interstate Electric Co. 

(Rep. Nat'l Electrical Contractors Assn.) 
G e o r g e  T .  H o w a r d ,  George T. Howard Associates 

(Vote limited to Articles 518,520. 530,540) 
.. John A. Hunter, Int'l Brotherhood of.Electrical 

Workers, Local 302 
LaVell J. Jensen, Utah Power & Light Co. 

(Rep. Electric Light & Power Group) 
Jack W. Ralbfeld, Kalico Technology,Inc. 
. (Vote limited to Articles 518,520, 530, 540) 

R. W. Kenny, AT&T Bell Labs 
(Vote limited to Articles 445,480, 700, 701, 7021 

705 ) 
J. J. Kubisz, Underwriters Laboratories Inc. 
M i c h a e l  A. Lanni, Universal City Studios : - 

(Rep. Motion Picture Assn. of America, Inc.) 
(Vote'limited to Articles 518,520;530, 540) 

Frank J. Mapp, Bell Communications:Research, " 
Inc. 

(Rep. Exchange Carners Standards Assn.) 
(Vote limited to Articles 445,480, 700, 701,702," 
705) 

.W.M. Riches, Nat'l Accelerator Laboratories 
(Vote hmited to Articles 518, 520, 530, 540) 

- Anthony J. Scalone, US Veterans Administration 
(Vote limited to Articles 445,480, 700,.701,702) 

Jay A. Stewart, FMC Corp. 
(Rep. Chemical Manufacturers Assn.) 

Oavid G. Strasser, Marathon Electric Mfg. Co. 
-(Rep. Nat'l Electrical Manufacturers Assn:)- 

Georg Stromme, Roseville, MN 
(Rep. Electric~il Generating Systems Marketing 

Assn.) 

Alternates 

James W. Carpenter, NG Department of Insurance 
(Alternate to J. :(3. Stallcup) 

C h a r l e s  Craw'lord,.lnt'l Brotherhood of Elect~'ical 
Workers, Local 163 

"(Alternate to J. A. Hunter) 
Gordon S. Johnson, Kohler Co. 
' (Alternate to G. Stromme) 
Miguel G. Lopez, US Veterans Administration 
. (Alternate to A. J. Scalone) 
Run H. Minter, Chloride Systems 
" (Alternate to D.,G. Strasser) 
S. G.RolI, Underwriters Laboratories Inc. 

tAliernate to J. J. Kubisz) 
Paul D. S0eranza, Bell Communications Research, 
Inc. 

(Alternate to F. J. Mapp) 
John A. Taylor, Alabama Power Co. 

(Alternate to L. J. Jensen) 
.David Young, "Allied Chemical Corp. 

(Alternate to J. A. Stewart) 
Donald W: Zipse, FMC Crrp. 

(Alternate to Inst. of Electrical & Electronics 
Engineers Rep.) 

Nonvoting 

J. C.. Stevens, Office of the Fire Marshal 
Toronto, Ontario, Canada 

. , . - . 
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PANEL NO. 16 - -  Articles 640, 650, 720,.725, 
760, 770, 800, 810, 820 

D. Harold Ware, Chairman 
Libra Electric Co. 

(Rep. Nat'l Electrical Contractors Assn.) 

Edward J. Cohen, US Department of Agriculture. 
Rural Electrification Administration 

Charles D. Hansetl, CharlesD. Hansell Consult- " 
ants, Inc. 

"(Rep. Inst. of Electrical & Electronics 
Engineers) 
William R. Hitchens, Myrtle Beach, SC 

(Rep. Chemical Manufacturers Assn.) 
Michael A. Lanni, Universal City Studios 

(Rep. Motion Picture Assn. of America, Inc.) 
(Vote limited to Articles 640, 720, 725,760, 810, 

820) 
Raymond I. Lease;, Jr., Middle Dept. lnsp. Agency- 

(Pep. lnt'l Assn. of Electrical Inspectors) 
Irving Mande, Edffards Co., Inc. 

(Rep. Nat'l Electrical Manufacturers Assn.) 
(Liaison to NFPA Signaling Systems Commit-, 

tee) 
H. Marvin McNeil, Siecor Corp. 

(Rep. Insulated Cable Engineers Assn., Inc.) 
Paul F. Ryder, Northeast- Utilities 

(Rep. Electric Light & Power Group) 

William Schallhammer;,Underwriters Laboratories 
Inc. 
Len H. Sessler, Bell Communications Research 

(Rep. Exchange Carriers Standards Assn.) 
Johnny D. Southwell, Int'l Brotherhood of Electri- 
cal Workers, Local 1141 

Alternates 

S. E. Edgesdal, Honeywell, Inc. 
(Alternate to I. Mande) 

John Mangen, Medford City Hall. MA 
(Alternate to R. I. Lease, Jr.) 

Kenneith L. Miller, lnt'l Brotherhood of Electrical 
Workers. Local 661 

(Alternate to J. D. Southwe!l) 
David Wechsler, Union Carbide Corp. 

(Alternate to W. R. Hitchens) 

Nonvoting 

A. T. Care, Manitoba Telephone System, 
Winnipeg, Manitoba, Canada 

PANEL NO. 17 - -  Article 517 

George Schuck, Jr., Chairman 
lnt'l Brotherhood of Electrical Workers, Local 3 

Kenneth J. Dragmen, Picker Corp. 
(Rep. Nat'l.Electrical Manufacturers' Assn.) 

William R. Drake, Daniel Woodhead Co. • 
(Rep. National Safety Council) 

Alvin R. Friendlieh, MET Electrical Testing Co.,- 
Inc. 

(Rep. Nat'l Electrical Testing Assn., Inc.). 
Jerald M. Gegoeri Cleveland Electric I11. Co. 

(Rep. Electric Light & Power Group) 
Allen E. Hubble, Dept. of Labor & Industrial Serv- 
ices 

(Rep. lnt'l Assn. of Electrical Inspectors) 
Stanley D. Kahn, Eastern States-Kahn Electric, 
Inc. 

(Rep. Nat'l Electrical Contractors Assn.) 
Glenn T. Keates, Catherine McAuley Health Cen- 
ter 

(Rep. Inst. of Electrical & Electronics 
Engineers) 
Ode'Richard Keil, Joint Commission of Accredita- 
tion of 

Hospitals 
Ralph Loeb; Sherlock, Smith & Adams, Inc. 

(Rep. Health Care Facilities Correlating Com- 
mittee) 
Michael T. Merrigen, Underwriters Laboratories 
Inc. 
James A. Meyer, Pettis Memorial VA Hospital. 

(Rep. American Society of Anesthesiologists) _ 
Hugh O. Nash, Jr., Smith, Seckman, Reid; lnc . . . .  

Gary 0. Slack, Medical Instrumentation Systems, 
Inc. 

(Rep. American Hospital Association) 
Howard C. Stauffer, Hospital Corp. of America 

(Rep. NFPA.Heahh Care Section) 
Jeffrey L. Steplowski, US Veterans Administration 

Alternates ~, 

Edwin H. Hoeltke, The Christ Hosp. 
(Alternate to H. C. Stauffer) 

Gerald L. Kavanaugh, lnt'l Brotherhood.of Electri- 
cal 

Workers, Local 145 
(Alternate to G. Schuck,'Jr.) 

Mary AnnKelly, American Hospital Assn. 
(Alternate, to G:  D. Slack) 

Cecil Kight, US Dept. of Labor & Ind. Services. " 
(Alternate to A. E. Hubble) 

Richard W. Nalbert, Square D Co. 
(Alternate to K. J. Dragmen) 

Ray O'Leary, O'Leary Electric Co. 
(Alternate to S. D. Kahn) - 

Bryan Parker, Montefiore Hospital & Medical Ctr. 
(Alternate to Assn. for Advancement of Medical 
Instrumentation Rep.) 

George N. Webb, Baltimore, MD 
(Ahernate to G. T. Keatcs) 

Nonvoting 

Chris McGregor,. Vancouver, BC, Canada 
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PANEL NO. 18 - -  Articles 410, 600, 605 

A. F. KnicKrehm, Chairman 
• . The KnicKrehm Co. 

,. . (Rep. Nat'l Electrical Contractors Assn.) " 

Russel J. Helmick, Jr., City of [rvine, CA 
(Rep. Int'l Assn. of Electrical Inspectors) 

Robert J. Illig, Jnt'l Brotherhood of Electrical, 
Workers, LoGil 7 - 

"-Mark Johnson, Heath & C o . .  - " 
(Rep. NatH Electric Sigh'Assn.) 
(Vote limited to Article 600) 

Kenneth F. Kempel,' Underwriters Laboratories 
Inc. 
E. G K ener,'Solar Turbine, Inc. 

(Rep. Inst. of Electrical & Electronics 
Engineers) 
Bernard J., Mezger, Bostrom Management 

(Rep.-American Home Lightifig Institute) 
(Vote limited to Article 410) 

Walter A. Short, Crouse-Hinds Co. 
• (Rep: Nat'l Electrical Manufacturers Assn.) 
James P. Suttle, Ohio Edison Co. ,. • 
• (Rep. Electric Light & Power Group) 
Jack Wells, Pass & Seymour, Inc. 

Alternates " " 

~ Richard' K. Bertoch, Wasatch Electric Co. .- 
(Alternate to A. F. KnicKrehm) 

James T. Duffy, Underwriters Laboratories Inc. 
(Alternate to K. F. Kempel) 

• Kenneth B. Leech, lnt'l Brotherhood of Electrical 
Workers, Local 35 

• (Alternate to R. J. lllig) 
.Saul Rosonbaum, Leviton Manufactt/ring Co~, lncl 

(Alternate to W. A. Short) 
Thomas E. Trainor, City of San Diego, CA 

-(Alternate to R. J. Helmick, Jr.) 
• Sidney Wolkin, Lightolier .Inc. 
' "(Alternate to B. J. Mezger) 

- .  Nonvoting ~. 

B. H. Chick, Public ~Vorks, Canada 

PANELNO.'19- Articles 545, 547, 550, 551, 604, 675 

J. Philip Simmons, Chairman 
" • State of Washington 

(Rep. lnt'] Assn. of Electrical Inspectors) 

RussBahr, RADCO 
(Vote limited to Articles 550, 551) 

_ Barry Bauman, Wisconsin Power & Light Co. 
(Rep. American Society of.Agricultural Engi- 

neers) 
(Vote limited to Articles 545,547,604; 675) 

Douglas R. Belts,-Fleetwood Enterprises. Inc. 
(Rep. Western Manufactured Housing Institute) 
(Vote limited to Articles 550, 551) 

A. L. Buxton, Burndy.Corp. . 
(Rep. Nat'l Electrical Manufacturers Assn.) 

Paul Ouks, Underwriters Laboratories Inc. 
Randol O.'Farlow, Georgia Power Co. 
• (Rep. Electric Light & Power Group)" 

James W. Finch, Kampgrnfinds of America, Inc. 
(Vote limited to Articles 550. 551) 

B r u c e  A. Hopkins, Recreation Vehicle Industry 
Assn• 

(Vote limited to Articles 550, 551) 
M e l v i n  Kallenbach, MeI-Kay Eleciric Co., Inc. 

(Rep. Nat'l Electrical Contractors Assn•) 
Marvin Nabben, Nat'l Assn• of Mutual Insurance 
Cos. 

(Rep. Reinsurance Assn• of Minnesota) 
(Vote limited to Articles 545,547,604,675) 

Glenn C. Safford, Kirby Risk Supply Co., Inc. 
IRep. Nat'l Assn..of Electrical Distributors) 
(Vote limited to Articles 545,547,604,675) 

Owen Schleisman, lnt'l Brotherhood of Electrical 
Workers, Local 292 

Irving Schwartz, Irving Schwartz Associates 
(Vote limited to Article~ 545,547, 604, 675) "" 

Warren Stancl, The Mill Mutuals 
(Vote limited to Article 547) 

Ed Starostovic, PFS Corp. 
(Rep. Nat'l Assn. of Home Manufacturers) 
(Vote limited to Articles 545,547,604,675) 

Kent P. $tiner, Traverse City, MI 

Alternates 

Richard J. Carnaroli, Northeast Utilities Service 
Co. 

(Alternate to R. O. Farlow) 
Bob E. Fesmire, lnt'l'Brotherhood of Electrical 
Workers, Local 835 

(Alternate to O..Schleisman) 
Richard McEnroe, The.Mill Mutuals 

". (Alternate to W. Stancl) 
Henry Omson, RADCO 

(Alternate to R. Bahr) 
James N. Pearse, Leviton Manufacturing Co. 

(Alternate to A. L. Buxton) 
" Howard Slemmer, Washington State 

(Alternate to J. P. Simmons) 
Truman C. Surbrook, Michigan State University 

(Alternate to ]3. Bauman) 

• PANEL NO. 20 - -  Articles 553,,555, 680 

Charles R. Pierce, Chairman 
Eresno, CA 

(Rep. lnt'l Assn. of Electrical Inspectors) 

Vincent L. Carissimi, Harvey'Hubbell, Inc. ' 
(Rep. Nat'l Electrical Manufacturers Assn.) 

Donald E. Fritz, PA Power & Light 
(Rep. Electric Light & Power Group) 

Herbert H.'Howard, American Products 
(Rep. Nat'l  Spa & Pool Inst.) 
(Vote limited to Article 680) 

Warren E. Jackson, The Travelers Insurance Co. 
• (Rep. American Insurance Services Group Inc.) 

• Wayne Menuz, Underwriters Laboratories Inc. 
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D. Nestor, Nestor Engineering Co. 
(Rep. National Safety Council) • . 

Philip Sperber,.KDl Paragon, Inc. 
(Vote limited to Article 680) 

Thomas J. Sweeney, lnt'l Brotherhood of Electrical 
Workers, Local 595 

Seldon E. Tucker, Allied Electrical Construction 
Co., Inc. 

(Rep. Nat'l Electrical Contractors Assn.) 
Charles E. Wade, Wade Design, Inc. 

(Vote limited to Article 680) 

Alternates 

Albert J. Bernardi, Underwriters Laboratories Inc. 
(Alternate to W. Menuz) 

Charles W. Draper, Square D Co. 
(Alternate to V. L. Carissimi) 

C. Levoir, County of Orange, CA 
(Alternate to C. R. Pierce) 

James R. McNicol, Brett Aqualine 
(Alternate to H. H. Howard) 

William D. Swearingen, Fireman's Fund Insurance 
Cos. 

(Alternate to W. E. Jackson) 
Wayne Thomas, lnt'l Brotherhood of Electrical 
Workers, Local 617 
• (Alternate to T. J. Sweeney) 

Kyle E. Todd, Gulf States Utilities Co. 
(Alternate to D. E. Fritz) 

Nonvot ing  " 

G. W. Lawrence, Canadian Standards Assn. 

This list represents the membership  at the t ime the Commi t tee  was  balloted on the text oJ:this 
edition. S ince  that time, changes  in the membership  may  have occurred• 

NOTE: Membership on a Committee shall not in and of itself constitute an endorse- 
ment of the Association or any document developed by the Committee on which the 
member serves.. 
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National Electrical Code 

NFPA 70 

A R T I C L E  90 D I N T R O D U C T I O N  

90-1, Purpose. 
(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 considered necessary for 
safety. Compliance therewith and proper maintenance will result in an 
installation essentially free from hazard, but not necessarily efficient, conve- 
nient, or adequate for good service or fu ture  expansion of electrical use. 

(FPN): 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 will provide for future 
increases in the.use of electricity. 

(c) Intention. This Code is not intended as a design specification nor an 
instruction .manual for untrained persons. 

90-2. Scope. 
(a) Covered. This Code covers: 

(1) Installations of  electric conductors and equipment within or on 
public and private buildings or other structures,, including mobile homes, 
recreational vehicles, and floating buildings; and other premises such as 
yards, carnival, parking and other lots, and industrial substations. 

(FPN): For adaitional information concerning such installations in an industrial 
or muitibuilding complex, see the National Electrical Safety Code, ANSI C2- 
1984. 

(2) Installations of conductors that connect to the supply of electricity. 
(3) Installations of  other outside conductors on the premises. 
(4) Installations of  optical fiber cable. 

(b) Not Covered. This  Code does not cover: 
(1) Installations in ships, watercraft other than floating buildings, rail- 

way rolling stock, aircraft, or automotive vehicles other~.thanmobile homes 
and recreational vehicles. 

(2) Installations underground in mines. 
• (3) Installations of railways for generation, transformation, transmis- 

sion, or  distribution of  power used exclusively for operation of rolling stock 
or installations used exclusively for signaling and communication purposes. 
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(4) Installations of communication equipment under the exclusive con- 
trol of communication utilities, located outdoors or in building spaces used 
exclusively for such installations. 

(5) Installations under the exclusive control of electric utilities for the 
purpose of communication, or metering; or for the generation, control, 
transformation, transmission, and distribution of electric 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. 

(FPN): It is the intent of this section that this Code covers all premises' wiring 
or wiring other than utility owned metering equipment, on the load side of the 
service point of buildings, structures, .or any other premises not owned or leased 
by the utility. Also, it is the intent that this Code cover installations in buildings 
used by the utility for purposes other than listed in (b)(5) above, such as office 
buildings, warehouses, garages, machine shops, and recreational buildings which 
are not an integral part of a generating plant, substation, or control center. 

(c) Special Permission. The authority having jurisdiction for enforcing 
this Code may grant, exception for the installation of conductors and 
equipment, not under the exclusive control of the electric utilities and used 
to connect the electric utility supply system to the service-entrance conduc- 
tors of the premises served, provided such installations are outside a building 
or terminate immediately inside a building wall. 

90-3. Code Arrangement. This Code is divided into the Introduction and 
nine ohapters. 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 independent of the other 
chapters except where they are specifically referenced therein. 

Chapter 9 consists of tables and examples. 
I Material identified by the superscript letter " x "  includes text extracted 

from other NFPA documents as identified in Appendix A. 

90-4. Enforcement. This Code is intended to be suitable for mandatory 
application by governmental bodies exercising legal jurisdiction over electri- 
cal installations and for use by insurance inspectors. The authority having 
jurisdiction of enforcement of the Code will have the responsibility for 
making interpretations of the rules, for deciding upon the approval of 
equipment and materials, and for granting the special permission contem- 
plated in a number of the rules. 

The authority having jurisdiction may waive specific requirements in this 
Co.de or permit alternate methods, where it is assured that .equivalent  
objectives can .be achieved by establishing ancL maintaining effective safety. 

This Code may require new products, constructions, or materials which 
may not yet be available at the time the Code is adopted.. In such event, the 
authority having jurisdiction may permit the use of the products, construc- 
tions, or materials which comply with the most recent previous edition of this 
Code adopted by the jurisdiction. 
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90-5. Formal Interpretations. To promote uniformity of interpretation and 
application of the provisions of this Code, FormaL Interpretation procedures 
have been established. 

(FPN): These procedures may be found in the "NFPA Regulations Governing 
Committee Projects." 

90-6. Examination of Equipment for Safety. For specific items of equip- 
ment and materials referred to in this Code, examinations for safety made 
under standard conditions wilfprovide 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 exam- 
iners, frequently with inadequate facilities for such work,and the confusion 
that would result from conflicting reports as to 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 which is recognized as 
having the facilities described above and which requires suitability for 
installation in accordance with this Code. 

(FPN): See Examination of Equipment, Section 110-3. 
(FPN): See definition of "Listed," Article 100. 

90-7. Wiring Planning. 
(a) ~Future Expansion and Convenience. Plans and specifications that 

provide ample space' in raceways, spare raceways, and additional spaces-will 
.allow for future increases in the use of electricity. Distribution centers 
located in readily accessible locations will provide convenience and safety of 
operation. See Sections 110-16 and 240-24 for clearances and accessibility. 

(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 will 
minimize the effects from a short-circuit or ground fault in one circuit. 

90-8. Metric Units of Measurement. 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). 

Values of measurement in the Code text will be followed by an approxi- 
mate equivalent value in SI units. Tables will have" a footnote for SI 
conversion units used in the table. 

Conduit size, wire size, horsepower designation for motors, and trade sizes 
that do not reflect actual measurements, e.g:, box sizes, will not be assigned 
dual designation SI units. 

(FPN): For metric conversion practices, see ANSI/ASTM E380-1984, Stan- 
dard for Metric Practice. 
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Chapter 1. General 

A R T I C L E  1 0 0  m D E F I N I T I O N S  

Scope. Tliis article contains only those definitions essential to the proper 
application of this Code. It is not ~intended to include commonly defined 
general terms nor commonly defined technical terms from related codes and 
standards. In general, only those terms used in two or more articles are 
defined in Article 100. Other definitions are included in the article in which 
they are usedbut  may be referenced in Article 100. 

Part A of this article-contains definitions intended to apply wherever the 
terms are used thi'oughout this Code. Part B contains definiiions applicable 
only to the parts of articles covering specifically installations and equipment 
operating at over 600 volts, nominal. 

A. General - 

AC General-Use Snap Switch: See under "Swi tches . "  

AC-DC General-Use Snap Switch: See under "Swi tches . "  

Accessible: (As applied to wiring methods.) Capable of being removed or 
exposed without damaging the building structure or finish, or not perma- 
nently closed in by the structure or finish of the building. (See "Concea led"  
and "Exposed . " )  

Accessible: (As applied to Equipment.) Admitting close approach: not 
guarded by locked doors, elevation, or other effective means. (See "Acces-  
sible; Readily.") 

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, chairs, etc. (See "Access ible .")  

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

Anesthetizing Location: See Section 517-2. 

Appliance: Utilization equipment, generally other than industrial, nor- 
mally built in standardized sizes or types, which is installed or connected as 
a unit to perform one or more functions such as clothes washing, ' air 
conditioning, food mixing, deewfrying, e tc .  

Appliance Branch Circuit: : See "Branch Circuit, Appliance." 

Approved: Acceptable to the authority having jurisdiction. 

Askareh A generic term for a group of nonflammable synthetic chlori- 
nated 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 varyihg amounts of Combustible gases depending upon the askarel 
type. 
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Attachment Plug (Plug Cap) (Cap): A device which, bY insertion in a 
receptacle, establishes connection between the conductors of the attached 
flexible cord and the conductors connected permanently to the receptacle. 

Automatic: Self-acting, operating by its own mechanism when actuated 
by some impersonal influence, as for example, a change in current strength, 
pressure, temperature, or mechanical configuration. (See "Nonautomatic.") 

Bare Conductor: See under "Conductor." 
Block (City, Town, or Village): See Sectioli 800-2. 
Bonding: The permanent joining of metallic parts to form an electrically 

conductive path which will assure electrical continuity and the capacity to 
conduct safely any current likely to be imposed. 

Bonding Jumper: A reliable conductor to assure the required electrical 
conductivity between metal parts required to be electrically connected. 
- Bonding Jumper, Circuitl The connection between portions of a conduc- 

tor in a circuit to maintain required ampacity of the circuit. 
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. 
Branch Cir(:uit: The circuit conductors between the final overcurrent 

device protecting the circuit and the outlet(s). 
(FPN): See Section 240-9 and Section 240-10 for thermal cutouts, thermal 

relays, supplementary overcurrent protection, and other devices. 
Branch Circuit, Appliance: A branch circuit supplying energy to one or 

more outlets to which appliances are to be connected; such circuits to have 
no permanently connected lighting fixtures not a part of an appliance. 

Branch Circuit, General Purpose: A branch circuit that supplies a number 
of outlets for lighting and appliances. 

Branch Circuit, Individual: A branch circuit that supplies only one utili- 
zation equipment. 

Branch Circuit, Multiwire: A branch circuit consisting of two or more 
ungrounded conductors having a potential difference between them, and a 
grounded conductor having equal potential difference between it and each 
ungrounded conductor of the circuit and which is connected to the neutral 
conductor of the system. 

Branch-Circuit Selection Current: See Section 440-4(c), Definition. 

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

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

Cell (As applied to Raceways): See Sections 356-1 and 358-2~ 

Circuit Breaker: A device designed to open and close a circuit by 
• nonautomatic means and to open the.circuit automatically on a predeter- 
mined overcurrent without injury to itself when properly applied within its 
rating. 
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(FPN): The automatic opening'means can be integral, direct acting with. the 
circuit breaker or remote from the circuit breaker. See definitiOnof "Switching 
Devices" in Part B of this article for definition applying to circuits and equipment 
over 600 volts, nominal. 

Adjustable: (As app l i ed to  Circuit Breakers.)  A'qual ifying term indi- 
cating that the circuit breaker  can be set to trip at various values of current  
and/or time within a predetermined range. 

Instantaneou's Trip: (As applied to Circuit Breakers.)  A qualifying term 
• indicating that no. delay is purposely introduced in the: t r ipping 'act ion of th~ 
circuit breaker.  ~" 

Inverse Time: (As 'appl ied  to Circuit Breakers.)  A qualifying term 
indicating 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 qual i fying 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 operatio n . 

Setting: (of Circuit Breaker.) The value of current  and/or time at which  
an adjustable circuit breaker  is set to trip. 

Concealed: Rendered inaccessible by the structure or finish of  the build- - 
ing. Wires in concealed raceways are considered concealed,  even . though  
they may become accessible by withdrawing them. [See "Access ib le  - -  (As ' 
applied to wiring methods) ." ]  

Conductor: 
Bare: A conductor  having no covering or electrical insulation whatso- 

ever. (See "Conductor ,  Covered . " )  
Covered: A conductor  encased within material of composit ion or 

thickness that is not recognized by this Code as electrical insulation. (See 
"Conduc tor ,  Bare ." )  

Insulated: A conductor  encased within material of composit ion 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 junct ion 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 a re .no t  
classified as conduit  bodies. See Table 370-6(a). 

Connector, Pressure (Solderless): A device that  establishes a connect ion 
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 Duty: See under  " D u t y . "  
Continuous Load: A load where .the maximum current  is expected to 

continue for-three hours or more. 
Control Circuit: See Sect ion 430-71. 
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.  See also Section 430-81(a).. 

Cooking Unit, Counter-Mounted: A cooking appliance designed for 
mounting in or on a counter  and consisting of one or more heating elements,  
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internal wiring, and built-in or separately mountable  controls.  (See " O v e n ,  
Wal l -M0unted ." )  

Copper-Clad Aluminum Conductors: Conductors  drawn from a copper- 
clad aluminum rod with the copper  metallurgically bonded to an a luminum 
core. The copper  forms a minimum of l0 percent  of the cross-sectional area 
of a solid conductor  or each strand of a stranded conductor .  

• Covered Conductor: See under  " C o n d u c t o r . "  

Current-Limiting Overcurrent Protective Device: See Section 240-11. 
Cutout Box: An enclosure designed for surface mounting and having 

" swinging doors or covers  secured directly .to and telescoping with the walls 
of the box proper. (See "Cab i ne t . " )  

Damp Location: See under "Location." 
Dead Front: Without  live parts exposed to a person on the operating side 

of the 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 which is intended to carry but  not 
utilize electric energy. 

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

(FPN): See definition in Part B of this article for definition applying to circuits 
and equipment over 600 volts, nominal. 

Dry Location: See under  " L o c a t i o n . "  

Dust-lgnitionptoof: See Section 502-1. 

Dustproof: So constructed or protected that  dust will not interfere with its 
successful ope ra t i on .  

Dust'tight: So constructed that  dust will not enter  the enclosing case 
under  specified test  conditions.  

(FPN): For test conditions other than for rotating equipment, see ANSI/ 
NEMA 250-1979, Enclosures for Electrical Equipment, Paragraph 250.5.05. • 

Duty: 
Continuous Duty: Operat ion at a substantially constant  load for an 

indefinitely long time. 
Intermit tent  Duty: Operat ion for alternate intervals of (1) load and no 

load; or (2) load and rest; or (3) load, no load, and rest. 
Periodic Duty: Intermit tent  operat ion in which the load condit ions are 

regularly recurrent .  
Short-Time Duty: Operat ion at a substantially constant  load for a short  

and definitely specified time. 
Varying Duty: Operat ion at loads,, and for intervals of  time, both  of 

which may be subject to wide variation. 
(FPN): See Table 430-22(a), Exception for illustration of various types of duty. 

DutyCycle (Welding): See Section 630~31(b), Fine Print Note.  
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Dwelling: 
Dwelling Unit: One or more rooms for the,use of one or more persons 

as a housekeeping :imit with space for eating, living, and sleeping, and 
permanent provisions for cooking and sanitatiori... 

Multifamily D~,elling: A building containing three or more dwelling 
units. 

One-Family Dwelling: A building consisting solely of one dwelling 
unit. 

Two-Family Dwelling: A building consisting solely of two dwelling 
units. 

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

Enclosed:. Surrounded. by a case, housing, fence, or walls which will 
prevent 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 equipmentfrom physical damage. 
(FPN): For enclosure types, see ANSI/NEMA 250-1979,.Enclosures for Elec- 

"trical Equipment (1000 Volts Maximum). 

Equipment: A general-term including material, .fittings, devices, appli- 
andes, fixtures, apparatus,and the like used as a. part.of, or in connection 
with, an electrical installation . . . .  . 

~ Equipment Grounding Conductor: See "Grounding Conductor, Equip- 
ment ."  

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

Exposed: (AS applied, to live parts.)-Capable of being inadvertently 
touched or approached nearer than a safe distance b y a  person. It-is applied 
to parts not suitably guarded, isolated, or insulated. (S.ee ' . 'Accessible" and 
"Concealed ." )  

Exposed: (As applied to wiring methods.) On or attached tO the surface or, 
behind panels designed to allow access.. [See "Accessible " (As applied to 
wiring methods)."] 

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

Feeder: All circuit conductors between the service equipmenl~ or the 
source of a separatel), derived system and the final branch-circuit overcurrent 
device. 

Festoon Lighting: See Section 225-6(b): 

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., 
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Garage: A building or portion of a building in which one or more self- 
propelled vehicles carrying volatile flammable liquid for fuel or power are 
kept for use, sale, storage, rental,, repair, .exhibition, or demonstrating 
purposes, ,and all that portion of a.building which is on or below the floor or 
floors in which such vehicles are kept and which is .not separated therefrom 
by suitable cutoffs. 

(FPN): See Section 511-1. 
General-Purpose Branch Circuit: See "Branch Circuit, General Purpose."  
General-Use Snap Switch: See under " S w i t c h e s . "  
General-Use Switch: See under "Swi tches ."  • 
Ground: A conducting connection, whether intentional or accidental, 

between .an electrical circuit o r  equipment and the earth, o r  t o  some 
conducting •body that serves in place of the earth. 

• Grounded: •Connected to earth or to some conductihg body that serves in 
place of the earth. .. 

Grounded (Effectively Grounded Communication System): See Section 
800-2(c)(1). " 

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

Grounding Conductor: A conductor used to connect equipment or the 
grounded circuit of a wiring system to a grounding electrode or electrodes. 

Grounding Conductor, Equipment:  The .conductor used to connect the 
noncurrent-carrying metal p a r t s o f  equipment, raceways, and other enclo- 
sures to the system grounded conductor and/or the grounding electrode 
conductor at the service 'equipment or at the source of 'a separately derived 
system. 

Grounding Electrode Conductor : -The  "conductor used- to  connect,  the 
grounding electrode to the equipment grounding, conductor and/or to the 
groundedconductor  of the circuit a t t he  service equipment or at the source 
of a separately deriyed system. 

Ground-Fault Circuit-Interrupter: A device'intended for the protection of 
personnel that functions to de-energize a circuit o r  poi-tion thereof within an 

• established period of time when a current to ground exceeds:some predeter- 
mined .value that is less. than that required to operate the overcurrent 
protective device of the supply circuit. 

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. 

Guarded: Covered, shielded, fenced, enclosed, or otherwise protected by. 
means of suitable covers, casings, barriers, rails, screens," mats, or platforms 

t o  remove the likelihood of approach or contact by persons or.objects to a 
point of danger. ., 

Hazardous (Classified) Locations: See Article 500.. 
" Header: See Sections 356-1 and 358-2. 

Hermetic Refrigerant Motor-Compressor: See Section 440-2. 
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H o i s t w a y : .  Any shaftway, hatchway, well hole, or other .vertical opening 
or space in which an elevator or dumbwaiter is designed toopera te .  

Identified: (As applied to Equipment.) Recognizable • as suitable for the 
specific purpose, fuhction, use,: environment, application, etc. ,  where de- 
scribed in a particular Code requirement. (See "Equipment . " )  " 

(FPN): Suitability of equipment for a specific purpose, environment, or appli- . 
cation may be determined by a qualified testing laboratory, inspection agency, or 
other organization concerned with product evaluation. Such identification may . 
include labeling or. listing: see "Labeled,"' "Listed,-" and Section 90-6. 

Individual Branch Circuit:" See ."Branch Circuit, Individual.":. 

In Sight From (Within Sight. From,. Within :Sigllt): Where this Code- 
specifies that one,equipment shall be : ' ins ight  f rom,"  "within sight f rom,"  
or "within sight," etc., of another .equipment, one of the equipments 
specified is to be visible and. not more.than 50 feet (15.24 m) distant "from the 
other. 

Insulated Conductor: See under "Conductor . "  

IntermittenlcDuty: See under "Du ty . "  

Interrupting Rating:. The,highest current at rated voltage that a device is I 
intended to interrupt under standard test.conditions. " 

(FPN): Equipment intended to break current at other than fault levels may.. 
have its interrupting rating implied in other ratings, such as horsepower.or, locked 
rotor current. 

Isolated: Not readily accessible to persons unless special means for 
access are used. 

Labeled: Equipment or materials to which has been attached a.label, 
symbol, or other identifying mark •of an organization acceptable t o  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 appropri- 
ate standards or performance in a specified manner. 

Lighting .Outlet: An outlet intended .for, the  direct connection • of. a 
lampholder, a lighting fixture, or a.pendant cord terminating in a-lampholder. 

Listed: Equipment or.materials included in a list publ ishedby an organi-,-. 
zation acceptable to the authority having.jurisdiction and concerned w i t h .  
product evaluation,, that maintains periodic inspection of production of listed 
equipment or materials, and Whose listing states either that the equipment or .. 
material meets appropriate standards or has been. tested and found .suitable 
for use in a specified manner. 

(FPN): The means for identifying listed equipment.may vary for each organi- 
zation concerned with product evaluation, some of which do .:not recognize 
equipment as. listed unless it is also labeled •. The  authority having jurisdiction 
should utilize.the system employed by the listing organization to identify a listed 
product. 

Location: 
Damp Location::  Partially. protected, locations under canopies.,,.,mar-- 

quees, roofed open porches, and like locations, andinterior locations.subject. 
to moderate degrees of.moisture, such.as some basements; some.barns, and. 
some cold-storage warehouses:. : • - 
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.Dry Location: A location not normally subject to dampness  or wet- 
ness. A loca t ion  classified as dry may be temporarily subject to dampness  or 
wetness ,  as in the case of a building under  construction.  

Wet Locat ion: .  Installations underground or in concrete  slabs or ma- 
sonry in direct contact  with the earth,  and locations subject to saturation with 
water  or o ther  liquids, such as vehicle washing areas, and locations exposed 
to weather  and unprotected.  

Mul t iout le t  Asseinbly: A type of surface or flush raceway designed to hold 
conductors  and receptacles,  assembled in the field or at the factory. 

Mult iwireBranch Circuit: See "B r anch  Circuit,' Mult iwire."  

Neutral Conductor: See Note 10 to Tables 310-16 through 310-31. 

Nonautomatic: Action requiring personal intervention for its control.  
(See '~Automatic .")  

(FPN):.As applied to an electric controller, nonautomatic control does not 
necessarily imply a manual controller, but only that personal intervention is 
necessary. 

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

.Outline Lighting: An arrangement  of incandescent,  lamps or electric 
discharge tubing to outline or call at tention to certain features such as the 
shape of a building or the decoration of a window. 

• Oven, Wall-Mounted: An oven for cooking purposes designed for mount-  
ing in or on a wall or-other .surface and consisting of one or more heating 
elements,  .internal wiring, and built-in or separately, mountable controls.  (See 
"Cooking  Unit,  Counte r -Mounted ." )  

Overcurrent: Any current. in excess .of  the r a t e d c u r r e n t  of equ ipment  or 
the ampacity of a conductor.  I t m a y  result from overload (see definition), 
short  circuit, or ground fault. 

(FPNi: A current in excess of rating may be accommodated by certain 
equipment and conductors for a given set of conditions. Hence the rules for 
overcurrent  protection are specific for particulai- situations. 

Overload: Operation of equipment in excess of normal,  full-load rating, or 
o f a  conductor  in excess of rated ampacity which, 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. (See 
"Ove rcu r r en t . " )  

(FPN): For motor apparatus applications, see Section 430-31. 

• " Panelboard: A single panel or group of.panel units designed for .assembly 
in the form of a single panel; including buses,-automatic overcurrent  deviceg, 
and 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 or 
partit ion and accessible.only from the front. (See "Swi t chboa rd . " )  

Periodic Duty: S e e . u n d e r " ' D u t y . "  . 

• " Power Outlet: An  enclosed assembly wh ich .may  include receptacles, .  
circuit breakers ,  fuseholders,  fused  switches, buses,  and wat t -hour  meter  
mounting means;  intended to supply and control power .to mobile homes,  
recreational vehicles,  or 'boats ;  o r  to serve as a means for distributing power 

-required to.operate.mobile  or temporarily installed equipment.  
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Premises Wiring' (System): That interior and exterior wiring, including 
power, lighting, control, 'and signal circuit wiring together with all of its 
associated hardware, fittings, and wiring devices~ both permanently and 
temporarily iristalled, which extends from the load end of the service drop, or 
load end of the service lateral conductors to the oiJflet(s). Such wiring does 
not include wiring infernal to appliances, fixtures, motors, controllers, 'motor 
control centers, and similar equipment. 

Projector, Nonprofessional: See Section 540-3. 

,Projector, Professional: See Sect ion 540-2, 

• Qualified Person: One familiar with the construction and operation of the 
equipment and the hazards involved. 

Raceway: An .enclosed channel designed expressly for holding wires, 
. cables, o r  busbars, with additional functions as permitted in this Code. 

(FPN): Raceways may be of meta.l or insulating material, and the term includes 
rigid metal conduit, rigid nonmetallic conduit,' intermediate metal conduit, 
liquidtight flexible metal conduit, flexible metallic tubing, flgxible metal coriduit, 
electrical nonmetallic tubing, electrical metallic tubing, underfloor raceways, 
cellular concrete floor raceways, cellular metal floor raceways, sfirface raceways, 
wireways, and busways. 

Rainproof: So constructed, protected, or treated as to prevent rain from 
interfering with the successful operation of the apparatus und.er specified test 
conditions. 

Raintight: • So constructed or protected that exposure to a beating rain will 
not result in the entrance of. water under specified test conditions. 

Rated-Load Current: See Section 440-4(a)i Definition. 

Readily Accessible: (See "Accessible,  Readily.") 

Receptacle: A receptacle.is a contact device installed at the outlet for the 
connection of a single attachment plug. 
• (FPN): A single receptacle is. a single contact device with no other contact 

device on the same yoke. A multiple receptacle is a single device containing two 
or more receptacles. 

Receptacle Outlet: An outlet where one or morereceptacles  are installed. 

Remote-Control Circuit: Any electric 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 may or may not be 
operable without opening the enclosure. 

Separately Derived System: See Section 250-5(d): ' " I 
i 

Service: The  conductors and equipment for delivering energy from the 
I 

electricity supply system to the wiring system of the premises served. 

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

Service Conductors: The supply conductors that extend from the street 
• main or from transformers to the service equipment of the premises supplied. 

• -Service Drop: The overhead service conductors from the last pole or 
other aerial support t o a n d  including the splices, if any, connecting to the 
service-entrance conductors at the .building or other structure. 
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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 .  
service drop. 

Service-Entrance Conductors, Underground System: The. service conduc- 
tors between the terminals of the service equipment and the point of 
connection to the service lateral. 

(FPN): 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 or switch and fuses, and their accessories, located near. the 
point of  entrance of supply conductors to a building or other structure, or an :- 
otherwise defined area, and intended to constitute the main control and 
means of cutoff of the supply. 

Service Lateral: The undergr6und service conductors between the.street 
main, including any risers at a pole or otherstructure or fromtransformers,_ 
and the firgt point of connection to the service-entrance conductors in a 
terminal box or meter or other enclosure with. adeqffate space, inside or 
outside the building wall. Where there is no terminal box, meter, or other 
enclosure with adequate space, the point of connection shall be ,considered to 
be the point of entrance of the service conductors into the building. 

Service Raceway: The raceway that encloses the service-entrance con- 
ductors. 

I Setting (of Circuit Breaker): See under "Circuit  Breaker ."  
Short-Time Duty: See under " D u t y . "  

Show Window: A n y  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. 

Sign: See "Electr ic  Sign." 

Signaling Circuit: Any electric circuit that. energizes signaling equipment.. 

Solar Photovoltaic System: The total components and subsy.stems which- 
in combination convert  solar energy into electrical energy suitable for 
connection to a utilization load. 

Special Permission: The written consent of the authority having jurisdic- 
tion. 

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

Switches: 
General-Use Switch: 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. 

General-Use Snap Switcfi: A form of general-use switch so con- 
structed that it canbe  installed in f lushdevice boxes or on outlet box covers, 
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o r  otherwise used in. conjunction with wiring systems recognized by this 
Code. 

'AC General,Use Snap Switch: See Section 380-14(a). 
• AC-DC General-Use Snap Switch: SeeSec t ion  380-14(b). 
Isolating Switch: .A switch intended for isolating,an electric circuit 

. . . .  from the source of power. It.has no intea~uptinga'ating, and it is intended to 
be operated only after the circuit .has been opened by-some other means. 

"Motor-Circuit Switch: A switch; rated in ~'horsepower, capable of 
• interrupting the maximum operating overload current of a motor of  the same 
horsepower rating as the switch at the rated voltage. 
. Thermal Cutout: An overcurrent protective device that contains a heater  
element .in addition to and affecting a renewable fusible member which opens 
the circuit. It is rnot designed to.interrupt short-circuit currents. 

Thermally :Protected: (As applied to motors:) The words " 'Thermally 
Protected" appearing on t h e n a m e p l a t e o f a  motor or motor-compressor 

• indicate that the motor is provided with a thermal protector. / 
.Thermal Protector: (As applied to mot'ors.) A protective device for 

assembly as an integral part of a motor or motor-compressor and which, 
when properlyapplied, protects the motor against dangerous overheating due 
to overload and failure to start. 

(FPN): The thermal protector may consist-of one or more sensing elements 
integral with the motor or motor-compressor 'and an external control device. 

Utilization Equipment:  Equipment which utilizes'electric energy for me- 
chanical, chemical, heating, lighting, or similar purposes. 

Varying Duty: See finder "Duty ' ."  

Ventilated: Provided with a means to permit circulation of air sufficient to 
remove an excess of heat, fumes,lor 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 liq/fid having a vapor pressure not exceeding 
40 psia (276 kPa) at 38°C (100°F) whose temperature is above itsflash point. 

~. Voltage (of a Circuit):• The greatest root-mean-square (effective)difference 
of potential between any two conductors of.the circuit concerned. 

(FPN): 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 (as 120/240, 480Y/277, 
600, etc.). 

The actual voltage at which a circuitoperates can vary from the nominal 
within a range that permits satisfactory operation of equipment. 

(FPN): See "Voltage Ratings for Electric Power Systems and Equipment (60 
Hz)," ANSI C 8 4 . 1 - 1 9 8 2 . .  I 

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

Watertight: So constructed that moisture will not enter the enclosure 
under specified test conditions. 
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(FPN): For test conditions.other than for rotating equipment, see NEMA 
standards Publication No. 250-1979 - Enclosure for Electrical Equipment (1000 
Volts Maximum)-Section 250-5.07, Hosedown Test. 

Weatherproof: So constructed or protected that  exposure to ~the weather 
will not interfere with successful operation. 

(FPN): Rainproof, raintight, or watertight equipment can fulfill the require- 
ments for weatherproof where varying weather conditions other than wetness, 
such as snow, ice, dust, or temperature extremes, are not a factor. 

Welder, Electric: 
Actual Primary Current: See Section 630-31(b). 
Rated Primary Current: See Section 630-31(b). 

Wet Location: See under "Loca t ion . "  
X-ray: 

Long-Time Rating: See Sections 517-140 and 660-2. 
Momentary Rating: See Sections 517-140 and 660-2. 

B. Over 600 Volts, Nominal 

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

Circuit Breaker: See under "Switching Devices ."  
Cutout: See  under "Switching Devices ."  
Disconnect (Isolator): See under "Switching Devices ."  
Disconnecting Means: See under "Switching Devices ."  
Fuse: An overcurrent protective device with a circuit opening fusible part 

that is heated and severed by the passage of  overcurrent through it. 
(FPN): A fuse comprises all the parts that form a t]nit capable of performiflg the 

prescribed functions. It may or may not be the complete device necessary to 
connect it into an electrical circuit. 

Expulsion Fuse Unit (Expulsion Fuse): A vented fuse unitln 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. 

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, 
l iquids,-or solid particles to the surrounding atmosphere during circuit 
interruption. - 

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

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. .  

(FPN): The fuse is designed so that discharged gases will not igniteor 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 when the 
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distance between the vent and such insulation or conduction members conforms 
to manufacturer's recommendations. 

Grounded, Effectively: Permanently connected to earth through a ground 
: connection of sufficiently low impedance and having sufficient ampacity that 
ground-fault current which may occur cannot build up to voltages dangerous 
to personnel. .. 

Interrupter Switch: See under "Switching Devices ."  

Mull:iple Fuse: An assembly of two or more single-pole fuses. 

Oil (Filled) Cutout: See under "Switchirig Devices ."  

• Power Fuse: See under " F u s e . "  

Regulator Bypass Switch: See under "Switching Devices . ' "  

Switching Device: A d e v i c e  designed to c loseand/or  open one or more 
electric circuits. 

S w i t c h i n g  Devices:  ' 

Circuit Breaker: A switching device capable of making, carrying, and 
I~reaking currents under normal circuit conditions, and also making, carrying 
for a specified time, and breaking currents under specified abnormal circuit 
conditions, such as those of short circuit. • 

Cutout :  An as semblyof  a fuse support with either a fuseholder, fuse 
carrier, or disconnecting blade. The fuseholder or fuse carrier may include a 
conducting element (fuse link), or may act as the disconnecting blade by the 

- inclusion of a nonfusible member. 

Disconnecting (or Isolating) Switch (Disconnector, Isolator): A me- 
chanical switching device-used for isolating a circuit or equipment from a 
source or" power. 

Disconnecting Means: 'A device, group of devices, or other means 
whereby the conductors 0 f a  circuit can be disconnected from their source of 
supply. 

Interrupter Switch: A switch capable of making, carrying, and inter- 
rupting specified currents. 

Oil Culcout (Oil-Filled Cutout): A cutout in which all or part of the fuse 
support and its fuse link or disconnecting blade are mounted in oil with 
complete immersion of  the contacts and the fusible portion of  the conducting 
element (fus.elink), so that arc interruptionby severing of the fuse link or by 
opening of the contacts  will occur under oil. 

Oil Switch: An oil switch is a switch ha,~ing contacts which operate 
under oil (or askarel or other suitable liquid). 

Regulator Bypass SWitch: A specific device or combination of devices 
designed to bypass a regulator. 
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A R T I C L E  110 - -  R E Q U I R E M E N T S  F O R  
E L E C T R I C A L  I N S T A L L A T I O N S  

A. General 

110-1. Mandatory Rules and Explanatory Material. Mandatory rules of this 
Code are characterized by the use of the word "shall." Explanatory material 
is in the form of Fine Print Notes (FPN). 

110-2. Approval. The conductors and equipment required or permitted by 
this Code shall be acceptable only if approved. 

(FPN): See Examination of Equipment for Safety, Section 90-6 and Examina- 
tion, Identification, Installation, and Use of Equipment,: Section 110-3. 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 fol- 

lowing shall be evaluated: 
(1) Suitability for installation and use in conformity with the provisions 

of this Code. Suitability of equipment use may be identified by a description 
marked on Or provided with a product to identify the suitability of the product 
for a specific purpose, environment, or application. 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 normal conditions of use and also under 

abnormal conditions likely to arise in service. 
(6) Arcing effects. 
(7) Classification by type, size, voltage, current capacity, specific use. 
(8) Other factors which contribute to the practical safeguarding of 

persons using or likely to come in contact with the equipment. 
(b) Installation and Use. Listed or labeled equipment shall be used or 

installed 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. 

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 sizes given in this Code shall apply to copper conductors. 
Where other materials are used, the size shall be changed accordingly. 

(FPN)" For aluminum and copper-clad aluminum conductors, see Tables 
310-16 through 310-31. 

110-6.  Conductor Sizes. Conductor sizes are expressed in American Wire 
Gage (AWG) or in circular mils. 
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110-7. Insulation Integrity. All ,wiring shall be so installed that when 
completed the system will be free from short circuits and from grounds other 
than as permitted in Article 250. 

110-8. Wiring Methods. Only wiring methods recognized as suitable are 
included in this Code. The recognized methods of wiring shall be permitted 
to he installed in, any type of building or occupancy, except as otherwise 
provided in this Code. 

110-9. InterruPting Rating.. Equipment intended" t0 break current at fault 
levels shall have an interrupting rating sufficient for the system voltage and 
the current which is available at the line terminals of the equipment. 

Equipment intended to break current at other than fault levelsshall have an 
interrupting rating at system voltage sufficient for the current that must be 
interrupted. 

110-10. Circuit Impedance and Other Characteristics. -The overcurrent 
protective devices, the total impedance, the component short-circuit with- 
stand ratings, and other characteristics of the circuit to be protected shall be 
so selected and coordinated as to permit the circuit protective devices used 
to clear a fault without the occurrence of extensive damage to the electrical 
components of the circuit. This fault shall be assumed to be either between 
two or more of the circuit conductors, or between any circuit conductor and 

.. the'grounding conductor or enclosing metal raceway. 

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 
having a deteriorating effect on the conductors or equipment; nor where 
exposed to excessive temperatures. 

,(FP, N): See Section 300-6 for protection against corrosion. 
Control equipment, utilization equipment, and busways approved for use 

in dry locations only shall be protected against permanent damage.from the 
weather during building construction. 

110-12. Mechanical Execution of Work. Electric equipment shall be in- 
stalled in a neat and workmanlike manner. 

(a): Unused Openings. : Unused. openings in boxes, raceways, auxiliary 
gutters, cabinets, equipment cases or housings shall be effectively closed to 
-afford protection substantially equivalent to the wall of the equipment. 

(b) Subsurface Enclosures..~ Conductors shall be racked to provide ready 
and safe access in underground and subsurface enclosures, into which 
persons enter for installation and maintenance. 

• 110-13. Mounting andCoolingof Equipment., 
(a) Mounting. Electric,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. 

(b) Cooling. Electrical equipment which depends upon the natural circu- 
lation of air and convection l~rinciples for cooling of exposed surfaces shall be 
installed so that room air flow over such surfaces is not prevented by walls or 
by adjacent installed equipment. For equipment designed for floor mounting, 



70-20 NATIONAL ELECTRICAL CODE 

clearance between top surfaces and adjacent surfaces shall be provided to 
dissipate rising warm air. 

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  
copper and aluminum, devices such as pressure terminal or pressure splicing 
connectors and soldering lugs shall be suitable 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 suitable 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  which will not 
adversely affect the conductors, installation, or equipment. 

(FPN): 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. 

Exception: Connection by means of  wire binding screws or studsand nuts 
having upturned lugs or equivalent shall be permitted for No. 10 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 jo!ned  with splicing devices 
suitable for the use or by brazing, welding, or soldering with a fusible metal 
or alloy. Soldered splices shall first be so spliced or joined as t o  be 
mechanically and electrically secure, without solder and then soldered. All 
splices and joints and the free ends of conductors shall be covered with an 
insulation equivalent to that of the conductors or with an insulating device 
suitable for the purpose. 

110-16. Working Space About Electric Equipment (600 Volts, Nominal, or 
Less). Sufficient access and working space shall be provided-and main- 
tained about all electric equipment to permit ready and safe operation and 
maintenance of  such equipment. 

(a) Working Clearances. Except as elsewhere-required or permitted in 
this Code, the dimension of the working space  in the direction of access to 
live parts operating at 600 volts, nominal, or less and likely to require 
examination, adjustment, servicing, or maintenance while energized shall not 
be less than. indicated in Table 110-16(a). Distances shall be measured from 
the live parts if such are exposed or from the enclosure front or opening if 
such are enclosed. Concrete, brick, or tile walls shall be considered as 
grounded. 

In addition to the dimensions shown in Table ll0-16(a), the work space 
shall not be less than 30 inches (762 mm) wide in front of the electric 
equipment. In all cases the work space shall permit at least a 90-degree 
opening of  equipment doors or hinged panels. 
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Table 110-16(a). Working Clearances 

Voltage to Ground, Nominal Minimum Clear Distance (feet) 
Condition: 1 2 3 

0-150 3 3 3 
1 5 1 - 6 0 0  ' 3  31/2 4 

F o r  S I  u n i t s :  o n e  i n c h  = 2 5 . 4  m i l l i m e t e r s ; - o n e  fo o t  = 0 . 3 0 4 8 . m e t e r .  

Where the "Conditions" areas follows: 

1. Exposed live parts on one side and no live or grounded parts on the 
other side of the working space, or exposed  live parts on both sides 
effectively guarded by suitable wood or other insulating materials. Insulated 
wire or insulated busbars operating at not over  300 volts shall not be 
considered live parts. 

2. Exposed live parts on one side and grounded p a r s  on the other side. 

3. Exposed live parts on both sides of the work space (not guarded as 
provided in Condition 1) with the operator between. 

Exception No. 1: Working space shall not be required in back o f  assem- 
blies such as dead-front switchboards, or motor control centers 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. 

Exception No. 2: By special permission smaller spaces may be permitted 
(1) where it is judged that the particular arrangement o f  the installation will 
provide adequate accessibility, or (2) where all uninsulatedparts are at a 
voltage'no.greater than 30;volts R M S  or 42V de. 

(b) Clear Spaces. Working space required.by this section shall not be 
used foi" 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) Access and Entrance to WorkingSpace.  At least one entrance of 
sufficient area shall be provided to give access to the working space about 
electric equipment. 

For  switchboards and control panels rated 1200 anaperes or more and over  
6 feet (1.83 m) wide, there shall beone  entrance not less than 24 inches (610 
mm) Wide and 6 V2 feet (1.98 m) high at each end. 

Exception No. 1: Where the switchboards and panelboards location 
permits a continuous and unobstructed way o f  exit travel. 

\ 

Exception No. 2- Where the work space required bySect ion  llO-16(a) is 
doubled, only one entrance to the working space is required. 

Working space with one entrance provided shall be so located that the edge 
of the entrance nearest the switchboards and panelboards is the minimum 
clear distance given in Table 110-16(a) away from such equipment. 

(d) Front Working Space. In all cases where there are live parts normaily 
exposed on the front of switchboards or motor control centers, the working 
space in front of such equipment shall not be less-than 3 feet (914 mm). 
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(e) Illumination. Illumination shall be provided for all working spaces 
about service equipment, switchboards, panelboards, or motor control 
centers installed indoors. 

Exception: Service equiPment or panelboards, in dwelling units, that do 
not exceed 200 amperes. 

(f) Headroom. The minimum headroom of working spaces about service 
equipment, switchboards, panelboard_s, or motor control centers shall be 6 V4 
feet (1.91 m). 

Exception: Service equipment or panelboards, in dwelling units, that do 
not exceed 200 amperes. 

(FPN): For higher voltages, see Article 710. 
(FPN): As used in this section, a motor control center is an assembly of one or 

more enclosed sections having a common power bus and principally containing 
motor control units. 

110-17. Guarding oLLive Parts (600 Volts, Nominal, or Less). 
(a) Live Parts Guarded Against Accidental Contact. Except as elsewhere 

required or permitted by this Code, live parts of electric equipment operating 
at 50 volts or more shall be guarded against accidental contact byapproved  
enclosures or  by any of  the following: 

(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 so arranged - 
that only qualified persons will have access to the space within reach of  the 
live parts. Any openings in such partitions or screens .shall be so sized and 
located 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 so elevated 
and arranged as to exclude unqualified persons. 

(4) By elevation of  8 feet (2..44 m) or more above the floor or other 
working surface. 

(b) Prevent Physical Damage. In locations where electric equipment 
would 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 
containing exposed live parts shall be marked with conspicuous warning 
signs forbidding unqualified persons to enter. 

(FPN): For motors, see Sections 430-132 and 430-133. For over 600 volts, see 
Section 110-34. 

110-18. Arcing Parts. Parts of  electric equipment which in ordinary oper- 
a t ion  produce arcs, sparks, flames, or molten metal shall be enclosed or 
separated and isolated from all combustible material. 

(FPN): For hazardous (classified) locations, see Articles 500 through 517. For 
haotors, see Section 430-14. 

110-19. Light and Power from Railway Conductors. Circuits for lighting and 
power shall not be connected to any system containing trolley wires with a 
ground return. 
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Exception: Car houses, power houses, or passenger and freight stations 
operated in connection with electric railways. 

1'10-21. Marking. T h e  manufacturer's name, traderriark, or other descrip- 
tive marking by which the organization responsible for the product may be 
identified shall be placed on all electric equipment. Other markings shall be 
provided giving voltage, current, wattage, or other ratings as are specified 
elsewhere in this Code. The marking shall be of sufficient durability to 
withstand the environment involved. 

110-22. Identification of Disconnecting Means. Each disconnecting means 
required by this Code for motors and appliances, and each service, feeder, or 
branch circuit at the point where it.originates shall b e  legibly marked to 
indicate its purpose unless located arid arranged so the purpose is evident. 
The marking shall be of sufficient durability t o  withstand the environment 
involved. 

B. Over 600 Volts, Nominal 

110-30. General. Conductors and equipment used on circuits over  600 
volts, nominal, shall comply with all applicable provisions o f  the preceding 
sections of this article and with the following sections, which supplement or 
modify the preceding sections. In no case shall the provisions of this part 

" apply to equipment on the supply side of the service conductors. 

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 lock and key or other approved~means, shall 
be considered to be accessible to qualified persons only. The type of 
enclosure used in a given case shall be designed and constructed according to 
the nature and degree of the hazard(s) associated with the installation. 

A wall, screen, or fence less than 8 feet (2.44 m) in height shall not be 
considered a.s preventing access unless it has other features that provide a 
degree of isolation equivalent to an 8-foot (2.44-m) fence. 

(FPN): Article 450 covers minimum construction requirements for transformer 
vaults. 

(FPN): Isolation by elevation is covered in paragraph (b) of this section and in 
Section ! 10-34. 

(a) Indoor Installations. 
(1) In Places Accessible to Unqualified Persons. Indoor electrical in- 

stallations that are open to unqualified persons shall be made with metal- 
enclosed equipment or shall be enclosed in a vault or in an area access to" 
which is controlled by a lock. 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 will be 
deflected from energized parts. 

(2) In Places Accessible to Qualified Persons Only. Indoor electrical 
installations considered accessible to clualified persons only in accordance. 
with this section shall comply with Sections 110-34, 710-32, and 710-33. 
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(b) Outdoor Installations. 
(1) In Places Accessible to Unqualified Persons. Outdoor electrical 

installations that are open to unqualified persons shall comply with Article 
225. ' " 

(FPN): For clearances of conductors for system voltages over 600 volts,. 
nominal, see National Electrical Safety Code (ANSI C2-1984). 

(2) In Places Accessible to Qualified Persons Only. Outdoor electrical 
installations having exposed live parts shall be accessible to qualified persons 
only in accordance with the first paragraph of this section and shall comply 
with Sections 110-34, 710-32, and 710-33. 

(c) Metal-Enclosed Equipment Accessible to Unqualified Persons. Venti- 
lating- or similar openings in equipment shall be so designed that foreign 
objects inserted through these openings will be deflected from energized 
parts. When exposed to physical damage from vehicular traffic suitable 
guards shall be provided. Metal-enclosed equipment located outdoors acces- 
sible to the general public shall be designed so that exposed nuts or bolts 
Cannot be readily removed, permitting access to live parts. Where metal- 
enclosed equipment is accessible to the generalpublic and the bottom of the 
enclosure is less than 8 feet (2.44 m) above the floor or grade level, the 
enclosure door or hinged cover shall be kept locked. 

110-32. Work Space about Equipment. Sufficient space shall be provided 
and maintained about electric equipment to permit ready and safe operation 
and maintenance of such equipment. Where energized parts are exposed, the 
minimum clear work space shall not be less than 6 V2 feet (1.98 m) high 
(measured vertically from the floor or platform), or less than 3 feet (914 mm) 
wide (measured parallel to the equipment). The depth shall be as required in 
Section 110-34(a). In all cases, the work space shall be adequate to permit at 
least a 90-degree opening of doors or hinged panels. 

110-33. Entrance and Access to Work Space, 
(a) Entrance. At least one entrance not less than 24 inches (610 mm)wide 

and 6 V2 feet (1.98 m) high shall be provided to give access to the working 
space about electric equipment. 

On switchboard and control panels exceeding 6 fe~t (1.83 m) in width, 
there shall be one entrance at each end of such ~ogr d. 

Exception No. 1: Where the "switchboards ':and"panelboards location 
permits a continuous and unobstructed way of  exit travel. 

Exception No. 2: Where the wor k space required in Section 110-34(q) is 
doubled. 

Working space with one entrance pro~,ided shall be so located that the edge 
of the entrance nearest the switchboards and paneiboards is the minimum 
clear distance given in Table 110-34(a) away from such equipment. 

.Where bare energized parts a t  any voltage or insulated energized parts 
above 600 volts, nominal, are located adjacent to such entrance, they shall b e  
suitably guarded. 

(b) Access. Permanent ladders or stairways shall be provided to give safe 
access to the working space around electric equipment installed on .plat- 
forms, balconies, mezzanine floors; or in attic or roof rooms or spaces. 
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110-34.  WorkSpace and Guarding. " 
(a) Working Space.- The minimum clear working space in front of electric 

equipment such ~is switchboards,  control panels,  switches, circuit breakers,  
motor  controllers,  relays, and similar equipment  shall not  be less than 
specified in Table 110-34(a) unless otherwise specified in this Code. Distances 
shall be measured  from t h e  live parts if such aie exposed,  or from the 
enclosure  f ron t  or opening if such are. enclosed. 

Table 110-34(a)  
Minimum Depth of Clear Working Space in Front of Electric Equipment  

Nominal Conditions 

Voltage to Ground " "- " 1 • ~? .2 

(Feet) .. (Feet) (Feet) 
601-2500 3 4 5 
2501-9000 4 5 6 
9001-25.000 5 6 9 
25,001-75 kV 6 8 10 
Above 75 kV 8 10 12 

For SI units: one foot = 0.3048 meter. 

Where the "Condit ions" are as follows: 

1. Exposed live parts o n  one side and no live or grounded parts on the 
other  side of the working space or exposed live parts on both  sides effectively 
guarded by suitable wood or other insulating materials. Insulated .wire or 
insulated busbars  operating at not over  300 volts shall not be.considered live 
parts. 

21 Exposed live parts on one side and grounded parts on,'the other  side. 
Concrete,  brick, or tile walls will be considered as grounded surfaces• 

3.  Exposed live parts on both sides of the work..space (not.-guarded as 
provided in Condition 1) with the operator  between• 

Exception: Working space is not required in back o f  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 f rom locations other~.than the back. Where rear 
access is required to work on de-energized parts on the back o f  enclosed 
equipment,  a minimum working space o f  30 inches (762 mm) horizontally 
shall be provided. 

(1~) Separation from'Low-Voltage Equipment.  Where switches, cutouts, or 
other  equipment operating at 600 volts, nominal,  or !ess, are installed in a 

• room or enclosure where there are exposed live parts or exposed wiring 
operating at over  600 volts, nominal,  t he  high-voltage equipment shall be 
effectively separated from the space occupied by the low-voltage equipment  
by a suitable partition, .fence, or screen. 

Exception: Switches or other equipment operating at 600 volts, nominal, 
or less, and serving only equipment  within the high-voltage vault, room, or 
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enclosure shall be permi t ted  to be installed in the high-voltage enclosure, 
room, or vault i f  accessible to qualified persons only. 

(c) Locked Rooms or Enclosures. The entrances to all buildings, rooms, 
or enclosures containing exposed live parts.or exposed conductors operating 
at over  600 volts, nominal, shall be ketbt locked. 

-Exception: Where such entrances are under the observation o f  a qualified 
person at all times. 

Where the voltage exceeds 600 volts, nominal, permanent and conspicuous 
warning signs shall be provided, reading substantially as follows: "Warn- 
ing--High Vol tage--Keep Out ."  

(d) Illumination, Adequate illumination shall be-provided for all working 
spaces about electrical equipment. The lighting outlets shall be so arranged 
that persons changing laCnps ormaking repairs on the lighting system will not 
be endangered by live parts or other equipment. 

The points of control shall be so located 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 w/~rk- 
ing space shall be maintained at elevations not less than required by Table 
110-34(e). 

Table 110-34(e) 
Elevation of Unguarded, Live Parts above Working Space 

Nominal Voltage 
Between Phases Eievation 

601-7500 8 ' 6" 
7501-35000 9' 
Over 35kV 9'q-0.37" per kV above 35 .. 

For SI units: one inch = 25.4 millimeters; one foot = 0.3048 meter. 
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Chapter  2. Wir ing  Design and Protect ion 

ARTICLE 200 m USE AND IDENTIFICATION 
OF G R O U N D E D  C O N D U C T O R S  

200-1. Scope. This article provides requirements for: (.1) identificationof 
terminals;  (2) grounded conductors in premises wiring-:systems; and (3). ~ 
identification of grounded conductors. 

(FPN): See. Article 100 for definitions of "Grounded Conductor" and 
'.'Grounding Conductor." 

200-2. General. All premises wiring systems shall have a grounded con- 
ductor that is identified in accordance with Section ~)00-6. 

Exception: Circuits and systems exempted or prohibited by Sections 
210-10,215-7; 250-37 250-5 /250-7, 503-13, 517-104,668-II, 668-21, and 690-41 
Exception. 

The grounded conductor, when insulated,'shall have insulation: (1) which 
is suitable, other than color, for any ungrounded conductor of the same 
circuit on circuits of less than 1000 volts, or (2):rated.not less than 600 volts 
for solidlygrounded neutral systems of 1 kV and:0ver as described in Section 
250-152(a)~ 

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 which 
is grounded. 

For the purpose of this section, "e lec t r ica l ly 'connected"  shall mean 
connection capable of.carrying current as distinguished from connection 
through electromagnetic induction. 

200-6. Means of Identifying Grounded Conductors. 
(a) Sizes No. 6 or Smaller. An insulated grounded condtictor of No. 6 or 

smaller shall be identified by a continuous white or natural gray outer finish 
along its entire length. 

Exception No. 1: Multiconductor varnished-cloth-insulated cables• 
Exception No] 2: Fixture wires as outlined in Article 402. 
Exception No. 3: A conductor idedtified as required by Section 210-5(a) 

for branch circuits. 
Exception No. 4: Where the conditions of maintenance and supervision 

assure that only qualified persons will service the instqllation, 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. 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. 
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For aerial cable, the identification shall be as above, or by means of a ridge 
so located on the exterior of the cable as to identify it. 

Wires having their outer covering finished to show a white or natural gray 
color but having colored tracer threads in the braid, identifying the source of 
manufacture, shall be considered as meeting the provisions of this section. 

(b) Sizes Larger than No. 6. An insulated grounded conductor larger than 
No. 6 shall be identified either by a contir~uofis white or natural gray outer 
finish along its entire length or at the time of installation by a distinctive white 

I marking at its terminations. Multiconductor flat cable No. 4 or larger shall be 
permitted to employ an external ridge on the grounded conductor. 

Exception:  W h e r e t h e  conditions o f  maintenance and supervision assure 
that only qualified persons will service the installation, grounded conductors 
in mult iconductor cables shall be permi t ted  to be permanent ly  identified at 
their terminations at the time o f  installation by a distinctive white marking or 
other equally effective means.  

(c) Flexible Cords. An insulated conductor intended, for use as a 
grounded conductor, where contained within a flexible cord, shall be 
identified by a white or natural gray outer finish or by methods permitted bY 
Section 400-22. 

(d) Grounded Conductors of Different Systems. Where conductors of 
different systems are installed in the same raceway, box, auxiliary gutter, or 
other types of enclosures, one system grounded conductor, i f  required, 'shall 
have an outer covering conforming to (a) or (b) above. Each other system 
grounded conductor, i f  required, shall have an outer covering of white with 
an identifiable colored stripe (not green) running along the insulation, or other 
and different mea/ls of identification as allowed by (a) or (b). 

200-7. Useof White or Natural Gray Color. A continuous white or natural 
gray covering on a conductor or a termination marking of white or natural 
gray color shall be used only for the grounded conductor. 

Exception No.  / :  An insulated conductor with a white or natural gray 
-. f inish shall be permi t ted  as an ungrounded conductor where permanent ly  

reidentified to indicate its use, by painting or other effective means  at its 
termination, and at each location where the conductor is visible and 
accessible: 

Exception No.  2: A cable containing an insulated conductor with a white 
or natural gray outer f inish shall be permi t ted  for  single-pole, 3-way, or 4- 
way switch loops where the white or natural gray conductor is used f o r  the 
supply to the switch, but not as a return conductor f rom the switch to the 
swi tched outlet. In these applications, reidentification o f  the white or natural 
gray conductor  shall not  be required. 

Exception No.  3: A f lexible 'cord for  connecting an appliance having one 
conductor identified with a white or natural gray outer finish, or by any other 
means permi t ted  by Section 400-22, shall be permi t ted  whether or not the 
outlet  to which it is connected is supplied by a circuit having a grounded 
conductor. 

Exception No.  4: A white or natural gray conductor o f  circuits o f  less than 
50 volts shall be required to be grounded only as required by Section 250-5(a). 
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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 distinguish- 
able different color. 

Exception: Where the conditions of  maintenance and supervision assure 
that only qualified persons will service the installations, terminals for 
grounded conductors shall be permitted to be permanently identified at the 
time of installat!on by a distinctive white marking or other eq#ally effective 
means. '. 

200-10. Identification of Terminals." 
(a) Device Terminals. All devices provided with terminals for the at tach- 

- m e n t  of conductors  and intended for connect ion to more than one side of the 
circuit shall have terminals properly marked for identification. 

Exceptit;n No. 1: Where the electrical connection of  a terminal intended to 
be connected to the grounded conductor is clearly evident. 

Exception No. 2: Single-pole devices to which only one side of  the line is 
connected. 

Exception No. 3: The terminals of  lighting and appliance branch-circuit 
panelboards. 

Exception No. 4: Deyices •having a normal current rating of  over 30 
amperes other than polarized attachment plugs and polarized receptacles for 
attachment plugs as required in (b) below. 

(b) Receptacles, Plugs, and Connectors. Receptacles, polarized attach- 
ment plugs and cord connectors  for plugs and polarized plugs shall have the 
terminal intended for connect ion to  the grounded (white) conductor  identi- 
fied. 

• Identification shall be by a metal or metal coating substantially white in 
color or the word " w h i t e "  located adjacent to the identified terminal. 

If the terminal is not yisible, the conductor  entrance hole for the connec- 
tion shall be colored white or marked.with the word " w h i t e . "  

The terminal for the connect ion of the equipment grounding conductor  
shall be identified by: (1) a green-colored, not readily removable terminal 
screw with a hexagonal head; (2) a green-colored, hexagonal,  not readily 
removable  terminal nut;  or (3) a green-colored pressurewire  connector .  If the 
terminal  for the grounding conductor  is not visible, the conductor  entrance 
hole shall be marked wi th  the word "green'• '  or otherwise identified by a 

• distinctive green color. 
Exception: Terminalidentification shall not be required for 2-wire 

nonpolarized attachment plugs. 
(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 dek, i ces  with at- 

tached leads, the conductor  at tached to the screw shell shall have a white or 
natural gray finish. The outer  finish of the other  conductor  shall be of a solid 
color that  will not be confused with~ the white or natural gray finish used to 
identify the grounded conductor.  

(e) Appliances. Appliances that have a single-pole switch or asingle-pole 
overcurrent  device in the line or any l ine-connected screw-shell lampholders,  
and that are to be connected:  (l)  by permanent  wir ing methods;  or (2) by 

\ -- 
I 
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field-installed a t tachment  plugs and cords with three o r m o r e  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 at tached 
to any terminal or lead so as to reverse designated polarity. 

A R T I C L E  2 1 0 - - B R A N C H  C I R C U I T S  

A. General Provisions- 

210-1 .  Scope. This article covers  branch circuits except  for branch cir- 
cuits which supply only motor  loads, which aye covered in Article 430. 
Provisions of this article and Article 430 apply to branch circuits with. 
combinat ion loads. 

Exception: Branch circuits'for electrolytic cells as covered in Section 
668-3(c), Exceptions No. 1 and 4. 

210-2. Other Articles for.Specific-Purpose Branch Circuits.. Branch circuits 
shall comply with this article and also withthe.appl icable  provisions of.other 
articles of this Code. The provisions for branch circuits supplying equipment  
in the following list amend or supplement ' the  provisions in this article and 
shall apply to branch  circuits referred to therein: 

1 

Air-Condi t ioning and Refr igerat ing Equipment  ...... 

Busways . . . . . . . . . . . . .  : . . . . . . . . . . . .  .~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Class 1, Class 2, and Class 3 Remote  Control,  

Signaling, and Power-Limited Circuits  . . . . . . . . . . . . . .  725 
Closed-Loop and Programmed Power 

Distr ibution Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  780 
Cranes and Hoists . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : ..... 610-42 

~ Electronic Computer /  
Data Processing Equipment  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  645-2 

Electric Signs and Outl ine Lighting . . . . . . . . . . . . . . . . . . . . . .  600-6 
" Electric Welders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  630 

Elevators, Dumbwaiters ,  Escalators,  and Moving 
Walks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  620-61 

Fire Protective Signaling Sys t ems . .  .. . . . . . . . . . . . . . . . . . . . . . .  760 
Fixed Electric Space Heat ing  Equipment  . . . . . . . . . . . . . .  424-3 
Fixed Outdoor  Electric De-icing and Snow- 

Melt ing Equipment  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  426-4 
Infrared Lamp Industrial  Heat ing  Equipment  -. . . . . . . .  422-15 

424-3 
Induction and Dielectric Heat ing  Equipment  ....... ,. 665 

Article Section 
440-6 

'440-31 
440-32 
364-9 
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Marinas and Boatyards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mobile Homes and Mobile Home Parks ..: . . . . . . . . . . . . . .  550 
Motion Picture and Television Studios a n d  

Similar Locations ..: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 530 
Motors and Motor Cont ro l le r s .  . . . . . . . . . . . . . . .  " ...... - ...... ' 430 
Organs . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Recreational Vehicles and Recreationai 

Vehicle Parks . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  551 
Sound Recording and Similar Equipment . . . . . . . . . . . . .  . 
Switchboards and Panelboards . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Systems over 600 Volts, Nominal . . . . . . . . . . . . . . . . . . . . . . . . .  7 l0 
Systems under. 50 Volts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 2 0  
Theaters and Similar Locations . . . . . . . . . . . . . . . . . . . . . . . . . . .  

X-ray Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

555-4 

650-6 

640-6 
384z22 

520-41 
520-52 
520-62 
660-2 
5172143 

210-3. Classifications. Branch circuits recognized"by this article shall be 
classified in accordance with the maximum permitted ampere rating or setting 
of the overcurrentdevice .  The classification 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 ~hall determine the circuit classification., 

Exception: Multioutlet branch circuits greater than 50 amperes shall be 
permitted on industrial premises where maintenance and supervision indi- 
cate thatqualified persons will service equipment. 

210-4.  Multiwire Branch Circuits. 

• (a) General. Branch circuits recognized by this article shall be permitted 
as multiwire circuits. A. multiwire branch circuit shall be permitted to be 
considered as multiple circuits. All conductors shall originate from the same 
panelboard. 

(b) Dwelling Units. In dwelling Units a multiwire branchcircui t  supl~lying 
m o r e  than one device or equipment on the same yoke shall be provided with 
a means to disconnect simultaneously all ungrounded conductors at the 
panelboard where the branch circuit originated. 

(c) Line to Neutral Load. • Multiwire branch circuits shall supply only line 
to neutral load. 

Exception No. 1: A multiwire branch circuit that supplies only one 
utilization equipment. 

Exception No. 2: Where all ungrounded conductors-of the multifvire 
branch.circuit are opened simultaneously by the branch-circuit overcurrent 
device. 

(FPN): See Section 300-13(b) for continuity of grounded conductor on 
multiwire circuits. 
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210-5. Color Code for Branch Circuits. 
(a) Grounded Conductor. The grounded conductor of a branch circuit 

shall be identified by a continuous white or natural gray color. Where 
conductors of different systems are installed in the same raceway, box, 
auxiliary gutter, or other types of enclosures, one system grounded conduc- 
tor, if required, shall have an outer covering of white or natural gray. Each 
other system grounded conductor, if required, shall have an outer covering of 
white with an identifiable colored stripe (not green) running along the 
insulation or other and different means of identification. 

_Exception No. 1: The grounded conductors of  mineral-insulatedl metal- 
sheathed cable shall be identified by distinctive marking at the terminals 
during, the process of  installation. 

Exception No. 2: As permitted in Exception No: 4 of  Section 200-6(a) and 
the Exception to Section 200-6(b). 

(b) Equipment Grounding Conductor. The equipment grounding conduc- 
tor of a branch circuit shall be identified by a continuous green color or a 
continuous green color with one or more yellow stripes unless it isbare. " 

Exception No. 1: As permitted in Section 250-57(b), Exceptions No. 1 and 
3 and Section 310-12(b), Exceptions No. 1 and2. 

Exception No. 2: The use of  conductor insulation having a continuous 
green color ora continuous green color with one or more yellow .stripes shall 
be permitted for internal wiring of  equipment if such wiring does not serve as 
the lead wires for connection to branch-circuit conductors. 

210-6. Branch.Circuit Voltage Limitations. 
(a) Occupancy Limitation. In dwelling units and guest rooms of hotels, 

motels, and similar occupancies, the voltage shall not exceed 120 volts, 
nominal, between conductors that supply the terminals of: 

(1) Lighting fixtures; 
(2) Cord- and plug-connected loads of less than 1380 volt-amperes, 

nominal. 
(b) 120 Volts Between Conductors. Circuits not exceeding 120 volts, 

nominal, between conductors shall be permitted to supply: 
(1) The terminals of medium-base screw-shell lampholders or lamphold- 

ers of other types applied within their voltage ratings. 
(2) Auxiliary equipment of electric discharge lamps. 
(3) Cord--and plug-connected, or permanently connected utilization 

equipment. 
(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: 

(1) Lighting fixtures equipped with mogul-base screw-shell lampholders 
or with lampholders other than the screw-shell type applied within their 
voltage ratings. 

(2) Auxiliary equipment of electric discharge lamps. 
(3) Cord- and plug-connected or permanently connected utilization 

equipment. 

i L - 
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(d) 600 Volts Between Conductors. Circuits exceeding 277 volts, nomi- 
nal, to ground and not exceeding 600 volts, nominal, between conductors 
shall be permitted to supply: 

(1) The auxiliary equipment of electric discharge lamps mounted in 
permanently installed fixtures where the fixtures are mounted in accordance 
with one of the following: 

a. Not less than a height of 22 feet (6.71 m) 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 18 feet (5.49 m).'on other structures, such 
as tunnels. 

(2) Cord- and plug-connected or permanently connected utilization 
equipment. 

(FPN): See Section 410-78 for auxiliary equipment limitations. 
Exception No. 1 to (b), (c) and (d) above: For lampholders of  infrared 

industrial heating appliances as provided in Section 422-15(c). 
Excep(ion No. 2 to (b), (c) and (d) above: For railway properties as 

. described in Section 110-19. 

210-7. Receptacles and Cord Connectors. 
(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 Tables 210-21(b)(2) and (b)(3). 

Exception: Nongrounding-type receptacles installed in accordance with 
Section 210-7(d), .Exception. 

(b) To Be Grounded. Receptacles and cord connectors having grounding 
contacts shall have those contacts effectively grounded. 

Exception No. 1: Receptacles mounted on portable and vehicle-mounted 
generators in accordance with Section 250-6. 

Exception No. 2: Ground-fault circuit-interrupter replacement receptacles 
as permitted by Section 210-7(d), Exception. 

(c) Methods of Grounding. The grounding 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. 

(FPN): For installation requirements for the reduction of electrical noise, see 
Section 250-74, Exception No. 4. 

The branch circuit or branch-circuit raceway'shall include or provide a 
grounding conductorto~which the grounding contacts of the receptacle or 
cord connector shall be connected. 

(FPN): Section 250-91(b) describes acceptable grounding means. 
(FPN): For extensions of existing branch circuits, see Section 250-50. 
"(d) Replacements. Grounding-type receptacles shall be used as replace- 

ments for existing nongrounding types and shall be connected to a grounding 
conductor installed in accordance with (c) above. 

Exception: Where a grounding means does not exist in the receptacle 
enclosure either a nongrounding or a ground-fault circuit-interrupter type.of 
receptacle shallbe used. A grounding conductor shall not be connected from [ 
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the ground-fault circuit-interrupter-type receptacle to any outlet supplied 
from the ground-fault circuit-interrupter-type receptacle. 

(e) Cord- and Plug-Connected Equipment. The installation of grounding- 
type receptacles shall not be used as a requirement that all cordand plug- 
connected equipment be of the grounded type. 

(FPN): See Section 250-45 for type of cord- and plug-connected equipment to 
be grounded. 

(f) Noninterchangeable Types. Receptacles connected to circuits having 
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. 

210-8. Ground-Fault Circuit-Interrupter Protection for Personnel. 
(a) Dwelling Units, 

(1) All 125-volt, single-phase, 15- and 20-ampere receptacles installed in 
bathrooms shall have ground-fault circuit-interrupter protection for person- 
nel. 

(2) All 125-volt, 'single-phase, 15- or 20-ampere receptacles installed in 
garages shall have ground-fault circuit-interrupter protection for personnel. 

Exception No. 1 to (a)(2): Receptacles which are not readily accessible. 
Exception No. 2 to (a)(2): Receptacles for appliances occupying dedicated 

space which are cord- and plug-connected in accordance with Section 400-7 
(a)(6), (a)(7), or (a)(8). 

Receptacles installedunder Exceptions to Section 210-8(a)(2) shall not be 
considered as meeting the requirements of Section 210-52(f). : 

(3) All 125-volt, single-phase, 15- and 20-ampere receptacles installed 
outdoors where there is direct grade level access to the dwelling unit and to 
the receptacles shall have ground-fault circuit-interrupter protection for 
personnel. 

.(FPN): See Section 215-9 for feeder protection. 
For the purposes of this section, "direct grade level ~iccess" is defined as 

being located not more than 6 feet, 6 inches (I.98 m) above grade level and 
being readily accessible without entering or passing through a dwelling unit. 

(4) At least one 125-volt, single-phase, 15- or 20-ampere receptacle 
installed in a basement shall have ground-fault circuit-interrupter protection 
for_personnel and it shall be so identified. 

(5) All 125-volt, single-phase, 15- and 20-ampere receptacles required 
by Section 210-52(b) installed within 6 feet (1.83 m) of the kitchen sink above 
counter top surfaces shall have ground-fault circuit-interrupter protection for 
personnel. 

(FPN): The intent of this.section is to permit the exemption of receptacles 
which are located specifically for appliances such as refrigerators and freezers 
from ground-fault circuit-interrupter protection forpersonneh 

(6) All 125-volt, single-phase, 15- or 20-ampere receptacles installed in 
boathouses shall have ground-fault circuit-interrupter protection for person- 
nel. 

(b) Hotels and Motels. All 125-volt, single-phase, 15- and 20-ampere 
receptacles installed in bathrooms of guest rooms in hotels and motels shall 
have ground-fault circuit-interrupter protection for personnel. 
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Bathroom: As used in Section 210-8, a bathroom is an area including a J 
basin with one or more of the following: a toilet, a tub, or a shower. I 

210-9. Circuits Derived from Autotransformets. Branch.circuits shall not be 
supplied by autotransformers. 

Exception No. 1: Where the system supplied has a grounded conductor 
that is electrically connected to a grounded conductor o f  the system 
supplying the autoiransformer. 

Exception No. 2: An autotran.sformer used to extend or add an individual 
"branch circuit in an existing installation for  an equipment load without the 
connection to a similar grounded conductor ,when transforming from a 
nominal 208 volts to a nominal 240-volt supply or similarly from 240 volts to 
208 volts. 

(FPN): An autotransformer is a transformer in which a part of the winding is 
common to both primary and secofidary circuits. 

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 having 
a grounded neutral conductor. Switching devices in each tapped circuit shall 
have.a pole in each ungrounde d conductor. All poles of multipole switching 
devices shall manually switch together, where such switching devices also 
serve as a disconnecting means as required by Section 422-21(b) for an 
appliance; Section 424-20 for a fixed electric space heating unit; Section 
426-51 for electric de-icing and snow-melting equipment; Sect ion 430-85 for 
a motor controller; and Section 430-103 for a motor. 

B. Branch-Circuit Ratings 

210-19. Conductors - -  Minimum Ampacity and Size. 
(a) General. Branch-circuit conductors shall have an ampacity not less 

than the 'maximum load to be served. In addition, conductors of multioutlet 
branch circuits supplying receptacles for cord- and plug-connected portable 
loads shall have an ampacity of not less than the rating of the branch circuit. 
Cable assemblies with the neutral conductor smaller than the ungrounded 
conductors shall be so marked. 

i 

(FPN): See Tables 310-16 through 310-31 for ampacity ratings of conductors. I 
(FPN): See Part B of Article 430 for minimum rating of motor branch-circuit 

conductors. 
(FPN): See Section 310-10 for temperature limitation of conductors. 
(FPN): 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, o r  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. 
See Section 215-2 for voltage drop on feedei" conductors. 

(b) Household Ranges and Cooking Appliances. Branch-circuit conduc- 
tors supplying household ranges, wall-mounted ovens, counter-mounted 
cooking units, and other household cooking appliances shall have an ampac- 
ity not 'less than the rating of the branch circuit and not less than the 
maximum load to be served. For ranges of 8¥4 kW or more rating, the 
minimum branch-circuit rating shall be 40 amperes. 
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Exception No. I: The neutral conductor o f  a 3-wire branch circuit supply- 
ing a household electric range, a wall-mounted oven, or a counter-mounted 
cooking unit shall be permitted to be smaller than the ungrounded conduc- 
tors where the maximum demand of  a range of  8% kW or more rating has 
been computed according to Column A of  Table 220-19, but shall have an 
ampacity of  not Jess than 70percent of  the branch-circuit rating and shall not 
be smaller than No. 10. 

Exception No. 2: Tap conductors supplying electric ranges, wall-mounted 
electric ovens, and counter-mounted electric cooking units from a,50-ampere 
branch circuit shall have an ampacity o f  not less than 20 and shall be 
sufficient for the load to be served. The taps shall not be longer than 
necessa'ry for servicing the appliance. 

(c) Other Loads. Branch-circuit conductors supplyingloads other than 
cooking appliances as covered in (b) above and as listedin Section 210-2 shall 
have an ampacity sufficient for the loads served and shall not be smaller than 
No. 14. 

Exception No. 1: Tap. conductors for such loads shall have an ampacity 
not less than 15for 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 following loads: 

a. Individual lamph_olders or fixtures with taps extending not longer 
than 18 inches (457 ram) beyond any portion of  the lampholder or fixture. 

b. A fixture having tap conductors as provided in Section 410-67. 
c. Individual outlets with taps not over 18 inches (457 mm) long. 
d. Infrared lamp industrial heating appliances. 
e. Nonheating leads of  de-icing and snow-melting cables and mats; 

Exception No. 2: Fixture wires and cords as permitted in Section 240-4. 

210-20. Overcurrent Protection. Branch-circuit conductors and equipment 
shall be protected by overcurrent protective devices having a rating or setting 
(l) not exceeding that specified in Section 240-3 for conductors; (2) not 
exceeding that specified in the applicable articles referenced in Section 240-2 
for equipment; and (3) as provided for outlet devices in Section 210-21. 

Exception No. 1: Tap conductors as permitted in Section 210-19(c) shall 
be permitted to be protected by the branch-circuit overcurrent device. 

Exception No. 2: Fixture wires and cords as permitted in Section 240-4. 
(FPN): See Section 240-1 for the purpose of overcurrent protection and 

Sections 210-22 and 220-3 for continuous loads. 

210-21. Outlet Devices. Outlet devices shall have an ampere rating not 
less than the load to be served and shall comply with (a) and (b) below. 

(a) Lampholders. Where connected to a branch circuit having a rating in 
excess of 20 amperes, lampholders'shall be of the heavy-duty type: A heavy- 
duty lamphoider shall have a rating of not less than 660 watts if.of the 
admedium type and not less than 750 watts if of any other type. 

(b) Receptacles. 
(1) A single receptacle installed on an individual branch circuit shall 

have an ampere rating of not less than that of the branch circuit. 
(FPN): See definition of Receptacle in Article 100. 
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{2) Where  connected to a branch circuit-supplying two or more recep- 
tacles or outlets~ a receptacle shall not supply a total cord- and plug: 
connected load in excess of the maximum specified in Table 210-21(b)(2). 

(3) Where  connected to a branch c i rcui tsupplying two or more recep- 
tacles or outlets, receptacle ratings shall conform to-the values listed in Table 
210-21(b)(3) or where larger than 50 amperes,  the receptacle rating shall not 
be less than the branch-circuit  rating: 

(4) It shall be acceptable to base the ampere rating of a range receptacle 
on a single r a n g e d e m a n d  load specified in Table 220-19. 

Table 210-21(b)(2) 
Maximum Cord- and Plug-Connected Load to Receptacle 

Circuit Rating Receptacle Rating Maximum Load • 
Amperes  Amperes  Amperes  

15 or 20 15 12 
20 20 16 
30 30 24 

Table 210-21(b)(3) 
-- Receptacle Ratings for Various Size,Circuits 

Circuit Rating Receptacle Rating 
Amperes Amperes 

15 Not over 15 / 
20 15 or 20 
30 30 
40 40 or'50 
50 50 

210-22. Maximum Loads. The total load shall not exceed the rating of the 
branch circuit, and it shall not exceed the maximum loads specified in (a) 
through (c) below under  the conditions specifie.d 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 and/or refrigerating equipment, Article 440 shall apply. 
For  circuits supplying loads consisting of motor-operated utilization equip- 
ment that is fastened in place and that  has a motor  larger than V8 horsepower  
in combinat ion with other  loads, the total computed load shall be based on 
125 percent  of, the largest mo to r  load plus the sum of the other  loads. 

(b) Inductive Lighting Loads. For circuits supplying lighting units having 
ballasts, t ransformers,  or autotransformers,  the computed load shall be based 
on the total a m p e r e  ratings of such units and not on the total watts of the 
lamps. 

(c) Other Loads. Continuous loads, such as store lighting and similar 
loads, shall not exceed 80 percent  of the rating of the branch circuit. 

Exception No. 1: Motor loads having demand factors computed in ac- 
cordance with Article 430. 
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Exception No. 2: Circuits supplied by an assembly together with its 
overcurrent devices that is listed for continuous operation at 100 percent of  
its rating. 

It shall be acceptable to apply demand factors for range loads in accord- 
ance with Table 220-19, including Note 4. 

210-23. Permissible Loads.. In no case shall the load exceed the branch- 
circuit ampere rating. It shall be acceptable.for an individual branch circuit to 
supply any load for which it is rated. Abranch circuit supplying two or more 
outlets shall supply only the loads specified according to its size in (a) through 
(c) below and summarized in Section 210-24 and Table 210-24. 

(a) 15- and 20-Ampere Branch Circuits. A 15- or 20-ampere branch 
circuit shah be,permitted to supply lighting units, other utilization equipment, 
or a combination of both. The rating of any one cord- and plug-connected 
utilization equipment shall not exceed 80 percent of the branch-circuit 
ampere rating. The total rating of utilization equipment fastened in place shall 
not exceed 50 percent of the branch-circuit ampere rating where lighting ' 

un i t s ,  cord- and plug-connected utilization equipment not. fastened in place, 
or both, are also supplied. 

Exception: .The small appliance branch ,circuits required in a dwelling 
unit(s) by Section 220-4(b) shall supply only the receptacle outlets specified • 
in that section. 

(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 dwelling unit(s) or utilization equipment in any occupancy. A rating of 
any one cord- and plug-connected utilization equipment shall not exceed 80 
percent of the branch-circuit ampere rating. 

(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, infra- 
red 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 having two or more outlets, other than the receptacle circuits of 
Section 220-4(b) as specifically provided for above, are summarized in Table 
210-24. Branch circuits in dwelling units shall not be connected to serve more 
than one dwelling unit. 

Exception: Branch circuits in two-family or muhifamily dwellings, with 
dwelling.units under single management, shall be permitted to be connected 
to serve more than one dwelling unit for the purpose of  central alarm, signal, 
communications, or similar functions. 

C. Required Outlets 

210-50. General. Receptacle outlets shall be installed as specified" in 
Sections 210-52 through 210-63. 

(a) Cord Pendants. A cord connector that is supported by a permanently , 
installed cord pendant shall be considered a receptacle outlet. 
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Table 210-24 
Summary of Branch-Circuit Requirements 

(Type FEP, FEpB,.S A, TW, RH, RHW, RHH, THHN, THW, THWN, and 
XHHW conductors in Caceway or cable.) " - 

C I R C U I T  RATING 15 Amp 20 Amp 30 Amp 40 Amp 50 Amp 

CON DUCTORS 
(Min. Size) 

Circuit Wires* 1.4 12 10 8 6 
Taps 14 14 14 12 12 
Fixture Wires 

and "Cords Refer to Section 240-4 

()VERCIjRRENT 
PROTECTION 15 Amp 20 Amp 30 Amp 40 Amp 50 Amp 

OUTLET DEVICES: 
Lampholders Any - Any Heavy Heavy Heavy 

Permitted" Type Type Duty Duty Duty 
. Receptacle 15 Max. 15 or 20 30 40 or 50 50 

Rating** Amp . Amp -. Amp Amp Amp 

MAXIMUM 
LOAD 15 Amp 20 Amp 30 Amp 40 Amp 50 Amp 

PERMISSIBLE "- Refer to Refer to Refer to Refer to Refer to 
LOAD Section .Section Section Section Section 

210-23(a) 210-23(a) 210-23(b) 210-23(c ) 210-23(c) 

* These gages are for copper conductors. ' 
** For receptacle rating of cord-connected electric-discharge lighting fixtures, see 

Section 410-30(c). 

(b) cord Connections. A receptacle outlet shall be installed wherever 
flexible cords with attachment plugs are used. Where flexible cords, are 
permitted to be permanently connected, it shall be perm!tted to omit 
receptacles for such cords. 

(c) Laundry Outlet.  Appliance outlets installed in a dwelling _unit for 
specific appliances, such as laundry equipment, shall be installed-.within 6 
feet (1.83 m) of the intended location of the appliance. 

210-52. Dwelling Unit Receptacle Outlets. 
(a) General Provisions. In every kitchen, family  room, dining room, 

liying room, parlor, library, den, sun room, bedroom, recreation room, or 
similar rooms of dwelling units, receptacle outlets shall be installed so that no 
point along the floor line in any wall space is more than 6 feet (1.83 m), 
measured horizonially, from an outlet in that space, including any wall space 
2 feet (610 mm) or more.in width and the-wall space occupied by sliding 
panels in exterior ,walls. The wall space afforded by fixed room dividers, such 
as free-standing bar-type counters, shall be included in the 6-foot (1.83-m) 
measurement. 

As used in this section a "wail  space" shall be considered a wall unbroken 
along the floor line by doorways, fireplaces, and similar openings. Each wall 
space 2 or more feet (610 mm or more) wide shall be treatedindividually and 
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separately from other wall spaces within the room. A wall space shali be 
permitted to include two or more walls of a room (around corners) where 
unbroken at the'floor line. 

(FPN): The purpose of this requirement is to minimize the use of cords across 
doorways, fireplaces, and similar openings. 

Receptacle outlets shall, insofar as practicable, be spaced equal distances 
apart. Receptacle outlets in floors shall not be counted as part of  the required 
number of  receptacle outlets unless located close to the wall. 

The receptacle outlets required by this section shall be in addition to any 
receptacle that is part of any lighting fixture or appliance, located within 
cabinets or cupboards, or located over  5V2 feet (1.68 m) above the floor. 

• Exception: 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 utilized by such permanently installed heaters. 
Such receptacle outlets shall not be connected to the heater circuits. 

(FPN): Listed baseboard heaters include instructions which may not permit 
their installation below dwelling unit receptacle outlets. 

(b) Counter Tops. In kitchen and dining areas of dwelling units a recep- 
tacle outlet shall be installed at each counter space wider than 12 inches (305 
mm). Counter top spaces separated by range tops, refrigerators, or sinks 
shall be considered as separate counter top spaces. Receptacles rendered 
inaccessible by appliances fastened in place or appliances occupying dedi- 
cated space shall not be considered as these required outlets. 

(e) Bathrooms. In dwelling units at least one wall receptacle outlet shall 
be installed in the bathroom adjacent to the basin location. See Section 
210-8(a)(l). 

(d) Outdoor Outlets. For a one-family dwelling at least one receptacle 
outlet accessible at grade level shall be installed outdoors. For a two-family 
dwelling at ' least  one receptacle outlet accessible at grade level shall be 
installed outdoors for each dwelling unit which is at grade level. See Section 
210-8(a)(3). 

(e) laundry Areas. In dwelling units at least one receptacle outlet shall be 
installed for the laundry. 

Excep'tion No. l: In a dwelling unit that ix an apartment or living area in 
a multifamily building where laundry facilities are provided on the premises 
that  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 insialled or permitted, a laundry receptacle shall not 
be required. 

(f) Basements and Garages. For a one-family dwelling, at least one 
receptacle outlet, in addition to any provided for laundry equipment, shall be 
installed in each basement and in each attached garage, and in each detached 
garage with electric power. See Sections 210-8(a)(2) and (a)(4). 

210-60. Guest Rooms. Guest rooms in hotels, motels, and similar occu- 
pancies shall have receptacle outlets installed in accordance with Section 
210-52. See Section 210-8(b). -+ 
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Exception: In rooms of  hotels and motels, the required number of  recep~ 
tacle outlets determined by Section 210-52(a) shall be permitted to be located. 
convenient for permanent furniture layout: 

210-62.  Show Wind0w$. At least one receptacle.outlet shall be installed 
directly above a show window for each'  12 linear feet (3.66 m) or major 
fraction thereof of show window area measured horizontally at its maximum 
width. " 

210-63. Rooftop 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 o f  rooftop- 
mounted heating, air-conditioning, .and refrigeration equipment. The recep- 
tacle outlet shall be located on the  same'roof  level and within 75 feet (22.82 
m) of the heating, air-conditioning, and refrigeration equipmentl The recep- 
tacle outlet shall not be connected to the load side of the equipment 
disconnecting means. 

Exception: One- and two-family dwellings. 

210-70.  Lighting Outlets Required. Lighting outlets shall  b e  installed 
where specified.in-(a) and (b) below. 

(a) Dwelling Unit(s). At le~isi one wall switch-controlled lighting outlet 
shall be installed inevery  habitable room; in bathrooms, hallways, stairways, 
attached garages, and detached garages with electric power; and at outdoor 
entrances or exits. 

(FPN): A vehicle door in an attached garage is not considered as an outdoor 
entrance. 

At least one lighting outlet shall be installed in an attic, underftoor space, 
utility room and basement only where these spaces are used for storage or 
contain equipment requiring servicing. 

Exception No. 1: In habitable rooms, 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: In hallways, stairways, and at outdoor entrances 
remote, central, or automatic control of  lighting shall be permitted. 
, (b) Guest Rooms. At least one wall switch-controlled lighting outlet or 
wall switch-controlled receptacle shall be installed in guest rooms in hotels', 
motels, or similar occupancies. 

A R T I C L E  2 1 5  - -  F E E D E R S  

215-1. Scope. This article covers the installation requirements andmini-  
mum size and ampacity of conductors for feeders supplying branch-circuit 
loads as computed in accordance with Article 220. -.. 

Exception: Feeders for electrolytic cells as covered in Section 668-3(c), 
Exceptions No. 1 and 4. 

215-2. Minimum Rating and Size. Feeder conductors shall have an ampac-.. 
ity not lower than required to supply the load as computed in Parts B, C; and 
D of Article 220. The minimum sizes shall be as specified in (a) and (b) b e l o w  
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under the conditions stipulated., Feeder conductors for a dwelling unit or a 
mobile home need not.be larger than service-entrance conductors. Note 3 of 
Table 310-16 shall be permitted t o b e  used for conductor size. 

(a) ,For Specified Circuits. The ampacity of feeder-conductors shall not be 
less than 30 where the load suppliedconsists-of  the-following number and 
types Of circuits: (1) two.or more 2-wire branch circuits supplied by a 2-wire 
feeder; (2) more than two 2-wire branch circuits supplied by'a 3-wire feeder; 
and (3) two or more 3-wire branch circuits supplied by a 3-wire feeder. 

(b) Ampacity,Relative to Service-Entrance Conductors. The feeder con- 
ductor ampacity shall not be lower than that of the  service-entrance conduc- 
tors .where the f eede r  conductors carry the total load supplied by service- 
entrance conductors with anampaci ty  of 55 or less. 

(FPN): See Examples I through 8 in Chapter 9. 
(FPN): 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. 

(FPN): See Section 210-191~a) for voltage drop for branch circuits. 

215-3. Overcurrent Protection. Feeders shall be protected against overcur- 
rent in accordance with the provisions of Part A of Article 240. 

215-4. Feeders with Common Neutral. i 

(a) Feeders with Common Neutral. Feeders containing a common neutral 
shall 'be permitted to supply two or three sets of 3-wire feeders, or two sets 
of 4-wire or 5-wire feeders. 

(b) In Metal Raceway or Enclosure. Where installed in a metal raceway or 
other metal enclosure; all conductors of all feeders using a common neutral 
shall be enclosed within the same raceway or other enclosure as required in 
Section 300-20. 

215-5. Diagrams of Feeders. If.required by the authority having jurisdic- 
tion, a diagram showing feeder details shall be provided prior to the 
installation of the feeders. S u c h a  diagram shall show the area in square feet 
of the building or other structure supplied by each feeder, the total connected 
load before applyingdemand'factors,  the demand factors used, the computed 
load after applying demand factors, and the size and type of conductors to be 
used. 

215-6. Feeder Conductor Grounding Means. Where a feeder supplies 
branch circuits in which equipment grounding conductors are required, the 
feeder shall include or provide a grounding means in accordance with the 
provisions of Section 250-57 to which the equipment gl:ounding conductors of 
the branch circuits shall be connected. 

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. 



ARTICLE 220 - -  BRANCH-CIRCUIT AND'FEEDER CALCULATIONS 7 0 - 4 3  

215-8.. Means of Identifying Conductor with the Higher Voltage to Ground. 
On a 4-wire, delta-connected secondary where themidpoint  of one phase is 
grounded to supply lighting and similar 16ads, the phase conductor having the 
higher voltage to ground shall be identified by an outer finish that is orange 
in color or. by. tagging or other effective means. Such identification, shall be 
placed at each' point where a connection is made if the neutral conductor i s  
also present. 

215-9.  Ground-Fault Protection for Personnel. Fe~defs 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 Section 210-8 and Article 305. 

A R T I C L E  220 m B R A N C H - C I R C U I T  A N D  
F E E D E R  C A L C U L A T I O N S  . 

A. General 

220-1. Scope. This article provides requirements for determining the 
"number o f  branch circuits required and for computing branch-circuit  and 
feeder l o a d s . .  • 

Exception: Branch-circuit and feeder calculations for  electrolytic cells as ] 
coi~ered in Section 668-3(c), Exceptions No. 1 and 4. I 
220-2. Voltages. Unless other voltages are specified,, for purposes of 
computing branch-circuit and feeder loads, nominal system voltages of 120, 
120/240, 208Y/120, 240, 480Y/277, 480~ and 600 volts shall be used. 

220-3. Computation of Branch Circuits. Branch-circuit loads shall be com- 
puted as shown in (a) through(d) below. 

(FPN): See Section 600-6(c) for exterior signs and outline lighting. 
(a) Continuous and Noncontinuous Loads. The branch-circuit rating shall  

not be less than the noncontinuous load plus 125 percent of the continuous 
load. 

Exception: Where the assembly, including overcurrent devices,, is listed 
for continuous operation o f  100 percent of  its rating. 

(b) Lighting Load for Listed Occupancies~ A unit load of not less than that 
specified in Table 220-3(b) for occupancies listed therein shall constitute the 
minimum lighting load for each square foot (0.093 sq m) of floor area. The 
floor area for each floor shall be computed from the outside dimensions of the 
building, apartment, or other area involved. For dwelling unit(s), ,the com- 
puted floor area shall not include open porches, garages, or unused or 
unfinished spaces not adaptable for fu tureuse . .  

(FPN): The unit values herein are based on minimum load conditions and 100 
percentpower factor, and may not provide sufficient capacity for the installation 
contemplated. 

(c) Other Loads-- All Occupancies. In all-occupancies the m in imum load 
for each outlet for general-use receptacles and outlets no t ' u sed  for general . .  
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Table 220-3(b). General Lighting Loads:by Occupancies 

Unit Load per 
Type of Occupancy Sq. Ft. (Volt-Amperes) 

Armories and Auditoriums l 

Banks 31/2 ** 
/ 

Barber Shops and Beauty Parlors 3 

Churches 1 

Clubs 2 

Cour( Rooms 2 

* Dwellifig Units 3 

Garages.--  Commercial (storage) I/2 

Hospitals 2 

*Hotels and Motels, including apartment houses 
without provisions for cooking' by tenants 2 

Industrial Commercial (Loft) Buildings 2 

Lodge- Rooms 1 V2 

Office Buildings 3V2"* 

Restaurants 2 

Schools 3 

Stores 3 

Warehouses (storage) IA, 
• / 

In.any of the above occupancies except one- 
family dwellings and individual dwelling units of 
two-family and multifamily dwellings: 

Assembly Halls and Auditoriums 
Halls, Corridors, Closets, Stairways 
Storage Spaces 

l 
V2 
~A 

For SI units: one square foot = 0.093 square meter• 
All general use receptacle outlets of 20-ampere or less rating in one-family, two-family * 

and multifamily dwellings and in guest rooms of hotels and motels [except those connected 
to the receptacle circuits specified in Sections 220-4(b) and (c)] shall be considered as 

. outlets' for general illumination and no additional load calculations shall, be required for 
such outlets. 

** In addition a unit load of I volt-ampere per square foot shall be included for'general 
purpose receptacle outlets when the actual number of general purpose receptacle outlets is 
unknown. 
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illumination shall be not .less than the following, the loads shown being based 
on nominal branch-circuit voltages. 

(1) .Outlet for a specific appliance or other load except for a motor 
load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ampere rating of appliance or load served• 

(2) Outlet for motor load .. . . . . . . . . . .  : .......... See Sections 430-22 and 
430-24and Article 440. 

(3) An outlet supplying recessed ligh'ting fixture(s) sfiall be the 
maximum volt.-ampere rating of the equipment and lamps for which the 
fixture(s) is rated. 

• (4) Outlet  for heavy-duty lampholder ...... " ... . . . . . . . .  '600 volt-amperes. 

(5) *Other outlets . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  180 volt~ampere s per outlet. 

For receptacle outlets, each-single  o r '  multiple receptacle shall be 
considered at not less than 180 volt-amperes. 

* This provision shall not be applicable to receptacle outlets connected to .the circuit 
specified in Section 220-4(b). 

Exception No. 1:. Where fixe d multioutlet assemblies are employed, each 5 
feet (1.52 m) or fraction thereof of each separate and continuous length shall be 
consideredas one outlet of not less than 180 volt-amperes capacity, except in 
locations where a number of.appliances are likely to be used simultaneously, 
when each 1 foot (305 mm) or fraction thereof shall be considered as an outlet 
of not less.than 180 volt~amperes. The requirements of this exception shall not 
a~)ply to dwelling unit(s) or the gu'est rooms of  hotels or motels. 

Exception No. 2: Table 220-19 shall be considered as an .acceptable 
method of  computing the load for a household electric range. 

-Exception No. 3: A "load of not less than 200 volt-amperes per linear foot 
(305 mm) ofshow window, measured horizontally along its base,.shall be 
permitted instead of  the specified unit load per outlet. 

Exception No. 4: The loads of  outlets serving switchboards and switching 
frames in telephone exchanges shall be waived from the computations. 

ExceptionNo. 5: Section 220-18 shall be considered as an acceptab!e 
• .method of  computing the load for a household electric clothes, dryer. 

(d) Loads for Additions to Existing Installations. 
: (1) Dwelling Units. Loads for structural additions to an existing dwelling 

unit or to,a previously• unwired portion, of an existing dwelling unit, either of 
which exceeds 500 squai'e feet (46.5 sq m), shall be computed in accordance with 
(b) above. .Loads for new circuits or extended-circuits in previously wired 
dwelling units shall be computed in accordance with either (b) or (c) above, 

(2) Other than Dwelling Units. Loads for new cii'cuits or extended 
circuits in Other than dwelling units shall be computed in accordance with 
either (b) or (c) above. •. 

220-4." Branch Circuits Required. Branch circuits for lighting and for 
appliances, ' includingmotor-operated appliances, shall be provided to supply 
the loads computed in acc:ordance, with Section 220-3. In addition, branch 
circuits shall be provided for specific loads not covered by Section 220-3 
whererequired elsewhere in this Code; for small appliance loads as specified 

• ~in (b) below; and for laundry loads as specified in (c) below. 
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(a) Number of Branch Circuits. The minimum number of branch circuits 
shall be determined from the total computed .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 nocase shall the 10ad on any circuit exceed the 
maximum, specified by Section 210=22. 

(b) Small Appliance Branch Circuits --- Dwelling Unit. : 
(1) In addition tothe number of branch circuits determined in accord- 

ance with (a) above, two or more 20-ampere small, appliance branch circtiits 
shall be.provided for allreceptacle outlets specified by Section.210-52for the 
small appliance loads,.  including refrigeration equipment, in the kitchen, 
pantry, breakfast room, and dining room of a dwelling unit. Such circuits,. 
whether two or more are used, shall have no.other outlets. 

Exception No. 1: A receptacle installed solely for the electric supply to.  
and support o f  an electric clock in any of  the ro'om~,specifiedabove. 

Exception No. 2: Outdoor receptacles. 
Exception No. 3:. In addition to the. required receptacles specified by 

Section 210-52~ switched, receptacles, supplied from a general-purpose 
branch circuit as defined, in Section 210-70(a), Exception No.  1 .shall be 
permitted. 

(2) Countertop receptacle-outlets installed in the kitchen shall be 
supplied by not less than.two small appliance branch circuits, either or both 
of which shall also be permitted to supplyreceptacle outlets in kitchen and 
other rooms specified in .(b)(l) above. Additional small appliance branch 
circuits shall be permitted to supply receptacle outlets in kitchen and other 
rooms specified in (b)(1) above. 

(c) Laundry Branch Circuits-- Dwelling Unit. In addition to thenumber 
of branch circuits determined in-accordance with (a) and (b) above,.at least 
one additional 20-ampere branch circuit shall .be provided to supply the- 
laundry receptacle outlet(s) required by Section 210-52(e).. This circuit shall 
have no other outlets. 

(d) Load Evenly Proportioned Among Branch Circuits. or Where the load is 
computed on a volt-amperes-per-square-foot (0.093 sq m).basis, 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 need only be installed to 
serve the connected load. 

(FPN): See Examples l(a), l(b), 2(b) and 4(a), Chapter 9 . . .  

B. Feeders- -,. 

220-10.  General. 
(a) Ampacity and Computed Loads. Feeder conductors shall have suffi- 

cient ampacity tosupply the load served. In no case shall the~computed load 
of a feeder be less than the sum of the loadson the branch circuits supplied 
as determined by Part A of this article:after any applicable demand factors 
permitted by Parts B, C, or D have.been applied. 

(FPN): See*Examples 1 through 8, Chapter 9. See Section 210,22(b) for 
maximum load in amperes permitted for lighting units operating at less than.100 
percent power factor. 



ARTICLE 220 ~ BRANCH-CIRCUIT AND FEEDER CALCULATIONS 70-47 

(b) Continuous and Noncontinuous Loads. Where a feeder supplies con- 
tinuous 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 10ad. 

The ampacity of'the ungrounded service conductor shall not be less than 
the noncon t inuous  load plus 125 percent  of  the con t inuous  load. 

.Exception: Where the assembly including the overcurrent devices protect- 
ing the feeder(s)are !isted for op, eration at 100 percent of  their rating, neither 
the ampere rating of  the overcurrent device nor the a'mpacity of  the feeder 
conductors shall b e  less than the sum of the continuous load plus the 
noncontinuous load. 

220-11. 'General Lighting. The demand  factors  listed i n T a b l e  220-11 shall 
apply, to that por t ion of  the total branch-circui t  load computed  for general  
illumination. They  shall not  be applied in determining the n u m b e r  of  b ranch  
circuits for general  i l luminat ion. .  

(FPN): See Section 220-16'for.application of demand factors to small appliance 
and laundry loads in dwellings. 

' - Table 2 2 0 - 1 1 .  -~Lighting Load Feeder  Demand Factors 

Portion of Lighting Load Demand 
Type of to Which Demand Factor 

Occupancy" Factor Applies (volt-amperes) Percent 

Dwelling Units First 3000 or less at ............... ~ ...... ,100 
From-3001 to 120.000 at ............... 35 
Remainder over 120.000 at ............ 25 

*Hospitals First 50,000 or less at ................... 40 
Remainder over 50,000 at .............. 20 

*Hotels and M o t e l s -  lnclud- First 20,000 or less at . . . . . . . . . . . . . . . . . . . .  50 
ing Apartment Houses From 20,001 to .100.000 at ............ 40 
without Provision for Remainder over 100,000 at ............ 30 
Cooking by Tenants 

Warehouses First 12,500 or less ai ................... 100 
(Storage) Remainder over 12,500 at .............. 50 

All Others Total Volt-amperes ... . . . . . . . . . . . . . . . . . . . .  "100 

* The demand factors of this table shall not apply to the computed load of feeders to 
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• 

2 2 0 - 1 2 .  Show,Window Lighting. For  show-window lighting, a load of  not  
less than' 200 vol t -amperes  shall be included for each linear foot  (305 mm) of  
show Window, measured  horizont~illy along its base.  

(FPN): See Section 220-3(c), Exception No. 3, for branch circuits supplying 
show windows. 



70-48 NATIONAL ELECTRICAL CODE 

220-13.  Receptacle Loads - -  Nondwelling Units. In other than dwelling 
units, the use of l~he demand factors for lightingloads inTable 220-11 or those 
shown in Table 220-13 shall be lbermitted for receptacle loads computed at 
not more than 180 volt-amperes per outlet in accordance with Section 220-3 
(c)(5). 

Table 220-13 
Demand Factors for Nondwelling Receptacle Loads: 

Portion of Receptacle Load Demand 
to which dem:~nd factor ap- ,:.~ Factor 
plies (volt-amperes) Percent 

First '10 kVA or less 100 
-Remainder over 10 kVA at 50 

220-14. Motors. Motor loads shall be computed in accordance with Sec- 
tions 430-24, 430-25, and 430-26. 

220-15. Fixed Electric Space Heating. Fixed electric space heating loads. 
shall be computed at t00 percent of the total connected load; however in no 
case shall a feeder load current rating be less than the ratingof the largest 
branch circuit supplied. 

Exception No. 1: Where reduced loading of  the conductors results from 
units operating on duty-cycle, intermittently, or from all units not operating 
at one time, the authority having jurisdiction may grant permission for feeder 
conductors to have an ampacity less than 100 percent, provided the conduc- 
tors have an ampacity for the load so determined. 

Exception No. 2: The use of  the Optional calculations in Sections 220-30 
and 220-31 shall be permitted for fixed electric space heating loads in a 
dwelling unit. In a multifamily dwelling the use of  the optional calculation in 
Section 220-32 shall be permitted. 

220-16 .  Small Appliance and Laundry Loads - -  Dwelling Unit.  
(a) ~ Small Appliance Circuit Load. In each dwelling unit the feeder load 

shall be computed at 1500 volt-amperes for each 2-wire small appliance 
branch circuit required by Section 220-4(b) for small appliances supplied by 
15- or 20-ampere receptacles on 20-ampere branch circuits in the kitchen, 
pantry, dining room, and breakfast room. Where the load is subdivided 
through two or more feeders, the computed load for each shall include not 
less than 1500 volt-amperes for each 2-wire branch circuit for small appli- 
ances. These loads shall be permitted to be included With the general lighting 
load and subjected to the demand factors permitted in Table 220-11 for the 
general lighting load. 

(b) Laundry Circuit Load. A feeder load o f  not less than 1500 volt- 
amperes shall be includedfor each 2-wire laundry branch circuit installed as 
required by. Section 220-4(c). It shall be permissible to include this load with 



ARTICLE 220 - -  BRANCH-CIRCUIT AND FEEDER CALCULATIONS 7 0 - 4 9  

the  genera l  l ighting load and  sub jec t  it to the  d e m a n d  fac to r s  p rov ided r in  
Sec t ion  220-11. 

220 -17 .  Appliance Load - -  Dwel l ing Unit(s). It shall  b e ' p e r m i s s i b l e t o  
app ly  a d e m a n d  fac to r  o f  75 p e r c e n t  to the  namepla te=ra t ing  load o f  f ou r  or  
m o r e  appliances" f a s t e n e d  in p lace  s e rved  b y  the  s a m e  f eede r  in a one - fami ly ,  
two- fami ly ,  or  mul t i fami ly  dwell ing.  

Exception: This demand factor shall not 'be applied to electric ranges, 
clothes dryers, space heating equipment, or air-conditioning equipment. 

220-18.  Electric Clothes Dryers-- Dwelling Unit(s). The  load for h o u s e h o l d  
electr ic  c lo thes  d rye r s  in a dwel l ing unit(s)  shall  be  5000 wa t t s  (vo l t - amperes )  
or  the  n a m e p l a t e  ra t ing,  w h i c h e v e r  is larger ,  for  e ach  d rye r  s e rved .  T h e  u se  
o f  the  d e m a n d  fac tors  in Tab le  220-18 shall  be  pe rmi t t ed .  

Table 220-18 
Demand Factors for Household Electric Clothes Dryers 

Number of Demand Factor 
Dryers Percent 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 0  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 
4 100 
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 0  

6 ... . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 5  

8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 0  

9 55 
I0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 
I I - i3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
14-19 " 40 
20-24" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
25-29 . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32.5 
30-34 .. . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 
35-39 ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27.5 
40 & .over . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 

220-19.  Electric Ranges and Other Cooking Appliances - -  Dwelling Unit(s). 
T h e  f eede r  d e m a n d  load for  h o u s e h o l d  electr ic  r anges ,  w a l l - m o u n t e d  o v e n s ,  
c o u n t e r - m o u n t e d  cook ing  un i t s ,  and  o t he r  h o u s e h o l d  cook ing  app l i ance s  
ind iv idua l ly  ra ted  in e x c e s s  o f  1¥4 k W  shall  be pe rmi t t ed  to be  c o m p u t e d  in 
a c c o r d a n c e  wi th  Tab le  220-19. W h e r e  two  or  m o r e  s ing le -phase  r anges  are  
supp l ied  by  a 3 -phase ,  4-wire feeder ,  the  total  load shall  be  c o m p u t e d  o n  the  
b a s i s  o f  twice  the  m a x i m u m . n u m b e r  c o n n e c t e d  b e t w e e n  a n y  two  p h a s e s .  
k V A  shall  be c o n s i d e r e d  equ iva l en t  to k W  for  loads  c o m p u t e d  u n d e r  th is  
s ec t i on .  

(FPN): See Example  5(a), Chapter  9. 



7 0 - 5 0  NATIONAL ELECTRICAL CODE .. 

Table 220-19. Demand Loads for Household Electric Ranges, 
Wall-Mounted Ovens, Counter-Mounted Cooking Units, and 
Other Household Cooking Appliances over 1¾ kW Rating. 

Column A to beused in all cases except as otherwise 
permitted in Note 3 below. 

Maximum Demand Factors 
Demand Percent 

(See Notes) (See Note 3) 
NUMBER OF 
APPLIANCES COLUMN A COLUMN B COLUMN C 

(Not over 12 (Less-than 3V2 (3V2 kW to 83A 
kW Rating) kW Rating) kW Rating) 

I 8 kW 80% 
2 I 1 kW 75% 

3 14 kW " 7O% 
4 17 kW 66% 
5 20 kW 62% 
6 21 kW 59% 
7 22 kW 56% 
8 23 kW 53% 
9 24 kW 51% 

10 25 kW 49% 
I I 26 kW 47% 
12 27 ItW 45% 
13 28 kW 43% 
14 29 kW 41% 
15 30 kW 40% 
16 31 kW - 39% 
17 32 kW 38% 
18 33 kW 37% 
19 34 kW 36% 
20 35 kW 35% 
21 36 kW 34% 
22 37 kW 33% 
23 38 kW 32% 
24 39 kW 31% 
25 40 kW 30% 

26-30 15 kW plus 1 kW 30% 
31-40 for each range 30% 
41-50 25 kW plus 3A 30% 
51-60 kW for each 30% 
61 & over range 30% 

80% 
65% 
55% 
50% 
45% 
43% 
40% 
36% 
35% 
34% 
32% 
32% 
32% 
32% 
32% 
28% 
28% 
28% 
28% 
28% 
26% 
26% 
26% 
26% 
26% 
24% 
22% 
2O% 
18% 
16% 

No te  1. O v e r  12 k W  t h r o u g h  27 k W  ranges  all o f  s a m e  rat ing.  Fo r  r a n g e s  
ind iv idua l ly  ra ted  m o r e  t ha n  12 k W  but  no t  m o r e  t han  27 k W ,  the  m a x i m u m  
d e m a n d  in C o l u m n  A shall  be i nc r ea sed  5 pe rcen t  for  e ach  addi t iona l  k W  o f  
ra t ing or- ma jo r  f rac t ion  t h e r e o f  by which,  the  rat ing,  o f  indiv idual  r anges  
e x c e e d s  12 k W .  

N o t e  2. O v e r  12 k W  t h r o u g h  27 k W  ranges  o f  u n e q u a l  ra t ings .  Fo r  r anges  
i n d i v i d u a l l y r a t e d  m o r e  t han  12 k W  and  o f  different  ra t ings  bu t  none  
e x c e e d i n g  27 kW,  a n  ave rage  va lue  o f  rat ing sha l l  be c o m p u t e d  by adding  
t o g e t h e r  the  ra t ings  o f  all r a nges  to ob ta in  the  total  c o n n e c t e d  load (us ing  12 
k W  for  any  r ange  ra ted  less  than  12 kW) and  d iv id ing  by  the  total  n u m b e r  o f  
r anges ;  and  t hen  the  m a x i m u m  d e m a n d  in C o l u m n  A shal l  be i nc r ea sed  5 
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percent  for each kW or major fraction thereof  b y  which this average value 
exceeds 12 kW. 

Note 3. Over  .1¥4 kW through 83AkW. In lieu o f  the method provided in " 
Column A, it shall be permissible to add the nameplate ratings of all ranges 
rated more than 13/4 kW but not more than 83/4 kW and multiply the sum by 
the demand factors specified in' Column B or C for the given, number  of 
appliances. - _ 

Note  4.. Branch-Circuit  Load. It shall be permissible to compute  the 
branch-circuit  load for one. range in accordance with Table 220-19. 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 computed by adding the nameplate rating of the 
individual appliances and treating this total as equivalent  to one range. 

Note 5. This table also applies to household cooking appliances rated 
over  13/4 kW and used in instructional programs. 

(FPN): See Table 220-20 for commercial cooking equipment. 
(FPN): See Examples, Chapter 9. 

220-20. Kitchen Equipment - - ,  Other than Dwelling Unit(s). I t s h a l l  be 
permissible to ,compute the load for commercial  electric cooking equipment ,  
d ishwasher  booster  heaters,  water  heaters,  and other  kitchen equipment  in 
accordance with Table 220-20. These demand factors shall be applied to all 
equipment  which has ei ther thermostat ic  control or intermit tent  use "as 
kitchen equipment.  They shall not apply to space heating, ventilating or air- 
conditioning equipment.  

However ,  in no case shall the feeder demand be less than the sum of the 
largest two kitchen equipment loads. 

Table 220-20 
Feeder Demand Factors for Kitchen Equipment - -  

Other than Dwelling Unit(s) 

Number of Units Demand Factors 
of Equipment Percent 

I I00 
2 100 
3 90 
4 80 
5 70 
6 & over 65 

220-21. Noncoincident Loads. Where it is unl ikely that two dissimilar 
loads will be in use,simultaneously, it shall be permissible to omit.the smal!er 
of the two in computing the total load of a feeder. 

• 220-22 .  Feeder Neutral Load. T he  feeder neutral load shall be the maxi- " 
mum unbalance of .the load determined by t h i s  article. The maximum 
unbalanced load shall be the maximum net computed load between the 
neutral  and any one ungrounded conductor ,  except  that  the load thus 
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obtained shall be multiplied by 140 percent for 5-wire, 2-phase systems. For  
a feeder supplying household electric ranges, wall-mounted ovens, counter- 
mounted cooking units, and electric dryers, the maximum unbalanced load 
shall be considered as 70 percent of the load on the ungrounded conductors, 
as determined in accordance with Table 220-19 for ranges and Table 220-18 
for dryers. For 3-wire dc or single-phase ac, 4-wire, 3-phase, and 5-wire, 2- 
phase systems, a further demand factor of  70 percent shall be permitted for 
that portion of  the unbalanced load in excess of 200 amperes. There shall be 
no reduction of the neutral capacity for that por t ion  of  the load which 
consists of electric-discharge lighting, data processing, or similar equipment, 
and supplied from a 4-wire, wye-connected 3-phase system. 

(FPN): See Examples l(a), l(b), 2(b), 4, and 5(a), Chapter 9. 

C. Optional Calculations for Computing Feeder 
and Service Loads 

220-30.  Optional Calculation - -  Dwelling Unit. 

(a) Feeder and Service Load. For a dwelling unit having the total con- 
nected-load served by a single 3-wire, 120/240-volt or 208Y/120-volt set of  
service-entrance or feeder conductor's with an ampacity of 100 or greater, it 
shall be permissible to compute the feeder and service loads in accordance 
with Table 220-30 instead of the method specified in  Part B of this article. 
Feeder and service-entrance conductors whose demand load is determined 
by this optional calculation shall be permitted to have the neutral load 
determined by Section 220-22. 

(b) Loads. The loads identified in Table 220-30 as "other  load" and as 
"remainder  of other load" shall include the following: 

(1) 1500 volt-amperes for each 2-wire, 20-ampere small appliance 
branch circuit and each laundry branch circuit specified in Section 220-16. 

(2) 3 volt-amperes per square foot (0.093 sq m) for general lighting and 
general-use receptacles. 

(3) The nameplate rating of all fastened in place appliances, ranges, 
wall-mounted ovens, and counter-top cooking units. 

(4) The nameplate ampere or kVA rating of all motors and of all low- 
power-factor loads. 

Table 220-30 . 

Optional Calculation for Dwelling Unit 
Load in kVA 

Largest of the following four selections. 
(1) 100 percent of the nameplate rating(s) of the air conditioning and cooling, 

including heat pump compressors. 
(2) 65 percent of the nameplate rating(s) of the central electric space heating 

including integral supplemental heating in heat pumps. 
• (3) 65 percent of the nameplate rating(s) of electric space heating if less than four 

separately controlled units. 
(4) 40 percent of the nameplate rating(s) of electric space heating of four or more 

separately controlled units. 
Plus: 100 percent of the first 10 kVA of all other load. 40 percent of the remainder of 
all other load. 
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220-31. Optional Calculation for Additional loads' in Existing Dwelling unit. 
For an existing dwelling unit presently being served by an existing 120/240 
volt or 208Y/120, 3-wire service, it shall be permissible to compute  load 
calculations as follows: ~- 

Load ( i n  k V A ) -  P e r c e n t  of  Load 
. . .  f 

First 8 kV,~ of'load at .. - 1'00% . • 
Remainder of load at 40% 

Load calculation shall include lighting at 3' volt-amperes per  square f o o t  
(0.093 sq m); 150Ovolt-amperes for each 20-ampere appli/mce circuit; range 
or wall-mounted oven and counter-mounted cooking unit, and o ther  appli- 
ances that  are permanent ly  connected or f a s t ened  in" place, at nameplate 
rating. 

If air-conditioning equipment or electric space heating equipment  is to be 
installed the following formula shall be applied to determine if the existing 
service is of sufficient size. 

Air-condit ioning equipment* . . . . . .  ' . . . .  : . . . . . . .  . . . . . .  " . . . .  . " 100% 
Centra l  electric space heating* . . . . . . . . . . . . . . . . . . . . . . . . . . .  100% 
Less than four separately controlled space heat ing units* . . . .  100% 
First 8 kVA of all other  load . . . . . . . . . . . . . . . . . . .  " . . . . .  : . . . .  100% 
Remainder  of all 'other load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40% 

Other  loads shall include: 
1500 volt-amperes for each 20-ampere  appliance circuit. 
Lighting and portable  appliances at  3 volt-amperes per square foot (0.093 

sq m) 
Household range or wal l-mounted oven .and  counter-mounted cooking 

unit. 
All othel: appliances fastened in place, including four or more separately 

cont~'olled space heat ing units, at  nameplate-ra t ing.  
* Use larger connected load Of air conditioning and space heating, but not both. 

220-32. Optional Calculation - -  Multifamily Dwelling. 
(a) Feeder or Service Load. It shall bepermiss ib le  to compute  the feeder 

or service load of a multifamily dwelling in accordance with Table 220-32 
instead of Part B of this article where all the following conditions are met: 

(1) No dwelling unit is supplied by m o r e t h a n  one feeder. 
(2) Each dwelling unit is equipped with electric.cooking.equipment.-  

Exception: When the computed load for multifamily dwellings without 
electric cooking in Part B of  this article exceeds-that computed under Part C 
for the identical load plus electric cooking (based on 8 kW per unit), the 
lesser of  the two loads shall be permitted to be used. " • 

(3) Each dwelling unit is 'equipped with ei ther electric space heating or 
a i r  conditioning or both. 

Feeders  and service-entrance conductors  whose demand load is deter- 
mined by this optional calculation shall be permitted to have the neutral  load 
determined b y  Section 220-22. 
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(b) House Loads. • House loads shall be computed in accordance with Part  
B of this article and shall be in addition to the dwelling unit loads computed 
in accordance with Table 220-32. 

(c) C o n n e c t e d  L o a d s .  The connected load to which the demand factors of 
Table 220-32 apply shall include the following: 

(1) 1500 volt-amperes for each 2~wire, 20-ampere small appliance 
b ranch  circuit and each laundry branch  circuit specified in Section 220-16. 

• (2) 3 volt-amperes Per square foot (0.093 sq m) for general lighting and 
general-use receptacles.  

(3) The nameplate  rating of all appliances that  are fastened in place, 
permanent ly  connected  or located to be on a specific circuit, ranges, wall- 
mounted  ovens,  counter-mounted cooking units,  clothes dryers,  water  
heaters ,  and space heaters.  

If  water  heater  e lements  are so interlocked that  all e lements  cannot  be used 
at the s a m e  time, t h e  maximum possible load shall be considered the • 
nameplate  load. 

(4) The nameplate  ampere or kVA rating of all motors  and of all low- 
power-factor  loads. 

(5) The larger of  the air-conditioning load or the space ,heating load. 

Table  2 2 0 - 3 2  

Opt ional  Calculat ion - -  D e m a n d F a c t o r s  for Three  or More 
Mult i family Dwel l ing Units 

Number of Demand 
Dwelling Factor 

Units Percent 

3-5 
6-7 
8-10 

11 
12-13 
14-15 
16-17 
18-20 
21 
22 23 
24-25 
26-27 
28-30 
31 
32-33 
34-36 
37-38 
39-42 
43-45 
46-50 
51-55 
56-61 
62 & over 

45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 

• .31 
30 
29 
28 
27 

, 26 
25 
24 
23 
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2 2 0 - 3 3 .  Optional Calculation - -  Two Dwelling.Units. Where two dwelling 
units are supplied by a single feeder and the computed load under  Part B of 
this article exceeds that  for three identical units computed .under Section 
220-32, the lesser  of the tw 9 loads shall be permitted to be used. 

220-34. Optional Method - -  Scllools. The calculation Of a feeder or service 
load for schools shall be permi[ted in accordance with Table 220-34 in lieu of 
Part B of this article where equipped with electric space heating, or air 
conditioning, or both. The connected load to which the demand factors of 
Table 220-34 apply shall include all of the interior and ex te r io r  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  a n d  service-entrance conduc tors ,whose  demand load is deter- 
mined by this optional calculation shall be permitted to have the neutral  load 
determined by Section 220-22. Where  the building o r  structure load is 
calculated by this optional method,  feeders within the building or structure 
shall have ampacity as permitted in Part B of this article; however ,  the 
ampacity of an individual feeder need not be.larger than the ampacity for the 
entire building. 

This section shall not apply to portable classroom buildings: 

Table 220-34' 
Optional Method - -  Demand Factors for Feeders 

and Service-Entrance Conductors for Schools' 

Connected Load Demand Factors, 
Volt-Amperes per Square Foot Percent 

Connected load up to and including 3, plus 100 
Connected load over 3 and including 20, plus 75 ' 
Connected load over 20 at 25 

For SI units: one square foot = 0.093 square meter. 

2 2 0 - 3 5 .  Optional Calculations for Additional Loads to Existing Installations. 
For  the purpose o fa l lowing  additional loads to be connected  to existing 
feeders and services,  it shall be permitted to use actual maximum kVA 
demand figures to determine the existing load on a service or f e e d e r w h e n  all 
the following conditions are met: 

(1) .The maximum demand data is available in kVA for a minimum of a 
one -yea r  period~ , 

(2) The existing demand at 125 percent  plus' the new load does not 
exceed the ampacity of the feeder or rating of the service. .: 

(3) The feeder or service has overcurrent  protection in accordance with 
Sections 230~90 and 240-3. 

D. Method for Computing Farm ~Loads 

2 2 0 - 4 0 .  Farm Loads - -  Buildings and Other Loads. 
(a) Dwelling Unit. The feeder or service load of a farm dwelling unit shall. 

be computed in accordance with the provis ions  for dwellings in Part  B or C 
of this article. 
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(b) Other than Dwell ing Unit. For each farm building or load supplied by 
two or more branch circuits the load for feeders, service-entrance conduc- 
tors, and service equipment shall be computed in accordance with demand 
factors not less than indicated in Table 220-40. 

(FPN): See Section 230-21 for overhead conductors from a pole to a building or 
other structure. 

Table 220-40  
Method for Computing Farm Loads for Other Than Dwelling Unit 

r 

Ampere Load Demand Factor 
at 240 Volts Percent 

Loads expected to operate without diversity, but not 
less than 125 percent full-load current of the largest 
motor and not less than the first 60 amperes of load . .. . . . . .  106 
Next 60 amperes of all other loads . . . . . . . . . . . . . . . . . .  : . .  50 , 
Remainder of other load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 

220-41 .  Farm Loads - -  Total. The total load of the farm for service- 
entrance conductors and service equipment shall be computed in accordance 
with the farm dwelling unit load and demand factors specified in .Table 
220-41. Where there is equipment in two or more farm equipment buildings 
or for-loads having the same function, such loads shall b e  computed in 
accordance with Table 220-40 and shall be permitted to be combined as a 
single )oad in Table 220-41 for computing the total load. 

(FPN): See Section'230-21 for overhead conductors from a pole to a building or 
other structure. 

T a b l e  2 2 0 - 4 1  

Method for Computing Total  Farm Load 

Individual Loads 
Computed in Accordance Demand Factor 

with Table~220-40 Percent 

Largest load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100' 
Second largest load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 

-~,T.hird largest load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 
•-Remaining loads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

To this total load, add the load of the farm dwelling unit computed in accordance with 
Part Bor C of this article. 

A R l Z I C L E  225 m O U T S I D E - B R A N C H  C I R C U I T S  A N D  
F E E D E R S  

225-1.  Scope. This article covers electric equipment and wiring located on 
or attached to the outside of public or private buildings, or run between 
buildings, other structures, or poles on the premises served. 
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Exception: Outside branch circuits and.feeders for electrolytic cells as 
covered in Section 668-3(c), Exceptions No. 1 and 4. 

(FPN): For additional information on Wiring over 600 volts,  see the National 
Electrical Safety .Code (ANSI C2-1984). 

225-2 .  Other Articles. Applicat ion of  o ther  articles, including additional 
requi rements  to specific cases  of  equ ipment  a n d c o n d u c t o r s ,  is as follows: 

Article 
Branch Circui ts '  . . . . . . . . .  i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . .  210 
Class 1, Class  2, and Class 3 R em ot e  Control ,  

Signal ing,  and Power-Limi ted  Circui ts  . . . . . . . . . . . . . . . . . . . . . . . . . . .  725 
C o m m u n i c a t i o n  Circui ts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  800 
C o m m u n i t y  An tenna  Television and 

Radio Dis t r ibu t ion  Sys tems  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  820 
C o n d u c t o r s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  310 
Electrically Driven or Control led I r r iga t ion  Machines  . . . . . . . . . . . .  675 
Electric Signs and Out l ine  Light ing . . . .  . . . . . . . . . . . . . . . .  : . . . . . . . . . . . .  600 
Feeders  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  215 
Fire Protective Signal ing Sys tems  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  760 
Fixed Ou tdoor  Electric De-icing and 

Snow- Melt ing E q u i p m e n t  . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  426 
Fixtures  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 410 
Float ing Buildings . . . . .  . . . . . . . . . .  " . . . . . . . . . . . . . . . . . . . . . . . . . . . .  • . . . . . . . . . .  .553 
Ground ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . .  250 
H a z a r d o u s  (Classified) Locat ions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  500 
H a z a r d o u s  (Classified) Locat ions,  Specific . . . . . . . . . . . . . . . . . . . . . . . . .  510 
Mar inas  and Boatyards  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  555 

M e s s e n g e r  Suppor t ed  .Wiring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  321 
Open  Wir ing-on  Insula tors  . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  320 
Over  600 Volts, Genera l  . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  710 
Overcu r ren t  Protect ion . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . . . . .  240 
Radio and Television E q u i p m e n t  . . . . . . .  " . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  810 
Services . . . . . . . . . . . . . . . . . . . . .  ". . . . . . . . . . .  : . . . . . . . . . . . . . . . .  ' . . . . . . . . . . . . . . . .  230 

S h i e r  Photovoltaic Sys tems  . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  690 
S w i m m i n g  Pools, Founta ins  and Simi lar  Insta l la t ions  . . . . . . . . . . . . .  680 
Use and Identification of  G rounded  Conduc to r s  . . . . . . . . . . . . . . . . . . .  200 

225-3. Calculation of Load. 
(a) Branch Circuits. The load on ou tdoor  b r a n c h  circuits shall be as 

determined by Section 220-3. 

(b) Feeders. The load on ou tdoor  feeders  shall be as de termined by Part  
B of  Article 220. 

225-4 .  Conductor Covering. Where  within l0 feet (3105 m) of  any building 
or  o ther  s t ructure ,  open  wiring on insulators  shall be insulated or  covered.  
Conduc to r s  in cables or  r aceways ,  except  Type  MI cable,  shall be o f  t h e  
rubber -covered  type or  thermoplas t ic  type and in wet  loca t ionssha l l  c o m p l y  
with Section 310-8. Conduc to r s  for  fes toon lighting shal l  be of . the  rubber-  
covered  or  thermoplas t ic  type. 

Exception: Equipment .grounding conductors. 
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225-5. Size of Conductors. •The ampacity of outdoor branch-circuit and 
feeder conductors shall be in accordance with Tables 310-16 through 310-31 
based on loads as determined under Section 220-3 and Part B of Article 220. 

225-6. Minimum Size of Conductor. 
(a) Overhead Spans. Overhead conductors shall not be smaller than the 

following: 
(1) For 600 volts, nominal, or less, No. l0 copper or ]No. 8 aluminum for 

spans up to50 feet (15..2 m) in length and No. 8 copper or No. 6 aluminum for 
a longer span. 

(2}  For over  600 volts, nominal, No: 6 copper.or No. 4 aluminum where 
open individual conductors  and No. 8 copper or No. 6 aluminum where in 
cable• 

(b) ::Festoon Lighting. Overhead conductors for festoon lighting shall not 
be smaller than No. 12. 

Exception: Where supported by messenger wires.. 
(FPN): ' See Section 225-24 for outdoorqampholders. 
Definition: -Festoon lighting is a string of outdoor lights suspended 

between two points more than 15 feet (4.57 m) apart. 

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 (b) through (d) below. 
-(b) Common Neutral. It shall be permissible to use a multiwire branch 

~:ircuit consisting of the neutral and not more than eight ungrounded 
conductors..The ampacity of  the neutral conductor shall not be less than the 
calculated sum of,the currents in all ungrounded conductors connected to any 
one phase of the circuit. 

(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 lighting fixtures for illumination of outdoor areas of 
industrial establishments, office buildings, schools, stores, and other com:  
mercial or public buildings where the fixtures are not less than 3 feet-(914 
mm) from windows, platforms, fire escapes, and the like. 
. (d)' 600 Volts Between Conductors. Circuits exceeding 277 volts, nomi- 
nal, 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 Section 210-6(d)(l). 

225-8..  Disconnection. The disconnecting means for branch-circuit and 
feeder fuses shall be in accordance with Section 240:40. 

22,5-9. Overcurrent Protection. Overcurrent protection shall be in accord- 
ance with Section 210-20 for branch circuits and Part A of Article 240 for 
feeders. 

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 multiconductor cable, as Type MC cable, as 
I Type MI cable, as messenger supported wiring, in rigid metal conduit, in 

intermediate metal conduit, in rigid nonmetallic conduit, in .cable trays, as 
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cablebus, in.wireways,  in auxiliary gutters, in electrical.metallic tubing, in 
flexible meta l  conduit,  in liquidtight flexible metal conduit,  and in busways.  
Circuits of  over  600 volts, nominal,  shall be installed as provided in Section 
710-3. Circuits for signs and.outl ine lighting shall be installed in accordance 
with Article 600. 

225-11. Circuit Exits and,Entrfinces. Where outside branch  and feeder 
circuits leave o r e n t e r  a building, the requirements  of Sections 230-43, 230-52, 
and 230-54 shalkapialy. • - 

225-12 .  Open-Conductor Supports.  Open conductors  shall be supported 
on glass or porcelain-knobs;  racks, brackets,,  or strain insulators. 

225-13 .  Festoon Supports. In spans exceeding 40 feet (12.2 m), the con- 
ductors  shall be  supported by a messenger wire; and the messenger  wire shall 
be supported by strain insulators. Conductors  or messenger  wires shall not 
be at tached to any fire escape ,  downspout ,  or plumbing equipment.  

225-14. "Open-ConductorSpacings. : 

(a) 600  Volts, Nominal, or Less. Conductors of 600 volts, nominal,:or, 
less, shall  comply w i t h t h e  spacings provided in Tab le  230=51(c).- 

(b) Over600 Volts,-Nominal. Conductors  of over  600 volts, nominal,  
• shall comply with the spacings provided in Part D of-Article 710. 

(c) Separat ion.f romOther  C i r c u i t s . . O p e n  conductors  shall be separated 
from open conductors  of other  circ-uits or systems by not less than 4 inches 
(102 ram). 

(d) Conductors on Poles:. Conductors  on poles sha l lhave  a separation of 
not less t h a n  l foot (305 mm)~where •not placed on racks o r b r a c k e t s .  
Conductors  supported on polesshal l  provide a horizontal climbing space not 
less than the following: .~ .: 

Power conductorys, below communicat ion  • 
conductors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 inches (762 ram) 

Power co.nductors alone or above communicat ion  conductors: 
300.volts or less . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 inches (610 ram) 
Over 300 volts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 inches (762 ram) 

Communica t ion  conductors below power 
conductors  ... . . . . . . .  " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  same as power conductors 

Communica t ion  conductors alone . . . . . . . . . . . . . . . . . .  : ......... no requirement  

225-15. Supports Over.Buildings. Supports over a building shall be in 
accordance with Section 230-29: . 

225-16 .  Point of Attachment to Buildings. The point of a t t a c h m e n t  to:,a 
building shall be in accordance with Section 230-26. 

225-17 .  M e a n s  of  Attachment to Buildings. The means of a t tachment  to a 
building shall be in accordance with Section 230-27. 

225-18. Clearance from Ground. .Open conductors  of not over  600 volts,  
nominal,  shall conform to the •following: 

10 feet (3.05 m) - -  above finished grade; sidewalks, or from any platform 
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or projection from which they might be reached where the supply conductors 
are limited to 150 volts to ground and accessible to pedestrians only. 

12 feet (3.66 m) - -  over  residential driveways, and those commercial areas 
.not subject to truck traffic where the voltage is.limited to 300 volts to ground. 

15 feet (4.57 m) - -  for those areas listed in the 12-foot (3.66-m) classifica- 
tion where the voltage exceeds 300 volts to ground. 

18 feet (5.49 m) - -  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. 

(FPN): Note: For clearances of conductors of over 600 volts, see National 
Electrical Safety Code (ANSI C2-1984). 

225-19. Clearances from Buildings for Conductors of Not.Over 600 Volts, 
Nominal. 

(a) Above Roofs. Conductors not fully insulated for the operating voltage 
shall have a vertical or diagonal.clearance of not less than 10 feet (3.05 m) 
from the roof surface. 

Exception No. 1: Fully insulated conductors shall be permitted to  have 
vertical or diagonal clearance of  3 feet (914 mm) or more. 

Exception No. 2: Above roof space accessible to pedestrians. Vertical 
clearance shall not be less than 15feet (4.57 m) for uninsulated, 8 fe_et (2.44 
m) for insulated conductors. 

Exception No. 3: Above roof space accessible to vehicular'traffic, vertical 
clearance shall not be less than 18feet (5.49 m). 

Exception No. 4: Where the voltage between conductors does not exceed 
300 and the roof has a slope of  not less than 4 inche-s (102 mm) in 12 inches 
(305 mm), a reduction in clearance to 3 feet (914 mm) shall be permitted. 

Exception No. 5: 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 18 inches (457 mm) shall be permitted if(I) not more than 4 
feet (1.22 m) of  the conductors pass above the roof overhang, and (2) they are 
terminated at a through-the-roof raceway or approved support. 

(b) .From Nonbuilding or Nonbridge Structures: From signs, chimneys, 
radio and television antennas, tanks, other nonbuilding or nonbridge struc- 
tures, clearances, vertical, diagonal and horizontal, shall not be less than 5 
feet (1.52 m) for uninsulated conductors, 3 feet (914 mm) for insulated 
conductors. 

(c) Horizontal.Clearances. Clearances shall not be less than 5 feet (1.52 
m) for uninsulated conductors, 3 feet (914 mm) for insulated conductors. 

(d) Final Spans. Final spans of  feeders or branch circuits to a building 
they supply or from which they .are fed shall be permitted to be attached to 
the building,obut they,shall be kept 3 fee t  (914 mm) from windows, doors, 
.porches, fire escapes, or similar locations. 
" Exception: Conductors run above the top level o f  a window 'shall be 

permitted to be less than the 3 feet (914 ram) requirement above. 
(e) Zone for Fire Ladders. Where buildings exceed three stories or 50 feet 

• (15.2 m ) i n  height, overheadl ines  shall be arranged, where practicable, so 
that a clear space (or zone) at least 6 feet (1.83 m) wide will be left either 
adjacent to the buildings or beginning not over 8fee t  (2.44 m) from them to 

" facilitate the raising of, ladders when necessary for fire f ight ing. . '  
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(FPN): Note:, For clearance of conductors over 600 volts, see National 
- Electrical Safety Code (ANSI C2-1984). ] 

225-20. .Mechanical  Protection of Conductors. Mechanical prote6tion o f ,  
conductors onbuildings, structures, or poles sfiall be.as provided for services 
in Section 230-50. , . 

225-21. MulticonductorCableson Exterior Surfacesof Buildings. Supports I 
for multiconductor,cables on exterior surfaces, :of iauildings shall be as I 
provided in Section 230-51. 

225-22.  Raceways on Exterior Surfaces of Buildings. Raceways on exterior 
surfaces of buildings shall be raintight and arranged to drain. [ 

Exception: As permitted in Section 350-2. 

225-23. Underground Circuits. Underground circuits shall meet the re- 
quirements of Section 300-5. 

225 :24 /Ou tdoor  Lampholders. Where outdoor lampholders are a t tached,  
as pendants, the connections to the.circuit wires shall be staggered. Where 
such lampholdershave 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 live conductors, transformers, or other electric 
• utilization equipment. I 

Exception No. 1: Where clearances or other safeguards are provided for 
relamping operations. 

Exception No. 2: Where equipment is  controlled by a disconnecting 
means that can be locked in the open position. 

225-26. Live Vegetation. Live vegetat ionsuch as trees shall not b e u s e d  I 
for support of overhead conductor spans or other electric equipment. I Exception: For temporary wiring id accordance with Article 305. 

A R T I C L E  230 m S E R V I C E S  

230-1. Scope. This article covers service conductors and equipment for 
control and.protection of services and their installation requirements.,  [ 

(FPN): See Diagram 230-1. I 

A. General 

230-2.. Number of Services. A building or other structure served shall be 
supplied by only one service. 

Where more than o n e  service is permitted by any of the following 
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Diagram 230-1 Services 

General ......................................................................................... Part A 
Overhead Service Drop Conductors ............................................... Part B 
Underground Service-Lateral Conductors ...................................... Part C 
Service-Entrance Conductors ........................................................ Part D 
Service Equipment - General ....................................................... Part E 
Service Equipment-:- Disconnecting.Means ................................... Part F 
Service Equipment - Overcurrent Protection.. ............................. Part G 
Services over 600 Volts, Nominal .................................................. Part H 

SOURCE 
| 
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Last Pole ~ Street Main 

I 

I I Part B Service Drop Service Lateral Part C 

230-24 Clearances Depth of burial 230:49 
and protection 

Service Head Terminal box, 
meter, or other 
enclosure 

SERVICE-ENTRANCE 
CONDUCTORS 

SERVICE EQUIPMENT 
General 
Grounding 

" Part D 

Part E 
230-63 

Disconnecting means / Part F 

11 - -1 Overcurrent protection Part G 

BRANCH CIRCUITS Articles 210,225 
F E E D E R S  Articles 215,225 
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exceptions,  a permanent  plaque or directory shall be installed at each service 
drop or lateral or at each service-equipment location denoting all o ther  
services on or in that  building or s t ruc ture  and the area served by each. 

Exception No. 1: For fire pumps where a.separate service is required. 
Exception No. 2: For emergency, .legally required .standby, optional 

standby, or parallel power production systems where a separate service is 
required. 

Exception No. 3: Multiple-Occupancy Buildings. By special permission, in 
multiple-occupancy buildings where there is no available space for service 
equipment accessible to all the. occupants. 

Exception No. 4: Capacity Requirements. Two or more services shall be 
permitted: 

a. Where the capacity requirements are in excess of  3000 amperes at a 
supply voltage of  600 volts or less; or 

b. Where the load requirements of  a .sing~le-phase installation are 
greater, than the serving agency normally supplies through one service; or 

c. By special permission. 
Exception No. 5: Buildings of  Large Area.-By special permission, for a 

single building or other structure sufficiently large to make two or more 
services necessary. 

Exception No. 6: For different characteristics, such as. for different 
voltages, frequencies, or phases, or for different uses, such as for different 
rate schedules. 

Exception No. 7: For the purpose of  Section 230-40, Exception No.  2, [ 
only, underground sets.of conductors, size 1/0 and larger, running to the 
same loea'tion and connected tbgether at their supply end but not connected 
together at their load end shall be considered to be one service lateral. 

230-3. One Building or Other Structure Not to Be Supplied Through Another. 
Service conductors  supplying a building or o ther-s t ructure  shall not pass 
through the interior of another  building or o ther  structure. 

(FPN): See Section 230-6 for masonry-encased conductors considered outside ] 
of a building. I 
2 3 0 - 6 .  Conductors Considered Outside of Building. Conductors  shall be • 
considered outside of a building or other  structure under  any of the following 
conditions: (1) where installed under  not 'less t h a n 2  inches. (50.8 mm) of 
concrete beneath  a building or other  structure;  (2) where in_stalled within a 
building or other  structure in a raceway that is enclosed by concrete or brick 
not less than 2 inches (50.8 mm) thick; or (3) installed in a t ransformer  vault  
conforming to the requirements of Article 450, Part  C. 

230-7 .  Other Conductors in Raceway or Cable. Conductors  o t h e r  than 
service conductors  shall not be installed in the same service raceway or 
service-entrance cable. 

Exception No. 1: Grounding conductors. 
Exception No. 2: Load management control conductors" having overcur- 

rent protection. 

230-8.  Raceway Seal .  Where  a service raceway enters f r o m  an under- 
ground distribution system, it shall be .sealed' in accordance with, Section 
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300-5. Spare or unused raceways shall also be sealed. Sealants shall be 
identified for use with the cable insulation, shield, or other  components .  

230-9 .  Clearance from Building Openings. Service conductors  installed as 
open conductors  or mult iconductor  cable withouL an overall outer  jacket  
shall have a clearance of not less than 3 feet (914 mm) from windows, doors, 
porches,  fire escapes,  or similar locations. 

Exception: Conductors run above the top level o f  a window shall be 
permitted to be less than the 3 feet  (914 ram) requirement above. 

Service conductors  shall not be installed beneath  openings through which 
materials may be moved, such as openings in farm and commercial  buildings. 
Overhead wires shall not be run such that they obstruct  entrance to these  
building openings. 

B. Overhead Service-Drop Conductors 

230-21 .  Overhead Supply. Overhead conductors  to a building or o ther  
structure (such as a pole) on which a meter  or disconnecting means is 
installed shall be considered as a service drop and installed accordingly. 

(FPN)" Example: Farm loads in Part D of Article 220. 

230-22 .  Insulation or Covering. Service conductors  shall normally with- 
stand exposure to atmospheric and other  conditions of use  without detrimen- 
tal leakage of current.  Individual conductors  shall be insulated or covered 
with an extruded thermoplast ic  or thermoset t ing insulating material.  -- 

Exception: The grounded conductor o f  a multiconductor cable shall be 
permitted to be bare. 

230-23. Size and Rating. 
(a) General. Conductors  shall have sufficient ampacity to carry the load 

without a temperature  rise detrimental  to the covering or insulation of the 
conductors  and shall have adequate mechanical  strength. 

(b) Minimum Size. The conductors  shall not be smaller t h a n  No. 8 
copper ,  No. 6 aluminum or copper-clad aluminum. 

Exception: For installations to supply only limited loads o f  a single branch 
circuit such as small polyphase power, controlled water heaters and the like, 
they shall not be smaller than No. 12 hard-drawn copper or equivalent. 

(c) Grounded Conductors. The grounded (neutral) conductor  shall not be 
less than the minimum's ize  as required by Section 250-23(b). 

230-24. Clearances. The vertical clearances of all service-drop conductors  
sha l lbe  based on conductor  temperature  of 60°F (15°C), no wind, with final 
unloaded sag in the wire, conductor ,  or cable. 

Service-drop conductors  shall not be readily accessible and shall comply. 
with (a) through (d) below for services not over  600 volts,  nominal.  

(a) Above Roofs. Conductors  shaHhave  a vertical clearance of not less 
than 8 feet (2.44 m) from all points of roofs above which they pass. 
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Exception No: 1: Where the voitage between conductors does not exceed 
300 and the roof has a slope of not less than 4 inches (102 ram) in 12 inches 
(305 ram), a reduction in clearance to 3 feet (914 mm) shall be permitted. 

Exception No. 2: 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 18 inches (457 mm) shall be permitted if(l)  not more than 4 
feet (1.22 m) of  service-drop conductors pass above the roof overhang, and 
(2) they are terminated at a through-the-roof raceway or approved support. 

(FPN): See Section 230-28 for mast supports. 
Exception No. 3: The area above a roof surface subject to vehicular traffic 

shall have a vertical clearance from the roof surface in accordance with the 
clearance requirements of  Section 230-24(b). 

(b) Vert ical Clearance from Ground. Service-drop conductors where not 
in excess of 600 volts, nominal, shall have the following minimum clearance 
f rom final grade. 

l0 feet (3.05 m) - -  at the electric service entrance to buildings, or at the 
drip loop of the building electric entrance, or 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 and limited to 150 volts to ground. 

12 feet (3.66 m) - -  for those areas listed in the 15 foot (4.57 m) classification 
when the voltage is limited to 300 volts to ground. 

15 feet (4.57 m) - -  over  residential property and driveways, and those 
commercial areas riot subject to truck traffic. 

18 feet (5,49 m) - -  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. 

(c) Clearance from Building Openings. ' See Section 230-9. 
(d) Clearance from Swimming Pools. See Section 680-8. 

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 Section 230-24. In no case shall this point of 
attachment be less than l0 feet (3.05 m) above finished grade. 

230-;~7. M e a n s , o f  At tachment .  Multiconductor cables Used for service 
drops 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, nonabsorb- 
ent 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. 

230-29 .  Supports Over Buildings. Service-drop conductors passing over  a 
roof shall be securely supported by substantial structures. Where .practica- 
ble, such supports shall be independent of the building. 
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C. Underground Service-Lateral Conductors 

230-30. Insulation. Service-lateral conductors shall withstand exposure to 
atmospheric and other conditions of use without detrimental leakage of 
current. Service-lateral conductors shall be insulated for the applied voltage. 

Exception: A grounded conductor shall be permi t ted  to be uninsulated as 
fo l lows:  

a. Bare copper used in a raceway. 
b. Bare copper f o r  direct burial where bare copper  is j u d g e d  to be 

suitable f o r  the soil conditions. 
c. Bare copper f o r  direct burial without regard to soil conditions where 

part  o f  a cable assembly identified f o r  underground use. 
d. A luminum or copper-clad aluminum without individual insulation or 

covering where part  o f  a c a b l e  assembly identified f o r  underground use in a 
raceway or f o r  direct burial. 

230-31. Size and Rating. 
(a) General. Service-lateral conductors shall have sufficient ampacity to 

carry the current for the load as computed in accordance with Article 220 and 
shall have adequate mechanical strength. 

(b) Minimum Size. The conductors shall not be smaller than No. 8 . 
copper or No. 6 aluminum or copper-clad aluminum. 

Exception:  For installations to supply Only l imited loads o f  a single branch 
circuit such as smal l  polyphase power,  controlled water heaters  and the like, 
they shall not be smaller than No.  12 copper or No.  10 aluminum or copper- 
clad aluminum. 

(c) Grounded Conductors. The grounded (neutral) conductor shall not be 
less than the minimum size required by Section 250-23(b). 

(FPN): Reasonable efficiency of operation can be provided when voltage drop 
is taken into consideration .in sizing the service-lateral conductors. 

230-32.  Protection Against Damage. Underground service-lateral conduc- 
tors shall be protected against damage in accordance with Section 300-5. 
Service-lateral conductors entering a building sh, all be,installed in accordance 
with Section 230-6 or protected by a raceway wiringmethod identified in 
Section 230-43. 

D. Service-Entrance Conductors 

230-40. Number of Service-Entrance Conductor Sets. Each service drop or 
lateral shall supply only one set of service-entrance conductors. 

I Exception No.  1: Buildings with more than one occupancy shall be 
"permi t ted  to have one set o f  service-entrance conductors run to each 

occupancy or to a group o f  occupancies.  
Exception No.  2: Where two to six service disconnecting means  in 

separate enclosures are grouped at one location and supply separate loads 
f rom  one service drop or lateral, one set o f  service-entrance conductors shall 
be permi t ted  to supply each or several such service equipment  enclosures. 
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230-41.  Insulation of Service-Entrant~e Conductors. Service-entrance con- 
ductors shall normally withstand exposure to atmospheric and other condi- 
tions of use without detrimental leakage of current. Service-entrance con- 
ductorsentering or on the exterior of buildings or other structures shall be 
insulated. 

Exception: A grounded conductor.shall be permitted to be uninsulated as 
follows: 

a. Bare copper used in a racewtiy or part o f  a service cable assembly. 
b. Bare copper f o r  direct buridl "where bare .copper is judged to be 

suitable for the soil conditions. "" 
c. Bare copper for direct burial without regard to ~'oil conditions when 

part o f  a cable assembly identified for underground use. 
d. Aluminum or copper-clad aluminum without ind!vidual insulation or 

covering when p a r r o f  acable  assembly or identified for  underground use in 
a raceway or for direct burial. 

230-42. Size and Rating. 
(a) General. Service-entrance conductors shall be of sufficient size to 

carry the loads" as computed in Article 220. Ampacity shall be determined 
from Tables 310-16 through 310-31 and all applicable.notes.to these tables.' 

(b) Ungrounded Conductors. Ungrounded. conductors shall have an 
ampacity of not less than: 

(1) 100 ampere fora 3-wire ser(,ice to a one-family dwelling with six or 
more 2-wire bra/ich circuits. 

(2) 100 ampere for a 3-wire service'to a one-family dwelling with an 
initial net.computed load of 10 kVA or more. 

(3) 60 amperes for other loads. 
Exception No. 1: For loads, consisting o f  not more than two 2-wire branch 

circuits, No.  8 copper or No. 6 aluminum or copper-clad aluminum. 
Exception No. 2: By special perthission, for  loads limited by demand or by 

the source ~of sapply, No. 8 copper or No. 6 aluminum or copper-clad 
aluminum. 

Exception No. 3: For limited loads o f  a single branch circuit, No.  12 
copper or No. 10 aluminum or copper-clad aluminum, but  in no case smaller- 
than the branch-circuit conductors. 

(c) Grounded Conductors. The gi'ounded (neutral) conductor shall not be 
less than the, minimum size as required by Section 250-23(b). 

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 limited to the 
following methods: (1) open wiring on insulators;-(2) rigid metal conduit; (3) 
intermediate metal conduit; (4) electrical metallic tubing; (5) service-entrance 
cables; .(6) wireways; (7) busways; (8) auxiliary gutters; (9) rigid nonmetallic 
conduit; (10) cablebus;' (11) Type MC cable; .(12) mineral-insulated, metal- 
sheathed cable; or (-13) flexible metal conduit not over 6 feet (1.83 m) long 
between raceways, or between raceway and service equipment, with equip- 
ment bonding jumper installed around the flexible metal conduit according to 
provisions of Section 250-.79(a), (b), (c), and (e). Also see Section 350-2. 
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Approved cable traysystems shall be permitted to support cables ap- 
proved for use as service-entrance conductors. See Article 318. 

230-46. Unspliced Conductors. Service-entrance conductors shall not be 
spliced. 

Exception No. 1: Clamped or bolted connections in metering equipment 
enclosures shall be permitted. 

Exception No. 2: Where service-entrance .conductors are tappedto supply 
twoto  six disconnecting means grouped at a common location. 

Exception No. 3: At a properly enclosed junction point where an Under- 
grbund wiring method.is changed to another type of  wiring method. 

Exception No. 4i A connection shall be permitted where service conduc- 
tors are extended from a service drol~ to an outside meter location and 
returned to connect to the service-entrance-conductors o f  an existing 
installation, 

.- Exception No. 5: When the service-entrance conductors consist o f  
busway, connections shall be permitted as required to assemble the various 
sections and fittings. 

230-49. Protection Against Physical D a m a g e -  Underground. Under- 
I ground service-entrance conductors shall be protected against physical 

damage in accordance with Section 300-5. 

230-50. Protection of Open Conductors and Cables Against Damage - -  
Aboveground. Service-entrance conductors installed aboveground shall be 
protected against physical damage as specified in (a) or (b)below. 

(a) Service-Entrance Cables. Service-entrance" cables, where subject to 
physical damage, such as where installed in exposed places near driveways 
or coal chutes, or where subject to contact with awnings, shutters, swinging 
signs, or similar objects, shall be protected in any of the following ways: (1) 
by rigid metal conduit; (2) by intermediate metal conduit; (3) by rigid 
nonmetallic conduit suitable for the location; (4) by electrical metallic tubing; 
or (5) by other approved means. 

(b) Other than Service-Entrance Cable. Individual open conductors and 
cables other than service-entrance cables shall notbe installed within 10 feet 
(3.05 m) of grade level or where exposed to physical damage. 

230-51. Mounting Supports. Cables or individual open service conductors 
shall be supported as specified in (a), (b), or (c) below. 

(a) Service-Entrance Cables. Service-entrance cables shall be supported 
by straps or other approved means within 12 inches (305 ram) of, every 
service head, gooseneck, or connection to a raceway or enclosure and at 
intervals not exceeding 30 inches (762 mm). 

(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 15 feet (4.57 m) and in a manner that will 
maintain a clearance of not less than 2 inches (50.8 mm) from the surface over 
which they pass. 

(c) Individual Open Conductors. Individual openconductors 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 
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attached to racks, brackets ,  or other  approved means. Where  not exposed to 
the weather ,  the conductors  shall be ,mounted  on glass or porcelain knobs.  

Table 230-51(c). Supports and' Clearances for 
~ ihdividual Open-Service Conducto?~;: 

Maximum Distance 
In Feet  

Between Supports- 

MinimumClearances " 
In Inches 

Between,  
Conductors 

From 
Surface 

Maximum 
Volts 

% 600 9 . 6 2- 
600 15 12 : 2 
300 4V2 3 2 " 
600"" .. 41/2 * 2V2" I*" " 

For. SI units: one inch - •25.4 millimeters; one foot = 0.3048 meter. 
* Where not exposed to weather. 

230-52~ Individual Conductors Entering Buildings-or Other Structures. 
Where individual open conductors  enter  a building or other  structure,  they 
Shall en te r  through roof bushings or through the Wall in an upward slant 
thrbugh individual, noncombust ible ,  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 ,  ' r a c e w a y s  
enclosing service~entrance c'onductors, shall be raintight and arranged to 
drain. W h e r e  embedded in masonry,  raceways shall be arranged to drain. 

230-54.  Connections at Service Head. ~ " 
(a) Raintight Service Head. Service raceways shall be equipped with a 

raintight service head at the point of connect ion to service-drop conductors .  
(b) Service. Cable Equipped with Raintight Service Head or Gooseneck. 

Service cables, ei ther (1) unless continuous from p01e to . serv ice 'equipment  
or meter,  shall be equipped  with a raintight service head, or (2) formed in a 
gooseneck and taped and pa in ted  or taped with a self-sealing, Weather-  
resistant thermoplastic.  " 

(c) Service Heads Above Service-Drop Attachment. Ser,)ice heads and 
goosenecks in se rv ice -en t rancecab les  shall be located above the point of 
a t tachment  of the serviceTdro p conductors  to the building or other  s t ructure.  

Exception: Where.it is impracticable to locate the service head above the 
point of  attachment, the service head location shall be permitted not farther 
than 24 inches (610 ram)from the point of  attachment. 

(d) Secured. Service cables shall be held sec~arely in place. 
(e) OppoSite Polarity Through Separately Bushed Holes. Service heads 

shall have conductors  of opposite polarity brought out through separately 
bushed holes. 

(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  ei ther (l)  below the level of the 
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service head, 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. 
Service-drop conductors and service-entrance conductors shall be arranged 
so that water will not enter service raceway or equipment. 

230-55. Termination at Service Equipment. Any service raceway or cable 
shall terminate at the inner end in a box, cabinet, or equivalent fitting that 
effectively encloses all live metal parts. 

Exception: Where the service disconnecting means is mounted on a 
switchboard having exposed busbars on the back, a raceway shall be 
permitted to terminate at a bushing." 

230-56. Service-Entrance Conductor with the Higher Voltage-to-Ground. On 
a 4-wire delta-connected service where the midpoint of one phase is 
grounded, the service-entrance 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. 

E. Service Equipment-- General 

230-62. Service Equipment-- Enclosed or Guarded. Live parts of service 
equipment shall be enclosed as specified in (a) below, or guarded as specified 
in (b) b e l o w . .  

(a) Enclosed. Live parts shall be enclosed so thai they will not be 
exposed to accidental contact or guarded as in (b) below. 

{b) Guarded. Live parts that are not enclosed shall be installed on a 
switchboard, .panelboard, or control board and guarded in accordance with 
Sections 110-17 and 110-18. Such an enclosure shall be provided with means 
for locking or sealing doors giving access to live parts.. 

230-63. Grounding and Bonding. Service equipment, raceways, cable ar- 
mor, cable sheaths, etc., and any service conductor that is to be grounded 
shall be grounded in accordance with the following parts of Article 250. 
Part B. Circuit and System Grounding. 
Part C. Location of System Grounding Connections. 
Part D. Enclosure Grounding. 
Part F. Methods of Grounding. 
Part G. Bonding. 
Part H. Grounding Electrode Systems. 
Part J. Grounding Conductors. 

230-64. Working Space. Sufficient working space shall be provided in the 
I vicinity of the service equipment to permit safe operation, inspection, and 

repairs. In no case shall this be less than that specified by Section 110-16. 

230-65. Available Short-Circuit Current. Service equipment shall be suit- 
able for the short-circuit current available at its supply terminals. 

F,. 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 ei ther  
inside or outside of a building or other  structure at a readily accessible 
location nearest  the point of entrance of the service conductors.  

(b) Marking. Each service disconnecting means shall be permanent ly  
marked to identify it as a service disconnecting means. I 

(c) Suitable For Use. Each service disconnect ing means shall be suitable 
for the prevailing conditions. Serv ice  equipment installed in hazardous 
(classified) locations .shall comply with the requirements  of Articles 500 
through 517. " " 

230-71. Maximum Number of Disconnects. 
(a) General. The service disconnecting means for each service permitted 

by Section 230-2, or for each set of service-entrance conductors  permitted by 
• Section230-40, Exception No. l, shall consist  of no r m ore  than six switches .1 

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 service grouped in •any one location. 

Exception: For the purpose of  this section, disconnecting means used 
solely for the control circuit o f  the ground-fault protection system, installed 
as part of  the listed equipment, shall not be considered a service disconnect- 
ing 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 "handle  t ies"  or a "mas t e r  hand le"  to disconnect  a l l  
conductors  of the service with no more than six operations of the hand. 

(FPN): See Section 384-16(a) for service equipment in panelboards. 

230-72. Grouping of Disconnects. 
(a) Genera l .  The two  to six disconnects as permit ted in Section 230-71 

shall be grouped. Each disconnect  shall b e  marked t o  indicate the load 
served. 

Exception: One of  the two to six service disconnecting means permitted in 
Section 230-71, when used only for a water pump also intended to provide fire 
protection, shall be permitted to be located remote from. the other discon- 
necting means. 

(b) Additional Service Disconnecting Means. The one or more additional 
service disconnecting means for fire pumps or for emergency,  legally 
required standby,  or optional s tandby services permit ted by Section 230-2 
shall be installed sufficiently remote from the one to six service disconnect ing 
means for normal service to minimize the possibility of s imultaneous 
interruption of supply. 

(FPN): See Section 700-12(d) and (e) for.emergency system services. 
(c) Access to  Occupants. In a multiple-occupancy building, each occu- 

pant 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 
ihese 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. 
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230-74. Simultaneous Opening of Poles. Each service disconnecting 
means shall simultaneously disconnect all ungrounded service conductors 
from the premises wiring system. 

230-75.  Disconnection of Grounded Conductor. Where the service discon- 
necting means does not disconnect the grounded conductor from the prem- 
ises 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. 

230-76. Manually or Power Operable. The service disconnecting means for 
ungrounded service conductors shall consist of either (1) a manually operable 
switch or circuit breaker equipped with a handle or other suitable operating 
means, or (2) a power-operated switch or circuit breaker provided the switch 
or circuit b reake rcan  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 o r  closed position. 

230-78.  Externally Operable. An enclosed service disconnecting means 
shall be externally operable without exposing the operator to contact with 
live parts. 

Exception: A power-operated switch or circuit breaker shall not be 
required to be externally operable by hand to a closed position. 

230-79.  Rating of Disconnect. The service disconnecting means shall have 
,a~rafing not less than the load to be carried, determined in accordance with 
Article 220. In no case shall the rating be lower than specified in (a), (b), (c), 
or (d) below. 

(a) One-Circuit Installation. For  installations to supply only limited loads 
of a single branch circuit, t he  service disconnecting means shall have a rating 
o f  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 Dwelling. For a one-family dwelling, the servi~e discon- 
necting means shall have a rating of not less than 100 amperes, 3-wire under 
either of the following conditions: (1) where the initial computed load is 10 
kVA or more, or (2) where the initial installation consists of six or more 2- 
wire branch circuits. 

(d) All Others. Foral l  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 disconnect- 
ing means consists of  more than.one switch or circuit breaker, as permitted 
by Section 230-71, the combined ratings of all the switches or circuit breakers 
used shall not be less than the rating required for a.single switch or circuit 
breaker. 

230-81.  Connection to Terminals. The service conductors shall be con- 
nected to .the service disconnecting.means by pressure connectors, clamps, 
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o r  other  approved means. Connect ions that depend Upon solder shall not be 
used. 

230-82. Equipment Connected to the Supply Side of Service Disconnect. 
Equipment  shall not be connected to the  supply side of the service discon- 
necting means. 

Exception No. 1: Cable limiters or other current-limiting devices. 
Exception No.,2~ .Fuses and disconnecting meansz or circuit breakers 

suitable for use~as service equipment, in meter"pedestals or otherwise 
provided and connected in series with the ungrounded service conductors 
and located away from the building supplied. 

Exception No. 3: Meters nominally rated not in excess of  600 volts, 
provided all metal housings and service enclosures are grounded in accord- 
ance with Article 250. 

Exception No. 4." Instrument transformers (current and voltage), high- I 
impedance shunts, surge-protective devices identified for use on the supply 
side of the service disconnect, load management devices, and surge arrest- ] 
e r s .  

Exception No. 5: Taps used only to supply load management devices, ] 
circuits for emergency systems, stand-by power systems, fire pump equip- 
ment, and fire and sprinkler alarms if provided with service equipment and 
installed in accordance with requirements for  service~entrance conductors. 

Exception No. 6: Interconnected electric power production sources. See 
Article 690. 

Exception No. 7: Where the service disconnecting means is power oper- 
able, the control circuit shall be permitted to be connected ahead of  the 
service disconnecting means if suitable overcurrent protection and discon- 
necting means are provided. 

Exception No. 8: Ground-fault protection systems where installed as part 
of  listed equipment, if suitable overcurrent protection and disconnecting 
means are provided. 

230-83~ Transfer Equipment. Transfer  equ ipmen t sha l l  operate such that  
all ungrounded conductors  of one source of supply are disconnected before 
any ungrounded conductors  of the second source are connected.  

Exception No. 1: Where manual equipment identified for the purpose, or 
suitable automatic equipment is utilized, two or more sources shall be 
permitted to be connected in parallel through transfer, equipment. 

Exception No. 2: Where parallel operation is used andzsuitable automatic 
or manual control equipment is provided. 

230~84. More than One Building or Other Structure. 
(a) Disconnect Required for Each. Where more than onebu i ld i f ig  o r  o ther  

structure .is on .the same property and under  s ingle-management ,  each 
building, or other  structure se rvedsha l l  be provided with means for discon- 
necting all ungrounded conductors.  

Location shall be in accordance with Section 230-70. 
Exception No. 1: For large capacity multibuilding industrial installations. 

under single management, where it is assured that the disconnecting can be. 
accomplished by establishing and maintaining s'afe, switching procedures, 
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the disconnecting means shall be permitted to be locatedelsewhere on the 
premises. See Section 230-91(b). 

Exception No. 2: Buildings or other structures qualifying under the 
provisions o f  Article 685. 

(b) Suitable for Service Equipment. The disconnecting means specified in 
(a) above,.shall be suitable for use a s  service equipment. 

: .,Exception: For garages and outbuildings on residential property, a snap 
-~switch or a set o f  3-way or 4-way snap, switches suitable for  use on branch 

circuits' shall be permitted as the disconnecting means. 

G. 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 having 
a rating or setting not higher than the allowable ampacity of the conductor. 

Exception No. 1: For motor-starting currents, ratings in conformity with 
Sections 430-52, 430-62, and 430-63 shall be permitted. 

Exception No. 2: Fuses and circuit breakers with a rating or setting in 
conformity with Section 240-3, Exception No. 1, and Section 240-6. 

Exception No. 3: Not  more~than six circuit breakers or six sets o f  fuses 
shall be considered as the overcurrent device. 

Exception No. 4:. Fire Pumps.  Where the service to the fire pump room is 
judged to be outside o f  buildings, these provisions shitll not apply. Overcur- 

' rent protectionforfire pump services shall be selected or set to carry locked- 
I rotor current o f  the motor(s) indefinitely. 

(FPN): See NFPA 20-1983 (ANSI), Standard for Centrifugal Fire Pumps. 
- 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 Section 230-71(b), shall be considered as one protective 
device. 

(b) Not in Grounded Conductor. No over  current device shall be inserted 
in a grounded service conductor except a circuit breaker which simulta- 
neously opens all conductors of the circuit. 

230-91.  Location of Overcurrent Protection. 
(a) General. The service overcurrent device shall be an integral part of 

the service, d isconnect ingmeans or shall be located immediately adjacent 
• thereto. 

(b) More than One Building. In a property comprising more. than one 
building under single management, the ungrounded conductors supplying 

, each building served shall be protected by overcurrent devices, which may 
be located in the building served or in another building on the same property, 
provided they are accessible to the occupants of the building served. 

(c) Access to Occupants. In a multiple-occupancy building each occu- 
pant shall have access to the overcurrent protective devices. 

Exception: As  permitted in Section 240-24(b), Exception. 
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230-92. Locked Service OvercurrentDevices. Where the service overcur- 
rent devices  are locked or sealed, or otherwise not readily accessible,. 
branch-circuit overcurrent devices shall be installed on the load side; shall be .  
mounted in an accessible location, and shall be of lower  rating than the 
service overcurrent device. 

230-93, Protection of Specific Circuits. Where necessary to prevent tam- 
pering, an. automatic overctirrent device protecting service conductors 
supplying only a-~spbcific load, such as a water heater~ ~hall be permitted to 
be locked or. sealed where located so as to be accessible. 

230-94. Relative Location of Overcurrent Device ands, Other Servi~e Equip- 
ment. 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, lightning arresters, 

surge protective capacitors, and instrument transformers (current and 
voltage) shall be permitted to be connected and installed on the supply side ] 
of  the ser~;ice disconnecting means as permitted in Section 230-82.. 

Exception No. 3:. Circu#3~rfor emergency supply and 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... 
Exception No. 5: Meters. nominally rated not in excess, o f  600 volts, 

provided, all metal housings and service enclosures are grounded in.accor- 
dance with Article 250: 

Exception No. 6: Where service equipment is 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 electrical services o f  
more than 150 volts to ground, but not exceeding 600 volts phase-to-phase for 
each service disconnecting means rated 1000 amperes or more. 

(a) Setting. The ground-fault protection system shall operate to.cause 
the service disconnecting means to open all ungrounded conductors of the 
faulted circuit. The maximum setting of the ground-fault protection shall be 
1200 amperes and the maximum t imedelay shall.be one secondfor  ground- 
fault currents equal to or greater than 3000 amperes .  

Exception No. 1: The provisions of  this section shah not apply to a service 
discotinecting means for a continuous industrial process where anonorderly :. 
shutdown will introduce additional or increased hazards. 

Exception No. 2: The provisions of  this section shall not, apply, to fire • 
pumps. 

(b) Fuses. If a switch and fuse combination is used, thefuses  employed 
shall  be. capable of interrupting any current, higher than . the  interrupting 
capacity of the switch during a time when the ground-fauit protective system- 

"will not cause the switch.to open: 
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(FPN): As used in this section, the rating of the Service Disconnecting Means 
is considered to be the rating of the largest fuse that can be installed or the highest 
trip setting for which the actual overcurrent device installed in a circuit breaker is 
rated or can be adjusted. 

(FPN): It is recognized that ground-fault protection may be desirable for 
service disconnecting means rated less than 1000 amperes on solidly grounded 
wye systems having more than 150 volts to ground, not exceeding 600 volts phase- 
to-phase. 

• (FPN): As used in this section, solidly grounded means that the grounded 
conductor (neutral) is .grounded without inserting any resistor or impedance 
device. 

(FPN): Ground-fault protection that functions to open the service disconnect- 
ing means will' afford no protection from faults on the line side of the protective 
element. It serves only t o limit damage to conductors and equipment on the load 
side in the event of an arcing ground fault on the. load side of the protective 
element. 

(FPN): This'added protective equipment at the service equipment will make it 
necessary to review the overall wiring system for proper selective overcurrent 
protection coordination. Additional installations of ground-fault protective equip- 
ment will be needed on feeders and branch circuits where maximum continuity of 
electrical service is necessary. 

(FPN): Where ground-fault protection is provided for the service disconnecting 
means and interconnection is made with another supply system by a t r a n s f e r  
device, means or devices may be needed to assure proper ground-fault sensing by 
the ground-fault protection equipment. 

(c) Performance Testing. The ground-fault protection system shall be 
pe r fo rmance  tested when first installed on site. The test  shall be conducted in 
accordance with instructions which shall be provided with the equipment.  A 
written record of this test  shall be made and  shall be available to the authori ty 
having jurisdiction: 

-H.. Services Exceeding 600 Volts, Nominal 

230-200. General, Service conductors and equipment used on circuits 
exceeding 600 volts, nominal,  shall comply with all applicable provisions of 
,the preceding sections of this a r t i c l eand  with the following sections,  which 
,supplement or modify the preceding sections. In no case shall the provisions 
of this article apply to equipment on the supply side of the service-point.  

Service-Point. Service-point is the P9int of connect ion between the 
facilities of the serving utility and the premises '  wiring. 

• (FPN): For clearances of conductors of over 600 volts,, nominal, see National 
Electrical Safety Code (ANSI C2-1984). 

230-201 .  Service Conductors. The conductors  from the service-point to 
t h e  service disconnecting means sha l l ,be  considered service conductors  
regardless of whether  they are on the  primary or Secondary side of a step- 
down transformer.  

2 3 0 - 2 0 2 .  Service-Entrance Conductors.Service-entrance conductors  to 
,buildings or enclosures shall be installed to conform to the following: 

(a) Conductor Size. Service-entrance conductors  shall not be smaller 
than No. 6 unless in cable. Conductors  in cable shall not be smaller than 
No. 8. 
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(b) Wiring Methods. Ser~,ice-entrance conductors shall be installed by 
means of one of the following wiring methods: (1) in rigid metal conduit; (2) 
in intermediate iiaet~il conduit; (3) in rigid nonmetallic conduit; (4) as 
multiconductor cable identified as service cable; (5) as open.conductors 
where supported on insulators and where either accessible .only to qualified 
persons or where effectively guarded against accidental contact; (i5) in 
cablebus; or (7) in busways. 

Underground service-entrance conductors shall conform to-Section 710-3(b). 
Cable tray systems shall be permitted to support cables identified as 

service-entrance conductors. See Article 318. 
- (FPN): See Section 310-6 for shielding of solid dielectric insulated conductors. 

(c) Open Work. Open wire services over 600 volts, nominal, shall be 
installed in accordance with the provisions of Article 710, Part D. 

(d) Supports. Service-entrance conductors and their supports, including I 
insulators, shall have strength and stability sut~cient to ensure maintenance' 
of adequate clearance with abnormal currents in case of short circuits. 

(e) Guarding. Open wires shall be guarded to make them accessible only 
to qualified persons. 

(f) SetviceCable: Where cable conductors emerge from a metal sheath:or 
raceway, the insulation of the~conductors shall be protected from moisture 
and physica! damage by a pothead or other approved means. 

(g) Draining Raceways. Unless conductors identified for use in wet 
locations are used, raceways embedded in .masonry orexposed to the 
weather shall be arranged to drain. 

(h)  Over 15,000 Volts. Where the voltage exceeds 15,000 volts between 
conductors they shall enter either metal-enclosed switchgea~" or a transformer 
vault conforming to the requirements of Sections 450-41 through 450-48. 

230-203. Warnilig Signs. Signs with the words "Danger High Voltage I 
Keep Out" shall be posted in plain view where ufiauthorized persons might I 
come in contact .with live parts. 

230-204. Isolating Switches. 
(a) Where Required. Where oil switches or air or oil circuit breakers 

constitute the service disconnecting means, an air-break isolating switch. 
shall be installed on the supply side of' the disconnecting means and all 
associated service equipment. 

Exception: Where such equipment is mounted on removable truck panels 
or metal-enclosed switchgear units, which cannot be-opened unless the 
circuit is disconnected, and which,-when removed from the normal operating 
position, automatically disconnect the circuit breaker or switch from all live 
parts. 

(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 where: (l) the oil disconnecting means is a nonautomatic 
switch, and (2) the set of fuses disconnect the oil-switch and all associated 
service equipment from the service-entrance conductors. 

(c) Accessible to Qualified Persons, Only. The isolating switch shall be 
accessible to qualified persons only. 
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(d) Grounding Connection. Isolating switches shall be provided with a 
means for ~readily connecting the load side conductors to ground, when 
disconnected from the source of supply. 

A means for grounding the load side conductors need not be provided 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 ac- 

cordance with Section 230-70 or Section 230~208(b). 
Exception:  Where under single management ,  the service disconnecting 

means  shall be permi t ted  to be located in a separate building or structure on 
the same premises.  In such case the service disconnecting means  shall be 
capable o f  being electrically opened by a readily accessible control device 
located as near as practicable to where the service conductors enter the 

• building served. The control device shall be permanent ly  marked to identify 
its funct ion  and shall provide visual indication o f  the On or Of f  status o f  the 
remote service disconnect.  

(FPN): See Sections 230-3, 230-6, 230-70, 230-71(a) and 230-200. 
(b) Type. The service disconnecting means shall.simultaneously discon- 

nect all ungrounded'conductors and shall be capable of  being Closed on a.fault 
equal to or greater than the maximum available short-circuit current in the 
circuit 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. 

230-206. Overcurrent Devices as Disconnecting Means. , Where the circuit 
breaker oral ternat ive for il; specified in Section 230-208 for service overcur- 
rent devices, meets the requirements specified in Section 230-205, they shall 
constitute the service disconnecting means. 

230-207. Equipment in Secondaries~ Where the primary service equip- 
ment supplies one or more transformers whose secondarywindings connect 
to a common bus of bars or wires, and the primary load-interrupter switch or 
circuit breaker is capable of being opened and closed from a point outside the 
transformer vault, the disconnecting means and overcurrent protection: shall 
not be required in the secondary circuit if the primary fuse or circuit breaker 
is rated or set to protect the secondary circuit. 

230-208. Overcurrent Protection Requirements. Service-entrance conduc- 
tors shall have a short-circuit protective device in each.ungrounded~conduc- 
tot, on the load side of, or as an integral part of, the service-entranceswitch,. 
The protective device shall be capable of detecting and interrupting all values 
of current in excess of its trip setting or melting point, which 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. 

(FPN): See Tables 310-69.through310-84 for ampacity of high-voltage conduc- 
tors. 

Overcurrent.devices shall conform to the following: 
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(a) In Vault or ConSisting of Metal-Enclosed Switchgear. Where the ser- 
vice equipment is installed in a transformer vault meeting the provisions of 
Sections 450-41 through 450-48, or consists of metal-enclosed switchgear, the 
overcurrent.protection and disconnecting means shall be one of the follow- 
ing: 

(1). A nonautomatic oil switch, oil fuse cutout, or-air load-interrupter 
switch shall be permitted with fuses. The interrupting rating of this switch 
shall equal or exceed the continuous current rating of the fuse. 

(2) An automatic trip.circuit  breaker of suitable current-carrying and 
interrupting capacity. 

(3) A switch capable of interrupting the no-load current of the trans- 
former supplied through the switch and suitable fuses shall be permit ted 
provided the switch is interlocked with a single switch or circuit breaker on 
the secondary circuit of the transformer so that the primary switch cannot be 
,opened when the secondary circuit is closed. 

(b), Not in Vault or Not Consisting of Metal-Enclosed Switchgear. Where 
the service equipment is n6t in a vault or metal-enclosed switchgear, the 
overcurrent protection and disconnecting means shall be either of the 
following: 

• (1) An air load-interrupter switch or other switch capable of interrupt- 
ing the rated circuit load shall be permitted with fuses on a pole or elevated 
structure outside the building provided the.switch is operable by persons 
using the building. 

(2) An automatic-trip circuit breaker of suitable ampacity and interrupt- 
ing capacity. The circuit breaker shall be located outside the building as near 
as practicable ~ to where the service conductors enter the building. The 

• location shall be permitted on a pole, roof, foundation, or other structure. 

(c) Fuses. Fuses shall have an interrupting rating no less than the 
maximum available short-circuit current in the circuit ai their supply termi- 
nals. 

id) Circuit Breakers. Circuit breakers shall be free to open in case the 
circuit is closed on an overload. This can be accomplished by means such as 
trip-free circuit breakers. A service circuit breaker shall indicate clearly 
whether it is open.or closed, and-shall have an interrupting rating no less than 
the maximum available short-circuit current at its supply terminals. 

Overcurrent relays shall be furnished in connection with current trans- 
formers in.one of the following combinations: " • 

(1) Three overcurrent relays operated from current 'transformers in 
each phase. 

(2} Two overcurrent relays operated by current from current transform- 
ers in any two phases and one overcurrent relay sensitive to ground-fault 
current that is operated by the sum of the currents from current transformers 
in each phase. 

(3) Two overcurrent relays operated by current from current transform- 
ers in any two phases and  one overcurrent relay sensitive to ground-fault 
current that is operated from a current transformer which links all three 
phase conductors and the grounded circuit conductor (neutral), if provided. 



70--80 NATIONAL ELECTRICAL CODE 

(e) Enclosed Overcurrent Devices. The restriction to 80 percent of rating 
for an enclosed overcurrent device on continuous loads shall not apply to 
overcu~'rent.devices installed in services operating at over 600 volts. 

230-209.  Surge Arresters (Lightning Arresters). Surge arresters installed in 
accordance with the requirements of Article 280 shall b e  placed on each 
ungrounded overhead service conductor on the supply side of the service 
equipment, when called for by the authority having jurisdiction. 

230-210. Service Equipment-General Provisions. Service equipment in- 
cluding instrument transformers shall conform to Article 710, Part B. 

230-211.  Metal-Enclosed Switchgear. Metal-enclosed switchgear shall 
consist of a substantial metal structure and a sheet metal enclosure. Where 
installed over a wood floor, suitable protection thereto shall be provided. 

A R T I C L E  240 m O V E R C U R R E N T  P R O T E C T I O N  

240-1.  Scope. Parts A through G o f  this article provide the general 
requirements for overcurrent protection and overcurrent protective devices 
not more than 600 volts, nominal. Part H covers overcurrent 'protection over 
600 volts, nominal. 

(FPN): 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 Sections 
110-9 and 110-10 for requirements for interrupting capacity and protection against 
fault cu r ren t s . .  • 

A. General 

240-2. Protection of Equipment. Equipment shall be protected against 
overcurrent in accordance with the article in this Code covering the type of  
equipment as specified in the .following list. 

Article 
.Air-Conditioning and Refrigerating Equipment . . . . . . . . . . . . . . . . . . .  440 
Appliances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Branch Circuits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Capacitors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . .  .. 
Class 1, Class 2, and Class 3 Remote Control, 

Signaling, and Power-Limited Circuits . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Closed-Loop and Programmed Power. Distribution Systems . . . . .  
Cranes and. Hoists . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Electric Signs al.d Outline Lighting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Electric Welders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :.. 
Electrolytic Cells . . . . . . . . . . . . . . . . . . . . .  " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Elevators, Dumbwaiters, Escalators, and Moving Walks . . . . . . . .  
Emergency S~¢stems . . . . . . . . . . . . . . . . . . .  " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fire Protective Signaling Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fixed Electric Heating Equipment for Pipelines and Vessels . . . .  
Fixed Electric Space Heating Equipment . . . . . . . . . . . . . . . . . . . . . . . . .  

422 
210 
460 

725 
780 
610 
600 
630 
668- 
620 
700 
760 
427 
424 



ARTICLE 240 - -  OVERCURRENT PROTECTION 70--81 

Fixed Ou tdoor  Elec t r ic  De-icing and 
Snow-Mel t i ng  E q u i p m e n t  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  426 

Gene ra to r s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  445 
Induc t ion  and Dielec t r ic  H e a t i ng  E q u i p m e n t  . . . . . . . . . . . . . . . . . . . . .  665 
Indus t r ia l  M a c h i n e r y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i . .  : . . . . . . . . . . . .  670 
Mot ion  Pic ture  and  Television Studios  and  S im i l a r  Locat ions  .. 530 
Motors ,  Motor  Circui t s ,  and  Cont ro l le rs  . . . . . . . . . . . . . . . . . . . . . . . . . .  430 
Organs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  650 
Over  600 Volts, N o m i n a l -  Gene ra l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  710 
Places  of Assembly  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  518 
Services . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  230 
Solar  Photovol ta ic  Sys tems  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  690 
Sound-Record ing  and S imi l a r  E q u i p m e n t  . . . . . . . . . . . . . . . . . . . . .  • . . . .  640 
Swi tchboards  and Pane lboards  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  384 
Thea te r s  and  S imi l a r  Locat ions  . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . .  : . . . . . . .  520 
Trans fo rmers  a n d  Trans fo rmer  Vaul ts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  450 
X- ray  E q u i p m e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  517 

660 

240-3. Protection of Conductors - -  Other than Flexible Cords and Fixture 
Wires. C o n d u c t o r s ,  o the r  than  f lexible  co rds  and  f ixture  wi res ,  shal l  be 
p r o t e c t e d  aga ins t  o v e r c u r r e n t  in a c c o r d a n c e  wi th  the i r  a m p a c i t i e s  as speci-  
fied in Tab l e s  310-16 t h rough  310-31 and  all app l i cab le  no t e s  to t he se  tab les .  

Exception No. 17 Next Higher Overcurrent Protective Device Rating. 
Where the ampacity of  the conductor does not correspond with the standard 
ampere rating of  a fuse or a circuitbreaker withoutoverload trip adjustment 
above its rating (but which may have other trip or rating adjustments), the 
next higher standard device rating shall be permitted only if  this rating does 
not exceed 800 amperes and the conductor is not part of  a multioutlet branch 
circuit supplying receptacles for cord- and plug-connected portable loads. 

Where the rating exceeds 800 amperes, a lower than standard rated and 
listed fuse or a circuit breaker without overload trip adjustment above its 
rating shall be permitted. 

Exception No. 2: Tap Conductors. Tap conductors as permitted in Sec- 
tions 210-19(c); 240-21, Exceptions No. 2, 3, 5, 8, 9 and 10; 364-10 and 364-11; 
and Part D'of  Article 430. 

• Exception No. 3: Motor and Motor-Control Circuits. Motor and motor- 
control circuit conductors protected in accordance with Parts C, D, E, and 
F o f  Article 430. Motor-operated appliance circuit conductors protected in 
accordance with Parts B and D of  Article 422. Air-conditioning and refrig- 
erating equipment circuit conductors protected in accordance with Parts C 
and F of  Article.440. 

Exception No. 4: Remote Control Circuits. Remote-control circuits shall 
comply with Article 725. 

Exception No. 5: Transformer Secondary Conductors..Conductors sup- 
plied by the secondary side of  a single-phase transformer having a 2-wire 
(single-voltage) secondary shall be considered as protected by overcurrent 
protection provided on the primary (supply) side of  the transformer, provided 
this protection is in accordance with Section 450-3 and does not exceed the 
value determined by multiplying the secondary conductor ampacity by the 
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s~condary-to-primary transformer voltage ratio. Transformer secondary 
conductors (other than 2 wire) are not considered to be protected by the 
primarY overcurrent protection. 

Exception No. 6: Capacitor circuits which comply with Article 460. 
Exception No. 7: Welders circuits which comply with Article 630. 
Exception No. 8: 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. Short-circuit protec- 
tion shall be provided. 

240-4. Protection of Fixture Wires and Cords. Flexible cord, including 
tinsel cord and extension cords, shall be protected against overcurrent in 
accordance with their ampacities as specified in Table 400-5. Fixture wire 
shall be protected against overcurrent in accordance with its ampacity as 
specified in Table 402-5. Supplementary overcurrent protection as in Section 
240-10 shall be permitted to be an acceptable means for providing this 
protection. 

Exception No. 1: When a flexible cord or a tinsel cbrd approved for a n d  
used with a specific listed appliance or portable lamps is connected to a 
branch circuit of  Article 210 in accordance with the following: 

20-ampere circuits, tinsel cord or No. 18 cord and larger. 
30-ampere circuits, No. 16 cord and larger. 
40-ampere circuits, cord of  20-ampere capacity and over. 
50-ampere circuits, cord of  20-ampere capacity and over. 

Exception No. 2: When fixture wire is connected to 120-volt or higher 
branch circuit of  Article 210 in accordance with the following: 

20-ampere ctrcults No. 
20-ampere ctrcults No. 
20-ampere ctrcutts No. 
30-ampere clrcutts No. 
40-ampere clrcutts No. 
50-ampere ctrcutts No. 

18 up to 50feet (15.2 m) "of run length. 
16 up to lOO feet (30.5 m) of  run length. 
14 and larger. 
14 and larger. 
12 and larger. 
12 and larger. 

Exception No. 3: Flexible cord used in listed extension cord sets having 
No. 16 A WG or larger conductors shall be considered to be protected by 20- 
ampere branch-circuit overcurrent protection. , 

240-6. Standard Ampere Ratings. 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, 110, 125, 150, 175, 200, 225, 250, 300, 350, 400, 450, 
500,600, 700, 800, 1000, 1200, ,1600, 2000, 2500, 3000, 4000, 5000, and 6000. 

Exception: Additional standard ratings for fuses shall be considered- 1, 3, 
• 6, 10, and 601. 

For the purposes of this article, the rating of an adjustable trip circuit 
breaker having readily accessible external means for adjusting the trip setting 
shall be the maximum permissible rating or setting. 

240-8. Fuses or Circuit Breakers in Parallel. Fuses, circuit breakers, or 
combinations thereof shall not be connected in parallel. 
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Exception: Circuit breakers or fuses, factory assembled in parallel, anti 
approved as a unit. 

240-9. Thermal Devices. Thermal cutouts, thermal relays, and other de- 
vices not designed to open short circuits shall not be used for the protection 
of conductors against overcurrent due to short circuits or grounds but the use 
of such de.vices shall be permitted to protect motor-branch-circuit conductors 
from overload if protected in accordance with Section 430-40. 

240-10.  Supplementary Overcurrent Protection. 'Where supplementary 
overcurrent protection is used for lighting fixtures, appliances, and other 
equipment or for internal circuits and components of equipment, it shall not 
be used as a substitute for branch-circuit overculTent devices or in place of 
the branch-circuit protection specified in Article 210. Supplementary 
overcurrent devices shall not be required to be readily accessible. 

240-11.  Definition of Current-Limiting Overcurrent Protective Device. A 
current-limiting overcurrent  protective device is a device which, when 
interrupting currents in its current-limiting range, will reduce 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. 

240-12.  Electrical System Coordination. Where an orderly shutdown is I 
required to minimize hazard(s) to personnel and equipment, a' system of 
coordination based on the following two conditions shall be permitted: 

(1) Coordinated short-circuit protection. 
(2) Overload indication based on monitoring systems or devices. 

(FPN): Coordination is defined as properly localizing a fault condition to 
restrict outages to the equipment affected, accomplished by choice of selective 
fault-protective devices. 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. 

B. Location 

240-20. Ungrounded Conductors. 
(a) Overcurrent Device Required. A fuse-or an overcurrent t r ip unit o f  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. 

(FPN): For motor circuits, see Parts C, D, F, and J of Article 430. 
(b) Circuit Breaker'as Overcurrent.Device. Circuit  brea.kers shall open all 

ungrounded conductors of the circuit. 
Exception: Individual single-pole circuit breakers shall be acceptable as 

the protection for each ungrounded conducto( of  3-wire direct-current or - 
single-phase circuits, or for each ungrounded conductor of  lighting or 
appliance branch circuits connected to 4-wire, 3-phase systems or 5-wire, 2- 
phase systems, provided such lighting or appliance circuits are supplied from 
a system having a grounded neutral and no conductor in such circuits 
operates at a voltage greater than permitted in Section 210-6. 
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(c) Closed-Loop Power Distribution Systems. Listed devices providing 
equivalent overcurrent protection in closed-loop power distribution systems 
shall be permitted as a substitute for fuses or circuit breakers. 

240-21. Location in Circuit. An overcurrent device shall be connected at 
the point where the conductor to be protected receives its supply. 

Exception No. 1: Smaller Conductor Protected. Where the overcurrent 
device protecting the larger conductor also protects the smaller conductor in 
accordance with Tables 310-16 through 310-31. 

Exception No. 2: Feeder Taps Not Over 10 Feet (3.05 m) Long. For 
conductors tapped to a feeder or transformer secondary where all the 
following conditions are met: 

a. The length of  the tap conductors does not exceed lO feet (3.05 m). 
b. The ampacity of  the tap conductors is: 
(I) not less than the combined computed loads on the circuits supplied 

by the tap conductors, and 

(2a) not less than the rating of  the device supplied by the tap conductors, 
o r  

(2b) not less than the rating of  the overcurrent protective device at the 
termination of  the tap conductors. 

c. The tap conductors do not extend beyond the switchboard, 
panelboard, or control devices they supply. 

d. Except at the point o f  connection to the feeder, the tap conductors 
are enclosed in a raceway, which shall extend from the tap to the enclosure 
o f a n  enclosed switchboard, panelboard, or control devices, or to the back of  
an open switchboard. 

(FPN): See Section 384-16(a) for lighting and appliance branch-circuit 
panelboards. 

Exception No. 3: Feeder Taps Not Over 25 Feet (7.62 m) Long. For 
conductors tapped to a feeder where all of  the following conditions are met: 

a. The length of  the tap conductors does not exceed 25feet (7.62 m). 

b. The ampacity of  the tap conductors is not less than ~ that o f  the 
feeder conductors or overcurrent protection from which they are tapped. 

c. The tap conductors terminate with a single circuit breaker or a single 
set o f  fuses that will limit the load to the ampacity of  the tap conductors. This 
singleovercurrent device shall be permitted to supply any number of  
additional overcurrent devices on its load side. 

d. The tap conductors are suitably protected from physical damage and 
are enclosed in a raceway. 

Exception No. 4: Service Conductors. For service-entrance conductors 
where protected in accordance with Section 230-91. 

Exception No. 5: Branch-Circuit Taps. Taps to individual outlets and 
circuit conductors supplying a single household electric range shall be 
considered as protected by the branch-circuit overcurrent devices when in 
accordance with the requirements of  Sections 210-19, 210-20, and 210-24. 

Exception No. 6: Motor Circuit Taps. For motor-branch-circuit conduc- 
tors where protected in accordance with Sections 430-28 and 430-53. 
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Exception No. 7: Busway Taps. For busways where protected in accord- 
ance with Sections 364-10 through 364-14. 

Exception No. 8: Transformer Feeder Taps with Primary Plus Secondary 
Not Over 25 Fee't (7.62 m) Long." Where all of  the followingconditions are 
met: .  

a. The conductors supplying the primary of  a transformer have an 
ampacity at least t~ that of  the conductors or overcurrent protection from 

• which they are tapped. 
b. The conductors supplied by the secondary of  the transformer have an 

ampacity that, when multiplied by the ratio of  the secondary-to-primary 
voltage, is at least 1/3 the ampacity of  the conductors or overcurrent 
protection from which the primary conductors are tapped. 

c. The total length of  one primary plus one secondary conductor, 
excluding any portion of  the primary conductor that is protected at its 
ampacity, is not over 25 feet (7.62 m). 

d. The primary and secondary conductors are suitably protected from 
physical damage. 

e. The secondary conductors terminate in a single circuit breaker or set 
of  fuses which will limit the load to that allowed in Tables 310-16 through 
310-31. 

Exception No. 9: Conductors from generator terminals to the first 
overcurrent device as covered in Section 445-5. 

Exception No. I0: Feeder Taps .Over 25 Feet (7.62 m) Long. In high bay 
manufacturing buildings over 35 feet (10.67 m) high at walls, where condi- 
tions of  maintenance and supervision assure that only qualified persons will 
service the systems, conductors tapped to.a feeder shall be permitted to be 
not over 25feet(7.62 m) long horizontally and not over lOO feet (30.5 m) total 
length where all of  the following conditions are met. 

a. The ampacity of  the tap conductors is not less than 1/3 that of  the 
overcurrent device from which they are supplied. "" 

b. The tap conductors terminate with a single circuit breaker or a single 
set of  fuses that will limit theload 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. 

c. The tapconductors are suitably protected from physical damage and 
are installed in raceways. " 

d. The tap 'conductors are continuous from end-to-end and contain no 
splices. 

e. The tap conductors shall be No. 6 A WG copper or No. 4 A WG 
aluminum or larger. 

f. The tap conductors shall not penetrate walls, floors, or ceilings. 
g. The tap shall be made no less.than 30feet (9.14 m) from the floor. 

Exception No. 11: Transformer Secondary Conductors of  Separately 
Derived Systems for Industrial Installations. For conductors connected to a 
transformer secondary of  a separately derived system where all of  the 
following conditions arc met: 

a. The length of  the seconda.ry conductors does not exceed 25 feet (7.62 
m). 
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b. The ampacity of  the conductors is not less than the secondary current 
rating of  the transformer and the sum of  the overcurrent devices will limit the 
load to this capacity. 

c. All overcurrent devices are grouped. 
d. The tap conductors are suitably protected from physical damage. 

240-22. Grounded Conductors. No overcurrent device shall be connected 
• in series with any conductor that is intentionally grounded. 

Exception No. 1: Where the overcurrent device opens all conductors of  
the circuit, including the grounded conductor, and is so designed that no pole 
can operate independently. 

Exception No. 2: Where required by Sections 430-36 and 430-37for 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 in or on Premises. 
(a) Readily Accessible. Overcurrent devices shall be readily accessible. 
Exception No. 1: For busways as provided in Section 364-12. 
Exception No. 2: For supplementary overcurrent protection as described 

in Section 240-10. 
J Exception No. 3: For service overcurrent devices as described in Section 

230-92. 
(b) Occupant to Have Ready Access. Each occupant shall have ready 

I access to all overcurrent devices protecting the conductors supplying that 
occupancy. 

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 
overcurrent devices and feeder overcurrenrdevices supplying more than one 
occupancy shall be permitted to be accessible to authorized management 
personnel only. 

(c) Not Exposed to Physical Damage. ~ Overcurrent devices shall be lo- 
cated where they wi l l  not be exposed to" physical damage. 

(d) Not in Vicinity of Easily Ignitible Material, Overcurrent devices shall 
not be located in the vicinity of easily ignitible material such as in clothes 
closets. 

C. Enclosures 

240-30. General. Overcurrent devices shall be enclosed in cabinets or 
cutout boxes. 

Exception No. 1: Where a part o f  an assembly that provides equivalent 
protection. 

Exception No. 2: Where mounted on open-type switchboards, 
panelboards, or control boards that are in rooms or enclosures free from 
.dampness and easily ignitible material and accessible only to qualified 
personnel. 
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Exception No. 3: 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 be-identified for use in such locations and shall 
be mounted so there is at least I/4-inch (6.35-mm) aii" space between the 
enclosure and the wall or other supporting surface. 

240-33. Vertical Position. Enclosures for overcUrrent devices shall be 
mounted in a vertical position. 

Exception: Where this is shown to be impracticable and complies with 
Section 240-81. 

D. Disconnecting and Guarding 

240-40. Disconnecting Means for Fuses and Thermal Cutouts. Disconnect- 
ing means shall be provided on the supply side of all fuses or thermal cutouts 
in circuits of over  150 volts to ground and cartridge fuses in circuits of any 
voltage, where accessible to other than qualified persons, so that each 
individual circuit containing fuses or thermal cutouts can be independently 
disconnected from the source of electric energy. 

Exception No. 1: A device provided for current limiting on the supply side 
of  the service disconnecting means as permitted by Section 230-82. 

Exception No. 2: A single disconnecting means shall be permitted on the 
supply side of  more than one set of  fuses as provided by Section 430-112for 
group operation of  motors and in Section 424-22 for fixed electric space 
heating equipment. 

240-41. Arcing or Suddenly Moving Parts. Arcing or suddenly moving parts 
shall comply with (a) and (b) below. 

(a) Location. Fuses and circuit, breakers shall be so located or shielded 
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 which 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. 

E. Plug Fuses, Fuseholders, and Adapters 

240-50. General. 
(a) Maximum Voltage. Plug fusesand fuseholders shall not be used in 

circuits exceeding 125 volts between conductors. 
Exception: In c!rcuits supplied by a system having a grounded neutral and 

having no conductor at over 150 volts to ground. 
(b) Marking. Each fuse, 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. 

(d) No Live Parts. Plug fuses, fuseholders, ani:l adapters shall have no 
exposed live parts after fuses or fuses and adapters have been installed: 
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(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 a t  

I 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 (a) and (b) below. 

(a) Classification. • Type S fuses shall be classified at not over 125 volts 
and0 to 15 amperes, 16 to 20 amperes, and 21 to 30 amperes: 

(b) Noninterchangeable. Type S fuses of an ampere classification as 
specified in (a) above shall not be interchangeable with a lower ampere 
classification. They shall be so designed that they cannot be used in any 
f~seholder 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 so 

designed 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 so designed that once 
inserted .in a fuseholder, they cannot be removed. 

(d) Nontamperable. Type S fuses, fuseholders, and adapters shall be so 
designed that tampering or shunting (bridging) would be difficult. 

(e) Interchangeability. Dimensions of,Type S fuses, fuseholders, and 
r adapters shall be standardized to permit interchangeability regardless of the 

manufacturer. 

F. Cartridge Fuses and FusehoIders 

240-60. General. 
(a) Maximum Voltage - -  300-Volt Type. Cartridge fuses and fuseholders 

of the 300-volt type shall not be used in circuits of over 300'volts between 
conductors. 

Exception:  In circuits supplied by a system having a grounded neutral and 
having no conductor at over 300 volts to ground. 

(b) Noninterchangeable - -  0-6000 Ampere Cartridge Fuseholders. 
Fuseholders shall be so designed 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 it belongs. Fuseholders for current- 
limiting fuses shall not permit insertion of fuses that are not current limiting. 
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(c) Marking. Fuses shall be plainly marked, either by printing on the fuse 
barrel or by a label attachedto the barrel, showing the following: (l) 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. 

Exception: Interrupting rating marking shall not be required on fuses used 
for supplementary protection. 

240-61. Classification. Cartridge fuses and fuseholders shall be classified 
according to voltage and amperage ranges. Fuses rated 600 volts, nominal, or 
less, shall be permitted to be used for voltages at or below their ratings. 

G.-.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 is also provided. 

Exception: As provided in Section 230-76(2) for circuit breakers used as 
service disc'onnecting means. 

240-81. Indicating. Circuit breakers shall clearly indicate whether they 
are in the open "off" or closed "on" position. 

Where circuit breaker handles on"switchboards or in panelboards are 
operated vertically rather than rotationally or horizontally, the "up" position 
of the handle shall be the "on" position. 

240-82. Nontamperable. A circuit breaker shall be of such design that any 
alteration of its trip point (calibration) or the" time required for its operation 
will require dismantling of the device or breaking of a seal for other than 
intended adjustments. 

240-83. Marking. 
-'(a) Durable and Visible. Circuit breakers shall be marked with their 

ampere rating in a manner that will 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 and600 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. 

Exception: Interrupting rating marking shall not be required on circuit 
breakers used for supplementary protection. 

(d) .Circuit Breakers Used as Switches. Where used as switches in 120- 
volt and277-volt fluorescent lighting circuits, circuit breakers shall be 
approved for such switching duty and shall be marked "SWD." 



70-90 NATIONAL ELECTRICAL CODE 

H. Overcurrent Protection Over 600 Volts, Nominal 

240-100. Feeders. Feeders shall have a short-circuit protective device in 
each ungrounded conductor or comply with Section 230-208(d)(2) or (d)(3). 
The protective device(s) shall be capable of  detecting and interrupting all 
values of current which can occur at their location in excess of  their trip 
setting or melting point. In no case shall the fuse rating in continuous 
amperes exceed three times, or the long-time trip element setting of a breaker 
six times, the ampacity of the conductor. 

Conductors tapped to a feeder shall be permitted to be protected by the 
feeder overcurrent device where that overcurrent device also protects the tap 
conductors• 

(FPN): The operating time of the protective device, the available short-circuit 
current, and the conductor used will need to be coordinated to prevent damaging 
or dangerous temperatures in conductors or .conductor insulation under short- 
circuit conditions. 

240-101.  Branch Circuits. Branch circuits shall have a short-circuit pro- 
tective device in each ungrounded conductor or comply with Section 230-208 
(d)(2) or (d)(3). The protective device(s) shall be capable of detecting and 
interrupting all values of  current which can occur at their location in excess 
of their trip setting or melting point. 

A R T I C L E  250 m G R O U N D I N G  

A. General 

250-1. Scope. This article covers general requirements for grounding and 
bonding of electrical installations, and specific requirements in (a) through (f) 
below. 

(a) Systems, circuits, andequipment  required, permitted, or not permitted 
to be grounded. 

(b) Circuit conductor to be grounded on grounded systems. 
• (c) Location of  grounding connections. 
(d) Types and sizes of grounding and bonding conductors and electrodes. 
(e) Methods of grounding and bonding. 
(f) Conditions under which guards, isolation, or insulation may be substi- 

tuted for grounding. 
(FPN): Systems and circuit conductors are grounded to limit voltages due to 

• lightning, line surges; or unintentional contact with higher voltage lines, find to 
stabilize the voltage to ground during normal operation. Systems and circuit 
conductors are solidly grounded to facilitate overcurrent device operation in case 
of ground faults. 

(FPN): Conductive materials enclosing electrical conductors or equipment, or 
forming part of such equipment, are grounded to limit the voltage to ground on 
these materials and to facilitate overcurrent device operation in case of ground 
faults. See. Section 110-10. " 
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250-2. Applicat ion of Other  Articles. In o t he r  ar t ic les  app ly ing  to pa r t i cu la r  
c a s e s  o f  ins ta l la t ion  o f  c o n d u c t o r s  and  e q u i p m e n t ,  the re  are  r e q u i r e m e n t s  
tha t  a re  in addi t ion  to t hose  of . th i s  art icle o r  a re  .modif icat ions  o f  t hem:  

Article 
A g r i c u l t u r a l  Bu i ld ings  . . . . . . . . . . . . . . . . . . . . . . . .  
A p p l i a n c e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B r a n c h  C i r c u i t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C a b l e b u s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C i r cu i t s  and  E q u i p m e n t  O p e r a t i n g  a t  Less  T h a n  

50 Vol ts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C l a s s  1, C las s  2, and  C l a s s  3 C i r cu i t s  . . . . . . . . . . .  

720 

C losed -Loop  and  P r o g r a m m e d  Power  D i s t r i b u t i o n .  

C o m m u n i c a t i o n s  C i r cu i t s  . . . . . . . . . . . . . . . . . . . . .  
C o m m u n i t y  A n t e n n a  Telev is ion  and  R a d i o  Dis-  

t r ibu t ion  S y s t e m s  . . . . . . . . . . . . . . . . . . . . . . . . . .  

Conduc to r s"  
C o n d u c t o r s  ( G r o u n d e d )  . . . . . . . . . . . . . . . . . . . . . .  
C r a n e s  and  Ho i s t s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D a t a  p r o c e s s i n g  S y s t e m s  
Elec t r ica l ly  Dr iven  or Con t ro l l ed  I r r iga t ion  M a -  

ch ines  . . . .  . . . . . . . . . . . . . . . . . . . . . . .  " . . . .  ; . . . .  

800 

310 
200 
610 

.Elect r ic  S igns  and  O u t l i n e  Light ing-  . . . . . . . . . . . .  600  
Elec t ro ly t ic  Cel ls  . . . . . . . . . . . . . . . .  • . . . . . . . . . . . .  668 
Eleva tors ,  D u m b w a i t e r s ,  Esca la to r s ,  and  M o v i n g  :~, 

W a l k s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  620  
Fi re  Pro tec t ive  S i g n a l i n g  S y s t e m s  . . . . . . . . . . . . . .  
F ixed Electri(z H e a t i n g  E q u i p m e n t - f o r  

Pipel ines  a n d  Vesse ls  . . . . . . . . . . . . . . . . . . . . . . . . .  

F ixed Elect r ic  S p a c e  H e a t i n g  E q u i p m e n t  . . . . . . .  
F ixed O u t d o o r  E l e c t r i c  De- Ic ing  a n d  S n o w - M e l t -  

ing E q u i p m e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : .  
F ix tu re s  and  L i g h t i n g . E q u i p m e n t -  . . . . . . . . . . . . . .  

Section.. 
547-8 
422-16  
210-5 
210-6 
210-7  
365-9 

725-20  
725-43  
780-3 
780-4 (a )  

820-7 
820-22  
820-23  

645-4  

• 675-11 ic)  
675-12  
675-13  
675-14  
675-15  

760-6  

427-21 
427 -29  
427-48  
4 2 4 - 1 4  

426-27  
4 1 0 - 1 7  
4 1 0 - 1 8  
410-19  
410-21 
4 1 0 - 1 0 5 ( b )  
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Article 
Flexible  Co rds  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F loa t ing  Bui ld ings  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

G r o u n d i n g - t y p e  Recep t ac l e s  (Ou t l e t s )  . . . . . . . . . .  
H a z a r d o u s  (Class i f ied)  Loca t i ons  " 5 0 0 ~ 5 1 7  
H e a l t h  C a r e  Faci l i t ies  . . . . . . . . . . . . . . . . . . . . . . . .  517 
Induc t i on  a n d  Die lec t r ic  H e a t i n g  E q u i p m e n t  . . . .  665 
Indus t r i a l  M a c h i n e r y  . . . . . . . . . . . . . . . . . . . . . . . . .  670  
Ligh ' t ing F ix tu res ,  L a m p h o l d e r s ,  L a m p  Recep-  

tacles ,  a n d  Rose t t e s  . . . . . . . . . . . . . . . . . . . . . . . .  410  
M a r i n a s  a n d  B o a t y a r d s  . . . . . . . . . . . . . . . . . . . . . . .  
Mobi le  H o m e s  and  Mobi l e  H o m e  P a rks  . . . . . . . . .  550 
Mot ion  P ic tu re  and  Telev is ion  S t ud i o s  and  

S i m i l a r  Loca t ions  . . . . . . . . . . . . . . . . . . . . . . . . . .  

Moto r s ,  M o t o r  C i rcu i t s ,  and  Con t ro l l e r s  . . . . . . . .  
O r g a n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ou t l e t ,  Device,  Pull  and  J u n c t i o n  Boxes ,  

C o n d u i t  Bodies a n d  F i t t ings  . . . . . . . . . . . . . . . . .  

430  
650 

• Ove r  600  Volts ,  G e n e r a l  . . . . . . . . . . . . . . . . . . . . . .  
P a n e l b o a r d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a d i o  a n d  Telev is ion  E q u i p m e n t  . . . . . . . . . . . . . . .  810 
Recep t ac l e s  and  A t t a c h m e n t  P lugs  . . . . . . . . . . . . .  • 
R e c r e a t i o n a l  Vehic les  and  R e c r e a t i o n a l  Vehic le  

Pa rk s  . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  551 
Serv ices  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  230 
Serv ice  E q u i p m e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
So la r  Pho tovo l ta ic  S y s t e m s  . . . . . . . . . . . . . . . . . . . .  

S o u n d  R~ecording a n d  S i m i l a r  E q u i p m e n t  . . . . . . .  
S w i m m i n g  Pools,  F o u n t a i n s  a n d  S i m i l a r  Ins ta l -  

l a t ions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S w i t c h b o a r d s  and  P a n e l b o a r d s  . . . . . . . . . . . . . . . .  

Swi t ches  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T h e a t e r s . a n d  S i m i l a r  Loca t ions  . . . . . . . . . . . . . . . . .  
T r a n s f o r m e r s  a n d  T r a n s f o r m e r  V a u l t s  . . . . . . . . . . .  
X - r a y  E q u i p m e n t  . . . . . . .  : . . . . . . . . . . . . . . . . . . . .  

680  

660 

Section 
400-22  
400-23  
553-8 
553-10  
553-11 
210-7 

555-7 

530-20  
530-66  

370-4 
370-15  
7 1 0 - 3 ( b ) ( I )  
384-27  

410-58  

' 2 3 0 - 6 3  
690-41 
690-42  
690-43  
690-44  
640-4  

! 

384-3(c )  
384-11 
380-12  
520-81 
450-10  
517-151 
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B.  Circuit and SystemGrounding 

250-3. Direct-Current Systems. 
(a) Two-Wire'Direct Current Systems. Two-wire dc systems supplying 

premises wiring shall be grounded. 
Exception No. 1: A system equipped with a'ground detector and supplying 

Only industrial equipment in limited areas. 
Exception No. 2: A system operating at 50 volts or less between conduc- 

tors. 
Exception No. 3: A system operating at over 300 volts between conduc- 

tors. 
Exception No. 4: A rectifier-derived dc system supplied from an ac system 

complying wit.h Section 250-5. 
Exception No. 5: DC fire protective signaling circuits having a maximum 

current of  O.030 amperes as specified in Article 760, Part C. 
"(b) Three-Wire Direct-Current Systems. The neutral conductor of all 3- 

wipe dc systems supplying premises wiring shall be grounded. 

250-5. Alternating-Current Circuits and Systems to Be Grounded. AC cir- 
cuits and systems shall be grounded as provided for in (a), (b), (c), or (d) 
below. Other circuits and systems shall be permitted to be grounded. 

(a) Alternating-Current Circuits of .Less than 50 Volts.' AC circuits of legs 
than 50 volts shall be grounded under any of the following conditions: 

(1) Where supplied by transformers if the transformer supply s~,stem 
exceeds 150 "volts to ground. 

(2) Where supplied by transformers if the transformer supply system is 
ungrounded. 

(3} Where installed as overhead conductors outside of buildings. 
(b) Alternating-Current Systems of 50 Volts to 1000 Volts. A C  systems o f  

50 volts to 1000 volts supplying premises wiring and premises wiring systems 
shall be grounded .under any of the following conditions: 

(1) Where the system can be so grounded that the maximum voltage to 
ground on the ungrounded conductors does not exceed 150 volts. 

(2). Where the'system is nominally rated'480Y/277-volt, 3-phase, 4-wire 
in which the neutral is used as a circuit conductor. 

(3) Where the system is nominally rated 240/120-volt, 3-phase, 4-wire in 
which the midpoint of one phase is used as a circuit conductor. 

(4) Where a service conductor is uninsulated in accordance with 
Sections 230-22, 230-30, 230-41. 

Exception No. 1: Electric systems used exclusively to supply industrial 
electric furnaces for  melting, refining, tempering, and the like. 

Exception No. 2: Separately derived systems used exclusively for rectifiers 
supplying only adjustable speed industrial drives. 

Exception No.  3: Separately derived systems supplied by transformers 
that have a primary voltage rating less than lO00.volts provided that all of the 
following conditions are met: 

a. The system is used exclusively for-control circuits. 
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b. The conditions of  maintenance and supervision assure that only 
qualified persons will service the installation. 

c. Continuity of  control power is required. 
d. Ground detectors are installed on, the control system. 

Exception No. 4: Isolated systems as permitted in Article 517. 
(FPN): The proper use of suitable ground detectors on ungrounded systems 

can provide additional protection• 
Exception No. 5: High-impedance grounded neutral systems in which a 

grounding impedance, usually a resistor, limits the ground-fault current to a 
low value. High impedance grounded neutral systems shall be permitted for 
three-phase ac systems of  480 volts to 1000 volts where all of  the following 
conditions are met: 

a. The conditions of  maintenance and supervision assure that only 
qualified persons will service the installation. 

b. Continuity of  power is required. 
c. Ground detectors are installed on the system'. 
d. Line-to-neutral loads are not served. 

(c) Alternating-Current Systems of 1 kV and Ove~. AC systems of 1 kV 
and over  supplying mobile or portable equipment shall be grounded as 
specified in Section 250-154. Where supplying other than portable equipment, 
such systems •shall be permitted to be grounded. Where such systems are 
grounded, they shall comply with the applicable provisions of this article. 

(d) Separately Derived Systems. A premises wiring system whose power 
is derived from generator, transformer, or converter windings and has no 
direct electrical connection, including a solidly connected grounded circuit 
conductor, to supply conductors originating in another system, if required to 
be grounded as in (a) or (b) above; shall be grounded as specified in Section 
250-26. 

(FPN): An alternate alternating-current power source such as an on-site. 
generator is not a separately derived system if the neutral is solidly interconnected 
to a service-supplied system neutral. 

(FPN): For systems, that are not separately derived and are not required robe 
grounded as specified in Section 250-26, see-Section 445-5 for minimum size of 
conductors which must carry fault current.- 

250"-6. Portable and Vehicle-Mounted Generators. 
(a) Portable Generators. Under the following conditions the frame, of a 

portable generator shall not be required to be grounded and shall be . .  
permitted to serve as the grounding electrode for a system supplied by the 
generator: 

(1) The generator supplies only equipment.mounted on the generator 
and/or cord- and plug-connected equipment through-.xecepl~acles mounted on 
the generator, and 

(2) The noncurrent-carrying metal parts of equipment and the equip- 
ment grounding conductor tei'minals of the receptacles are bonded to the 
generator frame. 

(b) Vehicle-Mounted Generators. Under the following conditions~the 
frame of a vehicle shall be permitted to serve as the grounding electrode ,for: 
a system supplied by  a generator loca tedon  the~ vehicle: -; 
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(1) The frame of the generator is bonded to the vehicle frame, and 
(2) The generator supplies only equipment located on the vehicle and/or 

cord- and plug-connected equipment through receptacles 'mounted on the 
vehicle or on the generator, and 

(3) The nohcui'i'ent-carrying metal parts of i~luipment-and" the equip- 
ment grounding conductor terminals of the receptacles are bonded to the 
generator frame, and 

(4) The system complies with all other provisions of this article. 
(c) Neutral Conductor Bonding. A neutral conductor shall be bonded to 

the generator frame when the generator is a component of a separately 
derived system. The bonding of any conductor other than a neutral within the 
generator to its frame shall not be required. 

(FPN): Forgrounding of portable generators supplying fixed wiring systems, 
see Section 250-5(d). 

250-7. Circuits Not to Be Grounded. 'The following circuits shall not be 
grounded: 

• (a) Cranes. Circuits for electric cranes Operating over combustible fibers 
in Class III locations, as provided in Section 503-13. 

(b) Health Care Facilities. Circuits as provided in Article 517. 

C. Location of System Grounding Connections 

250-21. Objectionable Current over Grounding Conductors. 
(a) Arrangement to Prevent Objectionable,Current. The grounding of  

electric systems, circuit .conductors; surge attesters, and conductive 
noncurrent-carrying materials and equipment shall be installed and arranged 
in a manner that will prevent an objectionable flow of current over the 
grounding conductors or grounding paths. 

(b) Alterations to Stop Objectionable Current. If the use of multiple 
grounding connections results in .an objectionable flow of current, one or 
more of the following alterations shall be made: 

(1). Discontinue one or more such grounding connections. 
(2) Change the locations of the grounding connections. 
(3) Interrupt the' continuity of the conductor or conductive path .inter- 

connecting the grounding connections. 
(4) Take other suitable remedial action satisfactory to the authority 

having jurisdiction. 
(c) Temporary Currents Not Classified as Objectionable Currents. Tempo- 

rary currents "resulting from accidental conditions, such. as ground-fault 
currents, that occur only while the grounding conductors are performing their 
intended protective functions shall not be classified as objectionable current 
for the purposes specified in (a) and (b) above. 

250-22. Point of Connection for Direct-Current Systems. DC systems to be 
grounded shall have the grounding connection made at one or more supply 
stations. A grounding connection shall not be made at,individual services nor 
at any point on premises wiring. 
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Exception: Where the dc system source is located on the premises a 
grounding connection shall be made at the source or the first system 
disconnecting means or overcurrent device. 

250-23. Grounding Service-Supplied Alternating-Current Systems. 
(a) System Grounding Connections. A premises wiring system that is 

supplied by an ac service and is required to be grounded by Section 250-5 
shall have at each service a grounding electrode conductor connected to a 
grounding electrode which complies with Part H of Article 250. The ground- 
ing electrode conductor shall be connected to the grounded service conduc~- 
tor 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. 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. A grounding connection shall not be made to any 
grounded circuit conductor on the load side of the service disconnecting 
means. 

(FPN): See definition of Service Dropand Service Lateral; also Section 230-21. 

Exception No. 1: A grounding electrode conductor shall be connected to 
the grounded conductor.of a separately derived system in accordance with 
the provisions o f  Section.250-26(b). 

Exception No. 2: A grounding conductor connection shall be made at 
each separate building where required by Section 250-24. 

Exception No. 3: For ranges, counter-mounted cooking units, wall- 
mounted ovens, clothes dryers, and meter enclosures as permitted by Section 
250-61. 

Exception No. 4: For services that are dual fed(double ended) in a 
common enclosure or grouped together in separate enclosures and employ- 
ing a secondary tie, a single grounding electrode connection to the tie point 
of  the grounded circuit conductors from each power source shall be 
permitted. 

Exception No. 5: Where the main bonding jumper specifiedin Sections 
250-53(b) and250-79 is a wire or busbar, and is installed from the neutral 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. 

Exception No. 6: As covered in Section 250-27 for" high-impedance 
grounded neutral systems grounding connection requirements. 

(b) Grounded Conductor Brought to Service Equipment. W h e r e  an ac 
system operating at less than 1000 volts is grounded at any point, the 
grounded conductor shall be run to each service. This conductor, shall be 
routed with the phase conductors and shall not be smaller than the required 
grounding electrode conductor specified in Table 250-94 and, in addition, for" 
service phase conductors larger than 1100 MCM copper or 1750 MCM 
aluminum, the grounded conductor shall not be smaller than 12 1/2 percent of 
the area of the largest phase conductor. Where the service phase conductors- 
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are paralleled, the size of  the grounded conductor  shall be based on the 
equivalent area for parallel conductors  as indicated in this section. 

Exception No. 1: The grounded conductor shall not be required to be 
larger than the largest ungrounded service conductor or equivalent area for  
paralleled conductors. 

Exception No'. 2: As  covered in Section 250-27 for, high-impedance 
grounded neutral systems grounding connection requirements. 

250-24. Two or More Buildings or Structures Supplied from a Common 
Service. 

(a) Grounded Systemsf Where two or more buildings or structures are 
supplied from a common service,  the grounded system in each building or 
structure shall have a grounding electrode as described in Part  H connected 
to the metal enclosure of the building disconnecting means and to the ac 
system grounded circuit conductor  on the supply side of the building or 
structure disconnecting means.  

Exception No. 1: A grounding electrode at separate buildings or struc- 
tures shall not be required where only one branch circuit is supplied and 
there is no equipment in the building or structure that requires grounding. 

Exception No. 2: A grounded circuit conductor connection to the ground- 
ing electrode shall not be required at a separate building or structure i f  an 
equipment grounding conductor is run with the circuit conductors for  
grounding any noncurrent-carrying equipment, interior metal piping systems 
and building or structural metal frames and the equipment grounding 
conductor is bonded at a separate building or structure disconnecting means 
to existing grounding electrodes described in Part H. Where there are no 
existing electrodes, a grounding electrode meeting the requirements o f  Part 
H shall be installed where the building or structure supplies more than one 
branch circuit. Where livestock is housed, that portion o f  the equipment 
grounding conductor run underground to the disconnecting means shall be 
insulated or covered copper. 

(b) Ungrounded Systems. Where two or more buildings or structures are 
supplied by a common service from an.ungrounded system, each building or 
structure shall have a grounding electrode as described in Part H connected 
to the metal enclosure of  the building or structure disconnect ing means.  

Exception No. l:  'A grounding electrode at separate buildings or struc- 
tures shall not be required where only one branch circuit is supplied and 
there is no equipment in the building or structure that requires grounding. 

Exception No. 2: .A grounding electrode and grounding electrode conduc- 
tor connection to the metal enclosure o f  the building or structure discon- 
necting means shall not be required provided all o f  the following conditions 
are met. 

a. An equipment grounding conductor is run with the circuit conductors 
to the building or structure disconnecting means for  grounding any 
noncurrent-carrying equipment, interior metal piping systems, and building 
or structural metal frames. 

b. There are no existing grounding electrodes as described in Part H. 

c. The building or structure supplies only one branch circuit. 
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d. Where livestock is housed, that portion of  the equipment grounding 
conductor run underground to the disconnecting means shall be insulated or 
covered copper. 

250-25. Conductor to Be Grounded-- Alternating-Current Systems. For ac 
premises wiring systems, the conductor to be grounded shall be as specified 
in (1) through (5) below. 

(1) Single-phase, 2-wire: one conductor. 
(2) Single-phase, 3-wire: the neutral conductor. 
(3) Multiphase systems having one wire common to al l  phases: the 

common conductor. 
(4) Multiphase systems requiring one grounded phase: one phase con- 

ductor. 
(5) Multiphase systems in which one phase is used as in (2) above: the 

neutral conductor. 
Grounded conductors shall be identified by the means specified in Article 

200. 

250-26. Grounding Separately Derived Alternating-Current Systems. A sep- 
arately derived ac system that is required to be grounded by Section 250-5 
shall be grounded as specified in (a) through (d) below. 

(a) Bonding Jumper. A bonding jumper, sized in accordance with Sec- 
tion 250-79(c) for the derived phase conductors, shall be used to connect the 
equipment grounding conductors of the derived system to the grounded 
conductor. Except as permitted by Exception No. 4 of Section 250-23(a), this 
connection shall be made 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 which has no 
disconnecting means or overcurrent devices. 

Exception: The size o f  the bonding jumper for a system that supplies a 
Class 1 circuit, and is derived from a transformer rated not more than 1000 
volt-amperes, shall not be smaller than the derived phase conductors and 
shall not be smaller than No. 14 copper or No. 12 aluminum. 

(b) 'Grounding Electrode Conductor. A grounding electrode conductor, 
sized in accordance with Section 250-94 for the derived phase conductors, 
shall be used to connect the grounded conductor of the derived system to the 
grounding electrode as specified in (c) below. Except as permitted by 
Exception No. 4 of  Section 250-23(a), this connection shall be made 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 which has no disconnecting means or 
overcurrent devices. 

Exception: A grounding electrode conductor shall not be required for a 
system that supplies a Class 1 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 the Exception for (a), above, and the transformer frame 
or enclosure is grounded by one of  the means specified in Section 250-57. 

(c) Grounding Electrode. The grounding electrode shall be as near as 
practicable to and preferably in the same area as the grounding conductor 
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connection to the s~,stem. The grounding electrode shall be: (1) the nearest 
availabl e effectively grounded structural metal member of the structure; or 
(2) the nearest available effectively grounded metal water pipe; or (3) other 
electrodes as specified in Sections 250-81 and 250-83 where electrodes 
specified by (1) or (2) above are not available. 

(d) Grounding Methods. In all other respects, grounding methods shall 
comply with requirements prescribed in other parts of this Code. 

250-27. High-Impedance Grounded Neutral System Connections. High- 
impedance grounded neutral systems shall comply with the provisions of (a) 
through (f) below. 

(a) Grounding Impedance Location. The grounding impedance shall be 
installed between the grounding electrode conductor and the system neutral. 
Where a neutral is not available, the grounding impedance shall be installed 
between the grounding electrode conductor and the neutral derived from a 
grounding transformer. 

(b) Neutral Conductor. The neutral conductor from the neutral point of 
the transformer or generator to its connection point to the grounding 
impedance shall be fully insulated. 

(c) System Neutral Connection. The system neutral conductor shall not 
be connected to ground except through the grounding impedance. 

(FPN): The impedance is normally 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 foi- limiting transient overvoltages in 
Recommended Practice for Grounding of Industrial and Commercial Power 
Systems, ANSI/IEEE Standard 142-1982. 

(d) I~eutral 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. 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 attached 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. 

D. Enclosure Grounding 

250-32. Service Raceways and Enclosures. Metal enclosures for service 
conductors' and equipment shall be grounded. 

250-33. Other Conductor Enclosures. Metal enclosures for other than 
service conductors shall be grounded. 

Exception No. 1: Metal enclosures for conductors added to existing 
installations of  open wire, knob-and-tube wiring, and nonmetallic-sheathed 
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cable, which do not provide an equipment ground, i f  in runs o f  less than 25 
feet  (7.62 m), i f  free from probable contact with ground, grounded metal, 
metal lath, or other conductive material, and i f  guarded ag, ainst contact by 
persons shall not be required to be grounded. 

Exception No. 2: Short sections o f  metal enclosures used to provide 
support or protection o f  cable assemblies from physical damage shall not be 
required to be grounded. 

E. Equipment Grounding 

" 250-42. Equipment Fastened in Place or Connected by Permanent Wiring 
Methods (Fixed). Exposed noncurmnt-can'ying metal parts of fixed equip- 
ment likely to become energized shall be grounded under any of the 
conditions in (a) through (f) below. 

(a) Vertical and Horizontal Distances. Where within 8 feet (2.44 m) 
vertically or 5 feet (1.52 m) horizontally of ground or grounded metal objects 
and subject to contact by persons. 

(b) Wet or Damp Locations. Where located in a wet or damp location and 
not isolated. 

(c) Electrical Contact. Where in electrical contact with metal. 
(d) Hazardous (Classified) Locations. Where in a hazardous (classified) 

location as covered by Articles 500 through 517. 
(e) Wiring Methods. Where supplied by a metal-clad, metal-sheathed, 

metal-raceway, or other wiring method which provides an equipment ground, 
except as permitted by Section 250-33 for short sections of metal enclosures. 

(f) Over 150 Volts to Ground. Where equipment operates with any 
terminal at over 150 volts to ground. 

Exception No. 1: Enclosures for switches or circuit breakers used for 
other than service equipment and accessible to qualified persons only. 

Exception No. 2: Metal frames o f  electrically heated appliances, ex- 
empted by special permission, in which case the frames shall be permanently 
and effectively insulated from ground. 

Exception No. 3: Distribution apparatus, such as transformer and capac- 
itor cases, mounted on wooden poles, at a height exceeding 8 fee t  (2.44 m) 
above ground or grade level. 

Exception No. 4: Listed information processing and listed office equip- 
ment protected by a system o f  double insulation, or its equivalent, shall not 
be required to be grounded. Where such a system is employed, the equipment 
shall be distinctively marked. 

250-43. Fastened ~n Place or Connected by Permanent Wiring Methods 
(Fixed) - -  Specific. Exposed, noncurrent-carrying metal parts of the kinds 
of equipment-described in (a) through. (j) below, regardless of voltage, shall 
be grounded. 

(a) Switchboard Frames and Structures. Switchboard frames and struc- 
tures supporting switching equipment. 

It Exception: Frames o f  two-wire dc switchboards where effectively insu- 
lated.  
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(b) Organs. Generator and motor flames in an electrically operated 
organ. 

Exception: Where the generator is effectively insulated from ground.and 
from the motor driving it. 

(c) Motor Frames. Motor frames, as provided by Section 430-142. 
(d) Enclosures for Motor Controllers. Enclosures fo( motor controllers. 
Exception: Lined Covers o f  snap switches. 
(e) Elevators and Cranes. Electric equipment for elevators and cranes .  
(f) Garages, Theaters, and Motion Picture Studios. 'Electric equipment in 

garages, theaters, and motion picture s tudios .  
Exception: Pendant lampholders supplied by circuits not over 150 volts to 

ground. 
(g) Electric Signs. Electric signs and associated equipment. 
Exception: Where insulated from groundand from other conductive 

objects and accessible only to qualified persons. 
(h) Motion Picture Projection Equipment. Motion picture projection 

equipment. 
(i) Class 1, Class 2, and Class 3 Circuits. Equipment supplied by Class I, 

Class 2, and Class 3 remote-control and signaling circuits where required to 
be grounded by Part B of this article. 

(j) Lighting Fixtures. Lighting fixtures as provided in Part E of Article 
410. 

250-44. Nonelectric Equipment. The metal parts of nonelectric equipment 
described in (a) through (e) below shall be grounded. 

(a) Cranes. Frames and tracks of electrically operated cranes. 
(b) Elevator Cars. Frames of nonelectrically driven elevator cars to 

which electric conductors are attached. 
(c) Electric Elevators. Hand-operated metal shifting ropes orcab les  of 

electric elevators. 
(d) Metal Partitions. Metal partitions, griil work, and similar metal 

enclosures around equipment of l kV and over between conductors except 
substations or vaults under the sole control of the supply company. 

(e) Mobile Homes and Recreational Vehicles. Mobile homes and recre- 
ational vehicles as required in Articles 550 and 551. 

(FPN): Where extensive metal in or on buildings may become energized and is 
subject to personal contact, adequate bonding and grounding will provide addi- 
tional safety. 

250-45. Equipment Connected by Cord and Plug. Under any of the condi- 
tions described in (a) through (d) below, exposed n9ncurrent-carrying metal 
parts of cord- and plug-connected equipment likely'to become energized shall 
be grounded. 

(a) In Hazardous (Classified) Locations. In hazardous (classified) loca- 
tions (see Articles 500 through 517). 

(b) Over 150 Volts to Ground. Where operated at over 150 volts to 
ground. 

Exception No. 1: Motors, where guarded. 
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Exception No. 2: Metal frames o f  electrically heated appliances, ex- 
empted by special permission, in which case the frames shall be permanently 
and effectively insulated from ground. 

Exception No. 3: Listed information processing and listed office equip- 
ment protected by a system of  double insulation, .or its equivalent, shall not 
be required to be grounded. Where such a system is employed, the equipment 
shall be distinctively marked. 

(c) In Residential Occupancies. In residential occupancies: (1) refrigera- 
tors, freezers, and air conditioners; (2) clothes-washing, clothes-drying, dish- 
washing machines, sump pumps, electrical aquarium equipment; (3) hand- 
held motor-operated tools; (4) motor-operated appliances of the following 
types: hedge clippers, lawn mowers, snow blowers, and wet scrubbers; (5) 
portable handlamps. 

Exception: Listed tools and listed appliances protected by a system o f  
double insulation, or its equivalent, shall not be required to be grounded. 
Where such a system is employed, the equipment shall be distinctively 
marked. 

(d) In Other than Residential Occupancies. In other than residential 
Occupancies: (1) refrigerators, freezers, and /~ir conditioners; (2) clothes- 
washing., clothes-drying, dish-washing machines, electronic computer/data 
processing equipment, sump pumps, electrical aquarium equipment; (3) 
hand-held motor-operated tools; (4) motor-operated appliances O f the follow- 
ing types: hedge clippers, lawn mowers, snow blowers, and wet scrubbers; 
(5) 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; (6) tools likely to be used in wet and conductive locations; 
and (7) portable handlamps. 

Exception No. 1: Tools and portable handla'mps likely to be used in wet 
and conductive locations shall not be required to be grounded where supplied 
through an isoIdting transformer with an ungrounded secondary o f  not over 
50 volts. 

Exception No. 2: Listed portable tools and listed appliances protected by 
an approved system of  double insulation, or its equivalent, shall not be 
required to be grounded. Where such a system is emploYed, the equipment 
shall be distinctively marked. 

(FPN): With reference to (c) and (d), portable tools or appliances are not 
intended to be used in damp, wet or conductive locations unless they are 
grounded, double insulated or supplied through an isolating transformer. 

250-46. Spacing from Lightning Rods. Metal raceways, enclosures, 
frames, and other noncurrent-carrying metal parts of electric equipment shall 
be kept at least 6 feet (1.83 m) away from lightning rod conductors, or they 
shall be bonded to the lightning rod conductors. 

(FPN): See Sections 250-86 and 800-31(b)(5). For further information see the 
Lightning Protection Code, NFPA 78-1983 (ANSI), which contains detailed 
information on grounding lightning protection systems. 

F. Methods of Grounding 

250-50. Equipment Grounding Conductor Connections. Equipment ground- 
ing conductor connections ai the source of separately derived systems shall 



ARTICLE 250'-- GROUNDING 70-103 

be made in accordance With Section 250-26(a). Equipment grounding con- 
ductor connections at service equipment shall be made as indicated in (a) or 
(b) below. 

(a) For Grounded System. The connection shall be made by bonding the 
equipment grounding conductor to the grounded service conducfor and the ' 
grounding electrode conductor. 

(b) For Ungrounded System. The connection shall be made by bonding 
the equipment grounding conductor to the grounding electrode conductor. 

Exception for (a) and '(b) above: For replacemeht of  nongrounding-type 
. . ~ . . . 

receptacles wtth groundmg-type receptacles and for branch-ctrcutt exten- 
sions only in existing installations that do not have an equipment grounding 
conductor in the branch circuit, the grounding conductor of  a grounding-type 
receptacle outlet shall be permitted to be grounded to a water piffe which is 
bonded in accordance with Section 250-80(a). 

(FPN): See Section 210-7(d), Exception, for the use of a ground-fault circuit- [ 
interrupter type of receptacle. I 
250-S l .  Effective Grounding Path. The path to ground from circuits, 
equipment, and conductor enclosures shall: (1) be permanent and continu- 
ous; (2),have capacity to conduct safely any fault current likely tobe  imposed 
on it; and (3) have sufficiently low impedanceto  limit the voltage to ground 
and to facilitate the operation of the circuit protective devices in the circuit. 

The earth shall not be used as the sole equipment grounding conductor. 

250-53. Grounding Path to Grounding Electrode at Services: 
(a) 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. 

(FPN): See Section 250-23(a). 
(b) Main Bonding Jumper. For a grounded system, an unspliced main 

bonding jumper shall be used to connect the equipment grounding conductor 
and the seryice-equipment enclosure to the grounded conductor of the 
system within the service equipment or within the service conductor enclo- 
sure. 

250-54. Common Grounding Electrode. Where an ac system is connected 
to a grounding electrode in or at a building as specified in Sections 250-23 and 
250-24, the same electrode shall be used to ground conductor enclosures and 
equipment in or on that building. Where separate services supply a building 
and are required to be connected to a grounding electrode, the same 
grounding electrode shall be used. 

Two or more grounding electrodes that are effectively bonded together 
shall be considered as a single grounding electrode system in this sense. 

250-55. Underground Service Cable. Where served from a continuous 
underground metal-sheathed cable system, the sheath or armor of under- 
groufid service cable metallically connected to the underground system, or 
underground service conduit containing a metal-sheathed cable bonded to the 
underground system, shall not be required to be grounded at the building and 
shall be permitted to be insulated from the interior conduit or piping. 
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250-56. Short Sections of Raceway. Isolated sections of metal raceway or 
cable armor, where,required to be grounded, shall be grounded in accordance 
with Section 250-57. 

250°57. Equipment Fastened in Place or Connected by Permanent Wiring 
Methods (Fixed) - -  Grounding. Noncurrent-carrying metal parts of equip- 
ment, raceways, and other enclosures, where required to be grounded, shall 
be grounded by one of the methods indicated in (a) or (b) below. 

Exception: Where equipment, raceways, and enclosures are grounded by 
connection to the grounded circuit conductor as permitted by Sections 
250-24, 250-60, and 250-61. 

(a) Equipment Grounding Conductor Types. By any of the equipment 
grounding conductors permitted by Section 250-91(b). 

(b) With Circuit Conductors. By an equipment grounding conductor con- 
tained within the same raceway, cable, or cord or otherwise run with the 
circuit conductors. Bare, covered or insulated equipment grounding conduc- 
tors shall be permitted. Individually covered or insulated equipment ground- 
ing conductors shall have a continuous outer finish that is either green, or 
green with one or more yellow stripes. 

Exception No. 1: An insulated or covered conductor larger than N o . 6  
copper or aluminum shall, at the time of  installation, be permitted to be 
permanently identified as an .equipment grounding conductor at each end 
and at every point where the conductor is accessible. Identification shall be 
accomplished by one of  the following: 

a. Stripping the insulation or covering from the entire exposed length, 
b. Coloring the exposed insulation or covering green, or 
c. Marking the exposed insulation or covering with green colored tape 

or green colored adhesive labels. 
Exception No. 2: For direct-current circuits only, the equipment ground- 

ing conductor shall be permitted to be run separately from the circuit 
conductors. 

Exception No. 3: Where the conditions o f  maintenance and supervision 
assure that only qualified persons will service the installation, an insulated 
conductor in a multiconductor cable shall, at the time o f  installation, be 
permitted to be permanently identified as an equipment grounding conductor 
at each end and at every point where the conductor is accessible by one of  
the following means: 

a. Stripping the insulation from the entire exposed length, 
b. Coloring the exposed insulation green, or 
c. Marking the exposed insulation with green tape or green colored 

adhesive labels. 
(FPN): See Section 250-79 for equipment bonding jumper requirements. 
(FPN): See Section 400-7 for use of cords for fixed equipment. 

250-58. Equipment Considered Effectively Grounded. Under the condi- 
tions specified in (a) and (b) below, the noncurrent-carrying metal parts of the 
equipment shall be considered effectively grounded. 

(a) Equipment Secured to Grounded Metal Supports. Electric equipment 
secured to and in electrical contact with a metal rack or structure provided 
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for its support and grounded by one of the means indicated in Section 250-57. 
The structural metal frame of a building shall not be used as the required 
equipment grounding conductorfor 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 which are grounded by one of the methods indicated in Section 
250-57. 

250-59. Cord-and Plug-Connected Equipment. Nbnc~rrent-carrying metal 
parts of cord- and plug-connected equipment, where required to be 
grounded, shall be grounded by one of the methods indicated in (a), (b), or (c) 
below. 

(a) By Means of the Metal Enclosure. By means of the metal enclosure of 
the conductors supplying such equipment if a grounding-type attachment. 
plug with one fixed grounding contact is used for grounding the metal 
enclosure, and if the metal enclosure of the conductors is secured to the 
attachment plug and to equipment, by approved Connectors. 

Exception: A se[f-restoring grounding contact shall be permitted on 
grounding-type attachment plugs used on the power supply cord of  portable 
hand-held, hand-guided, or hand-supported tools or appliances. 

(b) By Means of a Grounding Conductor. By means of an equipment 
grounding conductor run with the power supply conductors in a cable 
assembly or flexible cord .properly terminated in grounding-type attachment 
plug with one fixed grounding contact. 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 ormore 

ye l low stripes. 
Exception: A self-restoring grounding contact shall be permitted on 

grounding-type attachment plugs used on the power supply cord of portable 
hand-held, hand-guided, or hand-supported tools or appliances. 

(c) Separate FlexibleWire or Strap. By means of a separate flexible wire. 
or strap, insulated or bare, protected as well as practicable againstphysical 
damage, where part of equipment. 

250-60. Frames of Ranges and Clothes Dryers. Frames of electric ranges, 
wall-mounted ovens, counter-mounted cooking units, clothes dryers, and 
outlet or junction boxes which are part of the circuit for these appliances shall 
be grounded in the manner specified by Section 250-57-or 250-59; or, except 
for mobile homes and recreational vehicles, shall be permitted to be 
grounded to the grounded circuit conductor if all of the conditions indicated 
in (a) through (d) below are met. 

(a) The supply circuit is 120/240-volt, single-phase, 3-wire; or 208Y/120- 
volt derived from a 3-phase, 4-wire, wye-connected system: 

(b) The grounded conductor is not smaller than No. l0 copper or No. 8 
aluminum. 

(c) The.grounded conductor is insulated; or tlae grouladed conductor is 
uninsulatedand part of a Type SE. service-entrance •cable and the branch 
circuit originates at the service equipment. 

(d) Grounding contacts of receptacles furnished as part of the equipment 
are bonded to the equipment. 
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250-61. Use of Grounded Circuit Conductor for Grounding Equipment. 
(a) Supply-Side Equipment. A grounded circuit conductor shall be per- 

mitted to ground noncurrent-carrying metal parts of equipment, raceways, 
• and other enclosures on the supply side of the service disconnecting means, 
and on the supply side of the main disconnecting means for separate buildings 
as provided in Section 250-24. " 

(b) Load-Side. Equipment. A grounded circuit conductor shall not be 
used for grounding noncurrent-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. 

Exception No. 1: The frames of  ranges, wall-mounted ovens, counter- 
mounted cooking units, and clothes dryers under the conditions specified by 
Section 250-60. 

Exception No. 2: As permitted in Section 250-24 for separate buildingS. 
Exception No. 3: It shall be permissible to ground meter enclosures by 

connection to the grounded.circuit conductor on the load-side of  the service 
disconnect if." 

a. No service ground-fault protection is installed; and 
b. All meter enclosures are located near the service disconnecting 

means. 
Exception No. 4: As required in Sections 710-72(e)(1) and 710-74. 

250-62. Multiple Circuit Connections. Where equipment is required to be 
grounded, and is supplied by separate connection to more than one circuit or 
grounded premises wiring system, a means for grounding shall be provided 
for each such connection as specified in Sections 250-57 and 250-59. 

G. Bonding 

250-70. General. Bonding shall be provided .where necessary to assure 
electrical continuity and the capacity to conduct safely any. fault current 
likely to be imposed. 

250-71. Service Equipment. 
(a) Bonding of Service Equip~ment. The noncu/'rent-carrying metal parts 

of equipment indicated in (1), (2) and (3) below shall be effectively bonded 
together. 

(1) Except as permitted in Section 250-55, the service raceways, cable 
trays, or service cable armor or sheath. 

(2) All service equipment enclosures containing service conductors, 
including meter fittings, boxes, or the like, interposed in the service raceway 
or armor. 

(3) Any metallic raceway or ~mor  enclosing a grounding electrode 
conductor as permitted in Section 250-92(a). 

(b) Bonding to Other Systems. At dwellings, an accessible means exter- 
nal to enclosures for connecting intersystem bonding and grounding conduc- 
tors shall be provided at the service by at least one of the following means: 

(1) Exposed metallic service-raceways. 
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(2) Exposed grounding ~lectrode conductor .  
(3) Approved means for the external  connect ion of a bonding,  or 

grounding conductor  to the service raceway or equipment.  
(FPN): A No. 6 copper conductor with one end bonded to the service raceway -. 

or equipment and with 6 inches (152 mm) or more of the other end made accessible 
on the outside wall of the dwelling is an example of the approved means covered 
in (b)(3). 

(FPN): See Sections 800-31-and 820-22 for bonding and grounding require- 
ments for communication and.CATV circuits.. ;. " - 

250-72. Method of Bonding Service Equipment. Electr ical .cont inui ty  at 
service equipment" shall be assured b y - o n e  of the methods specified in (a) 
through (e) below. 

(a), Grounded Service Conductor. Bonding equipment to the grounded ] 
service conductor  in a manner  p rov ided in  Section 250-113. 

(b) Threaded Couplings. Threaded couplings and t h r e a d e d  bosses  on 
enclosures with joints  sha l l ,be  made up wrenchtight  where rigid metal 
c o n d u i t a n d  intermediate metal conduit  are involved: 
. (c) Threadless Couplings and Connectors. Threadless couplings and con- 

nectors made ,up tight forr igid metal conduit,  intermediate metal conduit  and 
electrical metallic tubing.  Standard locknuts or bushings shall not be used for ] 

,the bonding  required by this section: r 
(d) Bonding Jumpers. Bonding jumpers  meeting the other  requirements  

of this article shall be used around concentric or eccentric knockouts  tharare"  
punched or otherwise formed so as to impair the electrical connect ion to 
ground. 

(e) Other Devices. O t h e r  approved devices, such ,as  bonding-type 
locknuts and bushings. 

250-73. Metal Armor or Tape .of Service Cable. The metal covering of 
service cable having an uninsulated grounded.service conductor  in continu- 
ous electrical contact  with its metallic armor  or tape shall be cons idered to  be 
grotinded: 

250-74. 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 .  
• Exception No. 1: Where the box issurface mounted, direct metal-to-metal 
contact between the device yoke and the box shall be permitted to ground "the 
receptacle to the box. This Exception shall not apply to cover-mounted 
receptacles Unless the box and cover combination are listed as providing 
satisfactory ground continu!ty between the box and the receptacle. 

Exception No. 2: Contact devices or yokes designed and listed for the 
purpose shall be permitted in conjunction with the supporting .screws to 
establish the grounding circuit between the device yoke andflUsh-type boxes. 

Exception No. 3: Floor boxes designed for a n d  listed as providing 
satisfactory ground continuity between the box and "the device. 

Exception No. 4: Where required.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 
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be grounded by an insulated equipment  "grounding conductor run with the 
circuit conductors.  This grounding conductor shall be permi t ted  to pass  
through one or more panelboards without connection to t h e p a n e l b o a r d  
grounding terminal as permi t ted  in Section 384-27, Exception No.  1, so as to 
terminate directly at an .equipment grounding conductor terminal o f  the 
applicable derived system or service. 

(FPN): Use of an isolated equipment grounding conductor does notrelieve the 
requirement for grounding the. raceway system and outlet box. 

250-75. Bonding Other Enclosures. Metal raceways, cable trays, cable 
armor, cable sheath, enclosures, frames, fittings, and other metal noncurrent- 
carrying parts that are to serve as grounding conductors with or without the 
use of supplementary equipment grounding conductors shall be effectively 
bonded where necessary to assure 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 so 
designed as to make such removal unnecessary. 

250-76. Bonding for-Over 250 .Volts. For circuits of over 250 volts to 
-ground, the.electrical continuity of metal raceways and cables with metal 

sheaths that contain any conductor other than service conductors shall, be 
assured by one or more of the methods specified for services in Section 
250-72(b) through (e). 
. Exception:  Where oversized, concentric; or eccentric knockouts  are not 

encountered, the fo l lowing methods shall be permit ted:  
a. Threadless couplings and connectors f o r  cables with metal  sheaths.  
b. Two locknuts,  on rigid metal  conduit, or intermediate metal  conduit,  

one inside and one outside o f  boxes and cabinets. 
c. Fit t ings frith shoulders that seat f irmly against the box or cabinet, 

such as electrical metallic tubing connectors, f lexible metallic conduit  
connectors and cable connectors,  with one locknut on the inside o f  boxes and 
cabinets.  

250-77..Bonding,Loosely Jointed Metal Raceways. Expansion joints and 
• telescoping sections 'of raceways shall be made electrically continuous by 
equipment bonding jumpers or other means• 

250-78. Bonding in Hazardous (Classified) Locations. Regardless of the 
voltage of the electrical system, the electrical continuity of noncurrent- 
carrying metal parts of equipment, raceways, and other enclosures in any 
hazardous (classified) location as defined in Article 500 shall be assured by 
any of the methods specified for services in Section 250-72(b) through (e) that 
are approved for the wiring method used. 

250~79. Main and Equipment Bonding Jumpers. 
• (a) Material. Main and equipment bonding jumpers shall be of copper or 

Other corrosion-resistant material. A main I~onding jumper shall be a wire, 
bus, screw, or similar suitable conductor. 

(b) Attachment. Main and equipment bonding jumpers shall be attached 
in the manner specified by the applicable provisions of Section 250-113 for 
circuits and equipment and .by Section 250-I 15 for grounding electrodes. 
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(c) Size--  Equipment Bonding Jumper on Supply Side of Service and Main 
Bonding Jumper. The bonding jumper shall not.be smaller, than the sizes 
given-in Table 250-94 for grounding electrode conductors. Where the service- 
entrance phase conductors are larger.than 1100 MCM copper or 1750 MCM 

• . aluminum, the bonding jumper s h a l l h a v e a n a r e a  not less than 12. V2 percent 
of the area o f  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. 
Where .the.. service:entrance, conductors,- are paralleled in .two or more 
raceways orcab les ,  the equipment bonding jumper,- where routed with the 

• .raceways or .cables,. shall be run in parallel. The size 'of the bonding jumper 
for each raceway, or cable shall:be 'based .on the size of the service-entrance 
conductors in each raceway or cable. 
• . (d) Size - -  Equipment Bonding Jumper on Load Side of Service. T h e  
e.quipment bonding j u m p e r  on ,the load• side of the service overcurrent 
devices shall not be smaller than the sizes listed by Table 250-95 for 
~equipment.grounding conductors. A single common continuous equipment 
-bondihg jumper shall be permitted to bond two or more raceways or cables 
.-where. the bonding:jumper is sized in accordance with Table 250-95 for the 
• largest overcurrent device supplying circuits therein. 

Exception: The equipment .bonding jumper shall not be required to be 
.iarger than the circuit conductors supplying.the, equipment, but shall not be 
smaller than No. 14 AWG. 

( e ) ~ l n s t a l l a t i o n  ' Equipment' Bonding Jumper. The equipment bonding 
jumper shall be permitted to beAnstalled inside or outside of a raceway or 
enclosure: Where installed on the outside', the length of the equipment 
bonding jum~per shall not exceed 6 feet (1.83 m) and shall be routed with the 

-- raceway or enclosure, Where installed inside of a raceway, the equipment 
bonding jumper shall comply with the requirements of Section 310-12(b). 

250-80. .  Bonding of Piping Systems. 
(a) Metal Water Piping. The interior metal water piping system shall be 

bonded to the 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 iJsed. The bonding jumper shall be sized in' 

• ..accordan~e-mith Table.250-94. The:points  of attachment of the bonding 
jumper shall.be accessible. 

Exception: In buildings.:of multiple occupancy .where-the interior metal 
.water piping system for the individual occupancies is metallic(ely isolated 
from all other occupancies.by use o f  nonmetallic water piping, the interior 
metal water piping ,system.for each occupancy shall be permitted to. be 
bonded to the panelboard, or switchboard-enclosure (other than service 
~equipment) stipplying• that occupancy. The bonding jumper shall be sized in 
accordance with Table 250195. 

t 

(b)' Other Metal Piping. Interior metal piping which may become ener- 
gized shall be bonded to the service.equipment enclosure,, the grounded 
conductor at the service, .the grounding electrode .conductor where o f  

• sufficient size, or.to the-one or more grounding electrodes used. The bonding 
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jumper shall-be sized in accordance with Table 250-95 using the rating 'of the 
circuit which may energize the piping. 

The equipment grounding conductor for the circuit which may energize the 
pipihg shall be permitted •to serve as die bonding means. 

(FPN): Bonding all piping and metal air ducts within the premises will provide 
additional safety: 

H. Grounding Electrode System 

250-81. Grounding Electrode System. I f  available on the premises at each 
building or structure served, each item (a) through (d) below shall be bonded 
together to form the ground!ng electrode system. The bonding jumper shall. 
be installed in accordance with Section 250-92(a), shall be sized in accord- 
ance with Section 250-94, and shall be connected in the manne~" slsecified-in 
Section 250-115. The unspliced grounding• electrode conductor• shall be 
permitted to run to any convenient grounding electrode.available in-the 
grounding electrode system. It shall be sized for the largest grounding 
electrode conductor required among all the available electrodes. 

(a) Metal Underground.Water Pipe: A metal underground Water pipe in 
direct contact with the earth for 10 feet (3.05 m) or more (including any metal 
well casing effectively bonded to the pipe) and electrically continuous .(or 
made electrically continuous by bonding around insulating joints or sections 
or insulating pipe) to the points of connection of the grounding electrode 
conductor and the bonding conductors. Continuity of the grounding path or 

• the bonding connection to interior piping shall not rely onwater meters. A 
metal underground water pipe shall be supplemented by:.an additional 
electrode of a type specified in Section 250-81 or in.Section 250-83. The 
supplemental electrode shall be permitted• to be bonded to the grounding 
electrode conductor, the grounded service-entrance conductor, the grounded 
service raceway, any grounded service enclosure, or the interior metal water 
piping at any convenient point. 

Where the supplemental electrode is a made electrode as in Section 250-83 
(c) or (d), that portion of the bonding jumper whic.h is the sole connection to. 
the supplemental grounding electrode shall not be required to be larger than 
No. 6 copper wire or No. 4 aluminum wire. 

(b) Metal Frame of the Building. The metal frame of.the building, where 
. effectively gi'ounded. • - 

(C) Concrete-Encased Electrode. An electrode encased by at least 2 
inches (50.8 ram) of concrete; located within and near the bottom-of a 
concrete foundation or footing that is in direct contact _with the-earth,. 
consisting of at least 20 feet (6.1 m) of one or more steel reinforcing bars or ,-.. 
rods of not less than Y2 inch (12.7 mm) diameter, or consisting of at least 20 :  
feet (6.1 m) of bare copper conductor not  smaller than No. 4 A WG . .  

:(d). Ground Ring. A ground ring'encircling the building orstructure, in 
direct contact with the earth at a depth belo~v earth surface not less than 2 Y2 
feet (762 mm),.consistingof at least 20 feet (6.1 m) of bare coplb~i" conductor 
not smaller than No. 2 AWG. 

250-83. Made and Other Electrodes," Where none of the electrodes speci-.. " 
fled in Section 250-81. is available, one or more of the electrodes specified in .- 
(a) through (d)below shall be used. Where practicable, made electrodes shall 
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beembedded  below permanent moisture level. Made electrodes shall be free 
• from nonconductive coatings, such as paint or enamel. Where more than one 

electrode is use d, each electrode of  one grounding system (including that ] 
usedfor, lightning rods) shall not be less than.6 feet i(1-83 m) from any other I electrode of anothergrounding system. 

• r- (FPN): Two or more electrodes that are effectively bonded together are to be 
treated as a single electrode system in this~sense. 
: (a) ,Meta l  Underground Gas Pip ing 'Sys tem.  : An~electrically continuous 
metal underground gas piping system that  is uninterrupted with insulating 
sections or joints and.without an outer nonconductive coating, and then only 

..if acceptable to and expressly, permit tedby both the serving gas supplier and 
the authority= having jurisdiction. 

, ~ (b) Other Local Metal Underground Systems or Structures. Other local 
metal  underground systems or structures,, such as piping 'systems and 
ffnderground tanks. 
, (c) Rod.and Pipe Electrodes. Rod and pipe electrodes shall not be less 

• than 8 feet (2.44 m) in.length and shall consist of the following materials, and 
: shall be installed in ~the following manner: 

• (1) Electrodes.of pipe or conduit shall no tbe  smaller than Y4-inch trade 
size and, where of iron or steel, shall have the outer surface galvanized or 
.otherwise metal-coated for corrosion protection. 

(2). Electrodes of rods of steel or iron shall:be at least Ys inch (15.87 ram) 
-in diameter. ~Nonferrous rods or their equivalent.shall be listed and shall be 
,not less than V2 inch (12.7 ram) in diameter. 

( 3 )  The electrode shall be installed,suchthat atqeast 8 feet (2.44 m) of 
length is in contact with the soil. It shall be driven, to, a depth of  not less than 
• 8 feet (2'.44 m)'except that where xock bottom is encountered, the electrode 
shalbbe driven at an oblique angle not to exceed 45,degrees from the vertical 
or shall be buried in a trench that is at least 2V2 feet (762 mm) 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 

t protected against ph'ysical damage as specified in Section 250-117. 
(d) ,P la te~.E lec t rodes.  Each plate relectrode sfiall e x p o s e n o t  less.than 2 

• square feet (0.186 sq m) o f  surface tO exterior soil. Electrodes of iron or steel 
plates :shall be  at. least  V4 inch,(6.35 mm)', in thickness. ,Electrodes of 
,nonferrous metal shall be at least 0:06 inch(1.52 mm) in thicknessl 

. . . . .  250, :84.  :Resistance of MadeElectrodes.. A single electrode'cbnsisting of a 
' 'rod, pipe, or plate which does  not have a resistance to ground of  25 ohms or 

.less shall be augmented by One additional.electrode of any o f t h e  types 
specified in Section 250-81 ,or 250-83. Where multiple rod, pipe, or plate 

, electrodes are installed to meet therequirements  of this section, they shall be 
not less than6  feet (1.83 m) apart. 

, (FPN): The paralleling efficiency of rods longer than 8 feet (2.44-m) is improved 
by spacing greater than 6 feet (1.83 m). 

250-86..  'Use.of Lightning Rods. ~ Lightning ' rod conductors 'and driven 
,pipes,. rods, or other.made electrodes used for grounding lightning rods shall 
not be used. in. lieu of the made grounding electrodes required by Section 
250-83 for grounding wiring systems and equipment. This provision shall not 
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prohibit the required bonding together of grounding electrodes of different 
systems. 

(FPN): See Sections 250=46, 800-31(b)(7), and 820-22(h).. 
[ (FPN): Bonding together of all separate grounding electrodes will limit poten- 

tial differences between them and between their as'sociated wiring systems. 

J. Grounding Conductors 

250-91. Material. The material for grounding "conductors shall be as 
specified in (a), (b), and (c) below. 

(a) Grounding Electrode Conductor. 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 installa- 
tion or shall be suitabl~, protected against corrosion. The conductor shall be 
solid or stranded, insul~tted, covered, or bare and shall be installed in one 
continuous length without a splice or joint. 

Exception No. 1: Splices, in busbars shall be permitted. 
Exception No. 2: Where a service consists o f  more than a single enclosure 

as permitted in Section 230-40, Exception No. 2, it shall be permissible to 
connect taps 1o the grounding electrode conductor. Each such tap conductor 
shall extend to the inside o f  each such enclosure. The grounding electrode 
conductor shall be sized in accordance with Section 250-94, but the tap 
conductors shall be permitted to be sized in accordance with the grounding 
electrode conductors specified in Section 250-94 for th e largest conductor 
serving the respective enc losures .  

(b) Types of Equipment Grounding Conductors. The equipment grounding 
conductor run with or enclosing the circuit conductors shall be one or more 
oi" a combination of the following: (1) a copper or other corrosion-resistant 
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) 

[ flexible metal conduit where both the conduit and fittings are listed for 
grounding; (6)armor of Type AC cable; (7) the sheath of mineral-insulated, 
metal-sheathed cable; (8) the metallic sheath or the combined metallic sheath 
and grounding conductors of Type MC cable; (9) cable trays as permitted in 
Sections 318-3(c) and 318-7; (10) other electrically continuous metal race- 

I ways listed for grounding. 
Exception No. 1: Flexible metal conduit and flexible metallic tubing shall 

be permitted for grounding i f  all the following conditions are met: 
a. The length in any ground return path does not exceed 6feet  (1.83 m). 
b. The circuit conductors contained therein are protected by overcur- 

rent devices rated at 20 amperes or less. • 
[ c. The cond'dt or tubing is terminated in fittings listed for  grounding." 

Exception No. 2: Liquidtight fexible  metal conduit shall be permitted as 
a grounding means in the lt/4-inch and smaller trhde sizes i f  the total length 
o f  any ground return path is 6 fee t  (1.83 m) or less, the conduit is terminated 
in fittings listed for grounding,, and the circuit conductors contained therein 
are protected by overcurrent devices rated at 20 amperes o r  less for 3/s-inch 
and t/2-inch trade sizes and 60 amperes or less for 3/4-inch through lt/4-inch 
trade sizes. 
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Exception No. 3: For direct-current circuits only, the equipment ground- 
ing  conductor shall be permitted to be run separately from the circuit 
conductors. 

(c) .Supplementary Grounding. Supplementary~grounding electrodes shall 
be permitted to augment the equipment grounding conductors specified in 
Section 250-91(b), but the earth shallnot be used as the sole equipment 
grounding Conductor. 

250-921 Instalhition: Grounding conductors shaii be installed as specified 
in (a), (b), and (c) below. .' .] 

(a) GroundingElectrode Conduetor. A grounding electrode conductor or 
its enclosure shall be securely fastened to the surface on which it is carried. 
A No. 4, copper or aluminum, or larger conductor shall be protected if 
exposed to severe physical damage. A No. 6 grounding 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 
where it is securely fastened to the construction; otherwise, it shall be in rigid ] 
metal conduit, intermediate metal conduit, rigid nonmetallic conduit, elec- 
trical metallic tubing, or cable armor. Grounding conductors smaller than 
No. 6 shall be in rigid metal conduit, intermediate metal conduit, rigid 
nonmetallic conduit, electrical metallic tubing, or cable armor. 

Aluminum-or copp, er-clad aluminum grounding 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 alumi- 
num grounding conductors shall not be installed within 18 inches (457 mm) of 
the earth. • 

(b) Enclosures for Grounding Electrode Conductors. Meta l  enclosures for I 
grounding 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. Metal enclosures that are not 
physically continuous from cabinet or equipment to the grounding electrode 
shall be made electrically continuous by bonding each end to the grounding 
conductor. Where intermediate metal conduit is used for protection for a 
grounding conductor, the installation shall comply with the requirements of 
Article 345. Where rigid metal conduit is used as protection for a grounding 
conductor, the installation shall comply with the requirements of Article 346. 
Where rigid nonmetallic conduit is used as protection for a grounding 
conductor, the installation shall comply with the requirements of Article 347. 
Where electrical metallic.tubing is used, the installation shall comply with the 
requirements of Article 348. 

(c) Equipment GmufldingConductor. An equipment grounding conductor 
shall be installed as follows. 

(1) Where it consists of a raceway, cable tray, cable armor, 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. 

(2) Where it is a separate equipment grounding conductor as provided I 
in. the Exception for Section 250-50(a) and. (b), it shall be installed in 
accordance with (a) above in regard to restrictions for aluminum and also in 
regard to protection from physical damage. 
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Exception:  Sizes smaller than No.  6 shall not  be required to be enclosed 
in a raceway or armor where run in the hollow spaces o f  a wall or partit ion 
or where otherwise installed so as not to be subject  to physical  damage.  

250-93. Size of Direct-Current System Grounding conductor. The size of 
the grounding conductor for a dc system shall be as specified in (a) through 
(c~ below. 

(a) Not Be 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 Section 445-4(d), the grounding conductor shall not 
be smaller than the neutral conductor. 

(b) Not Be Smaller than the Largest Conductor. Where the dc system is 
other than as in (a) above, the grounding conductor shall not be smaller than 
the largest conductor supplied by the system. 

(c) Hot Be Smaller than No. 8. In no case shall the grounding conductor 
be smaller than No. 8 copper or No. 6 aluminum. 

250-94. Size of Alternating-Current Grounding Electrode Conductor. The 
size of the grounding electrode conductor of a grounded or ungrounded ac 
system shall not be less than given in Table 250-94. 

Exception No.  1: Grounded Systems.  
a. Where connected to made electrodes as in Section 250-83 (c) or (d), 

that portion o f  the grounding electrode conductor which is the sole connec- 
tion to the grounding electrode shah not be required to be larger than No.  6 
copper wire or No.  4 aluminum wire. 

b. Where connected  to a concrete-encased electrode as in Section 
250-81(c), that portion o f  the grounding electrode conductor which is the sole 
connection to the grounding electrode shall no.t be required to be larger than 
No.  4 copper wire. 

c. Where connected to a ground ring as in Section 250-81(d), that 
portion o f  the grounding electrode conductor which is the sole connection to 
the grounding electrode shall not be required to be larger than the conductor 
used f o r  the ground ring. 

Exception No.  2: Ungrounded Systems.  
a. Where connected  to made electrodes as in Section 250-83 (c) or (d), 

that portion o f  the grounding electrode conductor which is the sole connec- 
tion to the grounding electrode shall not be required to be larger than No.  6 
copper wire or No.  4 a l u m i n u m  wire. 

b. Where connected  to a concrete-encased electrode as in Section 
250-81(c), that portion o f  the grounding electrode conductor which is the sole 
connection to the grounding electrode shall not  be required to be larger than 
No.  4 copper wire. 

c. Where connected to a ground ring as in Sect ion 250-81(d); that 
portion o f  the grounding electrode conductor which is the sole connection to 
the grounding electrode shall not be required to be larger than the conductor 
used for  the ground ring. 

250-95. Size of Equipment Grounding Conductors. The size of copper, 
aluminum, or copper-clad aluminum equipment grounding conductors shall 
not be less than given in Table 250-95. 
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• .Table 2 5 0 - 9 4  

G r o u n d i n g  E l e c t r o d e  C o n d u c t o r  f o r A C  S y s t e m s  

Size of Largest Service-Entrance Size of Grounding 
Conductor or Equivalent Area for Electrode 

Parallel Conductors ,Conductor 

Aluminum or *Aluminum or 
~. Copper-Clad - Copper-Clad 

Copper . Aluminum copper  Aluminum 

2 or smaller 
1 or  0 
2/0 or 3/0 
Over 3/0 thru 

350 MCM 
Over 350 MCM 

thru 600 MCM 
Over 600 MCM 

thru 1100 MCM 
Over I100 MCM 

0 or smaller 
2/0 or 3/0 
4/0 or 250 MCM 
Over 250 MCM 

thru 500 MCM 
Over 500 MCM 

thru 900 MCM 
Over 900 MCM 

thru 1750 MCM 
Over 1750 MCM 

8 
6 
4 
2 

0 

2/0 

3/0 

6 
4 
2 
0 

3/0 

4/0 
250 MCM 

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. 

* See installation restrictions in Section 250-92(a). 
(FPN): See Section 250-23'(b). 

Where  conductors  are run in parallel in multiple raceways ,  as permitted in 
Section 310-4, the equipment grounding conductor ,  where used, shall be run 
in parallel. E a c h  parallel equipment  grounding conductor  shall be sized on 
the basis of the ampere rating of the overcurrent  device protecting the circuit 
conduc tors  in the raceway in accordance with Table 250-95. 

When conductors  are adjusted in size to compensate  for voltage drop,  
equipment  grounding conductors ,  where required, shall be adjusted propor- 
t ionately according to circular mil area. 

Where  a single equipment grounding conductor  is run with multiple circuits 
in the same .raceway; it shall be sized for the largest  overcurrent  device 
protecting conductors  in the raceway. 

Exception No. 1: An equipment grounding conductor not smaller than 
No. 18 copper and not smaller than the circuit conductors if an integral part 
o f  a listed flexible cord. assembly shall "be permitted for grounding cord- 
connected equipment where the equipment is protected by overcurrent 
devices not exceeding 20-ampere rating. 

Exception No. 2: The equipment grounding conductor shall not be re- 
quired to be larger than the circuit conductors supplying the equipment. 

Exception No. 3: Where a raceway or a cable armor or sheath is used as 
the equipment grounding conductor, as provided in Sections 250-57(a) and 
250-91(b). 

250-97 .  O u t l i n e  L i g h t i n g .  Isolated noncurrent-carrying metal parts  of  out- 
line lighting systems shall be permitted to,  be bonded together by a No. 14 
copper  or No. 12 aluminum conductor  protected from physical damage, 
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Table 250-95.  Minimum Size Equipment Grounding Conductors for 
Groundin Racewayand  Equipment 

Size Rating or Setting Of 
Automatic Overcurrent 
Device in Circuit Ahead 
of Equipment, Conduit, 

etc., Not Exceeding 
(Amperes) 

15 
20 
30 

40 
60 

100 

200 
300 
400 

500 
600 
800 

1000 
1200 
1600 

2000 
2500 
3000 

4000 
5000 
6000 

Copper " 
Wire No. 

14 
12 
10 

10 
10 
8 

6 
4 
3 

2 
I 

0 

2/0 
3/0 
4/0 

250 
350 
400 

500 
700 
800 

MCM tl 
tl 

Aluminum or 
Copper-Clad 

Aluminum 
Wire No.* 

12 
10 

8 
8 
6 

4 
2 
1 

I/0 
2/0 
3/0 

4/0 
250 
350 

400 
600 
600 

800 
1200 
1200 

MCM pp 

* See installation restrictions-in Section 250-92(a). 

where a conductor complying with Section 250-95 is used to ground the 
group. 

2 5 0 - 9 9 .  Equipment Grounding Conductor Continuity., 

(a) Separable Connections. Separable connections such as those pro- 
vided in draw-out equipment or attachment plugs and mating connectors and 
receptacles shall provide for first-make, last-break of the equipment ground- 
ing conductor.  

Exception: Interlocked equipment, plugs, r.eceptacles and connectors 
which 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. 

Exception: Where the opening o f  the cutout or switch disconnects all 
sources ofenergy. 
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K. Grounding Conductor Connections 

250-112,  To Grounding Electrode. The connection of a grounding elec- 
trode conductor to a grounding electrode shall be accessible and made in a 
manner that will assure a permanent and effective ground. Where necessary 
to assure this for a metal piping system used as a grounding electrode, 
effective bonding shall be provided around insulated joints and sections and 
around any equipment that is likely to be disconnected for repa i r s  or 
replacement. 

Exception: An encased or buried connection to a concrete-encased, 
driven, or buried grounding electrode shall not be required to be accessible.- 

250-113. To Conductors and Equipment. Grounding conductors and bond- 
ing jumpers shall be connected by exothermic welding, l isted pressure 
connectors, listed clamps, or other listed means. Connection dev ices  or 
fittings that depend solely on solder shall not be used. 

250-114. Continuity and Attachment of Branch-Circuit Equipment Grounding 
Conductors to Boxes. Where moi-e than one equipment grounding conductor 
enters a box all such conductors shall be spliced or joined within the box or 
to the box with devices suitable for the use. Connections depending solely on 
solder shall not be used. Splices shall be made in accordance with Section. 
l l0-14(b) except that insulation shall not be.required. The arrangement of 
grounding connections shall be such that the disconnection or the removal of 
a receptacle, fixture, or other device fed from the box will not interfere with 
or interrupt the grounding continuity. 

(a) 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 which shall be used for no other purpose, or a listed grounding device. 

(b) Nonmetallic Boxes. One or more equipment grounding, conductors 
brought into a nonmetallic outlet box shall be so arranged that a connection 
can be made to any fitting or device in that box requiring grounding. 

250-115.  Connection to Electrodes. The grounding conductor shall be 
connected to the grounding fitting 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 groundingelectrode conductor 
and where used on pipe, rod or other buried electrodes shall also be listed for 
direct soil burial. 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 methods indicated in (a), (b), (c), 
or (d) below shall be used. 

(a) Bolted Clamp. A listed bolted clamp of cast bronze or brass, or plain 
or malleable iron. 

(b) Pipe Fitting, Pipe Plug, etc. A pipe fitting,, pipe plug, or other 
approved device screwed into a pipe or pipe fitting. 

(c) Sheet-Metal-Strap Type Ground Clamp. 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 stretcll 
during or after installation. 
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I (d) Other Means. An equally substantial approved means. 

250-117. Protection of Attachment. Ground clamps or other fittings shall 
be approved for genera] use without protection or shall be protected from 
ordinary physical damage as indicated in (a) or (b) below. 

(a) Not Likely to Be Damaged. Insiallations where they are not likely to 
be damaged. 

(b) Protective Covering. Enclosing in metal, wood, or equivalent protec- 
tive covering. 

250-118. 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 assure good electrical continuity. 

L. Instrument Transformers, Relays, etc. 

250-121. 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: Circuits where the primary windings are connected to circuits 
o f  less than 1000 volts with no live parts or wiring exposed or accessible to 
other than qualified persons. 

250-122. Instrument Transformer Cases. Cases or frames of instrument 
transformers shall be grounded' where accessible to other than qualified 
persons. 

Exception: Cases or frames o f  current transformers, the primaries o f  
which are not over 150 volts to ground and which are used exclusively to 
supply current to meters. 

250-123. 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 shall be grounded as specified in (a), (b), 
or (c)below. 

(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 grounded. - 

(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 grounded. 

(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 grounded. Mats of insulating rubber or 
other suitable floor insulation shall be provided for .the operator where the 
voltage to ground exceeds 150. 

250-124. Cases Of Instruments, Meters, and Relays-- Operating Voltage 1 kV 
and Over. Where instruments, meters, and relays have current-carrying 
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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 grounded. 

Exception: Cases of  electrosta'tic 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. 

250-125. Instrument Grounding Conductor. The grounding conductor for 
secondary circuits of 4nstrument transformers and for instrument cases shall 
not be smaller than No. 12 copper or No. l0 aluminum. Cases of instrument 
transformers,, instruments, meters, and relays which are mounted directly on 
grounded metal surfaces of enclosures or grounded metal switchboard panels 
shall be considered to be grounded and no additional grounding conductor 
will be required. 

M. Grounding of Systems and Circuits 
of 1 kV and Over (High Voltage) 

250-150. General. Where high:voltage systems are grounded, they shall 
comply with all applicable provisions of the preceding sections of this article 
and with the following sections which supplement and modify the.preceding 
• sections. 

250-151. Derived Neutral Systems. ,A system neutral derived f rom'a  
grounding transformer shall be permitted to be used for grounding a high- 
voltage system. 

250-152. Solidly Grounded Neutral Systems. 
(a) Neutral Conductor. The neutral of a solidly grounded neutral system 

shall comply with (])-and (2) below. 
(1) The minimum "insulation level for neutral conductors o f  solidly 

grounded systems-sha H be 600 volts. 
Exception No. 1: Bare copper conductors shall'be permitted to be used for 

the neutral of  service entrances and the neutral of  direct buried portionsof, 
feeders... 

Exception No. 2: Bare conductors shall be permitted for the neutral of  
overhead portions installed outdoors. 

(FPN): See Section 225-4 for conductor covering where within 10 feet (3.05 m) 
of any building or other structure. 

(2) The neutral grounding conductor shall be permitted to be a bare 
conductor if isolated from phase conductors and protected from physical 
damage., 

(b) Multiple Grounding. The neutral of a solidly grounded neutral system 
shall be permitted to be grounded at more than one point for: 

(1) Services. 
(2)  Direct buried portions of feedei's employing a bal:e copper neutral. 
(3) Overhead portion installed outdoors. 

250-153. Impedance G/ounded Neutral Systems. Impedance grounded 
neutral systems shall comply with the provisions of (a) through (d) below. 
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(a) Location. The grounding impedance shal! 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. Where the neutral conductor of an imped- 
ance grounded neutral system is used, it shall be identified, as well as fully 
insulated with the same insulation as the phase conductors. 

(c) System Neutral Connection. The system neutral shall not be con- 
nected to ground, except through the neutral grounding impedance. 

(d) Equipment Grounding Conductors. Equipment grounding conductors 
shall be permitted to be bare and shall be connected to the ground bus and 
grounding electrode conductor at the service-entrance equipment and ex- 
tended to the system ground. 

250-154. Grounding of Systems Supplying Portable or Mobile Equipment. 
Systems supplying portable or mobile high-voltage equipment, other than 
substations installed on a temporary basis, shall comply with (a) through (e) 
below. 

(a) Portable or Mobile Equipment. Portable or mobile high-voltage equip- 
ment shall be supplied from a system having its neutral grounded throughan 
impedance. Where a delta-connected high-voltage system is used to supply 
portable or mobile equipment, a system neutral shall be derived. 

(b) Exposed Noncurrent-Carrying Metal Parts. Exposed noncurrent-carry- 
ing 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 any high-voltage 
system component which has developed a ground fault. The continuity of the 
equipment grounding conductor shall be continuously monitored so as to de- 
energize automatically ,the high-voltage feeder 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 20 feet (6.1 m) from any other system or 
equipment grounding electrode, and there shall be no direct connection 
between the grounding electrodes, such as buried pipe, fence, etc: 

(f) Trailing Cable and Couplers. High voltage trailing cable and couplers 
for interconnection of portable or mobile equipment shall meet the require- 
ments of Part C of Article 400 for cables and Section 710-45 for couplers. 

250-155. Grounding of Equipment. All noncurrent-carrying metal parts of 
fixed, portable, and mobile equipment and associated fences, housings, 
enclosures, and supporting structures shah be grounded. 

Exception No. 1: Where isolated from ground and located so as to prevent 
any person who can make contact with ground from contacting such metal 
parts when the equipment is energized. 
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Exception No. 2: Pole-mounted distribution apparatus as provided in 
Section 250-42, Exception No. 3. 

Grounding conductors not an integral part of.a cable assembly shall not be 
smaller than No. 6 copper or No. 4 aluminum..  

A R T I C L E  280 m S I ) R G E  A R R E S T E R S -  " 

A. General 
\ 

280-1.-Scope.  This articie covers general requirements, installation re- 
quirements, and connection requirements for surge arresters installed on 
premises wiring systems. 

280-2. Definition. A surge arrester is a protective device for limiting surge 
voltages by discharging or bypassing surge current, and it also prevents 
c6ntinued flow of-follow current while i'emaining capable of repeating these 
functions. 

280-3. Number Required~ Where used at a point on a circuit, a surge 
arrester shall be connected to each ungrounded conductor. A single instal- 
lation 6f such" surge arresters shall be permitted to protect a number of  
interconnected circuits prov!ded that no circuit is exposed to surges while 
disconnected froth the surge arresters. 

2 8 0 - 4 .  Surge Arrester Selection. : 
(a) On Circuits of Less than 1000 Volts, The rating of the surge arrester 

shall- be equal to or greater-than the .maximum continuous phase-to-ground 
power frequency voltage available at the point of application. 

(b)-On Circuits of 1 kV ~ind Over - -  Silicon Carbide Types. The rating of a 
silicon carbide-t~,pe surge arrester shall be not less than 125 percent of the 
maximum continuous phase-to-ground voltage available at "the point of 
~ipplication.. -. - . " 

(FPN): For further information'on selection of surge arresters, see Guide for 
the Application of Valve-Type Surge Arresters for Alternating-Current Systems 
(ANSI.C62.2-1981). 
? (FPN): Metal oxide surge arrester ratings are based on the magnitude and 
duration of overvoltage at the arrester location as affected .by phase-to-ground 
faults, system grounding techniques,, switching surges, and other causes. See 
manufacturer's applicatio n rules for the specific arrester to be used at a particular 
location: 

B. Installation 

2 8 0 - 1 1 .  Location. Surge'arresters Shall be permitted tO be located indoors 
or outdoorsand shall be made inaccessible to unqualified persons." 

Exception:. Surge attesters listed for installation in accessible locations. 

280-12. Routing of Surge Arrester Connections. The conductor used to 
connect the surge arrester to line or bus and to ground shall not be any longer 
thannecessai 'y and shall avoid unnecessary bends. 
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C..Connecting Surge Arrestors 

280-21. Installed at Services of Less than 1000 Volts. ,Line and ground 
connecting conductors shall not be smaller.than No. 14 copper or No. 12 
aluminum. The arrestor grounding conductor shall be connected to one of  the 
following: (1) the grounded service conductor; (2) the grounding electrode 
,conductor; (3) the grounding electrode for the service; or (4) the equipment 
grounding terminal in the service equipment. 

280-22. Installed on the ,Load Side of Services of .Less than 1000 Volts. 
Line and ground connecting conductors shall not be:smaller  than No. 14 
copper or No. 12 aluminum. A surge arrestor shall be permitted to be 
connected between any two conductors (ungrounded conductor(s), grounded 
conductor, grounding conductor). The grounded .conductor and the ground- 
ing conductoi" shall be interconnected only by the normal operation .of the 

.~ surge arrestor during a surge. 

280-23~ Circuits of 1 kV and Over --Surge-Arrestor Conductors, The 
conductor-between .the surge arrestor and the line and surge" arrestor and the 
grounding connection shall .not be smaller..than 'No. 6 copper or aluminum. 

280-24. .Circuits of.1 kV and Over - -  Interconnections. The grounding 
conductor of :a.surge arrestor protecting a transformer that supplies a 

] secondary distribution system shall be interconnected as specified in (a) or 
(b) below. '- 

(a). Metallic Interconnections. A metallic interconnection shall.be made 
to the .secondary'  grounded circuit conductor o r  the secondary circuit 
grounding conductor provided that, in addition to the direct grounding 
connection at. the surge arrestor: 

(1) The grounded conductor of the secondary has,elsewhere aground-  
ing connection to a continuous metal underground-water piping system. 
.However, in urban water-pipe areas where there are at least four water-pipe 
connections on the:neutral and,not less than four such connections in each 
mile.of neutral, the metallic interconnection shall be permitted to be made to 
the secondary neutral with omission of.the-direct grounding connection at the 

su rge  arrestor. 
(2) The grounded conductor of . the secondary system is a part of a 

. multiground neutral system of which the primary neutral  hasat ,  least four 
ground connections in each mile o f l i n e  in addition to a-ground at each  
service. 

( b )  Through Spark Gap or Device. Where the surge arrestor.grounding 
conductor is not connected as in (a) above or where the secondary is not 
grounded as in (a) above but is otherwise grounded as in Sections 250-81 and 
250-83, an interconnection shall be made through a spark gap or listed device'  
as follows: 

(1) For ungrounded or unigrounded.primary systems, the spark gap or 
listed device shall have a 60 hertz 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 not 
less than 20 feet (6.1 m) distant from the surge arrestor groundingelectrode._ 

(2) For multigrounded neutral primary systems, the spark gap or listed 
de~,ice shall have a 60 hertz breakdown o r  not more than 3 kV, and there shall 
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be at least one other ground on the grounded conductor of the secondary not 
less than 20 feet (6._1 m) distant from the surge an:ester grounding electrode. 

(¢) By Special Permission. An inte(connection of the surge arrester 
ground and the secondary neutral; other than as provided in (a) or (b) above, 
shall be permitted to be made only by special permission. 

280-25. Grounding. Except as indicated in th i s  article, surge attester 
grounding connections shall be made as specified in Article 250. Grounding 
conductors shall~nof:be run in metal enclosures unless'bonded to both ends 
of such enclosur~ ~. 

= , . 

o 
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Chapter 3.. wiring Methodsand Materials 
ARTICLE 300 m WIRING METHODS 

A. General Requirements 

300:1. Scope. 
(a) All Wiring:Installations.. This article covers  wiring methods for all 

wiring installations. 
Excej~tion No. 1: Only those sections referenced in Article 725 shall apply 

to Class l, Class 2, and Class 3 circuits. 
Exception No. 2: Only those sections referenced in Article 760 shall apply 

to fire protective signaling circuits. 
Exception No. 3: Only those sections referenced in .Article 770 shall apply 

to optical fiber cables. 
Exception No. ,l: .Only those sections referenced in Article 800 shall aplJly 

to communication systems. 
ExceptionNo. 5: Only those sections referenced in Article 820 shall apply 

to community antenna television.and radio distribution systems. 
• .'(b)- Integral Parts ,of Equipment.. The provisions of this article .are not 

intended to apply to.the conductors which form an.integral part of equipmenl~, 
'such as motors, controllers, motor control centers, or.factory-assembled 
control equipment• . ...., • 

300-2.  Limitations. " I 
(a) Voltage. Wiring methods specified in.Chapter 3 shall be used for  I 

voltages 600 volts, nominal, or less where not specifically limited in some 
section of Chapter 3. They shall, be permitted for voltages over 600 volts, 

: nominal, where specifically permitted' elsewhere in this Code. 
(b) Temperature. Temperature limitation of conductors shall be in ac- 

cordance with Section 310-10. 

300-3 .  Conductors. 
(a) Single,Conductors. Single conductors specified in Table 310-13 shall 

only be permitted to be installed where part of a recognized wiring method of 
Chapter 3. 

• (b) Conductors of the Same Circuit. All conductoi'slof the same circuit 
.. and, where used, the neutral and all equipment grounding conductors shall be 
• contained within the same raceway, cable tray, trench, cable, or cord. 

Exception to (a) and .(b): As permitted in Sections 250-57(b), 2.50-79(e), 
300-5(i),300-20(a), 318-8(d), and 339-3(a)(2).' 

(c) Conductors of. Different Systems. 
(1) 600 Volts, Nominal, or Less..Conductors of 600 volts, nominal, or 

less; alternating current and direct current circuits, shall be permitted to 
,,occupy.the same,equiPment wiring enclosure; cable, or raceway. All con- 
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ductors shall have an insulation rating equal to at least the maximum nominal 
circuit voltage rating of any conductor within the enclosure, cable, or 
raceway. 

Exception: For solar pbotovoltaic systems, in accordance with Section 
690.4(b). 

(FPN): See Section 725-38(a)(2) 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. 

(FPN): See Section 300-32, Conductors of Different Systems - -  over 600 volts,. 
nominal. ' 

Exception No. 1: 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 fixture enclosure as the branch-circuit con- 
ductors. 

Exception No. 2: Primary leads of  electric-discharge lamp ballasts, 
insulated for the primary voltage of  the ballast, when contained within the 
individual wiring enclosure, shall be permitted to occupy the same fixture 
enclosure as the branch-circuit conductors. 

Exception No. 3: Excitation, control, relay, and ammeter conductorsused 
in connection with any individual motor or starter shall be permitted to 
occupy the same enclosure as the motor circuit conductors. 

300-4. Protection Against Physical Damage.. Where subject to physical 
damage, conductors shall be adequately protected. 

(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 IV4 inches (31.8 mm) 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 or 
bushing, at least V~6 inch (1.59 mm) thick, and of appr0priate lengthand width 
installed to cover  the area of the wiring. 

Exception: Raceways as covered in Articles 345, 346, 347, and 348.. 

(2) Notches in Wood. Where there is no objection because of Weaken- 
ing 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 VI6 inch (1.59 mm) 
thick installed before the building finish is a p p l i e d . .  

Exception: Ra'ceways as covered in Articles 345, 346, 347, and 3,18. 

I. (b) Cables and Electrical Nonmetallic Tubing Through Metal Framing 
Members. 

(1) In both exposed a n d  concealed locations where, nonmetallic- 
sheathed cables pass through either factory or field 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. 
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(2) Where  nails-or  sc rews  are likeiy to pene t ra te  nonme ta l l i c - shea thed  
cable o r e l ec t r i c a l  nonmeta l l ic  tubing, a steel  s leeve,  steel  plate  or  steel  clip 
not  leas than.V~6,inch (1.59 ram) in th ickness  shall be used to p ro tec t  the .cable  
or  tubing. 

(c) •Cables Through Spaces Behind P a n e l s  Designed to Allow Access. 
Cables , .o r . r aceway- type  wi r ingmethods , , i n s t a l l ed  beh ind  panels  des igned  to 
allow ac c e s s . sha l l , be : suppo r t ed  according,  to .their appl icable  art icles.  

• 300 -5 .  Under~mund Installations. ~' :: 

(a)  Minimum'Cover Requirements.,  Direct ' buried cable or conduit or 
o the r  r aceways  shall be  installed•to meet  the min imum cove r  r equ i remen t s  o f  
Table 300,5. .. 

C o v e r :  C o v e r  is defined as the s h o r t e s t  d is tance  measu red  b e t w e e n  a 
point  on the top'  surface o f  any dir.ect bu r i ed . conduc to r ,  cable ,  condui t ,  o r  
o the r  r aceway  and the  finished grade.  

Table .300-5 . , 
Minimum Cover Requirements, 0 1 o . 6 0 0  Volts, Nominal- 

k I I  

Wiring Method 

Minimum 
Burial 

(Inches) 

Direct Buried Cables • • 
Rigid Metal Conduit 
Intermediate Met~ilConduit 
Rigid Nonmetallic Conduit . . 

Approved for .Direct Burial 
without Concrete Encasement 

Other Approved Raceways* .. 

24 
6 
6 

18 
18 

For SI units: one inch = 25.4 millimeters• 
* Note: Raceways approved for burial only when. concrete .encased shall require a 

concrete envelope not less than 2 inches (50.8 mm) thick. 

Exception No. 1: The "minimum, cover requirements for•other than rigid 
metal conduit and intermediaie metal conduif shall be  permitted .to be 
reduced by 6 inches (152 mm) for installations where a 2-inch(50.8-mm) thick 
concrete pad or equivalent in physical protection is placed in the trench over 
the underground installation. 

Exception No..2: The minimum cover, requirements shall not apply to 
conduits or other raceways which are located under a building or exterior 
concrete slab not less than 4 inches (102.mm) in thickness and extending not 
:less than 6 .inches (152 mm) beyond the underground ins~tallation. 

Exception No. 3: Areas subject to. i~ehicular traffic such as streets, 
highways, roads, alleys, driveways, and parking lots shall.have a minimum 
coyerof24 inches.(610 mm). 

Exception No. 4: Residential branch.ci¢cuits rated 300 voltsor less and 
provided with overcurrent-protection of  not more than30 amperes shall be 
permitted with a cover requirement of  12 inches (305.mm). 
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Exception No. 5: Lesser depths shall be permitted where cables and 
conductors rise for terminations orspl ices  or where access is otherwise 
required. 

Exception No. 6: In airport runways, including adjacent defined aFeas 
where trespass is prohibited, cable shall be permitted to.be buried not less 
than 18 inches (457 mm) deep and without raceways, concrete encasement or 
equivalent. 

Exception No. 7: Raceways installed in solid rock shall be permitted to be 
buried at a lesser depth when covered by 2 inches (50.8 mm)-or, more o f  
concrete over the installation and extending down' to the rock surface. 

Exception No. 8: Circuits for  the control o f  irrigation and landscape 
lighting systems which are limited to not more than 30 volts and a're installed 
with Type UF or other identified cable or raceway shall be permitted with a 
minimum cover o f  6 inches (152 mm). 

• (b) Gr()unding. All underground .installations shall be  grounded and 
bonded in  accordance with Article 250 of this Code. 

(c) Underground Cables Under Buildings. Underground cable installed 
under a building shall be in a raceway that is extended beyond the outside 
walls of the building. . . . .  

'(d) Protection from Damage. Direct buried conduct'ors and cables emerg- 
ing from the ground shall be protected by enclosures or raceways extending 
from the minimum cover  distance required by Section 300-5(a) in Table 300-5 
(a) below grade to a point at least 8 feet (2.44 m) above finished grade. In no 
case shall the protection be required to exceed  18 inches (457 mm) below 
finished grade. 

Conductors entering a building shall be protected to the point of  entrance.  
Where the, enclosure or raceway is subject to. physical damage the 

conductors shall be installed in rigid metal conduit, intermediate metal 
conduit, Schedule 80 rigid nonmetallic conduit or equivalent. 

(e) Splices and Taps. Direct buried conductors or cables shall be permit- 
ted to be spliced or tapped without the use of splice boxes. The splices or taps 
shall be made by approved methods and with identified materials. 

(f) Backfill. Backfill containing large rock, paving materials, cinders, 
large or sharply angular substance, 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 corro- 
sion 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 energized live parts shaU be sealed or plugged at either or both ends. 

(FPN): 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  which 
terminates underground where the conductors or cables emerge as a direct 
burial wiring method. A seal incorporating the physical protection charac, 
teristics of  a bushing shall be permitted to be used in l ieu of a bushing. 
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• (i) Single Conductors. All, conductors of  the .same circuit and, where 
used, the neutral and all equipment grounding conductors shall be installed in 
the same raceway or shall be installed in close proximity in the same trench. 

Exception No. I: Conductors in parallel in raceways shall be permitted 
but each raceway shall contain all conductors of  the same circuit including 
grounding conductors. 

Exception No. 2: Isolated phase installations shall be permitted in non- 
metallic raceways in close proximity where, conductors are paralleled as 
permitted in SectionJ lO-4 and the conditions of  Section 300-20 are met. 

300-6. Protection Against Corrosion. Metal raceways, cable armor, boxes, 
cable sheathing, cabinets, elbows, couplings, fittings, supports, and support 
hardware shall be of materials suitable for the environment in which they are 
to be installed. 

(a) General. Ferrous raceways, cable armor, boxes, cable sheathing, 
cabinets, metal elbows, couplings, 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 such 
as zinc, cadmium, or enamel. Where protected from corrosion solely by 
enamel, they shall not be used out-of-doors or in Wet locations as described 
in (c) below. When boxes or cabinets have an approved system of organic 
coatings and are marked "Raint ight ,"  "Rainproof"  or ."Outdoor Type , "  
they shall be permitted out-of-doors. 

Exception: Threads at joints shall be permitted to be coated with an ] 
identified electrically conductive compound. I 

(b) In Concrete or in Direct Contact with the Earth. Ferrous or nonferrous 
meta l  raceways, cable armor, boxes, cable sheathing, cabinets, elbows, 
couplings, 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 when made of material judged suitable for the 
conditionl or when provided, with corrosion protection approved for the 
condition. . 

(c) Indoor Wet Locations. In portions of dairies, laundries, canneries, and 
other indoor wet locations, and in locations where walls are frequent ly 
washed or where there are surfaces of absorbent materials, such as damp 
paper or Wood, the entire wiring system, including all boxes, fittings, 

-conduits, and cable used therewith, shall be mounted so that there is at least 
V4-inch (6.35-mm) air space between it and the wall or supporting surface. 

(FPN): 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 meat-packing 
plants,, tanneries, glue houses, and some stables; installations immediately adja- 
.cent to a seashore-and swimming pool areas; areas where chemical de-icers are 
used; and storage cellars or rooms for hides, casings; fertilizer, salt, and bulk 
chemicals. 

: 300-7 .  Raceways Exposed to Different Temperatures. ' 
(a) Sealing. Where portions of an interior raceway system are exposed 

to widely different temperatures, as in refrigerating or cold-storage plants, 
circulation of air from a warmer to a colder section through the raceway shall 
be prevented. 
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(b) Expansion Joints. Raceways shall.be provided with expansion joints 
where necessary to compensate for thermal expansion and contraction. 

300-8. Installation of Conductors with Other Systems. No electric conduc- 
tor shall be installed in any raceway, cable, or cable tray that contains a pipe, 
tube, or equal for steam, water, air, gas, drainage, or any service other than 
electrical. 

Exception: Cables approved for the purpose. 

300-9. Grounding Metal Enclosures. Metal raceways, boxes, cabinets, 
cable armor, and fittings shall be grounded as required in Article 250. 

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 electric conductor, and shall be 
so connected to all boxes, fittings, and cabinets as to .provide effective 
electrical continuity. Raceways and cable assemblies shall be mechanically ' 
secured to boxes, fittings, cabinets, and other enclosures, except as provided 
for nonmetallic boxes in Section 370-7(c). 

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 
rigid support shall not be permitted as the sole support. 

Exception: As permitted elsewhere in this Code. 
(b) Raceways Used as Means of Support. Raceways shall not be used as 

a means of support for other raceways, cables, or nonelectric equipment. 
Exception No. I: Where the raceways or means of support are identified 

for the purpose. 
(FPN): See Article 318 for cable trays. 
Exception No. 2: Raceways containing power supply conductors for 

electrically controlled equipment shall be permitted to support Class 2 circuit 
conductors or cables that are solely for the purpose of  connection to the 
equipment control circuits. 

Exception No. 3: As permitted in Sections 370-13 for boxes or conduit 
bodies, or 410-16(J) for fixtures. 

300-12.  Mechanical Continuity-- Raceways and Cables. Metal or nonme- 
tallic raceways, cable armors, and cable sheaths shall be continuous between 
cabinets, boxes, fittings, or other enclosures or outlets. 

300-13. Mechanical and Electrical Continuity-- Conductors. 
(a) General. Conductors shall be continuous between outlets, devices, 

etc., and there shall be no splice or tap within a raceway itself. 
Exception No. l: As provided in Section 374-S for auxiliary gutters. 
Exception No. 2: As provided in Section 362-6 for wireways. 
Exception No. 3: As provided in Section 300-15(a), Exception No. 1 for 

boxes or fittings. 
Exception No. 4: As provided in Section 352-7for surface metal raceways. 
(b) Device Removal. In multiwire circuits the continuity of a grounded 

conductor shall not be dependent upon device connections, such as 
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lampholders, receptacles, 'etc., where the removal of such devices would 
interrupt the continuity. , - 

300-14. Length of Free Conductors at Outlets, Junctions, and Switch Points. 
At least 6 inches (152 mm) of free conductor shalVbe left at each outlet, 
junction, and switch point for splices or the connection offixturesor devices. 

Exception: Conductors that are not spliced or terminated at the outlet, 
junction, or switch point. 

300-15. Boxes or Fittings - -  Where Required. 
(a) Box or Fitting. A box or fitting shall be instailed at each conductor 

splice connection point, outlet, switch point, junction point, or pull point for 
the connection of conduit, electrical metallic tubing, surface raceway, or 
other raceways. 

Exception No. 1: A box or fitting shall not be required for a conductor 
splice connection in surface raceways, wireways, header-ducts, multi-outlet 
.assemblies, auxiliary gutters, cable trays, and conduit bodies having remov- 
able covers which are accessible after installation. 

Exception No. 2: As permitted in Section 410-31 where a fixture is used as 
a. raceway. 

(b) Box Only. A box shall be installed at each conductor splice connec- 
tion point, outlet, switch point, junction point, or pull point for the connec- 
tion of Type AC cable, Type MC cable, mineral-insulated, metal-sheathed 
cable, nonmetallic-sheathed cable, or other cables, at the connection point 
between any such cable system and a raceway system and at each outlet and 
switch point for concealed knob-and-tube wiring. 

Exception No. 1: As permitted by Section 336-16 for insulated outlet 
devices supplied by nonmetallic-sheathed cable. 

Exception NO. 2: As permitted by Section 410-62 for rosettes-. 

Exception No. 3: Where accessible fittings are used for straight-through 
splices in mineral-insulated, metal-sheathed cable. 

Exception No. 4: Where cables enter or exit from conduit or tubing which 
is used to provide cable support or protection against physical damage. A 
fitting shall be provided on the end(s) of  the condiiit or tubing, to protect the 
wires or cables from abrasion. 

Exception No. 5: 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 shall be permitted without a separate box. 

(FPN): See Sections 336-15, Exception No. 2; 545-10; 550-80); and 551-14(e), 
Exception No. 1. 

Exception No. 6: Where metallic manufactured wiring systems are used. 

Exception No. 7: A conduit body shall be permitted in lieu of  a box where 
installed to comply with Section 370-6(c) and Section 370-18. 

• I 
Exception No. 8: Where a device identified and listed as suitable for 

installation without a box is used with a closed-loop power distribution 
system. 
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Exception No. 9: A fitting identified for the use shall, be permitted in lieu 
of a box where accessible after installation and where the conductors are not 
spliced or terminated. 

300-16. Raceway or Cable to Openor Concealed Wiring. 
(a) Box or Fitting. A box or terminal fitting having a separately bushed 

hole for each conductor shall be used wherever a change is made from 
conduit, electrical metallic tubing, nonmetallic-sheathed cable, Type AC 
cable, Type MC cable, o'r mineral-insulated~ metal-sheathed cable and 
surface raceway wiring to open wiring or to concealed knob-and-tube wiring. 
A fitting used for thispurpose shall contain no taps or splices and shall not be 
used at fixture~outlets. 

(b) Bushing. A bushing shall be permitted in lieu of a box or terminal 
fitting at the end of a conduit or electrical metallic tubing where the raceway 
terminates behind an open. (unenclosed) switchboard or at an unenclosed 
control and 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. 

(FPN): See the following sections of this Code: electrical nonmetallic tubing,  
331-6; conduit, 345-7 and 346-6; electrical metallic tubing, 348-6; rigid nonmetallic 
conduit, 347-11; flexible metallic tubing, 349-12; flexible metal conduit, 350-3; 
liquidtight flexible metal cot~duit, 351-6; liquidtight nonmetallic flexible conduit, 
351-25; surface raceways, 352-4 and 352-25; underfloor raceways, 354-5; cellular 
metal floor raceways, 356-5; cellular concrete floor raceways, 358-1 l; wireways, 
362-5; auxiliary gutters, 374-5; fixture wire, 402-7; theaters, 520-5; signs, 600-21 
(d); elevators, 620-33; sound recording, 640-3 and 640-4; Class l, Class 2, and 
Class 3 circuits, Article 725; fire protective signaling circuits, Article 760, and 
optical fiber cables, Article 770. 

300-19. Supporting Conductors in Vertical Raceways. 
(a) Spacing Intervals-- Maximum. Conductors in vertical raceways shall 

be supported. One cable support shall be provided at the top of the vertical 
raceway or as close-to the top as practical, plus a support for each additional 
interval of spacing as specified in Table 300-19(a). 

Exception No. 1: /.]'the total vertical riser is less than 25 percent of  the 
spacing specified in Table 300-19(a), no cable support shall be required. 

Exception No. 2: 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) 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 conduits. Where clamping of  insulation does not 
adequately support the cable, the conductor also shall be clamped. . 
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(2) By inser t ing  boxes  at  the  requ i red  in te rva ls  in wh ich  insu la t ing  
s u p p o r t s  are  ins ta l led and  s ecu red  in a sa t i s fac to ry  m a n n e r  to w i t h s t a n d  the  
weight  o f  the  c o n d u c t o r s  a t t a ched  the re to ,  the  b o x e s  be ing  p rov ided  wi th  
c o v e r s .  

(3) In j u n c t i o n  boxes ,  by  def lect ing the  cab les  not  less  t han  90 deg ree s  
and  ca r ry ing  t h e m  hor izon ta l ly  to a d i s t ance  not  less  t han  twice  the  d i a m e t e r  
o f  the  cable ,  t he  cab les  be ing  car r ied  on  two oi" m o r e  insu la t ing  s u p p o r t s ,  and  
addi t iona l ly  s ecui:ed t he r e t o  by  tie wi res  if  des i red.  W h e n  this  m e t h o d  is 
u sed ,  cab les  shall  be s u p p o r t e d  at  i n t e r v a l s  not  g rea t e r  t han  20 pe r cen t  o f  
t hose  m e n t i o n e d  in the  p reced ing  tabula t ion .  

(4) By a m e t h o d  o f  equal  e f f ec t iveness .  

Table 300-19(a). Spacings for Conductor Supports " 

Conductors 
AWG or Support of Aluminum or 

Circular-Mll Conductors in Copper-Clad 
Size of Wlre Vertical Raceways Aluminum Copper 

18 AWG thru 8 AWG . . . . . . . . . . .  Not greater than . . . .  100 feet . . . .  100 feet 
6 AWG thru 0 AWG . . . . . . .  . . . . .  200 feet . . . .  100 feet 

2/0 AWG thru 4/0  AWG . . . . . . . .  " . . . .  180 feet . . . .  80 feet 
over 4/0  AWG thru 350 MCM . . . .  " " . . . .  135 feet . . . .  60 feet 
over 350 I~tCM thru 500 MCM . . . .  ' . . . . .  . . . .  120 feet . . . .  50 feet 
over 500 MCM thru '750 MCM . . . .  " " . . . .  95 feet . . . .  40 feet 
over 750 MCM . . . . . . . . . . . . . . . . . .  " " . . . .  85 feet .~. . .  35 feet 

For SI units: one foot =.0.3048 meter. 

300:20. Induced Currents in Metal Enclosures or Metal Raceways. 
(a) Conductors Grouped Together, Where conductors carrying alternating 

cu r r en t  a re  insta l led in me ta l  e n c l o s u r e s  or  meta l  r a c e w a y s ,  t hey  shall  be  so  
a r r anged  as  to avo id  hea t ing  the  s u r r o u n d i n g  meta l  by  induc t ion .  To  
a c c o m p l i s h  th is ,  all p h a s e  c o n d u c t o r s  and ,  whe re  u sed ,  the  neu t ra l  and  all 
e q u i p m e n t  g r o u n d i n g  c o n d u c t o r s  shall  be  g r o u p e d  toge ther .  

Exception No. 1: As permitted in Section 250-50, Exception for equipment 
grounding connections. 

Exception No. 2: As permitted in Section 427-47for skin effect heating. 
(b) Individual Conductors. W h e r e  a single c o n d u c t o r  ca r ry ing  a l t e rna t ing  

cu r r en t  p a s s e s  t h rough  meta l  with  m a g n e t i c  p roper t i e s  the  induc t ive  effect  
shall  be  m i n i m i z e d  by:  (1) cu t t ing  s lo ts  in the  meta l  b e t w e e n  the  indiv idual  
ho les  t h r o u g h  which  the  indiv idual  c o n d u c t o r s  pas s ,  or  (2) p a s s i n g  all the  
c o n d u c t o r s  in the  c i rcui t  t h rough  an  insu la t ing  wall  suff ic ient ly  large for  all o f  
' the  c o n d u c t o r s  o f  the  circui t .  

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. 

(FPN): Because  a luminum is not  a magnetic  metal ,  there will be no heating due 
to hysteres is ;  however ,  induced currents  will be present .  They  will not  be of  
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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 
so made that the possible spread of fire or products of combustion will not be 
substantially increased. Openings around electrical penetrations through fire- 
resistance rated walls, partitions, floors, or ceilings shall be firestopped using 
approved methods to maintain the fire-resistance rating. 

300-22. Wiring in Ducts, Plenums, and Other Air-Handling Spaces. The 
provisions of this section apply to the installation and uses of electric wiring 
and equipment in ducts, plenums, and Other air-handling spaces. 

(FPN): See Article 424, Part F for Electric 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 or Plenums Used 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, intermediate metal con- 
duit, or rigid metal conduit shall be installed in ducts or plenums used for 
environmental air. Flexible metal conduit and liquidtight flexible metal 
conduit shall be permitted, in lengths not to exceed 4 feet (1.22 m), to connect 
physically adjustable equipment and devices permitted to be in these ducts 
and plenum chambers. The connectors used with flexible metal conduit shall 
effectively close any openings in the connection. Equipment and devices 
shall be permitted within such ducts or plenum chambers only if necessary 
for their 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 fixtures shall be permitted. 

(FPN): The above applies to ducts and plenums specifically fabricated to 
transport environmental air. 

(c) Other Space Used for Environmental Air. Only wiring methods con- 
sisting of Type MI  cable, Type MC cable without an overall nonmetallic 
covering, Type AC cable, or other factory-assembled multiconductor control 
or power cable which is specifically listed for the use shall be installed in 
other space used for environmental air. 

Other type cables .and conductors shall be installed in electrical metallic 
tubing, flexible metallic tubing, intermediate metal conduit, rigid metal 
conduit, flexible metal conduit, or where.accessible, wireway with metal. 
covers or solid bottom metal cable tray with solid metal covers. 

Electric equipment with a metal enclosure or witha nonmetallic enclosure 
listed for the use 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 other space used for 
environmental air unless prohibited elsewhere in this Code. 

(FPN): The above applies to other spaces such as spaces over hung ceilings 
which are used for environmental mr-handling purposes. 
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Exception No. 1: Liquidtight flexible metal conduit, in single lengths not 
exceeding 6feet (1.83 m). 

Exception No. 2: Integral fan systems specifically identified for such use.. 
Exception No. 3: This section does not include habitable rooms or areas 

of  buildings, the primepurpose of which is not air handling. 
Exception No. 4: Listed prefabricated cable assemblies of  metallic man- 

ufactured wiring systems without nonmetallic sheath shall be permitte d 
where listed for this use. ~. . 

Exception No. 5: This section does not include the joist or stud spaces in 
dwelling units when wiring or equipment passes through such spaces 
perpendicular to the long dimension of  such.spaces. 

Exception No. 6: This section does not include the underfloor area 
specified in Section 645-2(c)(3). 

(d) Data Processing Systems. Electric wiring in air-handling areas be- 
neath raised floors for data processing systems shall comply with Article 645. 

B. 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 
parts or physical damage to parts or insulation. 

300-32. Conductors of Different Systems. Conductors of high-voltage and 
low-voltage systems sha.ll not occupy the same wiring enclosure or pull and. 
junction boxes. 

Exception No. 1: In motors, switchgear and control assemblies and 
similar equipment. 

Exception No. 2: In manholes, if low-voltage conductors are separated 
from high-voltage conductors. 

300-34. Conductor Bending Radius. The conductor shall not be bent to a 
radius less than eight times the overall diameter for nonshielded conductors 
or twelvetimes the diameter for shielded or lead-covered conductors during 
or after installation. 

300-35. Protection Against Induction Heating. Metallic raceways and as- 
sociated corfductors shall be so arranged as to avoid heating of the raceway 
by induction. 

300-36. Grounding. " Wiring and equipment installations shall be grounded 
in accordance with the applicable provisions of Article 250. 

A R T I C L E  305 D T E M P O R A R Y  W I R I N G  

305-1. Scope. The provisions of this article apply to temporary electrical 
power and lighting wiring methods which may be of a class less than would 
be required fora  permanent installation• 
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[ 305-2. Other Articles. Except as specifically modified in this article, all 
other requirements of this Code for permanent wiring shall apply to tempo- 
rary wiring installations. 

[ 305-3. Time Constraints. 
(a) During the Period of Construction. Temporary electrical 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. Temporary elecfri~al power and lighting installations shall 
be permitted for a period not to exceed 90 days for Christmas decorative 
lighting, carnivals, and similar purposes. 

(c) Emergencies and Tests. Temporary electrical power and lighting 
- installations shall be permitted during emergencies and for tests, experi- 

ments, and developmental work. 
(d) Removal. Temporary wiring shall be removed immediately upon 

completion of construction or purpose for which the wiring was installed. 

305"4. General. 
(a) Services. Services shall be installed in conformance with Article 230. 
(b) Feeders. Feeders shall be protected as provided in Article 240. They 

shall originate in an approved distribution center. The conductors shall be 
permitted within flexible multiconductor cord or cable assemblies of a type 
identified in Table 400-4 for hard usage or extra hard usage. Where the 
voltage does not exceed 150 volts to ground and where not subject to physical 
damage, feeders shall be permitted to be run as open conductors if supported 
on insulators at intervals of not more than l0 feet (3.05 m). 

Exception: Where installed for the purposes specified in Section 305-3(c). 
(c) Branch Circuits. All branch circuits shall originate in an approved 

power outlet or panelboard. Conductors shall be permitted within flexible 
multiconductor cord or cable assemblies of a type identified in Table 400-4 for 
hard usage or extra hard usage. All conductors shall be protected as provided 
in Article 240. Where the voltage does not exceed 150 volts to ground and 
where not subject to physical damage, branch circuits shall be permitted to 
be run as open conductors if supported on insulators at intervals of not more 
than 10 feet (3.05 m). No open wiring branch circuit conductors shall be laid 
on the floor or ground. " 

Exception: Where installed for the purposes specified in Section 305-3(c). 
(d) Receptacles. All receptacles shall be.of the grounding type. Unless 

installed in a continuous grounded metal raceway or metal-covered cable all 
branch circuits shall contain a separate equipment grounding conductor and 
all receptacles shall be electrically connected to the equipment grounding 
conductors. Receptacles on construction sites shall not be installed on 
branch circuits which supply temporary lighting. Receptacles shall not be 
connected to the same ungrounded conductor of multiwire circuits which 
supply temporary lighting, 

(e) DisconnectingMeans. Suitable disconnecting switches or plug con- 
nectors shall be installed to permit the disconnection of all ungrounded 
conductors of each temporary circuit. Multiwire branch circuits shall be 
provided with a means to disconnect simultaneously all ungrounded conduc- 
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tors at the power outlet or panelboard where the branch circuitoriginated. 
Approved handle ties shall be permitted. 

(f) Lamp Protection. All lamps for general illumination shall be protected 
from accidental contact or breakage by a suitable fixture 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 no tbe requ i r ed  for splices 

or junction connections where the circuit conductors are multiconductor 
cord or cable assemblies or open conductors. See Sections .l10-14(b) and 
400-9. A box shall be used wherever a change is made to a raceway system 
or a cable syste m which is metal clad o r  metal~sheathed. 

(h) Protection from Accidental Damage. Flexible cords and cables shall 
be protected from accidental damage. Sharp .comers and projections shall be 
avoided. When passingthrough doorways or other pinch points, protection 
shall be provided to avoid damage. 

305-5. Grounding. -All grounding shali ~conform with Artit~le 250. ' 

305-6. Ground-Fault Protection for Personnel. Ground-fault protection for 
personnel on construction sites shall be provided to comply with (a) or (b) 
below. 

(a) Ground-Fault Circuit-lnterrupteis. All. 125-volt, single-phase, 15- and 
20-ampere receptacle outlets which are not a part of the permanent wiring of 
the building or structure and which are in use by emplo~yees shall have 
ground-fault circuit-interrupter protect ionfor  personnel. 

Exception: Receptacles  on a 2-wire, single-phase portable or vehicle- 
mounted  generator rated not more than 5 kW, where the circuit conductors 
o f  the generator are insulated f rom the generator f rame  and all other 
grounded surfaces. : , .  

(b)" Assured Equipment Grounding Conductor Program. A written proce- 
dure shall be continuously enforced at the construction site by one or more 
designated persons to assure that equipment grounding conductors for all 
cord sets, receptacles which are not a part of the permanent~avifing of the 
building or structure and equipment connected by cord and plug are installed 
and maintained in accordance with the applicable requirements of Sections 
210-7(c), 250-45,250-59, and 305-4(d). 

(1) The following tests shall be performed on all cord sets, receptacles 
which are not part of the permanent wiring of the building or~stmct.ure, and 
cord- and plug-connected equipment required to be grounded. 

a. All equipment grounding conductors shall be tested for continuity 
and shall be electrically continuous. 

b. Each receptacle and at tachment  plug shall be tested for correct 
attachment of the equipment grounding conductor. The equipment grounding 
conductor shall be connected to its proper terminal. 

c :  All required tests shall be performed: 
I. Before first use 0n the coristmction site. 
2. When there is evidence of damage.- 
3. Before equipment is returned to service following any repairs. 
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4. At intervals not-exceeding 3 months• 
(2) The tests required in (l) above shallbe recorded and made available 

to the authority having jurisdiction. . 

• 305-7. Guarding. For temporary wiring over  600 volts,-nominal, suitable 
fencing, barriers, or other effective means shall be provided to preventaccess  
of other than authorized and qualified personnel. 

- A R T I C L E  310 - -  C O N D U C T O R S  F O R  . G E N E R A L  W I R I N G  

310-1. Scope. This article covers general requirements for conductors and 
their type designations, insulations, markings, mechanical strengths, ampac- 
ity ratings;, and uses. These requirements d 9 not apply to conductors that 

.form an integralpart  of equipment, such as motors, motor controllers, and 
similar equipment,  or to conductors specifically provided for elsewhere in 

• this Code. 
(FPN): For flexible cords and•cables, see Article 400. For fixture wires, see 

Article 402. 

310-2.  Conductors. 
(a) •Insulated. Conductors shall be insulated. 
Exception- Where covered or bare conductors are specifically permitted 

elsewherein this Code• 
• (FPN): See Section 250-152 for insulation of neutral conductors of a solidly 

grounded high-voltage system. 
,(b),,Conductor Material., Condt~ctors in this article, shall be of aluminum, 

copper-clad aluminum, or copper unless otherwise specified. 

310-3. :StrandedConductors. Where installed in raceways; conductors of 
" size 'No. 8 andlarger  shall be stranded. 

Exception No. 1: When used as busbars or in mineral-insulated, metal- 
" sheathed cable. 

Exception No. 2:" Bonding conductors as ~'equired in Section 680-22(b). 

• 3 1 0 - 4 .  C o n d u c t o r s  in Parallel. Aluminum, copper-clad aluminum, or cop- 
-. per conductors of  size l/0 and larger, comprising eachphase  orneutral ,  shall 

. be permitted to be •connected in parallel (electrically joined at both ends to 
form a single conductor). 

Exception No. 1: A s  permitted in Section 620-12(a)(1), Exception. 
.. Except ion No..2: Conductors in sizes smaller than No. 1/0 A W G  shall be 
permitted to be run in parallel to supply control power to indicating 
instruments, contactors, relays, solenoids, and similar control devices 
provided: (a) they are contained within the.same.raceway or cable; (b) the 
ampacity, o f  each individual conductor is sufficient to carry the entire load 
.current shared by the parallel conductors; and (c) the overcurrent protection 
is such that the ampacity o f  each individual conductor will not be exceeded 
i f  one or more o f  the parallel conductors become inadvertently disconnected. 
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Exception No.~3: Conductors in sizes smaller than 1/0 shall be~permitted 
to be.run in parallel for frequencies 0f360 hertz and higher when all o f  the 
conditions o f  Exception No. 2(a), (b), and (c). are met: 

The parallele d conductors  in e a c h  phase or neutral shall: 

( I )  Be  the same lengthi 

(2) 'Ha,m 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 m a n n e r .  
Where run in separate raceways or tab les  the raceways or cables slaall  

have the same physical characteristics.  

(FPN): Differences.in inductive reactance and unequal division of current can 
be minimized by choice of materials, methods of construction and .orientation of 
conductors. It is not the intent to require that conductors 0fone  phase or neutral 
be the same as those of another phase or neutral to achiex, e balance.- 

When equipment grounding, conductors are used with. conductors in 
parallel, they shall comply with the requirements  of this section except  that  
they shall be sized as per  Section 250-95~ , 

When conductors  are used in parallel, space in enclosures shall be given 
consideration (see Articles 370 and 373). 

Conductors  installed in parallel shall comply with the provisions of Note  8 
to Tables 310-16 through 310-31. 

310-5 .  Minimum Size o f  C o n d u c t o r s ;  The minimum size of conductors  
shall be as given iri Table310-5.  

• Table 310-5 

Voltage Rating of Conductor--Volts Minimum Conductor Size--AWG 

0 thru 2000 . 

2001 thru 5000 
5001 thru 8000 
8001 thru 1'5000 : 

- 15001 thru 28000" 
28001 thru 35000 

'14 Copper 
.- 12 Aluminum or 

Copper-Clad Aluminum 
8 
6 
2..100% Insulation Level* 
I 133% Insulation Level* 
1 
1/o 

* See.Table 'i.i0-64, Definitions. 

Exception No. 1: For flexible cords as permitte d by Section 400-121 

Exqept(on .No. 2: For fixture Wire as permitted by Section 410-24. 

Exception No. 3: For fractional horsepower motors as permitted! by 
Section 430-22. 

Exceptio~No.:4: For crahes and hoists as permitted by Section 610-J41- 

• Exception )Vo. 5: For elevator control and signaling circuits.as permitted 
by Section 620-12. 
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Exception No. 6: For Class 1, Class 2; and Class 3 circuits as permitted by 
• Sections 725-16; 725-37, and 725-40. 

Exception No. 7: For fire protective signaling circuits as permitted by 
Sections 760-16, 760-27, and 760-30. 

Exception No. 8: For 2001-5000 volt for Types AVA,  AVB,  and A V L  
cables, the minimum conductor size is No. 14 A W G c o p p e r  or No. 12 A W G  
aluminum or copper-clad aluminum. 

Exception No. 9: For Type V cables, the minimum conductor sizes are: 
No. 12 A WG for  2000-volt rating, No. 10 A WG for  3000-volt rating, and No. 
8. A WG for 4000-volt rating. 

Exception No. 10: For motor control cikctJits as permitted by Section 
'430-72. 

310-6. Shielding. Solid dielectric insulated conductors operated above 
2000 volts in permanent installations shall have ozone-resistant insulation 
and shall be shielded• All metallic insulation shields shall be grounded 
through an effective grounding path meeting the. requirements of Section 
250-51. Shielding shall be for the purpose of confining the voltage stresses to 
the insulation. 

Exception." .Nonshielded insulated conductors listed by a qualified testing 
laboratory shall be permitte.d for  use up to 8000 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 shea th .  

c.  Where operated at 5001 to 8000 volts, the insulated conductor(s) shall 
have a nonmetallic jacket  over the insulation.. The insulation shall have a 
specific inductive capacity no greater than 3.6 and the jacket  shall have a 
specific inductive capacity no greater.than 10 and no less than 6. 

d. Insulation and jacket  thicknesses shall be in accordance with Table 
310-63. 

310-7. Direct Burial Conductors. Cables rated above 2000 volts shall be 
shielded. Conductors used for direct burial applications shall be of a type 
identified for such use. 

Exception: Nonshielded multiconductor cables rated 200i-5000 volts shall 
be permitted i f  the cable has an overall metallic sheath or armor. 

The metallic shield, sheath or armor shall be grounded through an effective 
grounding path meeting the requirements of Section 250-51. 

(FPN): See Sections 300-5 and 710-3(b). 

310-8. Wet Locations. ' 
(a) Insulated Conductors. Insulated conductors used in wet loca t ions  

,shall be (1) lead-covered; (2) Types RHW, TW, THW, THWN, XHHW; or 
(3) of a typelisted for use in wet locations. 

(b) Cables. ,Cables of one or more conductors used in wet locations shall 
be of a type listed for use in wet locations. 
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Conductors  used for direct burial_applications shall be of a type listed for 
such t/se. 

310-9 .  Corrosive Conditions. Conductors  exposed to 0ils, greases,  vapors,  
gases, fumes, liquids, or other substances having a deleterious effect upon 
the conductor  or insulation shall be of a type suitable for the application. 

310-10. Temperature Limitation of Conductors. No conductor  shall be 
used in such a manner  that its operating tempet-ature will exceed that  
designated for the type of insulated conductor  involved. In no case shall 
conductors  be associat'ed 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. 

(FPN): The temperature rating of a conductor (see Tables 310-13 and 310-61) is 
the maximum temperature, at any location along its length, that the conductor can 
withstand over a prolonged time period without serious degradation. Tables ' 
310-16 through 310-31 and 310-69 through 310-84, the correction factors at the 
bottom of these tables, • and the notes to the tabk/s provide guidance for 
coordinating conductor sizes, types, ampacities, ambient temperatures, and 
number of associated conductors. 

The principal determinants  of operating temperature  are: 
1. Ambient  temperature.  Ambient  temperaturb may vary along the con- 

ductor  length as well as from time to  time. 
2. Heat  generated internally in the conductor  as the ' resul t  of.load current  

flow. 
3 .  The rate at which generated heat dissipates into the ambient  medium. 

Thermal insulation which covers  or surrounds conductors  will affect the rate 
of heat  dissipation. 

4.. Adjacent . load-carrying conductors.  Adjace m conductors  have the dual 
effect of raising the ambient  temperature and impeding heat  dissipation. 

310-~11. Marking. 
(a) Required Information. All  conductors and cables shall be marked to 

indicate the followinginformation, uSing.the applicable method described in 
(b) below. 

(1) The maximum rated voltage for,which the conductor  was  listed. 
(2) The proper  type letter or letters for the type of  Wire or cable as 

specified elsewhere in this article, in Tables 310-13 and 310-61, and in Articles 
• 336, 337, 338, 339, 340, and Section 725-40(b)(3). 

(3) The manufacturer ' s  name, t rademark,  or o ther  distinctive marking 
by which the organization responsible ' for the product  can be readily 
identified. 

(4) The AWG size or circular-mil area. 
(b) Method of Marking. 

(1) Surface Marking. The. following conductors  ,and cables shall be 
durably marked on the surface at intervals not exceeding 24 inches (610 mm): 

a. Single- and mult iconductor rubber- and thermoplastic-  insulated 
wire and cable. 

b. Nonmetal l ic-sheathed cable. . . 
• c. Service-entrance cable. 

d. Underground feeder and branch-circuit  cable. 
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e. Tray cable. 
f. Irrigation cable. 
g. Power-limited tray c a b l e .  

, (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: Mineral-insulated, metal-sheathed cable. 
Exception No. 2: Type AC cable. 
Exception No. 3: The information required in Section 310-11(a)(l), (2),. 

and (4) above shall be permitted to be durably marked on the outer 
nonmetallic covering of  Type,MC or Type PLTC cables at intervals not 
exceeding 24 inches (610 mm). :- 

Exception No. 4: The "information required in Section 310-11(a) shall be 
permitted to be durably marked on a nonmetallic covering under the metallic 
sheath of  Type PLTC cable at intervals not exceeding. 24 .inches (610 mm). 

(FPN): Included in the group of metal-covered cables are: Type AC cable 
(Article 333), Type M C cable (Article 334) and lead'-sheathed 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: 

a. Mineral-insulated, metal-sheathed cable.. 
b. Switchboard wires. 
c. Metal-covered, single-conductor cables. 
d. Conductors having outer surface of asbestos. 
e. Type AC cable. 

(4) Optional Marking of Wire Size. For the following, multiconductor 
cables, the information required in (a) (4) above shall be permitted .to be 
marked on the surface of the individual insulated conductors: 

a. Type MC cable.-  
b. Tray cable. 
c. Irrigation cable. 
d. Power-limited tray cable. 

(c) Suffixes to Designate Number of Conductors. A type letter or letters 
used alone.shall indicate a single insulated conductor. The following letter 
suffixes shall indicate the following: 

I)---for two insulated conductors laid parallel witl~in an outer nonmetal l ic  
covering.. 

M-- fo r  an assembly of two  or more insulated:conductors twisted spirally 
within aft outer nonmetallic covering. 

310:12. Conductor Identification. 
(a) Grounded Conductors. Insulated conduc to rs 'o f  No. 6 or smaller, , 

intended for use as grounded conductors of circuits, shall' have an outer" 
identification of a white or natural gray color. Multiconductor fiat cable N o .  
4 or larger shall be permitted to employ an external, ridge on. the grounded 
conductor. 

Exception No. 1: Multicondtictor varnished-cloth-insulated cables. 
Exception No. 2: Fixture wires as outlined in Article 402. 
Exception No. 3: Mineral-insulated, metal-sheathed cable.. - 
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Exception No. 4: A conductor identified as required by Section 210-5(a) 
for branch, circuits. 

Exception No. 5: Where  the conditions o f  maintenance and supervision 
assure that .only qualifiedpersons will service the installation, grounded 
conductors in multiconductor cables shall be permitted to be permanently 
identified at their terminations at the time o f  installa-tion by a distinctive 
white marking or other equally effective means. 

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

Wires having their outer  covering finished to show a w h i t e  or natura! gray 
color• but having colored tracer  threads in the braid, identifying-the source of 
manufacture,  sha l lbe  considered as meeting the provisions of this sect ion.  

(FPN): For identification requirements for conductors larger.than No. 6, see 
Section 200-6. 

(b) Equipment Grounding Conductors. Bare, Covered or insulated grounding 
• conductors shall  be permitted. Individually covered or insulated grounding 

• conductors shall h a v e a  continuous outer finish that is either, green, or green with 
one or more yellow stripes: 

Exception No. 1: An insulated or covered conductorlarger than No. 6 
shall, at the time o f  installation, be permitted to be permanently identified as 
a grounding conductor at eachend  and at every point where the conductor 
is accessible. Identification:shall be accomplished by one o f  the following 
means: 

a. Stripping the insulation or covering from the entire exposed length; 
b." Coloring the exposed insulation or covering green; or 
c. Marking the exposed insulation or covering with green colored tape 

or green colored adhesive labels. 
• Exception No. 2: Where the'conditions o f  mainienance and supervision 

assure that only qualified persons will service the installation, an insulated 
conductor in a multiconductor cable shall, at the time o f  installation, be 
permitted to be permanently identified as a grounding conductor at each end 
and at every poini where the conductor is accessible by one o f  the following 
means: 

a. Stripping the .insulation from the entire exposed length; 
b. Coloring the  exposed insulation green; or 
c. Marking _the exposed insulation with. green tape or green colored 

adhesive l a b e l s . .  
(c) Ungrounded Conductors. Conductors  which are intended for use as 

ungrounded conductors ,  .whe the r  used as single.  conductors  o r  in 
mult iconductor  cables, shall be.f inished to b e  clearly distinguishable from 
-grounded and grounding conductors.  Ungrounded conductors  shall be dis- 
.tinguished by colors •other than white, natural gray, or green; or by a 
combination of color plus .distinguishing marking.: Distinguishing markings 
shall also be in a color other  than white, natural gray; or green, and shall 
consist  of a stripe o r  stripes or a regularly spaced series of identical marks.  

Dis t inguishing  markings shall not conflict in any 'manner  with the surface 
markings required by Section 310-11(b)(1). 

310-13. Conductor Constructions and Applications. Insulated'conductors 
shall comply with the applicable provisions of one or more of  the following: 
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Tables 310-13,310-61,310-62, 310-63,310-64, 310-65, 310-66, and 310-67. 
These conductors shall be permitted for use in any of the wiring methods 

recognized in Chapter 3 and as specified in their respective tables. 
(FPN): Thermoplastic insulation may stiffen at temperatures colder than minus 

10°C-(plus 14°F), requiring care be exercised during installation at such temper- 
atures.. Thermoplastic insulation may also be deformed at normal temperatures 
where subjected to pressure, requiring care be exercised duping in'stallation and at 
points of support. 

310-14.  Aluminum Conductor Material. Solid aluminum conductorsNo.  8, 
10, and 12 AWG shall be made of an AA-8000 series electrical grade 
aluminum alloy conductor material. Stranded aluminum conductors No. 8 
AWG through 1000 MCM marked as Type XHHW, THW, 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. 

310-15.  Ampacity. - The term electrical duct(s) as used in Article 310 shall 
include any of the electrical conduits recognized in Chapter 3 as suitable for 
use underground; and other raceways, round in cross section, listed for 
underground use; embedded in earth or concrete: 

(a) Applications Covered by Tables. Ampacities for conductors rated 0 
through 2000 volts shall be as specified in Tables 310-.16 through 310-31 and 
their accompanying notes. The ampacity for Types V, AVA, AVB, and AVL 
conductors rated 2001 through 5000 volts shall be the same as for those 
conductor types rated 0 through 2000 volts. The ampacities for solid 
dielectric insulated conductors rated 2001 through 35000 volts shall be as 
specified in Tables 310-69 through 310-84 and their accompanying notes. 

(b) Applications Not Covered by Tables. Ampacities not covered by the 
tables shall be permitted to be calculated under engineering supervision, by 
means of the following general formula: 

",~//TC - (TA "1" DELTA TD) 
J = ~ ~ ¥ 7 ~  ~C~ 

TC = Conductor.temperature in degrees C 
TA = Ambient temperature in degreesC 
DELTA T D =  Dielectric loss temperature rise 
RDC = DC resistance of conductor  at temperature TC 
YC = Component ac resistance resulting from skin effect and proximity 
effect 
RCA = Effective thermal resistance" between conductor a n d  surrounding 
ambient. 

iFPN): The ampacities provided by this section are based on temperature alone 
and do not take voltage.drop into considerat ion. .  

(FPN): Conductors of circuits as defined in Article 100, sized to prevent a 
voltage drop exceeding 5 percent, will provide reasonable efficiency of operation. 

(c) Selection of Ampacity. When more than one calculated or tabulated 
ampacity could apply for a given circuit length, the lowest value shall be used. 



Table 310-13 .  Conductor  Application and Insulations 

Trade 
Name 

Asbestos  

Asbestos  

Asbestos  

Asbestos  

Type 
Letter 

M a x .  
Operating Application 

Temp. Provisions 

A 2 0 0 ° C  Dry  locat ions only.  O n l y  for  
3 9 2 ° F  leads wi thin  a p p a r a t u s  or 

wi thin  r a c e w a y s  connec ted  
to a p p a r a t u s .  L imi ted  to 300 
volts. 

A A  2 0 0 ° C  Dry  locat ions  only.  O n l y  for 
3 9 2 ° F  leads within a p p a r a t u s  or 

wi thin  r a c e w a y s  connec ted  
to a p p a r a t u s  or as open wir- 
ing. L imi ted  to 300 volts. 

AI  1 2 5 ° C  Dry  lo~:ations only.  O n l y  for 
2 5 7 ° F  leads within a p p a r a t u s  or 

w i t h i n ,  r a c e w a y s  connec ted  
to a p p a r a t u s .  L imi ted  to 300 
volts. 

A I A  1 2 5 ° C  Dry  locat ions only.  O n l y  for 
2 5 7 ° F  leads within a p p a r a t u s  or 

wi thin  r a c e w a y s  connec ted  
to a p p a r a t u s  or as open  wir-  
ing. 

Insulation 

Asbes tos  

Asbes tos  

I m p r e g n a t e d  
Asbes tos  

I m p r e g n a t e d  
Asbes tos  

AWG Thickness 
or of 

MCM , Insulatioh 
Mils 

1'4 . . . . . . . . . . . . . . . . . . . .  30 
12-8 . . . . . . . . . . . . . . . . . .  40 

14 . . . . . . . . . . . . . . . . . . . .  30 
12-8 . . . . . . . . . . . . . . . . . .  30  
6-2 . . . . . . . . . . . . . . . . . . .  40 
1 - 4 / 0  . . . . . . . . . . . . . . . . .  60 

I 

14 . . . . . . . . . . . . . . . . . . . .  30 
12-8 ". . . . . . . . . . .  " . . . . . . .  40 

.Sol. Str..  
14 . . . . . . . . . . . . . . .  30 30 
12-8 . . . . . . . . . . . . .  30 40 
6-2 . . . . . . .  ' . . . . . . .  40 60 
1-4/0 . . . . . . . . . . . .  60 75 
213-500  . . . . . . . . . . . . . . .  90 
501-1000  . . . . . . . . . . . . . .  105 

Outer 
Covering 

Withou t  as-  
bestos b ra id  

With  asbestos ,  
glass,  or  
o ther  su i tab le  
bra id  
mate r ia l  

Wi thou t  as-  
bestos b ra id  

Wi th  asbestos ,  
glass, or 
o ther  su i t ab le  
bra id  
mater ia l  
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Asbes tos  and  A V A  110°C Dry  locat ions only.  
Varn i shed  2 3 0 ° F  
C a m b r i c  

Asbes tos  
and  
Varn i shed  
C a m b r i c  

A V B  9 0 ° C  Dry  locat ions  only. 
1 9 4 ° F  

I m p r e g n a t e d  
Asbes tos  
and  
Varn i shed  
C a m b r i c  

I m p r e g n a t e d  i 
Asbes tos  
and  
Varn i shed  
C a m b r i c  

A V A A V L  
1st 2rid 2nd  

Asb.  V C  Asb.  Asb.  
14-8 (solid 
only)  . .  - -  30 20 25 

14-8 . . .  10 30 15 25 
6-2 . . . .  15 30 20 25 
I - 4 / 0  . .  20 30 30 30 
213-500  25 40 40  40 
501-1000  30 40 40 40 
1001-2000 30 50 50 50 
For  1000-5000 volts, 
see Tab le  310-67.  

V C  Asb.  
18-8 . . . . . . . . . . . . .  30  20 
6-2 . . . . . . . . . . . . . . .  40  30 
! - 4 / 0  . . . . . . . . . . . . .  40  40 

2rid 
Asb .  VC Asb.  

14-8 . . . . . . . . .  10 30 15 
6-2 . . . . . . . . . .  15 30 20 
I - 4 / 0  . . . . . . . .  20 30 ~ 30 
2 [ 3 - 5 0 0  . . . . . .  25 40 40 
501-1000  . . . . .  30  40  40  
1001-2000  . . . .  30 50 50 
For  1000-5000 volts, . 
see Tab le  310-67.  

A V A -  
• asbes tos ,  

glass ,  or  
o the r  sui table  
b ra id  
ma te r i a l  

F lame-  
r e t a r d a n t ,  
co t ton  b ra id  
( sw i t chboa rd  
wir ing)  

F lame-  
r e t a r d a n t ,  
co t ton  b ra id  



Table 3 1 0 - 1 3  (Cont inued)  

Max. Trade Type 
Name Letter Operating 

Temp. 
Asbestos and .AVL 

Varnished 
Cambr ic  

Fluorinated 
Ethylene 
Propylene 

Mineral  Insulat ion 
(Meta l  Shea thed)  

Moisture-,  Heat-  
and Oi l -Res i s tan t  
Thermoplas t ic  

' AWG Thickness Outer 
Application Insulation or of Mils 
Provisions MCM Insulation Covering 

110°C Dry and wet locations. 
230°F  

FEP 9 0 ° C  Dry and d a m p  locations. 
or 194°F 

FEPB 2 0 0 ° C  Dry l o c a t i o n s - - s p e c i a l  applica-  
392°F  t ions . t  

MI 

M T W  

90°C Dry and wet locations. 
194°F 
250°C  For special appl icat ion.~ 
4 8 2 ° F  

6 0 ° C  Machine  tool wir ing in wet lo- 
140°F cat ions as permi t ted  in N F P A  

Standard  No. 79. 
(See Art ic le  670.) 

9 0 ° C  Machine  tool wir ing in dry  1o- 
194°F cat ions as permi t ted  in N F P A  

S tandard  No. 79. 
(See Art ic le  670.) 

~" Where environmental conditions require maximum conductor operating tem 

Impregnated  
Asbestos 
and 
Varnished 
Cambr i c  

Fluor inated 
Ethylene  
Propylene 

A V A A V L  
1st 2nd 2nd 

Asb. VC Asb. Asb. 
14-8 (solid 
.only) . .  - -  30 20 25 

14-8 . . .  10 30 15 25 
6-2 . . . .  15 30 20 25 
1-4/0  . .  20 30 30 30 
213-500 25 40 40 40 
501-1000 30 40 40 40 
1001-2000 30 50 50 50 
For 1000-5000 volts, 
see Table  310-67. 

14-10 . . . . . . . . . . . . . . . . .  20 
8-2 . . . . . . .  -: . . . . . . . . . . .  30 

AVL-lead 
sheath 

None 

Fluor inated 14:8 . . . . . . . . . . . . . . . . . .  14 Glass braid 
Ethylene  Asbestos or 
Propylene 6-2 . . . . . . . . . . . . . . . . . . .  14 other su i table  

braid 
mater ia l  

i Magnes ium 16-10 . . . . . . . . . . . . . . . . .  36 
Oxide  L 9-4 . . . . . . . . . . . . .  ' . . . . . .  50 Copper 

3-250 . . . . . . . . . . . . . . . . .  55 

(A) (B) 
22-12 . . . . . . . . . . .  30 15 
10 . . . .  : . . . . . . . . .  30 20 
8 . . . . . . . . . . . . . . .  45 30 
6 . . . . . . . . . . . . . . .  60 30 
4-2 . . . . . . . . . . . . .  60 40 
1-4/0  . . . . . . . . . . .  80 50 
213-500 . . . . .  : . . .  95 60 
501-1000 . . . . . . . .  110 70 

Flame- 
Retardant ,  
Moisture-,  
Heat -  and 
Oil-Re-  
s is tant  
Thermo-  
plastic 

9eratures above 90°C. 

(A) N o n e  

(B) Nylon  
j acke t  
o r  

equiva-  
lent  



Table 310-13 (Continued) 

Paper 85°C 
185°F 

Perfluoro- PFA 9 0 ° C  
alkoxy 194°F 

200°C 
392°F  

Perfluoro- P F A H  250°C 
alkoxy 4 8 2 ° F  

Hea t -Res i s tan t  RH 75°C 
Rubber  167°F 

Hea t -Res i s tan t  R H H  90°C 
Rubber  194 ° F 

Moisture- and R H W  75°C 
Hea t -Res i s tan t  167 ° F 
Rubber  

For underground service con- 
ductors,  or by special  permis-  
sion. 

Dry and damp locations. 

Dry l o c a t i o n s - - s p e c i a l  appli- 
cations.~ 

Dry locations only .  Only  for 
leads with!n appa ra tus  or with- 
in raceways connected to appa- 
ratus. (Nickel  or nickel-coated 
copper only.) 

Di'y and damp locations. 

Dry and d a m p  locations. 

i 

Dry and wet locations. 
For over 2000 volts insulat ion 

shall  be ozone-resistant .  

Paper  

Perfluoro- 
"alkoxy 

Perfluoro- 
a lkoxy 

Hea t -  
Resis tant  
Rubber  

Moisture-  
and Heat-  
Resis tant  
Rubber  

* Some rubber insulations do not require an outer covering. 
** For 14-12 sizes RHH shall be 45 mils thickness insulation. 

Where environmental conditions require maximum cond.uctor operating temperatures above 

14-10 . . . . . . . . . . . . . . . . .  20 
8-2 . . . . . . . . . . . . . . . . . . .  30 
1-4/0  . . . . . . . . . . . . . . . . .  45 

14-10 . . . . . . . . . . . . . . . . .  20 
8-2 . . . . . . . . . . . . . . . . . . .  30 
1-4/0  . . . . . . . . . . . . . . . . .  45 

**14-12 . . . . . . . . . . . . . . .  30 
10 . . . . . . . . . . . . . . . . . . . .  45 
8-2 . . . . . .  : . . . . . . . . . . . . .  60 
1-4/0  . . . . . . . . . . . . . . . . .  80 
213-500 . . . . . . . . . . . . . . .  95 
501-1000 . . . . . . . . . . . . . .  110 
100122000 . . . . . . . . . . . . .  125 
For 601-2000 volts, 
see Table  310-62. 

14-10 . . . . . . . . . . . . . . . . .  45 
8-2 . . . . . . . . . . . . . . . . . . .  60 
1-4/0  . . . . . . . . . . . . . . . . .  80 
213-500 . . . . . . . . . . . . . . .  95 
501-1000 . . . . . . . . . . . . . .  110 
1001-2000 . . . . . . . . . . . . .  125 
For 601-2000 volts, 
see Table  310-62. 

90°C. 

Lead sheath 

None  

None  

* Moisture-  
resistant ,  
f]ame- 
re ta rdant ,  
non- 
metal l ic  
covering 

*Moisture-  
resistant ,  
flame- 
re tardant ,  
non- 
metal l ic  
covering 



Table  3 1 0 - 1 3  (Continued). 

Max .  
T r a d e  - T y p e  O p e r a t i n g  
Name Letter Temp. 

Silicone- S A  9 0 ° C  
Asbes tos  194 ° F 

125°C  
2 5 7 ° F  

Syn the t i c  ' S IS  9 0 ° C  
H e a t - R e s i s t a n t  " 194 ° F 

T h e r m o p l a s t i c  T A  9 0 ° C  
and  A'sbestos 194 ° F 

AWG Thickness Outer 
Application Insulation or of Mils 
Provisions MCM Insulation Covering 

Dry and  d a m p  locat ions.  

T h e r m o p l a s t i c  T B S  9 0 ° C  
and  Fibrous  1 9 4 ° F  
O u t e r  Braid  

For  special  a p p l i c a t i o n . t  

S w i t c h b o a r d  wir ing  only.  

S w i t c h b o a r d  wir ing  only.  

S w i t c h b o a r d  wir ing  only.  

Ex t ruded  T F E  2 5 0 ° C  Dry  locat ions only.  O n l y  for  
Po ly te t ra -  4 8 2 ° F  leads within a p p a r a t u s  or  wi th-  
f luoroethylene  in r a c e w a y s  connec ted  to ap-  

pa ra tus ,  or as open wi r ing . :  
(Nickel  or  n icke l -coa ted  copper  
only.)  

Si l icone 
R u b b e r  

H e a t -  
Res i s tan t .  
R u b b e r  

T h e r m o -  
plast ic  and  
Asbes tos  

T h e r m o -  
"plastic 

Extrucled 
Po ly te t ra -  
f luoro- 
e thy lene  

14-10 . . . . . . . . . . . . . . . . .  45 
8z2 . . . . . . . . . . . . . . . . . . .  60 
1 -4 /0  . . . . . . . . . . . . . . . . .  80 
213-500  . . . . . . . . . . . . . . .  95 
501-1000  . . . . . . . . . . . .  i . I 1 0  
1001-2000  . . . . . . . . . . . . .  125 

14-10 . . . . . . . . . . . . . . . . .  30 
8 . . . . . .  ' . . . . . . . . . . . . . . .  45 
6-2 . . . . . . . .  " . . . . . . . . . . .  60 
1 -4 /0  . . . . . . . . . . . . . . . . .  80 

Th 'p l ' .  Asb .  
14-8 . . . . . . . . . . . .  20  20 
6-2 . . . . . . . . . . . . .  30  25 
1 - 4 / 0 . .  . . . . . . . . . .  40  30 

14-.10 . . . . . . . . . . . . . . . . .  30 
8 : . . . . . . . . . . . . . . . . . . . .  45 
6-2 . . . . . . . . . . . . . . . . . . .  60 
1 -4 /0  . . . . . . . . . . . . . . . . .  80 

14-10 . . . . . . . . . . . . . . . . .  20 
8-2 . . . . . . . . . . . . . . . . . . .  30 
1 -4 /0  . . . . . . . . . . . . . . . . . .  45 

t Where  environmental  .conditions require maximum conductor  operat ing temperatures  above 90°C.  

r 

Asbestos,  
glass or  
o ther  
su i tab le  
bra id  
mate r ia l  

None 

Flame-  
r e t a r d a n t , .  
nonmeta l l i c  
cover ing  

Flame- 
r e t a rdan t ,  
nonmeta l l i c  
cover ing 

None 

t .O  



Table 3-i0-13 (Continued) 

H e a t - R e s i s t a n t  T H H N  
T h e r m o p l a s t i c  

Mois tu re -  a n d  
H e a t - R e s i s t a n t  
T h e r m o p l a s t i c  

T H W  

Mois ture-  a n d  
H e a t - R e s i s t a n t  
T h e r m o p l a s t i c  

T H W N  

Mois tu re -  
Res i s t an t  
T h e r m o p l a s t i c  

T W  

9 0 ° C  
1 9 4 ° F  

. 7 5 o c  
1 6 7 ° F  
9 0 ° C  

1 9 4 ° F  

7 5 ° C  
1 6 7 ° F  

6 0 ° C  
1 4 0 ° F  

D r y  a n d  d a m p  locat ions.  

Dry  a n d  wet  locat ions.  

Specia l  app l ica t ions  wi th in  elec- 
t r ic  d i s c h a r g e  l ight ing  equip-  
ment .  L imi ted  to 1000 open-  
c i rcui t  volts or  less. (Size 14-8 
only  as pe rmi t t ed  in Sect ion  
410-31 . )  

Dry  a n d  wet  locat ions.  

Dry  a n d  wet l o c a t i o n s . .  

F lame-  
R e t a r d a n t ,  
H e a t -  
Res i s t an t  
T h e r m o -  
plas t ic  

F lame-  
R e t a r d a n t ,  
Mois tu re -  
a n d  H e a t -  
Res i s t an t  
T h e r m o -  
plas t ic  

F lame-  
R e t a r d a n t ,  
Mois tu re -  
and  H e a t -  
Res i s t an t  
T h e r m o -  
plas t ic  

F lame-  
R e t a r d a n t ,  
Mois tu re -  
Res i s t an t  
T h e r m o -  
plast ic  

14-12 . . . . . . . . . . . . . . . . .  15 
10 . . . . . . . . . . . . . . . . . . . .  20  
8-6 . . . . . . . . . . . . . . . . . . .  30  
4-2 . . . . . . . . . . . . . . . . . . . .  40  
1 - 4 / 0  . . . . . . . . . . . . . . . . .  50  
250-500  . . . . . . . . . . . . . . .  60  
5 0 1 - 1 0 0 0  . . . . . . . . . . . . . .  70  

14-10 . . . . . . . . . . . . . . . .  ~ 45 
8-2 . . . . . . . . . . . . . . . . .  ".. 60 
1 - 4 / 0  . . . . . . . . . . . . . . . . .  80  
213 -500  . . . . . . . . . . . . . . .  95 
501 -1000  . . . . . . . . . . . . . .  110 
1001-2000  . . . . . . . . . . . . .  125 

14-12 . . . . . . . . . . . . . . . . .  15 
10 . . . . . . . . .  - . . . . . . . . . . .  20  
8-6 . . . . . . . . . . . . . . . . . . .  30  
4-2 . . . . . . . . . . . . . . . . . . .  40  
1 -4 /0  . . . . . . . . . . . . . . . . .  5 0  
250-500  . . . . . . . . . . . . . . .  60  
501 -1000  . . . . . . . . . . . . . .  70  

14-10 . . . . . . . . . . . . . . . . .  30  
8 . . . . . . . . . . . . . . . . . . . . .  45 
6-2 . . . . . . . . . . . . . . . . . . .  60  
1 - 4 / 0  . . . . . . . .  ~ . . . .  : . . .  80  
213 -500  . . . . . . . . . . . . . . . .  95 
501-1000  . . . . . . . . . . . . . .  I 10  
1001-2000  . . . . . . . . . . . . .  125 

N y l o n  
j a c k e t  
or  equiv- 
a len t  

N o n e  

N y l o n  
j a c k e t  
or equiv-  
a len t  

N o n e  



Table  3 1 0 - 1 3  ( C o n t i n u e d )  

Max. Trade" Type 
Name Letter Operating 

Temp. 

U n d e r g r o u n d  
Feeder  & 
B r a n c h - C i r c u i t  
Cab l e -S ing l e  
Conduc to r •  (For  
Type  U F  cable  
emp loy ing  more  
t han  one con- 
duc to r ,  see 
Ar t ic le  339.)  

6 0 ° C  
1 4 0 ° F  

U n d e r g r o u n d  
Serv ice-En-  
t r ance  Cab le -S in -  
gle C o n d u c t o r .  
(For  Type  U S E  
cable  emp loy ing  
more  t han  one 
conduc to r ,  see 
Ar t i c l e  338.)  

U F  See Ar t ic le  339. 

* Includes integral jacket.  

* ' 7 5 ° C  
, 1 6 7 ° F  

7 5 ° C  See Ar t ic le  338. '  U S E  167OF 

Application 
Provisions Insulation 

Moisture-  
Res i s tan t  

Mois tu re -  
a n d  Hea t -  
Res i s tan t  

Hea t -  ~ m d  
Mois ture-  
Res i s tan t  

AWG Thickness 
or of 

MCM Insulation 
Mils 

14-10 . . . . . . . . . . . . . . . .  *60 
• 822 . . . . . . . . . . . . . . . . . .  *80 

1 - 4 / 0  . . . . . . . . . . . . . . . .  *95 

Outer" 
Covering 

In tegra l  
with 
insula t ion  

12-10 . . . . . . . . . . . .  : . . . .  45 
8-2 ~ . . . . . . . . . . . . . . . . . .  60 
1 - 4 / 0  . . . . . . . . . . . . . . . . .  80 
213-500  . . . . . . . . . . . . .  ***95 
5 0 1 - 1 0 0 0  . . . . . . . . . . . . .  ~110  
1001-2000  . . . . .  . . . . . . . . .  125 

Moisture-  
res is tant  
non- 
metal l ic  
covering 
[See 338-1 
(b).] 

** For ampac i ty  limitation, see Section 339-5. 
*** Insulation thickness shall be permitted to be 80 mils for listed Type USE conductors that  have been subjected to special investigations• 
The nonmetallic'  covering over individual rubber-covered conductors  of a lumimim-sheathed cable and of lead-sheathed or multiconductor cable shall 

not be required to be flame retardant .  For Type MC cable, see Section 334-20• For nonmetall ic-sheathed cable, see Section 336-25. For Type UF 
cable, see Section !39-1.  



Table 310-13 (Continued) 

Varnished V . 85°C  Dry locations only. Smal le r  
C ambr i c  185OF than No. 6 by special  per- 

mission. 

Moisture- and 90°C Dry and d a m p  locations. 
Hea t -Res i s tan t  194 ° F 
Cross-Linked X H H W  
Synthet ic  75°C Wet  locations. 
Polymer 167 ° F 

Modified Z 9 0 ° C  Dry and d a m p  locations. 
Ethylene  194°F 

re t raf luoro-  150°C Dry locations - -  special applica-  
e thylene 302°F  tions.~ 

Modified Z.W 75°C Wet  locations. 
Ethylene 167°F 

] 'etrafluoro- 9 0 ° C  Dry and d a m p  locations. 
e thylene 194°F 

150°C Dry locations - -  special applica- 
302°F  tions.~ 

Varnished 
Cambr ic  

Flame- 
Re ta rdan t  
Cross- 
Linked 
Synthet ic  
Polymer 

Modified 
Ethylene 

Tetrafluoro- 
ethylene 

Modified 
Ethylene 

Tetrafluoro- 
e thylene 

14-8 . . . . . . . . . . . . . . . . . . .  45 
6-2 . . . . . . . . . . . . . . . . . . .  60 
1-4/0  . . . . . . . . . . . . . . . . .  80 
213-500 . . . . . . . . . . . . . . .  95 
500-1000 . . . . . . . . . . .  " . . .110  
1001-2000 . . . . . . . . . . . . .  125 
For 1000-5000 volts, 
see Table  310-65 or 310-66. 

14-10 . . . . . . . . . . . . . . . . . .  30 
8-2 . . . . . . . . . . . . . . . . . . .  45 
1-4 /0  . . . . . . . . . . . . . . . . .  55 
213-500 . . . . . . .  : . . . . . . .  65 
5 0 1 - i 0 0 0  . . . . . . . . . . . . . .  80 
1001-2000 . . . . . . . . . . . . .  95 

1 4 - 1 2  . . . . . . . . . . . . . . . . .  15  
1 0  . . . . . . . . . . . . . . . . . . . .  2 0  
8 - 4  . . . . . . . . . . . . . . . . . . .  2 5  

3 -1  . . . . . . . . . . . . . . . . . . .  3 5  
1 / 0 - 4 / 0  . . . . . . . . . . . . . . .  4 5  

14-10 . . . . . . . . .  ' . . . . . . . .  30 
8-2 . . . . . . . . . . . . . . . . . . .  45 

Nonmeta l l i c  
covering or 
lead sheath 

None  

None  

N o n e ,  

t Where environmental conditions require maximum conductor operating temperatures above 90°C. 



ARTICLE 3 1 0 . - -  CONDUCTORS FOR GENERAL WIRING 7 0 - 1 5 3  

Table 310-16. Ampacities of Not.Mor(~ than Three Single Insulated 
Conductors, Rated O through 2000 Volts, in.Raceway in Free Air 

and Ampacities of.Cable Types AC, NM, NMC and SE. 

Based on Ambient Air Temperature of 30°C (86°F). 

Size 

AWG 

MCM 

18 
16 
14 

- 12 
10 
8 

6 
4 
3 
2 
1 

]/o 
2/0 
3/0 
4/0 
250 
300 
350 
400 
500 

600 
700 
750 
800 
900 

1000 
1250 
1500 
1750 
2000 

Temperature Rating of Conductor. See Table 310-13. 

60'C 75¢ 85~ 90"C 
(140*F) 1167~) (185~) 1194~) 

TYPES TYPES TYPE TYPES 
tTW, tFEPW, V TA, TBS, 
fUF tRH, fRHW, SA, AVB, 

tTHW, SIS, tFEP, 
tTHWN, tFEPB, 
tXHHW, fRHH, 

tUSE, tZW tTHHN, 
tXHHW' 

COPPER 

"14 
: i : i  . . . .  . . . . . .  18  18 

20t 20t 25 25t 
251 251 30 301 
30 35t 40 40t 
40 50 55 55 

55 65 70 75 
70 85 95 95 
85 100 • 110 110 

' 95 115 125 130 
I I 0  130 145 150 

125 - 150 165 170 
145 175 190 195 
165 200 215 225 
195 230 250 260 

215 255 275 290 
240 285 310, 320 
260 310 340 350 • 
280 335 365 380 
320 380 415 430 

355 420 460 475 
385 460 500 520 
400 475 515 535 
410 490 535 555 " 
435 520.  565 "585 

455 545 590 615 
495 590 640 665 
520 625 680 705 
545 650 705 735 
560 665 725 750 

60"C 7~C 85"C 90~C 
{t40~F) 1167~) 185~) (194~) 

TYPES TYPES TYPE TYPES 
fTW, IRH, IRHW, V TA, TBS, 
fUF tYHW, SA, AVB, 

tTHWN, SIS, 
tXHHW tRHH, 
fUSE fTHHN, 

tXHHW o 

ALUMINUM OR COPPER-CLAD ALUMINUM 

2or 2of 
25 301 
30 40 

40 50 
55 6 5 '  

6 5  75 
75 90 
85 100 

100 120 
115 135 
130 155 
150 180. 

170 205 
190 230 
210 250 
225 270 
260 310.  

285 340 
310 375 
320 ' 3 8 5  
330 395 
355 425 

375 445 
405 485 
435 520 
455 545 
470 . 560 

AMPACITY CORRECTION FACTORS 

S i z e  

AWG 

MCM 

25 25~ 12 
30 35~ 10 

" 4 0  45 8 

55 60 6 
75 75 4 
85 85 3 

100 I00 2 
110 115 1 

130 135 L/0 
145 150 2 / 0  
170 175 3 / 0  
195 205 4 / 0  

220 230 250 
250 255 300 
270 280 350 
295 305 400 
335 350 500.  

370 385 600 
405 420 700 
420 435 750 
430 450 800 
465 480 900 

485.  500 1000 
525 545 1250 
,565 585 1500 
595 615 1750 
610 630 2000 

Ambient For ambient temperatures other than 30"C 186"I:), multiply the ampacRies s~own above by the Ambient 
Temp. *C appropriate factor shown below. Temp. 

21-25 1.08 1.05 - 1.04 1.04 1.08 1.05 1.04 1.04 70-77 
26-30 1.00 1.00 1.00 1.00 1.00 1.00 "1.00 1.00 79-86 
31-35 .91 .94 .95 .96 .91 .94 .95 .96 88-95 
36-40 .82 .88 .90 .91 .82 .88 .90 .91 97-104 
41-45 .71 .82 .85 .87 .71 .82 .85 .87 106-113 
46-50 .58 .  " . 7 5  .80 .82 .58 .75 ..80 .82 115-122 
51-55 .41 .67 .74 .76 .41 .67 74 .76 124-131 
56-60 . . . . .  58 .67 .71 . . . . .  58 .67 ~ .71 133-140 
61-70 . . . .  - .33  .52 .58 . . . . .  33 .52 .58 42-158 
71-80 . . . . . . . . .  30 .41 . . . . . . . .  - .30 .41 160-176 

t Unless  otherwise  specif ical ly pe rmi t t ed  e lsewhere ,  in this Code,  the o v e r c u r r e f i t  
protectio'n for conductor  types m a r k e d  with an obelisl~ (1") shall  not exceed 15 amperes  for 
14 A W G ,  20 amperes  for 12. A W G ,  and 30 amperes  for. 10 A W G  copper;  or  15 amperes  
for 12 A W G  and 25 amperes  for 10 A W G  a l u m i n u m  and copper-c lad  a l u m i n u m  af te r  any 
correc t ion  factors for amb ien t  t e m p e r a t u r e  and number  of  conductors  have been appl ied.  

* For dry and d a m p  locat ions only. See  7 5 ° C  column for wet locations. 



7 0 - 1 5 4  N A T I O N A L  E L E C T R I C A L  C O D E  

T a b l e  3 1 0 - 1 7 .  A m p a c i t i e s  o f  S i n g l e  I n s u l a t e d  C o n d u c t o r s ,  
R a t e d  0 t h r o u g h  2 0 0 0  V o l t s ,  In  F r e e  A i r  

B a s e d  o n  A m b i e n t  A i r  T e m p e r a t u r e  o f  3 0 ° C  ( 8 6 ° F ) .  

Size .Temperature Rating of Conductor. See Table 310-13. Size 

AWG 

MCM 

60"C 75"C 85"C 96*C 
(140"F) (167~F) (185°F) (194~) 

TYPE TYPES TYPE TYPES 
tTW t FEPW, V TA, TBS, 

tRH, tRHW, SA, AVB, 
• tTHW, GIS, tFEP 
tTHWN, tFEPB, 

tXHRW, t ~ N  tRHH, 
tTHHN, 

tXHHW °, 
- MI 

]8 . . . .  
16 . . . .  
14 25t 
12 30t 
I0 40t  
8 60 

6 80 
4 " 105 
3 120 
2 140 
I 165 

1/0 195 
2/0 225 
3/0 260 
4/0 300 

250 340 
300 375 
350 420 
400 455 
500 515 

600 575-  
700 630 
750 655 
800 680 
900 730- 

I000 780 
1250 890 
1500 980 
1750 1070 
2000 1155 

60~ 
(t40°F) 
TYPE 
t'I"W 

AWG 

' MCM 

7S~C 85~C 9OoC 
(tE7T) 1185~)  (194T) 

TYPES TYPE TYPES 
tRH, tRHW, V TA, "rIBS, 

tTHW, SA, AVB, 
tTHWN, SiS, 
tXHHW tRHH, 

tTHHN, 
tXHHW', 

MI 

ALUMINUM OR 
.COPPER-CLAD ALUMINUM 

3 o t  
4or 
55 

75 
1oo 
115 
135 
155 

18o 
21o 
24o 
28o 

315 
350 
395 
425 
485 

540 
595 
62o 
645 
700 

750 
855 
950 

1050 
1150 

COPPER 

18 . . . . . . . . . . . . . . . . . .  
i i i i  ' ~ 3  24 . . . . . . . . . . . . . . . . . .  

30t  30 35t . . . .  
35t  40 40t  -25t ' ] 6 ' ] s t ' i 2  
50t 55 55t 35t 40 40t  I0 
70 , 75 80 45 60 60 8 

95 I00 105 60 80 80 6 
125 135 140 80 105 110 4 
145 160 165 95 125 130 3 
170 185 190 I10 145 150 2 
195 215 220 130 165 175 1 

230 250 260 150 195 205 1/0 
265 290 300 175 225 235 2/0 
310 335 350 200 265 275 3/0 
360 390 405 235 305 315 4/0 

405 440 455 265 345 355 250 
445 485 505 290 380 395 300 

' 5 0 5  550 570 330 430 445 350 
545 595 6t5 355 465 480 400 
620 675 700 405 525 545 500 

690 750 780 455 595 615 600 
755 825 855 500 650 675 700 
785 855 885 515 675 700 750 
815 885 920 535- 700 725 800 
870 950 985 580 760 785 900 

935 1020 1055 625 815 845 I000 
1065 1160 1200 710 930 960 1250 
1175" 1275 1325 ]95 1035 1075, 1500 
1280 1395 1445 875 1145 1185 1750 
1385 1505 1560 960 1250 1335 2000 

AMPACITYCORRECTION FACTORS 
Ambient For ambient temperatures other than 30°C (86"F), multiply the ampacRies shown above by the Ambient 
Temp.~C appropriate factor shown below. Temp. 

21-25 1.08 1.05 1.04 1.04 1.08 1.05 1.04 " 1.04 70-77 
26-30 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 79-86 
31-35 .91 .94 .95 .96 .91 .94 .95 .96 88-95 
36-40 .82 .88 .90 .91 .82 .88 .90 .91 97-104 
41-45 .71 .82 .85 .87 .71 .82 .85 .87 106-113 
46-50 .58 .75 .80 .82 .58 .75 .80 .82 15-122 
51-55 .41 .67 .74 .76 .4l .67 .74 .76 124-131 
56-60 . . . . .  58 .67 .71 . . . . .  58 .67 .71 133-140 
61-70 . . . . .  33 .52 .58 . . . . .  33 .52 .58 142-158 
71-80 . . . . . . . . .  30 .41 . . . . . . . . .  30 .41 160-176 

t Unless otherwise specifically permitted elsewhere in this Code, the overcurrent 
protection for conductor typesmarked with an obelisk ( t )  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 amperes for l0  AWG aluminum and copper-clad aluminum. 

* For dry and locations only. See 75°C column for wet locations. 



ARTICLE 3 1 0  - -  CONDUCTORS FOR GENERAL WIRING " . 7 0 - 1 5 5  

Table 310-18 .  Ampaci t ies .of  Three Single Insulated Condi ,ctors.  
• Rated 0 I~hrough 2 0 0 0  Volts, 110°.to 250°C, in Raceway in Free Air . 

Based on Ambient  Air Temperature  of 40°C (104°F).  :, 

Size Temperature Rating of Conductor• See Table 31~13. Size 
110°C 1 2 5 7 C  15~C 20CPC. 25~C 110°C 1250C.  150~C 200°C 

(23~F) (257~). (3020F) (3920F) (482°F) {23~F)" (257T) (302°F) (3920F) 
TYPES T Y P E S  T Y P E  T Y P E S  TYPES T Y P E S  TYPES. T Y P E  TYPES 

AWG AVA, AI, Z A, AA, PFAH, AVA,. 'AI, ' Z A, AA AWG 
. AVL A ~  ' FEP, TFE AVL AIA 

MCM FEPB, MCM 
PFA 

NICKEL 
OR . 

NICKEL- 
COATED ALUMINUM OR COPPER- 

COPPER" COPPER CLAD ALUMINUM 

14 29  31 34  36  3 9  . . . . . . . . . . . . . . . . . . .  14 
12 36  39 43  45  54  "25" 27 30  35 • 12 
10 46  50  55 6 0  73  . 37  4 0  44  47  10 

8 64  69  76  83 93  48  52 57 65  8 

6 81 . 87 96  110 ' 117 63  68 75  86  6 
4 109 118 - 1 2 0  125 148 85 92  94  98  4 
3 129 139 143 152 166 9 6  104 109 119 ' 3  
2 143 154 160 171 191 '  111 120 124 133 . 2 .  
1 168 181 186 197 2 1 5  131 141 1 4 5 '  154 1 

I / 0  193 208  2 1 5  2 2 9  2 4 4  150 '162 169 183 1 / 0  
2 / 0  229  247  251 "260  2 7 3  179 "193 .198 2 0 8 '  . 2 / 0  
3 / 0  263  2 8 4  2 8 8  297  3 0 8  205  221 227  238- 3 / 0  
4 / 0  301 325  3 3 2  3 4 6  361 235  2 5 3  2 6 0  275  "4 /0  

2 5 0  345  372  . . . . . . . . . . . . . .  2 7 0  291 . . . . . . . . .  2 5 0  
300  391 422  . . . . . . . . . . . . . . .  3 0 6  3 3 0  . . . . . . . . .  3 0 0  
350  4 3 6  4 7 0  . . . . . . . . . . . . . .  3 4 2  3 6 9  . . . . . . . . .  3 5 0  
4 0 0  468  505  . . . . . . . . . . . . . . .  368  3 9 7  • . . . . .  : . . .  "400 
5 0 0  531 573  . . . . . . . . . . . . . . .  421 4 5 4  . . . . . . . . .  500  

6 0 0  588  6 3 4  . . . . . . . . . . . . . . .  471 508  . . . . . . . . .  6 0 0  
7 0 0  645  6 9 6  . . . . . . . . . . . . . .  5 2 0  561 . . . . . . . . .  7 0 0  
7 5 0  673  7 2 6  . . . -  . . . . . . . . . . .  545  588  . . . . . . . . .  7 5 0  
8 0 0  6 9 9  7 5 4  . . . . . .  ~.: . . . . . .  5 6 6 .  6 1 0  . . . . . . . . .  8 0 0  

I 0 0 0  785  8 4 6  . . . . . . . . . . . . . .  651 '  7 0 i  . . . . . . . . .  1000  
1500  961 . . . . . . . . . . . .  . . . . . . . .  7 9 5  . . . -  . . . . . . . . . . .  1500  
2 0 0 0  1109  . . . .  ~ . . . . . .  -~ . . . .  ~ . . . .  9 1 9 "  . . . .  , . . . .  , . . . .  2 0 0 0  

AMPACiTYCORRECTION FACTORS "" 

Ambient 
Temp. 

4 1 - 5 0  
5 1 - 6 0  

. :  6 1 - 7 0 .  
7 1 - 8 0  
8 1 - 9 0  
9 1 - 1 0 0  

q O l ~ 1 2 0  
1 2 1 - 1 4 0  . . . . . . . . . .  3 0  .61 
1 4 1 -160  ". . . . .  - . . . . . . . . .  ; 5 0  
1 6 1 - 1 8 0  . . . . . . . . . . . . . . .  35 .  
1 8 1 - 2 0 0  . . . . . . . . . . . . . . . . . .  
2 0 1 - 2 2 5  . . . . . . . . . . . . . . . . . . .  

For ambient-temperatures other than 40°C (104~), multiply the'ampaciUes shown above:by Ambient 
the appropriate factor shown below. Temp. 

• 93  .94 .95 .97 .98 .93" .94 .95 .97 1 0 6 - 1 2 2  
.85 .87 .90 .94 .95" " . 8 5  .87 "~ .90 .94 1 2 4 - 1 4 0  
.76" .80 .85 ~90 • .93 .76 .80 .85 .90 142 -158  
.65 .73 .80 .87 ~90 .~5 .73 .80 .90 160 -176  
.53 .64 .74'  - . 83"  " .87 " .53 .64 .74 .83 .  1 7 7 - 1 9 4  
.38 .54 .67 .79 .85 :38 .54- .67 .79 195 -212  

. . . . . .  24  .52 .71 .79 . . . .  " . 2 4  .52 .71 2 1 3 - 2 4 8  
.72 ' .30  .61 2 4 9 - 2 8 4  
.65 . . . . . . . . . . . . . . .  50  2 8 5 - 3 2 0  
.58.  . . . . . . . . . . . . . . . .  35  3 2 1 - 3 5 6  
.49 . . . . . . .  ' . . . . . . . . . . . .  3 5 7 - 3 9 2  
.35 . . . . . . . . . . . . . . . . . . . .  3 9 3 - 4 3 7  



70-156 NATIONAL ELECTRICAL CODE 

T a b l e  3 1 0 - 1 9 .  A m p a c i t i e s  f o r  S i n g l e  I n s u l a t e d  C o n d u c t o r s  
R a t e d  0 t h r o u g h  2 0 0 0  V o l t s ,  1 1 0  ° t o  2 5 0 ° C ,  in F r e e  A i r  

B a s e d  o n  A m b i e n t  A i r  T e m p e r a t u r e  o f  4 0 ° C  ( 1 0 4 ° F ! .  

Size Temperature Rating of Conductor. See Table 310-13. Size 

110"C 1 2 5 ° C  1 5 0 " C  200°C 25CEC 110°C 1 2 5 " C  1 5 0 0 C  200"C 
(230"F) (257"F) (302"F) (392°F) (482°F) (230'F) (2570F) (302"F) (392"F) 
TYPES T Y P E S  T Y P E  TYPES TYPES TYPES T Y P E S  T Y P E  TYPES 

AWG AVA, AI, Z AI, Z A, AA AWG 
AVL AIA AIA 

MCM MCM 

14 39  
12 51 
10 67  

8 90  

6 121 
4 160 
3 180 
2 215  
I 247  

1 / 0  286  
2 / 0  329  

A, AA, PFAR, AVA, 
FEP, TFE AVL 

FEPB, 
PFA 

NICKEL 
OR 

NICKEL- 
COATED 

COPPER COPPER 

42  46  54  59 
55 60  68  78 
72  80  9 0  107 
97  106 124 142 

131 155 165 205  
172 190 2 2 0  278  
194 214  2 5 2  327  
232  255  293  381 
266  293  3 4 4  4 4 0  

309  339  3 9 9  5 3 2  
355  3 9 0  4 6 7  591 

ALUMINUM OR COPPER- 
CLAD ALUMINUM 

14 
' 4 0  ' " 4 ~  " 4 7  . . . .  54 12 

53 57 63  71 I0  
7 0  75  83 96  8 

95  102 112 128 6 
125 135 148 i. 171 4 
144 155 170 196 3 
167 180 198 227  2 
193 208  228  267  I 

2 2 2  2 3 9  263  3 1 0  1 / 0  
257  277  305  3.63 2 / 0  
2 9 6  3 1 9  351 443  3 / 0  
347  3 7 4  411 4 9 0  4 / 0  

3 8 4  4 1 4  . . . . . . . . .  250  

3 / 0  3 8 0  4 1 0  451 5 4 6  7 0 8  
4 / 0  4 4 6  481 529  6 2 9  8 3 0  

2 5 0  493  532  . . '  . . . . . . . . . . .  
3 0 0  552  595  . . . . . . . . . . . .  
3 5 0  611 6 5 9  . . . . . . . . . . . . .  
4 0 0  663  715  . . . . . . . . . . . . .  
5 0 0  767  827  . . . . . .  ~ . . . . . .  

6 0 0  8 6 0  928  . . . . . . . . . . . . .  
7 0 0  953  1028 . . . . . .  " . . . . . . .  
7 5 0  I 0 0 0  1079 . . . . . . . . . . . . .  
8 0 0  1039 1121 . . . . . . . . . . . . .  

I 0 0 0  1197 1291 . . . . . . . . . . . . .  
1500  1465 1580  . . . . . . . . . . . . .  1 1 6 0  1251 . . . . . . . . .  1500  
2 0 0 0  1692 1825 . . . . . . .  ~ . . . . .  1340  1444  . . . . . . . . .  2 0 0 0  

431 4 6 4  . . . . . . . . .  300  
4 7 7  51.4 . . . . . . . . .  350  
518  559  . . . . . . . . .  4 0 0  
6 0 0  6 4 7  . . . . . . .  ~ .  5 0 0  

6 7 4  7 2 7  . . . . . . . . .  6 0 0  
7 4 9  8 0 8  . . . . . . . . .  7 0 0  
7 8 6  8 4 8  . . . . . . . . .  7 5 0  
8 1 8  8 8 2  . . . . . . . . .  8 0 0  

9 4 7  1021 . . . . . . . . .  I 0 0 0  

AMPACITY CORRECTION FACTORS 
Ambient 
Temp. *C the appropriate factor shown below. 

4 1 - 5 0  .93 .94 .95 .97 
5 1 - 6 0  .85 .87 .90 .94 
6 1 - 7 0  .76 .80 .85 .90 
7 1 - 8 0  .65 .73 .80 .87 
8 1 - 9 0  .53 .64 .74 .83 .87 
9 1 - 1 0 0  .38 .54 .67 .79 .85 

1 0 1 - 1 2 0  . . . . .  24  .52 .71 .79 
1 2 1 - 1 4 0  . . . . . . . . . .  30  .61 .72 
1 4 1 - 1 6 0  . . . . . . . . . . . . . .  " .50  .65 
1 6 1 - 1 8 0  . . . . . . . . . . . . . . .  35 .58 
1 8 1 - 2 0 0  . . . . . . . . . . . . . . . . . . . .  4 9  
2 0 1 - 2 2 5  . . . . . . . . . . . . . . .  . . . . .  .35 

For ambient temperatures other than 4~C (104~), multiply the ampacities shown above by Ambient 
Temp. OF 

.98 .93 .94 .95 .97 1 0 6 : 1 2 2  

.95 .85 .87 .90 .94 1 2 4 - 1 4 0  

.93 .76 .80 .85 .90 1 4 2 - 1 5 8  

.90 .65 .73 .80 .87 1 6 0 - 1 7 6  
.53 .64 .74 .83 1 7 7 - 1 9 4  
.38 .54 .67 .79 1 9 5 - 2 1 2  

. .  . . . .  2 4  .52 .71 2 t 3 - 2 4 8  

. . . . . . . . . .  3 0  .61 2 4 9 - 2 8 4  

. . . . . . . . . . . . . . .  50  2 8 5 - 3 2 0  

. . . .  , . . . .  , . . . .  " .35 321-356  

. . . . . . . . . . . . . . . . . . .  357-392  

. . . . . . . . . . . . . . . . . . .  393-437  



ARTICLE 310 - -  CONDUCTORS FORGENERAL WIRING 70-1,57 

T a b l e  : 3 1 0 - 2 2 . .  A m p a c i t i e s  Of T h r e e  I n s u l a t e d  C o n d u c t o r s ,  
R a t e d  0 t h r o u g h  2 0 0 0  Vol ts ,  W i t h i n  an Overa l l  C o v e r i n g  

( T h r e e  C o n d u c t o r  Cab le ) ,  in R a c e w a y  in F r e e  Air 
B a s e d  on A m b i e n t  Air  T e m p e r a t u r e  of  3 0 ° C  ( 8 6 ° F )  

Size ~Temperature Rating of Conductor. See Table 310-'13.. Size 

AWG 

MCM 

14 
12 
10 
8 

6 
4 
3 
2 
I 

I / 0  
2 /0  
3 /0  
4 / 0  

250 
300 
350 
400 
500 

600 
700 
750 

• 800 
900 

' 1000 

Ambient 
Temp. *C i 

21-25 
26-30 
31-35 
36-40 
41-45 
46-50 
51-55. 
56-60 
61-70 
71-80 

60°C 750C 900C 
(140°F) (167°F) (1940F) 

TYPE ' TYPES TYPES 
tTW • tRH. tRHW. tTHHN, 

tTHW, tRHH, 
tTHWN, ,'tXHHW* 
tXHHW*, 

tZW 

COPPER 

1 6 t '  ' 18t 21t  
20~ 24~ 27~" 
27t  33 t  36t  
) 6  43 48 ' 

48 58 65 
66 79 89 
76 90 102 
88 105 119 

t02 121 t37 .  

121 145 163 
138 166 186 . 
158 189 214 
187 223 253 

.205 . 245 276 
234 281 317 
255 305 345 

'" 274 . 328 371 
315 378 427 

343 413 468 
376 452 514 
387 466 529 
397 479 543 
415 500 570 

448 542 617 

600C 75°C 900C 
(I40°F) (1670F1 (1940F) 

TYPE TYPES TYPES 
tTW fRH, tRHW, fTHHN, 

tTHW, ,tRHH, 
tTHWN, fXHHW* 
tXHHW 

ALUMINUM OR COPPER-CLAD ALUMINUM 

16t 18t  2]~ 
21t 25t  28 t  
28 33 37 

38 45 51 
51 61 - 69 
59 70 79 
69 83 93 
80 95 106 

94 113 , 127 
108 129 146 
124 147 167 
147 176 . t97 

160 -. 162 217 
185 221 250 
202 242 273 
218 261 295 
254 303 - .342 

279 335 378 
310 371 .-420 " 
321 384 - 435 
331 397 450 
350 421 477 

382 460 521 

For ambient temperatures other than 
the'appropriate factor shown below. 

30°C (860P) multiply the ampacities shown above by 

1.08 1.05 1.04 1.08 1.05 1.04 
1.00 .1.00 1.00 1.00 1.00 1.00 

.91 .94 .96 .91 .94 .96 

.82-" .88 .91 .82 .88 .91 

.71" .82 .87 .71 .82 .87 

.58 .75 .82 .58 .75 .82 

.41 .67 .76 .41 .67 .76 
.58 '.71 ".58 .71 

. . . . .  33 .58 . . . . .  33 .58 

. . . . . .  ... .41 . . . . . .  . .  .41 

AWG 

MCM 

,14 
12 
10 
8 

6 
4 
3 
2 
I 

I / 0  
2 /0  
3/O 
4/O 

25O 
3OO 
35O 
4O0 
500  

600 
700 
750 
800 
900 

1000" 

Ambient 
Temp. OF 

:/0-77 
.79-86 
88-95 
97-104 

106-113 
115-122 
124-131 
133-140 
142-158 
160-176 

Unless  o therwise  spec:ifically . pe rmi t t ed  e l sewhere  in this Code,  t h e . o v e r c u r r e n t  
protect ion for cof iductor  types m a r k e d  wi th  an obeligk ( t )  shall  not exceed 15 a m p e r e s  for 
14 A W G ,  20 a m p e r e s  for 12 A W G ,  and  30 a m p e r e s  for 10 A W G  copper;  or 15 a m p e r e s  
for 12 A W G  and 25 a m p e r e s  for 10 A W G  a l u m i n u m  and  copper-c lad  a l u m i n u m .  

* For  d ry  and  d a m p  locations only. See  7 5 ° C  co lumn for wet  locations.  



7 0 - 1 5 8  NATIONAL ELECTRICAL CODE 

T a b l e  3 1 0 - 2 3 .  A m p a c i t i e s  of  T w o  or  T h r e e  S ing le  InsIJlated C o n d u c t o r s ,  
R a t e d  0 th rough  2 0 0 0  Vol ts ,  S u p p o r t e d  o n a  M e s s e n g e r ,  

B a s e d  on A m b i e n t  Air T e m p e r a t u r e  of 4 0 ° C  ( 1 0 4 ° F )  

Size Temperature Rating of Conductor. See Table 310-13. Size 

75'C (1670F) 90°C (1940F) 750C (167"F) 90°C (194"F) 

TYPES 
AWG RH, RHW, 

THW, 
MCM THWN, 

XHHW, 
ZW 

8 57 
6 76 
4 101 
3 118 
2 135 
I 158 

~/o 
2/o 
3/o 
4/o 

183 
212 
245 
287 

250 320 
300 359 
350 397 
400 -430 
500 496 

600 553 
700 ~610 
750 .638' 
800 660 
900 "'704 

I000 748 

COPPER 

TYPES 
THHN, 
RHH, 

XHHW* 

66 
89 

117 
138 
158 
185 

214 
247 
287 
335 

374 
419 
464 
503 
580 

647 
714 
747 
773 
826 
879 

TYPES - TYPES 
RR, RHW, THHN, 

THW, RHH, 
THWN, XHHW* 
XHHW 

ALUMINUM OR COPPER-CLAD ALUMINUM 

44 51 
59 . 69 
78 91 
92 '107 

106 123 
123 144 

143 167 
165 193 

1 9 2  224 
224 262 

251 292 
282 328 
312 364 
339 395 
392 458 

440 514 
488 .570 
512 598 
532 622 
57~ 669 
612 716- 

AWG 

MCM 

i/o 
2/0 
3 / 0 "  
4 /0  

250 
300 
35O 
4OO 
500 

.600 
700 

"750 
800 
900 ' 

1000 

Ambient For ambient temperatures other than 40~C (104°F) multiply the ampaciUes shown above Ambient 
Temp. oC by the appropriate factor shown below. Temp. OF 

21-25 1.20 
26-30 . I.I 3 
31-35 1.07 
36-40 1.00 
41-45 .93 
46-50 .85 
51-55 .76 
56-60 .65 
61-70 .38 
71-80 . . . .  

1.14 
1.10 
1.05 
1.00 
.95 

".89 , 
.84 
.77 • 
.63 
.45 

1.20 
1.13 
1.07 
1.00 

.93 

.85 

.76 

.65 

.38 

1.14 
1.10 
1.05 
1 .00  
.95 
.89 
.84 
.77 

. .63 
.45 

70-77 
79-86 
88-95 
97-104 

106-113 
119-122 
124-131 
133-140 
1"42-158 
160-176 

" *.For dry a n d d a m p  locations only. See 7 5 ° C  column for wet locations. 



ARTICLE 310- -  CONDUCTORS FOR GENERAL WIRING 70-159 

Table 310-24 .  Ampacit ies for  Bare or Covered Conductors  
Based o n . 4 0 ° C  Ambient,  80°C Total  Conductor  Temperature,  

2 Feet  ( 6 1 0 r a m )  pep Second Wind Velocity 

"BareCopperConductors 

AWG 
MCM AMPS 

8 98 
6 124 
4 155 
2 209 

t/0 282 
2/0 329 
3/0 382 
4/0  444 

250 494 
300 556 
500 773 
750 1000 

I000 1193 

Covered Copper 
Conductors 

AWG •. 
MCM AMPS 

8 
6 
4" 
2 

103 
.130 
163 
219 

I / 0  2 9 7  
210 344 
3 /0  401 
410 466 

250 5'19 
300 .584 
500 812 
750 1050 

I000 1253 

Bare AAC Aluminum Covered AAC 
Conductor Aluminum 

AWG . AWG 
.MCM AMPS MCM AMPS 

8 76 8 80 
6 96 6 101 
4 121 4 127 
2 163 2 171 

220 
255 
297 
346 

i/o 
2/o 
3/o 
4/o 

1/0 231 
2/0 268 
3/0 312 
4 / 0  •364 

266.8 
336.4 
397.5 

., 477.0 

266.8 403 
336.4 468 
397.5 522 
477.0 588 

423 
492 
548 
617 

556.5 650 556,5 682 
636.0 7 0 9  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 



70-160 NATIONAL ELECTRICAL CODE 

T a b l e  3 1 0 - 2 5 .  ' A m p a c i t i e s  o'f S ing le  Insu la ted  C o n d u c t o r s ,  
R a t e d  0 t h r o u g h  2 0 0 0  Vol ts ,  in N o n m a g n e t i c  U n d e r g r o u n d  E l e c t r i c a l  D u c t s .  

( O n e  C o n d u c t o r  p e r  E l e c t r i c a l  Duc t )  
B a s e d  on A m b i e n t  E a r t h  T e m p e r a t u r e  o f 2 0 ° C  (68°F ) ,  E lec t r i ca l  

Duc t  A r r a n g e m e n t  as  p e r  F i g u r e  3 1 0 - 1 ,  1 0 0  P e r c e n t  Load  F a c t o r ,  
T h e r m a l  R e s i s t a n c e  (RHO)  of  9 0 ,  C o n d u c t o r  T e m p e r a t u r e  7 5 ° C  ( 1 6 7 ° F )  , 

Size 
3 Electrical 6 Electrical 9 Electrical 

Ducts Ducts Ducts 
Fig. 310-1 (Fig. 310-1~ /Fig. 310-1~ ( Detail4 ) 

Detail 2 ] ~ Detail 3 ] "  

TYPES TYPES TYPES 
RHW, THW, RHW, THW, RHW, THW, 

MCM THWN, THWN, THWN, 
XHHW, XHHW, XHHW, 
USE USE USE 

COPPER 

250 344 295 ', 270 
350 418 355 322 
500 511 431 387 
750 640 534 469 

1000 745 617 533 
1250 832 686 581 
1500 907 744 619 
1750 970 793 651 
2000 1027 836 683 

3 Electrical 6 Electrical 9 Electrical 
Ducts Ducts Ducts 

Fig. 310-1~ /'Fig. 310-1 ~ / Fig. 310-1"~ 
Detail 2 ] ~ Detail 3 ] ~ Detail 4 ] 

TYPES TYPES TYPES 
RHW, THW, RHW, THW, RHW, THW, 

THWN, THWN, THWN, 
XHHW, XHHW, XHHW, 
USE USE USE 

ALUMINUM OR COPPER-CLAD ALUMINUM 

269 230 211 
327 277 252 
401 337 305 
505 421 375 

593 491 432 
668 551 478 
736 604 517 
796 651 550 
850 693 581 

Size 

MCM 

250 
350 
500 
750 

1000 
1250 
1500 
1750 
2000 

Ambient . For ambient temperatures other than 20"C (68"1:) multiply the ampaciUes shown above by the Ambient 
Temp. *C .,appropriate factor shown below. Temp. °F 

6- I 0 1.09 1.09 1.09 1.09 1.09 1.09 43-50 
I I- 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 .95 .95 .95 .95 .95 .95 70-77 
26-30 .90 .90 .90 .90 .90 .90 " 79-86 

Notes to T~bles 310-25through 310-27 

i .  Ampacity of Electrical Duct Bank with Two Electrical Ducts..To 
obtain the ampacity of cables installed in two electrical ducts in one 
horizontal row with 7.5-inch (190.7-mm) center-to-center spacing between 
electrical ducts, similar to Detail 1, Figure 310-1, multiply the ampacity 
shown for one electrical duct in Tables 310-26 and '310-27 by 0.88. 

2. Ampacity of Electrical Duct Bank with Four Electrical' Ducts. To 
obtain the ampacity of cables installed in four electrical-ducts in one 
horizontal row with 7.5-inch (190.7-mm) center, to-center spacing between 
electrical ducts, similar to Detail 2, Figure 310-1, multiply the ampacity 
shown for three electrical ducts in Tables 310-26 and 310-27 by 0.94. 

3. Electrical Ducts Utilized in Figure 310-1 Includeany of the Electrical 
Conduits Rbcognized in Chapter 3 as Suitable for Use Underground. ,When 
metal conduit is used as an electricalduct in Figure 310-1, the minimum 
burial depth for all details is 6 inches (152 mm) as permitted by Table 300-5. 
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Table  310-26. A m p a c i t i e s o f  Three Insulated Conductors ,  
Rated 0 through 2000 Volts, Within an Overal l  Cover ing (Three Conduc to r  

Cable) in Underground Elect r ica l  Ducts (One Cable per Elect r ica l  
Duct) Based  on Ambient  Earth Tempera tu re  o f  2 0 ° C  ( 6 8 ° F ) ,  Electr ica l  

Duct Ar rangement  as per Figure 310-1, 100 Percent  Load Factor ,  
Thermal  Resis tance (RHO) o f  90, Conduc to r  Tempera tu re  75°C (167°F) 

Size 

AWG, 

MCM 

14 
12 
10 

8 
6 
4 
2 
I 

1/o 
2/0 
3/0 
4/0 
250 
350 
500 
750 

,1000 

I Electrical 3 Electrical 6 Electrical 
Duct Ducts Ducts 

Fig. 31~1~ [Fig. 31~1~ [Fig. 31~1~ 
Detail 1 / ~ Detail 2 / ~ Detail 3 J 

TYPES TYPES TYPES 
RHW, THW, RHW, THW, RHW, THW, 

THWN, THWN, THWN, 
XHHW, XHHW, XHHW, 
-USE USE USE 

COPPER 

23t  2 I t  19t  
29 t  26~ 24t  
39~ 34~ 31~ 

54 48 42 
71 -63  54 
93 81 69 

121 105 89 
140 121 102 

160 137 116 
183 156" 131 
210 178 148 
240 202 168 

2 6 5 .  222 -184 
321 267 2 t9  
389 320 261 
478 388 314 
539 435 351 

1 Electrical 3 Electrical 6 Electrical 
Duct Ducts Ducts 

(eig. ato-t~ /eig. at~t~ /Fig. 3tt~t~ 
Detail I ] ~ Detail 2 ] ~ Detail 3 ] 

TYPES TYPES TYPES 
RHW, THW, RHW, THW, RHW, THW, 

THWN, THWN, THWN, 
XHHW, XHHW, XHHW, 

USE USE USE 

ALUMINUM OR COPPER-CLAD ALUMINUM 

Size 

AWG 

MCM 

. . . . . . . . . . . .  14 

. . . . . . . . . . . .  _ 12 

. . . .  • . . . . . . . .  ]0 

42 37 32 8 
55 49 42 6 
72 63 54 4 
94 82 70 2 

109 94 79 1 

125 107 90 I / 0  
143 122 102 ' 2 / 0  
164 139 116 3 /0  
187 158 131 4 / 0  

207 174 144 250 
252 209 172 350 
308 254 207 500 
386 314 254 750 
447 361 291 I000 

Ambient For ambient temperatures other than 20°C (68~F) multiply the ampaciUes shown above by the Ambient 
Temp. °C appropriate factor shown below. Temp. °F 

6- I 0 1.09 1.09 1.09 1.09 1.09 1.09 43-50 
I I - 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 .95 .95 .95 .95 .95 .95 70-77 
26-30 .90 .90 .90 .90 ' .90 .90 79-86 

~" Unless otherwise specifically permitted elsewhere in this Code, the overcurrent protection for 
conductor types marked with an obelisk (1") shall not exceed 15 amperes  for 14 A W G ,  20 amperes  
for 12 A W G  and '30  amperes  for 10 A W G  copper; or 15 amperes  for 12 A W G  and 25 amperes  
for 10 A W G  aluminum and copper-clad aluminum. 
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T a b l e  3 1 0 - 2 7 .  A m p a c i t i e s  of  T h r e e  S i n g l e  I n s u l a t e d C o n d u c t o r s ,  
R a t e d  0 t h r o u g h  2 0 0 0  Vol ts ,  in U n d e r g r o u n d  E l e c t r i c a l  D u c t s  

( T h r e e  C o n d u c t o r s  pe r  E l e c t r i c a l  D u c t )  
B a s e d  on A m b i e n t  E a r t h  T e m p e r a t u r e  of  2 0 ° C  (68°F ) ,  

E l e c t r i c a l  D u c t  A r r a n g e m e n t  pe r  F i g u r e  3 1 0 - 1 ,  1 0 0  P e r c e n t  L o a d  F a c t o r ,  
T h e r m a l  R e s i s t a n c e  (RHO)  of  9 0 ,  C o n d u c t o r  T e m p e r a t u r e  7 5 ° C  ( 1 6 7 ° F )  

Size Size 

I Electrical 3 Electrical 6 Electrical 1 Electrical 3 Electrical 6 Electrical 
Duct Ducts Ducts Duct Ducts Ducts 

Fig. 31~1~ (Fig. 31~1~ /Fig. 31~1~ /Fig. 3.1~1~ /Fig. 31~1~ /Fig. 31~1~ 
Detail I J ~ Detail 2 J ~ Detail 3 / ~ Detail 1 J ~ Detail 2 ] ~ Detail 3 ] 

TYPES TYPES TYPES" TYPES TYPES TYPES 
AWG tRHW, tTHW, fRHW, tTHW, tRHW, tTHW, fRHW, tTHW, tRHW, fTHW, tRHW, tTHW, AWG 

fTHWN, fTHWN; tTHWN, tTHWN, ~ tTHWN, fTHWN, 
MCM fXHHW, tXHHW, tXHHW, tXHHW, fXHHW, tXHHW, MCM- 

fUSE fUSE tUSE tUSE rUSE tUSE 

COPPER ALUMINUM OR COPPER-CLAD ALUMINUM 

24~ 22t  16t 14 
36~ 31~ 24t  " '28} " '22} " '18~ 12 
46 t  41 t  32? 36 t  31? 25 t  10 
58 51 44 45 40 34 8 
77 67 56 60 52 44 6 

100 86 73 78 67 57 4 
116 99 83 91 - .77 65 3 
132 112 93 103 87 73 2 
153 128 106 119 100 83 1 

175 146 121 136 114 94 I / 0  
200 166 136 156 130 106 2 /0  
228 189 154 178 147 121 3 /0  
263 215 175 205 168 i 137 4/0" 

290 236 192 227 185 150 250 
321 260 210 252 204 165 300 
351 283 228 276 222 179 350 
376 302 243 297 238 - 191 400 

427 341 273 338 270 " 216 500 
468 371 296 373 296 236 "600 
509 402 319 408 321 255 700 
529 417 330 425 334 265 750 

5 4 4  428 338 439 344 273 800 
575 450 355 466 365 288 900 
605 472 372 494 385 304 1000 

14 
12 
10 
8 
6 

4 
3 
2 
I 

I / 0  
2 /0  
3 /0  
4 /0  

250 
300 
350 
400 

500 
600 
700 
750 

800 
900 

1000 

Ambient For ambient temperatures other than 20°C (68°F) multiply the ampacities shown above by the Ambient 
Temp. °C appropriate factor shown below. Temp. °F 

6-10 1.09 1.09 1.09 1.09 1.09 1.09 43-50 
| 1-15 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 .95 .95 .95 .95 .95 .95 70-77 
26-30 .90 .90 .90 .90 .90 .90 79-86 

]'Unless otherwise.specifically permitted elsewhere in this Code, the overcurrent  protection for 
conductor types marked with an obelisk ( t )  shall not exceed 15 amperes  for 14 A W G ,  20 amperes  
for 12 A W G  and 30 amperes  for 10 A W G  copper; or 15 amperes  for 12 A W G  and 25 amperes  
for 10 A W G  aluminum and copper-clad alumimJm. 
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T a b l e  310 -28 .  A m p a c i t i e s  o f  T w o  o r  T h r e e  Insu la ted  C o n d u c t o r s ,  
Ra ted  0 t h rough  2 0 0 0  Vo l ts ,  C a b l e d  Wi th in  an Overa l l  

( T w o  o r  T h r e e  C o n d u c t o r )  C o v e r i n g  D i r e c t l y  Bur ied  in Ear th  
B a s e d  on A m b i e n t  Ear th  T e m p e r a t u r e  o f  20°C (68°F), 

A r r a n g e m e n t  p e r  F i gu re  310-1 ,  100 P e r c e n t  Load  Fac to r ,  
T h e r m a l  R e s i s t a n c e  (RHO) o f  90  - 

Size Size 

t Cable. . " 2 Cables 
Fig. 3t~|~ - /Fig. 3 l~t  
DeVil 5 ] ~ Detail 6 ] 

(160~C) 75~ (160°C1 75~ 
(t67°F) (t67q:) 

TYPES TYPES 

AWG tUF ~RHW, tTHW, tUF - tRHW, tTHW, 
tTHWN, tTHWN, 

MCM tXHHW, tXHHW, 
rUSE rUSE 

COPPER 

14 " 30t 32t 26? 30t 
12 38? 43t,  34t 417 
10 47? 56f 43~ 52? 
8 64 75 60 70 

6 85 I00 81 95 
4 107 125 100 117 
2 137 161 128 150 
I 155 182 145 170 

I /0  177 208 165 193 
2/0 201 236 188 220 
3/0 229 269 213 250 
4/0 259 /304 241 282 

250 333 . 308 
350 401 370 
500 481 442 
750. 585 535 

1000 657 600 

1 Cable 2 Cables 
Fig. 310-1~ .' /Fig. 310-1~ 
Detail 5 ] ~ Detail 6 I 

{ ) (,67°F) ( ) (167°1:) 

TYPES TYPES 

tUF i tRHW, tTHW,; tUF tRHW, tl14W, 
tlltWN, tTHWN, 
tXNHW,, tXHHW, 
tUSE rUSE 

ALUMINUM OR COPPER-CLAD ALUMINUM 

AWG 

MCM 

.... , . . . . .  "... .... 14 

30t 34t 26? 32? ]2 
3'8t I 45t 34? 41? lO 

ii 51 [' 59 47 55 8 

68 75 60 70 ' 6 
83 97 78 91 4 

107 126 110 117 2 
121 142 113 132 I 

138 162 129 151 1/0 
157 184 146 171 2/0 
179 210 166 195 3/0 
203 238 188 220 '4/0 

261 241 250 
315 290 - 350 
381 350 500 
473 "433 750 
545 497 1000 

Ambient 
Tamp. "C 

6-I0 

11-15 

16-20 

21=25 

26-30 

For ambient temperatures other than 20~C (68~F) mulUply the arnpaclUes shown.above by the 
approprlatu factor shown below. 

1.12 1.09 1.12 1.09 1.12' 1.09 1.12 1.09 
1.06  1 .04  1 .06 1 .04  1 .06  1 .04  1 .06  1 .04 
1 .00  , 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
• 94 . .95 .94 .95 .94 ,95 .94 .95 
.87 .90 ..87 .90 .87 .90 .87 .90 

Ambienl 
Temp. °F 

43-'50 

52-.59 
61-68 
70-77 
79-86 

For ampacities of UF cable in underground electrical ducts, multiply the ampacities shown in 
the table by 0.74. 

?Unless otherwise specificailypcrmitted elsewhere in this <.~od¢, the overcurrent protection for 
conductor types marked with an obelisk (?) 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 amperes 
for l0 AWG aluminum and copper-clad aluminum. 
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• T a b l e  3 1 0 - 2 9 .  A m p a c i t i e s  of  T h r e e  T r i p l e x e d  S ing le  I n s u l a t e d  
C o n d u c t o r s ,  R a t e d  0 t h r o u g h  2 0 0 0  Vol ts ,  D i rec t ly  Buried'  in Ear th  

B a s e d  on A m b i e n t  E a r t h  T e m p e r a t u r e  of 2 0 ° C  (68°F)~ 
A r r a n g e m e n t  p e r  F igure  3 1 0 - 1 ,  1 0 0  P e r c e n t  Load  F a c t o r ,  

T h e r m a l  R e s i s t a n c e  (RHO)  of  9 0  

Size 

See See 
Fig. 310-1 Fig. 310-1 
Detail 7 Detail 8 

60°C 75~ 600C 75°C 
(140"1 = ) (167~) (140"I:) (167~) 

AWG TYPES TYPES 

. c .  tuF I tusE tUF I rUSE 
COPPER 

14 31~ 37~ 30~ 35~ 
12 4 I t  48t 39t 46t 
10 54~ 63t 50~. 59~ 
8 72 84 66 " 77 

6 91 107 84 99 
4 119 139 109 128 
2 153 179 140 164 
I 173 203 159 186 

I /0 197 231 181 212 
2/0 223 262 205 240 
3/0 254 298 232 272 
4/0 289 339 263 308 

250" 370 336 
350 445 403 
500 536 483 
750 654 587 

1000 744 665 

Size 

See See 
Fig. 310-1 Fig. 310-1 
Detail 7 Detail 8 

60~C 75"C 60~C 75"C 
(140°F) (167°F) (140~F) (167°F) 

• TYPES TYPES 

fUF I fUSE tUF I fUSE 
ALUMINUM OR COPPER-CLAD AI.UMINUM 

32t 38t 31 I" 361" 
42t 49t 39J" 46t 
55 65 51 60 

72 84 66 77 
92 108 85 100 

119 139 109 128 
135 158 124 145 

154 180 141 165 
175 205 159 187 
199 233 181 212 
226 265 206 241 

289 263 
349 316 
424, 382 
525 471 
608 544 

AWG 

MCM 

14 
12 
10 
8 

6 
4 
2 
I 

l /0  
2/0 
3/0 
4/0 '  

"250 
350 
500 
750 

1000 

Ambient 
Temp. °C 

6-10 
11-15 
16-20 
21-25 
26-30 

For ambient temperatures other than 20°C (68"F) multiply the ampaeiUes shown above by 
the appropriate factor'shown below. 

1.12 1.09 1.12 1.09 1.12 1109 1.12 1.09 
1.06 1.04 1.06 1.04 1.06-' 1.04 1.06 1.04 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 . 1.00 
.94 .95 .94 .95 .94 .95 .94 .95 
.87 .90 .87 .90 .87 .90 .87 .90 

Ambient 
Temp. ~F 

43-50 
52-59 
61-68 
70-77 
79-86 

tUnless otherwise specifically permitted elsewhere in this Code, the overcurrent protection for 
conductor types marked with an obelisk (J') 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 amperes 
for 10 AWG aluminum and copper-clad aluminum. 
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T a b l e  3 i o - 3 0 .  A m p a c i t i e s  of  T h r e e  S ing le  I n s u l a t e d  C o n d u c t o r s ,  
R a t e d  O th rough  2 0 0 0  Vol ts ,  D i r e c t l y  Bur ied  in Ear th  
B a s e d  on A m b i e n t  E a r t h  T e m p e r a t u r e  of  2 0 ° C  (68°F) ,  

A r r a n g e m e n t  pe r  F igure  3 1 0 - 1 ,  1OO P e r c e n t  L o a d  F a c t o r ,  
T h e r m a l  R e s i s t a n c e  ( R H O )  of  9 0  

Size Size 

See See See See 
Fig. 3lift  Fig. 31ffl Fig. 31ffl Fig. 31ffl 

Detail g Detail f0 Detail 9 Detail 10 

(14~F1 (167OF1 (140°1:1 (167OF1 114~F1 (167OF1 (14~F1 (167OF1 

AWG TYPES TYPES TYPES TYPES 

M:M lOSE lUSE I 0SE UF lOSE 
COPPER- ALUMINUM OR COPPER-CLAD ALUMINUM 

8 84 78 6 6 '  61 
6 107 101 84 78 
4 139 130 108 I01 
2 178 165 139 129 
I 201 187 157 146 

I / 0  230 . 212 179 165 
2 /0  261 241 204 188 
3 / 0  297 274 232 213 
4 / 0  336 309 262 241 

250 429 3 9 4  335 308 
350 516 474 403 3 7 0  

.500 626 5 7 2  490 448 
750 767 700 605 552 

I000 887 808 706 042 
1250 979 891 787 716 
1500 1063 965 862 783 
1750 1133 1027 930 843 
2000 1195 1082 990 "897 

AWG 

MCM 

8 
6 
4 
2 

1 

1/o. 
2/o 
3/0 
4/o 

250 
350- 
500 

. 750 

1000 
1250 
1500 
1750 
2000 

Ambient 
Temp• *C 

6-10 
11-15 
16-20 
21-25 
26-30 

For ambient temperatures other than 20°C (68"F) multiply the ampaciUes shown above by 
the appropriate factor shown below. 

I. 12 1.09 I. 12 1.09 I. 12 1.09 I. 12. 1.09 
1.06 1.04 1.06 1.04 1.06 1.04 1.06 1.04 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
.94 .95 .94 .95 .94" .95 .94 .95 
.87 .90 .87 .90 - .'87 .90 .87 - .90 

Ambient 
Temp. °F 

43-50 
52-59'  
61-68- 
70:77 
79-86 
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T a b l e  3 1 0 - 3 1 .  A m p a c i U e s  of  M u l t i c o n d u c t o r  C a b l e s  w i t h  no t  
m o r e  t h a n  T h r e e  I n s u l a t e d  C o n d u c t o r s ,  R a t e d  0 t h r o u g h  2 0 0 0  Vo l ts ,  

in F r e e  Air.  B a s e d  on A m b i e n t  Air  T e m p e r a t u r e  of  4 0 ° C  ( 1 0 4 ° F )  
( F o r  TC,  M C ,  M I  a n d  S N M  c a b l e s ) ~  

Size Temperature RaUng of Conductor. See Table 31~13. Size 

(140OF1 (167"1:) (185OF) 1194OF) (140OF) (167"1:1 (185OF1 (194OF1 

MCM COPPER ALUMINUM OR COPPER-CUD ALUMINUM MCM 

18 11% 18 
16 16% 16 
14 18% 21% 24% 25% . . . . . . . . . . . . . . . .  14 
12 21% 28% 30% 32% 18% 21% 24% 25% 12 
10 28% 36% 417 43% 21% 28% 30% 32% 10 
8 39 50 56 59 30 39 44 46 8 

6 52 68 75 79 41 53 59 61 6 
4 69 89 100 104 54 70 78 ~ 81 4 
3 81 104 116 121 63 81 91 95 3 _ 
2 92 118 132 138 72 92 103 108 2 
I 107 138 154 161 84 108 120 126 1 

1/0 124 160 178 186 97 "125 139 145 I /0  
2/0 143 184 206 215 111 144 160 168 2/0 
3/0 165 213 238 249 129 166 185 194 3/0 
4/0 190 '245' 274 287 149 192 214 224 4/0 

250 212 274 305 320 166 214 239 250 250 
300 237 306 341 357 186 240 268 280 300 
350 261 337 '377 394 205 265 296 309 350 
400 281 363 406 425 222 287 317 334 400 
500 321 416 465 487 255 330 368 385 500 

600 354 459 513 538 284 368 410 429 600 
700 387 502 562 589 306 405 462 473 700 
750 404 523 586 615 328 424 473 495 750 
800 415 539 604 633 339 439 490 513 800 
900 438 570 639 670 362 469 514 548 900 

1000 461 601 674 707 385 499 558 584 1000 

Ambient 
Tamp. °C 

21-25 
26-30 
31-35 
36-40 
41-45 
46-50 
51-55 
56-60 
61-70 
71-80 

For ambient temperatures other than 40°C (104"1:) multiply the ampacities shown above by 
the appropriate factor shown below. 

1.32 1.20 1.15 1.14 1.32 1.20 1.15 1.14 
1.22 1.13 1.11 "1.10 1.22 1.13 I . I I  1.10 
I. 12 1.07 1.05 1.05 I. 12 1.07 1.05 1.05 
1.00 "1.00 1.00 1.00 1.00 1.00 1.00 1.00 
.87 .93 .94 .95 .87 .93 .94 .95 
.71 ..85 .88 .89 .71 .85 .88 .89 
.50 .76 .82 .84 .50 .76 .82 .84 

. . . . .  65 .75 .77 . . . . .  65 .75 .77 

. . . . .  38 .58 .63 . . . . .  38 .58 .63 

. . . . . . . . .  33 . .44 . . . . . . . . .  33 .44 

Ambient 
Temp. °F 

70-77 
79-86 
88-95 
97-104 

106-113 
115-122 
124-131 

!133-140 
142-158 
160-176 

tUnless  otherwise specifically permitted elsewhere in this Code, the overcurrent 
protection for conductor types marked with an obelisk ( t )  shall not exceed 7 amperes for 
18 A W G ,  l0 amperes for 16 A W G ,  and 15 amperes for 14 A W G ,  20 amperes for 12 
A W G ,  and 30 amperes for 10 A W G  copper; or 15 amperes for 12 A W G  and 25 amperes 
for 10 A W G  aluminum and copper-clad aluminum. 



ARTICLE 310 :---.CONDUCTORS FOR GENERAL WIRING 70:-167 

Notes to Tables 310-16 through 310-31 

1. Explanation of Tables. For explanation of Type Letters, and for 
recognized size of conductors for the various conductor insulations, see 
Section 310-13. For installation requirements, see Sections 310-1 through 
310-10, and the various articles of this Code. For flexible cords, see Tables 
400-4 and 400-5. 

3. Three-Wire,.Single-Phase Dwelling Services. In dwelling:units, con- 
ductors, as listed below, shall be permitted to be utilized as three-wire, 
single-phase, service-entrarice" conductors and.the three-wire~ single-phase 
feeder that carries the total current supplied by that service. Grounded 
service-entrance conductors shall be permitted to be two AWG sizes ' smaller 
than the ungrounded conductors provided the requirements of Section 230-42 
are met. 

Conductor Types and Sizes 
RH-RHH-RHW-THW-THWN-THHN-XHHW 

Aluminum and _ Service 
Copper  Copper-Clad AL Rating in Amps 

AWG AWG 
4 2 100 
3 I I10 
2 1/o 125 
1 2/0 150 

1/o 3/0 ~75 . .  

2/0. 4/0 200 

5. Bare Conductors. Where bare conductors are used with insulated. 
conductors, their allowable ampacities shell be limited to ' that permitted for 
the adjacent insulated conductors. 

• 6. Mineralqnsulated, Metal-Sheathed Cable. The temperature limitation 
on which the ampacities of mineral-insulated, metal-sheathed,cable are based 
is determined'by the insulating materials used in the end seal. Termination 
fittings.incorporating unimpregnated, organic, insulating mate~als are limited 
to 90°C operation. 

7. Type MTW Machine Tool Wire. 
(FPN): For the ampacities of Type MTW wire, see Table 13-1(c).in the 

Electrical Standard for Industrial Machinery (NFPA 79-1985). 

8. AmpacRy Adjustment. Factors. : 
(a)  More than Three Conductors in a Raceway or Cable. Where" the 

number of conductors in a raceway or cable  exceeds three, the ampacities 
givenin Tables 310-16, 310-18,310-22, 310-26,'310-27,310-28, 310-29, 310-30, 
and 310-31 shall be reduced as shown in the following table: " 
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Number of 
Conductors 

Percent of Values in Tables 
310-16, 310-18, 310-22, 310-26, 
310-27,310-28, 310-29, 310-30, 

and 310-31, as Adjusted for 
Ambient Temperature if Necessary 

4 thru 6 80 
7 thru 9 70 

10 thru 24* 70 
25 thru 42* 60 
43 and above* 50 

* These factors include the effects of a load diversity of 50 percent. 

Where  single conductors  or mult iconductor  cables are stacked or bundled 
longer than 24 inches (610 mm) ~vithout maintaining spacing and are not 
installed in raceways,  the ampacity of each conductor  shall be reduced as 
shown in the above table. 

Exception No. 1: When conductors of  different systems, as provided in 
Section 300-3, are installed in a common raceway the derating factors shown 
above shall apply to the number of  power and lighting (Articles 210, 215,220, 
and 230) conductors only. 

Exception No. 2: For conductors installed in cable trays, the provisions of  
Section 318-11 shall apply. 

Exception No. 3: Derating factors do not apply to conductors in nipples 
having a length not exceeding 24 inches (610 m~n). 

Exception No. 4: Derating factors do not apply to underground conduc- 
tors entering or leaving an outdoor trench if those conductors have physical 
protection in the form of  rigid metal conduit, intermediate metal conduit or 
rigid nonmetallic conduit Schedule 80 having a length not exceeding lO feet 
(3.05 m) and the number of  conductors in a conduit does not exceed 4. 

(b) More than One Conduit, Tube, or Raceway. Spacing between con- 
duits, tt/bing, or raceways shall be maintained. 

9. Overcurrent Protection. • Where  the standard ra t ings  and settings of 
overcurrent  devices do not correspond with the ratings and settings allowed 
for conductors ,  the next higher standard rating and setting shall be permitted.  

Exception: As limited in Section 240-3. 
10. Neutral Conductor. 

(a) A neutlal conductor which carries only the unbalanced current from 
other conductors, as in the case of normally balanced circuits of three or more 
conductors, shall not be counted when applying the provisions of Note 8. 

(b) In a 3-wire circuit consisting of  2-phase wires and the neutral  of a 4- 
wire, 3-phase wye-connected system, a common conductor  carries approx- 
imately the same current  as the other  conductors  and shall be counted when  
applying the provisions of Note 8. 

(c) On a 4-wire, 3-phase wye circuit where the major portion of the load 
consists  of electric-discharge lighting, data processing, or similar equipment ,  
there are harmonic currents  present  in the neutral  conductor  and the neutral  
shall be considered to be a current-carrying conductor .  

11. Grounding or Bonding Conductor. A grounding or 'bonding conductor  
shall not be counted when applying the provisions of Note  8. 
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Detaii 1 
11.5" x 11.5" 

Electrical duct bank 
One electrical duct 

• ~" 24"  

Detail 5 Detail '6 
Buried 3 - Buried 3 

conductor conductor 
cable cables 

Detai, ~ [; t ' ~  ~ 
19" x 19" 

Electrical duct bank Detail 3 
~Three electrical ducts 19" x 27"  .~ 
"~ . . .  E l e c t r i c a l  duct bank 

OR Six electrical ducts 
OR 

" " " • ' IP " |  

Electrical duct bank 
Three electrical ducts 

2 T ' x  19"  
Electrical duct bank 
Six electrical duc~s 

D etaii 7 

"~ " l ~ ;  • 

Detail 4 
".? 27"  X 27"  

Electrical duct bank 
Nine e l e c t r i c a l  ducts 

24"  :)~e. 

Detail 8 
Buried triplexed - Buried triplexed cabJes 
cables (1 circuit) (2 circuits) 

Detail 9 
Buried single conductor 

cables (1 circuit) 

Detail 10 
Buried single conductor 

cables (2 circuits) 

Notes for all details: 

1. Minimum burial depths to top electrical ducts " 
or cables shall be in accordance with Section 300-5. 
Maximum depth to the top of electrical duct 
banks shall be 30" ,  and maximum depth to the top 
of direct buried cables shall be 36" .  

2. For two and four electrical duct installations wi th 
electrical ducts installed in a single row, see the 
Notes to Tables 310-25 through 310-27. 

] Backfil l, maximum Rbo = 90 
(Earth or concrete) 

C )  Electrical duct ." 

• Cable or cables. 

3. For SI units: one inch = 25.4 mill imeters; one foot,= 305 millimeters. 

Figure 310-1. Cable Installation Dimensions for Use with 
Tables 310-25 through 310-30 and 310-77 through 310-84 

I 
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Table 310-61.  Conductor Application and Insulation 

Trade 
Name 

Medium 
voltage 
solid 

:lielectric 

Type 
Letter 

MV-75 
MV-85 
MV-90 

Maximum 
Operating 

Temperature 

75C 
85C 
90C 

Application 
Provision 

Dry or wet 
locations 
rated 2001 
volts and 
higher 

Insulation 

Thermoplastic 
o r  

Thermosetting 

Outer 
Covering 

Jacket, 
Sheath 
or Armor 

Table 310-62.  Thickness of Insulation for 6 0 1 - 2 0 0 0  Volt 
Nonshielded Types RHH and RHW, in Mils 

-Conductor Size 
AWG-MCM A B 

14-10 
8 
6-2 
1-2/o 

3/0-4/0 
213-500 
501~1000 

80 
80 
95 

110 
I10 
125 
140 

60 
70 
70 
90 
90 

105 
120 

Note: Column A insulations'are limited to natural, SBR, and butyl rubbers• 
• Note: Column B insulations are materials such as cross-linked polyethylene, ethylene 

propylene rubber, and composites thereof. 



Table 310-63 /  Th ickness o f  Insulat ion and Jacke t  fo r  Nonshie lded Solid 
Die lect r ic  Insulated C o n d u c t o r s  R a t e d  2 0 0 1  to  8 0 0 0  Volts ,  in Mils 

' k ' 

Conductor Size 
~,WG-MCM 

6 
4 - 2  
i-2/o . 
3 / 0 - 4 / 0  
213-5.00 
501-750 
751-1000 

2 0 0 1 - 5 0 0 0  Volts 

Dry Locations Single Conductor 
Without 
J'acket 

Insulation ,,  Insulation 

With Jacket 

Jacket  

3 0  
30 
4 5  
45 • 
65 
65 
6 5 ,  
65 

Wet or Dry Locations 

. Multi- 
Conductor* 

5 0 0 1 - 8 0 0 0  Volts 100 Percent 
Insulation Level Wet or Dry 

Locations 

Multi- 
Single Conductor Conductor* 

~l !0 
. 110 

110 
110 
I I 0  
1 2 0  

130 
130 

Insulation " Insulation Jacket ~ 

180 - 80 
1 8 0  8O 

180 95 
180 95 
180 I10 
210 110 
235 125 
250 140 . 

0 
90 
90 
9 0 -  

,• 90 
9 0 , '  
90 
90 

Insulation 

180 
180 
180 " 

180 
180 
210 " 
235 
250. 

" '  9 0  
' 90 

90 
90 
90, 
90 
90 
90 '  

Single Conductor 

Insulation Jacket 

125 8 0 '  
,125 '  ' '- 80, 
~25 ' 8 0 . 1  

125. ~ 80 
q 2 5 .  ,. 95 !.. 
140 110 
155 ~125 
155 • .125 

*',Note: Under a common overall covering such b.s a jacket, sheathCor,armorl 
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T a b l e  310-64.  Th ickness  o f  Insu la t ion fo r  Sh ie lded  Sol id Die lec t r ic  
Insu la ted Conduc to r s  Rated 2001 to 3 5 , 0 0 0  Volts,  in Mils 

Conductor 2001- 
Size 5000 

AWG-MCM Volts 5001-8000 

100" 133" 
Per- Per- 
cent cent 
Insu- Insu- 
lation lation 
level level 

8 90 - -  - -  
6-4 90 115 140 
2 90 115 140 
1 90 115 140 

I/OSlO00 90 115 140 

8001-15,000 

100" 133" 
Per- Per- 
cent cent 
insu- insu- 
lation lation 
level level 

175 215 
175 2 1 5 .  
175 215 

25,001- 28,001- 
15,001-25,000 28,000 35,000 

100" 133" 100" 100" 
Per- Per- Per- Per- 
cent cent cent cent 
insu- insu- insu- insu- 

lation lation lation lation 
level level level level 

260 345 280 - -  
260 345 280 345 

*Definitions: 
100 Percent Insulation Level. Cables in this category shall be permitted to 

beapplied where the systemds provide d with relay protection such that 
ground faults will be clearedas' rapidly as possible, but in any case within l 
minute. While these cables are applicable to the great majority of cable 
installations which are on grounded systems, they shall be permitted tO be 
used also on other systems for which theapplica~tion of cables is acceptable 
provided the above clearing requirements are met in completely de-energiz- 
ing the faulted section. 

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 
l hour. Also they shall be permitted to be used when additional insulation 
strength over the t00 percent level category is desirable. ~- 

Table 310-65 .  T h i c k n e s s ' o f  va rn i shed -Cambr i c  Insulat ion for,  
Sing le -Conduc to r  Cable,  in Mils 

For Voltages Not Exceeding 
Conductor Size 

AWG or MCM 1000 2000 3000 4000 5000 

14 ,60 - -  - -  - -  - -  
12 60 80 - -  - -  - -  
10 60 80,  95 - -  - -  

8-2 60 80 95 110 140 
1-4/0  80 95 95 110 140 

213-500 95 95 110 125 155 
501-1000 110 110 110 125 155 

1001-2000 125 125 125 140 155 
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Table 310-66 .  Th ickness  o f  Va rn i shed-Cambr i c  Insulat ion fo r  
Mult iconductor Cable, in Mils 

Conductor Size For Voltages Not Exceeding - 
AWG or MCM 

_ 1000 2000 3000 4000 5000 
C B C B C B C B C B 

14 
12 
l0 

8-2 
1-4/0 

213-500 
501 - 1000 

1001 - 2000 

60 0 
60 0 80 0 
60 0 80 0 80 30 
60 0 80 0 80 30 95 45 .95 60 
80 0 95 0 95 30 95 45 95 60 
95 0 95 0 95 30 95 45 110 60 
95 30 95 30 95 45 95 .60 110 60 

l lO 30 I10 30 110 45 l lO 60 l lO 80 

The thickness given in columns headed "C" are for the insulation •on the ,individual 
conductors. Those given in the columns headed "B'" are for the thickness of the overall belt 
of insulation• 

x 

Tab le  310-67  

• Th ickness  of  Asbes tos  and Varn ished-Cambr ic~  
Insulation for Single-Conductor  Cable, 

Types AVA,•AVB, and AVL, in Mils 

Asbestos 
Conductor 1st Wall 

AWG or 
MCM 100~5000 

14-2 15 
1-4/0 20 

213-500 25 
501-1000 30 

1001-2000 30 

I 
Varnished Cambric I Asbestos 

2nd Wall 

For Voltages Not Exceeding 

1000 2000 3000 4000 5000 1000-5000 

45 60 80" 100 120 25 
45 60 •80 100 120 30 
45 60 80 100 120 40 
45 60 80 100 " 120 40 
55 75 95 115 140 50 

\ ,  
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• Table  3 1 0 - 6 9  

Ampacit ies.for.  Insulated Single Copper  
Conductor  Isolated in.Air " 

Based on. Conductor  Tempera tu re  of  90°C and Ambient  
Air Tempera tu re  of 40°C 

.Conductor Size 2001-5000 Volts 5001-15,000 Volts . 15~001-35,000 Volts 
AWG-MCM Ampacity Ampacity Ampacity - 

8 
6 
4 
2 
l 

1 / 0 '  
2/0 
3/0 
4/0 
25O 
350 
5O0 
750 : 

1000 
1250 
1500 
1750 

.2000 

83 
110 
145 
190 
225 

260 
.300 
345 
400 
445 
550 
695 
900 

1075 
123o 
1365 
1495 
1605 

m 

IlO 
150 
195 
225 

260 
300 
345 
400 
445 
550 
685 J 
885 

1060 
1210 
1345 
1470 
1575 

m 

m 

m 

225 

260 
300 
345 
395 
440 
545 
680 
870 

- t040 
1185 
1315 
1430 
1535 

Table  3 1 0 - 7 0  

Ampaci t ies  f o r I n s u l a t e d . S i n g l e  Aluminum Conductor  . 
Isolated in Air 

Based  on Conduc tor  T e m p e r a t u r e  of  90°C and .Ambient  . - 
Air Tempera tu re  of  4 0 ° C  

Conductor Size 2001-5000 Volts 5001-15;000 Volts". 15,001-35,000 Volts 
AWG-MCM Ampacity Ampacity, Ampacity 

8 
6 
4 
2 
I 

i/o 
2/0 
3/0 
4/0 
250 
350 
5O0 
750 

I000 
1250 
1500 
1750 
2000 

64 
85 

l l 5  
150 
175 

200 
230 
270 
310 
345 
430 
545 
710 

855 
980 

1105 
1215 
1320 

87 
115 
150 
175 

200 
235 
270 
310 
345 
430 
535 
700 
840 
970 

1085 
1195 
1295. 

m 

m 

175 
200 
230 
270 
310 
345 
430 
530 
685 
825 
95O 

1060 
1165 
1265 
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Table 310-71 
Ampac i t i es  of  an Insu la ted Three C o n d u c t o r  Coppe r  

Cable  Iso la ted  in Air 

Based on C o n d u c t o r  Tempera tu re  o f  90°C and Amb ien t  
Air T e m p e r a t u r e  o f  40°C 

Conductor Size 2001-5000 Volts 5001-35,000 Volts 
AWG-MCM Ampacity Amp,~city 

8 
6 

4 
2 
I 

I /0  
2/0 
3/0 
4/0 , 
250 
350 
500 
750 

- 1 0 0 0  

59 
79 

105 
140 
160 
185 
215 
250 
285 
320 
395 
485 
615 
705 

93 
12b 
165 
185 
215 
245 
.285 
325 
360 
435 
535 
670 
770 

Table 310-72  
Ampac i t i es  o f  an Insu la ted Three C o n d u c t o r  " 

A luminum Cable  Iso la ted  in Air 

B a s e d  on C o n d u c t o r  Tempera tu re  o f  90°C and Amb ien t  
Air Tempera tu re  of  40°C 

Conductor Size 2001-5000 Volts ' 5001-35,O00 Volts 
AWG-MCM " Ampacity Ampacity 

8 
. , 6  " 

- -  4 

2 
1 

1/0 
2/0 
3/0 
4/0 
250 
350 
500 
750 

IO00 

46 
61 
81 

110 
125 
145 
170 
195 
225 
250 
310 
385 
495 
585 

m , -  

72 
95 

125 
145 
170 
190 
220 
255 
280 
345 
425 
540 
635 . 
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Table 3 1 0 - 7 3  
Ampacit ies of an Insulated Tr iplexed or Three Single 
Conductor  Copper  Cables in Isolated Conduit  in Air 

Based on Conductor  Temperature  of  9 0 ° C a n d  A m b i e n t  
Air Temperature  of 40°C 

Conductor Size 2001-5000 Volts 5001-35,000 Volts 
AWG-MCM " Ampacity Ampacity 

8 
6 

"4 
2 
1 '  

]/o 
2/0 
3/0. 
4/o 
250 
350 
500 
750 

1 0 0 0  " 

55 
75 
97 

130 
155 

180 
205 
240 
280 
315 
385 
475 
600 
690 

83 
110 
150 
170 

195 
225 
260 
295 
330 
395 
48O 
585 
675 

Table 3 1 0 - 7 4  
Ampacit ies of Insulated Triplexed or Three Single. 

Conductor  Aluminum Cables- in Isolated Conduit  in Air 

Based on Conductor  Tempera ture .o f  90°C and Ambient  
Air Temperature  of  40°C 

Conductor Size 2001-5000 Volts • . 5001-35,000 Volts 
AWG-MCM Ampacity Ampacity 

8 
'" 6 

4 
2" 

"1 

i/o 
2/0 
3/0 
4/o 
25O 
35O 
5OO 
75O 

I000 

43 
58 
76 

100 
1 2 0  

140 
160 
190 
215 
250 

. 305 
380 
490 
580 

65 
84 

115- 
130 

150 
175 
200 
230 
255 
310 
385 
485 
565 
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Table 310-75 
Ampacities.of an Insulated Three Conductor 

Copper,Cable in Isolated Conduit in Air 
Based on Conductor Temperature of 90°C and Ambient 

Air Temperature of 40°C 

Conductor Size 2001-5000 Volts 5001~35;000 Volts 
AWG-MCM Ampacity Ampaclty 

8 
6 
4 
2 
1 

I /0  
2/0 
3/0 
4/0 
250 
350 
500 
750 

1000 

52 
69 
91 

125 
140 
165 
190 
220 
255 
280 

. 350 
425 
525 
590 

83 
I05 
145 
165 
195 
220 
250 
290 
315 
385 
470 
570 
650 
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Table 310 -76  
Ampacit ies of an Insulated Three Conductor  

Aluminum Cable in Isolated Conduit  in Air 
Based on Conductor  Temperature  of 90°C and Ambient  

Air Temperature  of .40°C 

Conductor Size 2001-5000 Volts 5001-35,()00 Volts 
AWG-MCM Ampacity Ampacity 

8 
6 
4 
2 
1 

I/O 
2/0 
3/0 
4/0 
250 
350 
500 
750 

1000 

41 
53 
71 
96 

llO 
130 
150 
170 
200 
220 
275. 
340 
430 
505 

64 
84 

115 
130 
150 
170 
195 
225 
250 
305 
380 
470 
550 
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Table 310-77. 
Ampacit ies of Tl~ree Single Insulated Copper Conductors in 

Underground Electrical D'ucts (Three C o n d u c t o r s  •per Electrical Duct) 
Based on Ambient Earth Temperature of  2O°C (680F), Electrical Duct 

Arrangement  per Figure 310-1, 1OO% Load Factor, 
Thermal Resistance'(RHO) of  90, C6nductor  Temperature 90°C (104°F) 

One Circuit 
(See Figure 310-1, 

Detag ,1) 
Size 

AWG-MCM 

8 
6 
4 

" 2 
I 

i / o  

• 2/0 
3/0 
4/0 
250 
35O 
5OO 
75O 

IO00 

Three Circuit 
(See Figure 310-1, 

Detail 2), 
Size 

8 
6 
4 
2 
1 

]/0 
2/0 
3/o 

• 4/o 
250 
350 
500 
750 

1 0 0 0  

Six Circuit 
(See Figure 310-1, 

Detag 3) 

2OO 1-50OO Volts 
Ampaclty 

64 "- 
85 

I10 
145 
170 

J95  
220 

" 250 
290 
320 
385 
470 
585 
670 

56 
73 
95 -  

125 
140 
160 
185 
210 
235 
260 
315 
375 
460 

• 525 

5OO1-35,OOO Volts 
A'mpaclty 

90 
115 
155 

175  
200 
230 
260 
295 
325 
390 
465 
565 
640 

77 
99 

130 
145 
165 
185 
210 t 
240 
-260 
310 
370 • 
440 
495 

Size 

8 
6 
4 
2 
I 

i/o 
.2/0 
3/0 
4/o 
25O 

, 350 
500 
750 

1 0 0 0  

48 
62 
80 

105 
"115  

135 
150 
170 
195 
210 
250 
300 
365 
410 

82 
105 
120 
.1~35 
150 
170 
190 
210 
245 
290 
350 
390 



70-180 NATIONAL ELECTRICAL CODE 

Table 310-78 
Ampac i t ies  of Three  s ingle  Insulated Aluminum Conductors  in 

Underground Electr ical  Ducts (Three Conductors  per  Electr ical  Duct)  
Based on Ambient  Earth T e m p e r a t u r e  of 20°C (68°F),  - Electr ical  Duct  

A r r a n g e m e n t  per  Figure 310-1, 100% Load Factor ,  
Thermal  Resist,~nce (RHO) of  90 ,  Conductor  T e m p e r a t u r e  90°C (104°F) 

One Circuit 
(See Figure 310-1, 

Detail 1) 
Size 

AWG-MCM 

8 
6 
4 
2 
I 

l / O  
2/0 
3/0 

' 4 / 0  
250 
350 
500 
750 

1 0 0 0  " 

Three Circuit 
(See Figure 310-1, 

Detail 2) 
Size 

8 
6 
4 
2 
1 

1/0 
2/0 
3/0 
4/0 " 
250 
350 
500 
750 

1 0 0 0  

Six Circuit 
(See Figure 310-1, 

Detail 3) 
Size 

8 
6 
4 
2 
1 

l /0  
2/0 
3/0 
4/0 
250 
350 
500 
750 

1 0 0 0  

2OO1-5OOO Volts 
Ampacily 

5O 
66 
86 

115 
1 3 0  
150 
170 
195 
225 
250 
305 
370 
470 
545 

44 
57 
74 

" 96 
110 
125 
145 
160 
185 
205 
245 
295 
370 
425 

38 
48 
62 
80 
91 

105 
115 
135 
150 
165 
195 
240 
290 
335- 

5OO1-35,OOO Volts 
Amp.aclty 

70 
91 

120 
135 
155 
175 
200 
230 
250 
305 
370 
455 
525 

Yo 
77 

1 0 0  
' I10 

125 
145 
165 
185 
200 
245 
290 
355 
405 

50 
64 
8O 
90 

105 
115 
130 
150 
165 
195 
230 
280 
320 
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, Table 3 1 0 - 7 9  

. A m p a c i t i e s 0 f  Three Insulated Copper  Conductors  Cabled 
Within an Overall  Covering (Three Conductor  Cable) in 

Undergrourid Electrical Ducts (One Cable per Electrical Du(:t) 

_ Based on Ambient  Earth Tempei 'ature of  20°C (68°F), Electrical Duct 
Arrangement  per Figure 310-1 ,  100% Lo~,d Factor,  .- 

Thermal Resistance (RHO) of  90,  Conductor  Tem 3erature 90°C (104°F)  

One Circuit 
(Sea Figure 310-1, 

Detail 1) 
Size : 

AWG-MCM 

8 
6 
4 
2 
l 

1/o 
2/0 
3/0 
4/0  
250 
350 
500 
750- 

i ooo 

Three Circuit " 
(See Figure 310-1, 

Detail 2) 
Size 

8 
6 
4 
2 
l 

1 / 0  
2 /0  . . . .  
3 /0 '  
4/0 
25O 
350 
500 
750 

lO00 

Six Circuit 
(See Figure 310-1, 

- Detail 3) 
Size 

8 
6 
4 

"-2 
1 -  

]/o 
2/o 
3/0 
41o " 

,250 
350 
500 
750 

1000 

2001-5OOO Volts 
Ampaclty 

59 
78 

.100 
135 
155 
175 
200 
230 
265 
290 
355 ' 
430 
530 
600 

; .- . 

5001-35;000 Volts 
Ampacity 

88 
115 
150 
170 
195 
220 
250 
285 
310 
375 
450 
545 
615 

53 
69 
89 

1"15 
135 
150 
170 

75 
97 

125 
140 
160 
185 
205. 

225 
" 245 

295 
355 
430 
485 

230 
255 
305 
360" 
430 
485 

46 
60 
77 
98 

1,10 
125 
145 
165 
185 
200 
240 
290 
350 
390 

63 
81 

105 
115 
130 
150 
170 
190 
205 
245 
290 

" 340 
38O 
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Table 310-80 
Ampac i t ies  o f  Three Insulated Aluminum Conduc to rs  Cabled 

Within an Overal l  Cover ing  (Three Conduc to r  Cable) in 
Underground Electr ica l  Dt icts (One Cable per Electr ica l  Duct)" 

Based on Ambien t  Earth T e m p e r a t u r e  of  20°C (68°F), Electr ica l  Duct 
A r rangement  per  Figure 310-1, 100% Load Factor ,  

Thermal  Resis tance (RHO) of  90, Conduc to r  Tempera tu re  90°C (1040F) 

One Circuit 
(See Flgure,310-1, 

Oetall 1) 
• Size 

AWG-MCM 

"8 
6 
4 
2 
I 

i/o 
2/0 
3/0 
4/0 
250 
350 
500 
750 

I000 

Three Circuit 
(See Figure 310-1, 

Detail 2) 
Size 

8 
6 
4 
2 
I 

]/o 
2/0 
3/0 
4/0 
250 
350 
500 
750 

'1000 

Six Circuit 
(See Figure 310-1, 

Detail 3) 
Size 

8 
6 
4 
2 
1 

1/0 
.21o 
3/0 
4/0 
250 
350 
500 , 
750 

1000 

2001-5000 Volts I 5OO1-35,OOO Volts 
Ampaclty I Arnpaclty 

46 
61 
80 

105 
120 
140 
160 
180 
205 
230 
280 
340 
425 
495 

41 
54 
70 
90 

105 
120 
135 
155 
175 
190 " 
230 
280 
345 
400 

36 
46 
60 
77 
87 
99 . 

110 
130 
145 
160 
190 
230 
280 
320 

89 
115 
135 
150 
170 
195 
220 
245 
295 
355 

• 440 
510 

59 
75 
I00 
II0 
125 

- 140 
160 
180 
2O0 
240 
285 
350 
4O0 

49 
63 
8O 
90 

105 
115 
130 

" 150 
160 
190 
230 
275 
315 
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Table  310-81 
Ampacit ies of  Single Insulated Coppe rConduc to rs  

Direct ly Buried in Earth 
Based on Ambient Earth Temperature of 20°C (68°F), 
Arrangement  per Figure 310-1, 100% Load Factor, 

Thermal  Res is tance  (RHO) of  90 ,  Conduc tor  Tem }erature 90°C (104°F) 

Conductor Size " 2001-5000 Volts 5001-35,000 Volts 
AWG-MCM Ampacity Ampacity 

One Circuit- 
3 Conductors 

(See Figure 310-1, 
Detail 9) 

8 
6 
4 
2 
I 

]/o 
2/0 
3/0 
4/0 
250 
350 
500  
750 

1 0 0 0  

110 
140 
180 
230 
260 
295 
335 
385 
435 
470 
570 
690 
845 
980 

Two Circuits- 
6 Conductors 

(See Figure 310-1, 
Detail 10) . 

m 

130 
i70 
210 
240 
275 
310 
355 
405 
440 
535 
650 
805 
930 

8 
6 
4 
2 
1 

i/o 
2/0 
3/0 
4/0 
250 
350 
500 
750 '  

1000 

100 
130 
i65 
215 
240 
275 
310 
355 
400 
435 
520 
630 
775 
890 

m 

1 2 0  
160 
195 
225 
255, 

• 290 
330 
375 
410 
495 
600 
740 
855 

For SI units: one inch = 25.4 millimeters. 
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Table~310-82 
AmpaciUes of  Single Insulated Aluminum Conductors  

Direct ly Buried in Earth 
Based on Ambient Earth Temperature of  20°C (68°F), 
Arrangement  per Figure 310-1, 100% Load Factor, 

Thermal Resistance (RHO) of  90; Conduc to r  Tern perature 90°C (104°F) 

Conductor Size 2001-5000 Volts 5001-35,000 Volts 
AWG-MCM Ampacity Ampacity 

One Circuit- 
3 Conductors 

(See Figure 310-1, 
Detail 9) 

8 
6 
4 
2 
1 

1/0 
2/0 
3/0 
4/0 
250 
350 
500 
750 

I000 

Two Circuits- 
6 Conductors 

(See Figure 310-1, 
Detail 10) 

8- 
6 
4 
2 
l 

l /0 
2/o 
3/0  
4/0 
250 
350 
50O 
750 

IO00 

85 
110 
140 
180 
205. 
230 
265 
300 
340 
370 
445 
540 
665 
780 

80 
100 
130 
165 
190 
215 
245 
275 
310 
340 
410 
495 
610 
710 

100 
130 
165 
185 
215 
245 
275 
315 
345 
415 
510 
635 
740 

m 

95 
125 
155 
175 
200 
225 
255 
290 
320 
385 
470 
58O 
680 

For SI units: one inch = 25.4 millimeters. 
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Table 3 1 0 - 8 3  
Ampacit ies of  Three Insulated Copper Conduc to rsCab led  

Within an Overall Covering, (Three Conductor  Cable),. : 
Direct ly Buried in Earth 

Based on Ambient Earth,Temperature of 20°C (68°F), 
Arrangement  per Figure 3.10-1, 1OO% Load Factor, 

Thermal Resistance (RHO) of  90, Conductor  Tem berature 907C (104°F) 

Conductor Size 2001-5000 Volts 5001-35;000 Volts 
AWG-MCM Ampacity Ampacity 

One Circuit 
(See Figure 310-1, 

Detail 5) 
8 
6 
4 
2 
1 

~/0 
2/0 
3/0 
4/0 
25O 
35O 
5OO 
75O 

1000 

Two Circuits 
(See Figure 310-1,, 

Detail 6)-  

85 
105 
135 
180 
200 
230 
260 
295 
335 
365 
440 
530 
650 
730 

8 
6 
4 
2 
I 

I / 0  
2 /0  
3 /0  
4 /0  
250 
350 
500 
750 

1000 

80 
100 
130 -. 
165 
185 
215 
240 
275 
310 
340 
410 
490 
595 
665 

E 

115 
145 
185 
210 
240 
270 
3O5 
35O 
38O 
460 
550 
665 
750~ 

m 

105 
135 
170 
195 
220 
250 
280 
320 
350 
420 
5OO 
605 
675 

For SI units: one inch = 25.4. millimeters. \ 
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Table 310-84 

Ampacit ies of  Three Insulated Aluminum Conductors Cabled 
Within an Overall Cover ing (Three Conductor  Cable), 

Direct ly Buried in Earth 
Based on Ambient Earth Temperature of 20°C (68°F), 
Arrangement  per Figure 310-1, 100% Load Factor, 

Thermal Resistance (RHO) of  90, Conductor  Tern )erature 90°C (104°F) 

Conductor Size 2OO1-5OOO Volts 5OO1-35,OOO Volts 
AWG-MCM Ampacity 

One Circuit 
(See Figure 310-1, 

Detail 5) 

8 
6 
4 
2 
I 

i/o 
2/0 
3/0 
4/0 
25O 
35O 
500 
750 

1000 

Two Circuits 
I (See Figure 310-1, 

I Detail 6) 

65 
8O 

105 
140 

180 
205 
230 
260 
285 
345 
420 
520 
600 

8 
6 
4 
2 
1 

I/o 
2/0 
3/0 
4/0 
250 
350 
500 
750 

1000 

60 
75 

100 
130 
145 
165 
190 
215 
245 
265 
320 
385 
480 
550 

Ampacity 

90 
115 
145 
165 
185 
210 
240 
270 
30O 
360 
435 
540 
620 

80 
105 
135 
150 
170 
195 
220 
250 
275 

. 330 
395 
485 
560 

For SI units: one inch = 25.4 millimeters. 



ARTICLE 310 m CONDUCTORSFOR 'GENERAL WIRING . 7 0 - 1 8 7  .. 

Notes t o  Tables 3 1 0 - 6 9 t h r o u g h  3 1 0 - 8 4  , 

(FPN): For ampacities calculated in accordance with the following Notes, l and [ 
2, reference, I, EEE/ICEA "Power-Cable Ampacities" Vols. I and I1 (IPCEA Pub.. I 
No. P-46-426) and "The References" therein for availability of all factors and " 
constants. 

1. Ambients Not in Tables. Ampacities at ambient temperatures other 
than those shown in the tables'shall be determined by means of the following 
formula: 

T ~ / T C - - T A : - -  D E L T A  TD 
12 = I, ~V/ ~--~_ TA] DELTA TD 

Where, 

I~ = Ampacity from tables at-ambient TA~ . 
I2 = Ampacity.at desired ambient TA2, 
TC = Conductor temperature in,degrees C 
TAI = Surrounding ambient, from-tables-in degrees.C 
TA2 = Desired ~mbient in degrees C. 
DELTA TD = Dielectric loss temperature rise. 

2. Grounded Shields. AmPacities shown in Tables 310-69, 310-70, 310-81" 
and 310-82 are for. cable with shields grounded at .one point only. When 
shields are grounded,at more than one point, ampacities shall be adjusted.to 
take into consideration th e heating due to shield currents. 

3. Electrical Duct Bank Configuration. Ampacities shown in Tables . 
310-77, 310-78, 310-79 and 310-84 shall apply only when the cables.are located 
in the outer electrical ducts of  the electrical duct bank. Ampacities for cables 
located in the inner electrical ducts of the electrical duct bank wil lhave to b e  
determined,by.special calculations. 
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A R T I C L E  318 m CABLE TRAYS 

318-1. Scope. This article covers cable tray systems including ladders, 
troughs, channels, solid bottom trays, and other similar structures: 

318-2. Definition. 

Cable Tray System. A unit or assembly of units or sections, and associ- 
ated fittings, forming a rigid structural system used to support cables. 

318-3. Uses Permitted. 

(a) Wiring Methods. The following shall be permitted to be installed in' 
cable tray systems under the conditions described in their respective articles: 

(1) Mineral-insulated, metal-sheathed cable (Article 330); (2) armored 
cable (Article 333); (3) metal-clad cable (Article 334); (4) power-limited tray 
cable (Section 725-40); (5) nonmetallic-sheathed cable (Article 336); (6) 
shielded, nonmetallic-sheathed cable (Article 337); (7) multiconductor 
service-entrance cable (Article 338); (8) multiconductor underground feeder 
and branch-circuit cable (Article 339); (9) power and control tray cable 
(Article 340); (10) other factory-assembled, multiconductor control, signal, or 
power cables, which are specifically approved for installation in cable trays; 
or (1 l) any approved conduit or raceway with its contained conductors. 

(b) In Industrial Establishments. In industrial establishments only, where 
conditions of maintenance and supe'rvision assure that only qualified persons 
will service the installed cable tray system, any of the cables in (1) and (2) 
below shall be permitted to be installed in ladder, ventilated trough, 4-inch 
(102-mm) ventilated channel-type cable trays, or 6-inch (152-mm) ventilated 
channel-type cable trays. 

(1)-Single Conductor. Single conductor cables shall be 250 MCM or 
larger and shall be of a type listed for use in cable trays. Where exposed to 
direct rays of the sun, cables shall be identified as being sunlight-resistant. 

Exception: Welding cables as permitted in Article 630, .Part E. 

(2) Multiconductor. Multiconductor cables Type MV (Article,326) 
Where exposed to direct rays of the sun shall be identified as being sunlight- 
resistant. 

(c) Equipment Grounding Conductors. Metai in cable trays, as defined in 
Table 318-7(b) (2), shall be permitted to be.used as equipment grounding 
conductors in commercial and industrial establishments, only where contin- 
uous maintenance and supervision assure that qualified persons will service 
the installed cable tray system. 

(d) Hazardous (Classified) locations. Cable trays in hazardous (classi- 
fied) locations shall contain only the cable types permitted in Sections 501-4, 
502-4, and 503-3. 

(FPN): It is not the intent of this article to limit the use of cable trays to 
industrial establishments only. 

(e) Nonmetallic Cable Tray. Nonmetallic cable tray shall be permitted in 
corrosive areas and in areas requiring voltage .isolation. 
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318-4. Uses Not Permitted. Cable tray systems shall not be used in 
hoistways or where subject to severe physical damage. 

318-5 . ,  Construction Specifications. , 

(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 present 'sharp edges, burrs, or I 
projections which imay darhage the insulation or jackets of the wiring. 

• (c) Corrosion Protection. Cable trays shall be made of corrosion-resistant 
material or, if made of metal, shall be adequately protected against corrosion. 

(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 tray shall be made of 
flame-retardant material. '~ 

318-6.  Installation. 

(a). Complete System. Cable trays shall be installed as a complete sys- 
tem. Field bends or modifications shall  be so made that the electrical 
continuity of the cable tray system and SUl~port fo r  the cables shall be 
maintained. 

(b) Completed BeforeInstallation. Each run of cable tray shall be com- 
pleted before the .installation of cables. 

(c) Supports. Supports shall be provided to prevent stress on cables 
where they enter raceways or other enclosures from cable tray systems. 

(d) .Covers. In portions of runs where additional protection is required, 
covers or enclosures providing the required protection shall be of a material 
compatible with the cable tray. 

(e) Multiconductor Cables Rated 600  Volts or Less. Multiconductor Ca- 
bles rated 600 volts or less shall be permitted to be installed in the same cable 
tray. 

• (f) Cables Rated Over BOO Volts. Cables rated over 600 volts shall not be 
installed in the same cable tray with cables rated 600 volts or less. 

Exception No. l:  Where separated by a solid f i xed  barrier o f  a material 
compatible with the cable tray. 

• Exception No.  2: Where cables over 600 volts are Type MC. 

(g) Through Partitionsand Walls. Cable trays shall be permitted to extend 
transversely through partitions and walls or vertically through platforms and 
floors !n.wet o r  dry locations where the installations, complete with installed 
cables,  are made:in accordance with the requirements of Section 300-21. 
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(h) Exposed and Accessible. Cable trays shall be exposed and accessible 
except as permitted by Section 318-6(g). 

(i) Adequate Access. Sufficient space sha!l be provided and maintained, 
about cable trays to permit adequate access for installing and-maintaining :the 
cables. 

(FPN): See Section 310-10 for temperature limitation of conductors. 

318-7. Grounding. 
(a) Metallic Cable Trays. Metallic cable trays which support electrical 

conductors Shall be grounded as required for conductor enclosures in Article 
250. 

(b) Steel or Aluminum Cable'Tray Systems; Steel or aluminum cable.tray 
systems shall be permitted to be used as equipment grounding conductors 
provided that all the following requirements are met: 

(1) The cable tray sections and fittings shall be identified for grounding 
purposes.- 

(2) The minimum cross-sectional area of cable trays shall.conform to  
the requirements in Table 318-7(b)(2). 

(3) All cable tray sections .and fittings shall be legibly and durably- 
marked to show the cross-sectional area of metal in channel-type cable trays 
or cable trays of one-piece construction, and the total cross-sectional area of 
both side rails for ladder or trough-type cable trays. 

(4)'Cable tray sections, fittings, and connected raceways shall be 
bonded in accordance with Section 250~75 using bolted mechanical Connec- 
tors or bonding jumpers sized and installed in accordance with Section 
250-79: 

318-8, Cable Installation. 

(a) Cable Splices. Cable splices made and insulated by approved meth- 
ods shall be permitted to be located withina cable tray provided they are- 
accessible and do not project above the side rails. • 

(b) Fastened Securely. In other than horizontal runs, the cables shall be 
fastened securely to transverse members of the cable trays. 

(c) Bushed Conduit. A box shall not be required where cables-or-con- 
ductors are installed in bushed conduit used for support or for protection 
against~physical, damage. 

(d) Connected in Parallel. Where single conductor cables ~ comprising 
each phase or neutral of a circuit are connected in parallel as permitted in 
Section 310-4, the conductors shall be installed in groups consisting of not 
more than.one conductor per phase or neutral, to prevent current unbalance 
in the paralleled conductors due to, inductive reactance. 

Single conductors" shall be ..securely bound in ci.rcuit groups to prevent 
excessive movement due to fault-current magnetic f6rces. 

Exception: Where single conductors are cable d together;such as triplexed ~ 
assemblies. 

r 
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T a b l e  318-7(15)  (2 )  

- M e t a l  A r e a  R e q u i r e m e n t s  for  C a b l e  T r a y s  
U s e d  as  E q u i p m e n t  G r o u n d i n g  C o n d u c t o r s  

Maximum Fuse Ampere Rating, 
Circuit 'Breaker Ampere Trip 
Setting, or Circuit Breaker 

Protective Relay Ampere Trip 
Setting for Ground-Fault 

Protection of any 'Cable Circuit 
in the Cable Tray System 

Minimum Cross-Sectional Area of 
- Metal*  in Square Inches 

• Steel : " Aluminum 
Cable Trays Cable Trays . 

60 
100 
200  
400  

"600 
1000 
1200 
1600 

. 2 0 0 0  

0 .20 
0 .40 
0 . 7 0  
1.00 
1.50"* 

0 .20  
0 .20 
0 .20  
0 .40  
0 .40 
0 .60  
1.00 
1.50 
2.00** 

For SI units: one .square ' inch = 645 square millimeters, 
. * Total cross-sectional.area of both side rails for ladder or t rough- type cable trays; or the 
• minimhm cross-sectional area  of metal  in channe l - type ,cab le  t rays or cable t rays of 
one-piece construction. 

• * Steel cable t rays shall not be used. as equipment  grounding  conductors  for circuits 
with g round- fauh  protection above 600 amperes.  Aluminum cable trays shall not be used 
as equipment grounding conductors  for circuits with ground-faul t  protection above 2000 
amperes,  

318-9. Number Of Multiconductor. Cables, Rated 2000 Volts, Nominal, or 
• Less, in Cable Trays. The number of multiconductor cables, rated 2000 volts, 
nominal, or less, permitted in a single cable tray- shall.not exceed the  require- 
ments of this.section. The conductor sizes herein apply to both-aluminum and 
copper conductors. 

(a) Any Mixture of.Cables. Where ladder or ventilated trough cable trays 
contain multiconductor power or lighting cables, or any mixture of 
mul t iconductor 'power ,  lighting; control, and signal cables, the maximum 
number of cables shall conform to the following: 

(1) 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. 

' ( 2 )  Where all of the cables are smaller than 4/0 AWG, t h e  sum of the 
cross-sectional areas of all cables shall not exceed ~the maximum allowable 
cable fill area-in Column 1 of Table 318-9, .for the appropriate-cable t ray  
width. 

(3) Where4/0 AWG or larger cables are installed in the same cable tray 
with cables smaller than 4/0 AWG, the sum of.the ci'oss-sectional areas of all 
cables smaller than .4/0 AWG shall not exceed the maximum allowable fill 



70-192 NATIONAL ELECTRICAL CODE" 

area resulting from the computation in Column 2 of Table 318-9, for the 
appropriate cable tray width.. The 4/0 AWG and larger cables shall be 
installed iia-a single:layer and no other cables shall be placed on them. 

(b) Multiconductor Control and/or Signal Cables Only. Where a ladder o r .  
ventilated trough cable tray, having a usable inside depth of 6 inches (152 mm) 
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 6~ 
inches (152 mm) shall be used to compute the allowable interior cross- 
sectional area of any cable tray which has a usable inside depth of more than 
6 inches (152 mm). 

(c) Solid Bottom Cable Trays Containing Any Mixture. 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: 

(1) 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. 

(2} Where all of the cables are smaller than 4/0 AWG, the sum of the, 
cross-sectional areas of all cables shall not exceed the maximum allowable 
cable fill area in Column 3 of Table 318-9, for the appropriate cable tray 
width. 

(3) Where 4/0 AWG 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 AWG shall not exceed the maximum allowable fill 
area resulting from the computation in Column 4 of  Table 318-9, 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. 

(d) Solid Bottom Cable Tray Multiconductor Control and/or. SignalCables 
Only. Where  a solid bottom cable tray, having, a usable inside depth of.  
6 inches (152 mm) 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 6 inches (152 mm) shall be used to compute the 
allowable interior cross-sectional area of any. cable tray which has a usable 
inside depth of more than 6 inches (152 mm). " 

(e) VentilatedChannel Cable Trays. Where ventilated channel cable trays 
contain rfiulticonductor cables of any type, the combined cross-sectional area 
of all cables shall not exceed 1.3 square inches (839 sq mm) in 3-inch (76-mm) 
wide channel trays, 2.5 square inches (1613 sq mm) in 4-inch (102-mm) wide 
channel t rays ,  or 3.8 square inches (2452 sq mm).in 6-inch (152-mm) wide 
channel  trays. 

Exception:  Where only one mult iconductor cable is installed in a venti- 
lated channel  tray the cross-sectional area o f  the cable shall not  exceed 2.3 
square inches (1484 sq mm) in a 3-inch (76-ram) wide channel  tray, 4.5 square. 
inches (2903 sq mm) in a 4-inch (102-mm) wide channel  tray, or 7.0 square -- 
inches (4516 sq mm) in a 6-inch (152-mm) wide channel  tray. 
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Table.318-9.  .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 in Square 
Inches for Multiconductor Cables 

Ladder or Ventilated Trough Solid Bottom Cable Trays, 
Cable Trays, Section 318-9(a) Section 318-9(c) 
Column 1 Column 2* Column 3 Column 4* 

Inside Applicable Applicable Applicable Applicable 
Width of for Sei:tion for Section for Section for Section 

Cable 318-9(a) (2) 318-9(a) (3) - 318-9(c) (2) 318-9(c) (3) 
Tray Only Only Only Only 

(Inches) (Square Inches) (Square Inches) (Square Inches) (Square Inches) 

6 7 7--/I .2 Sd)** 5.5 . . 5.5--Sd** 
12 " 14 14--(I.2 Sd) 11.0 11.0~Sd 
18 21 21~(I .2 Sd) 16.5 16.5--Sd 
24 28 28--( 1.2 Sd) 22.0 22.0--Sd 
30 35 35--( 1.2 Sd) 27.5 27.5--Sd 
36 42 " 42--(1.2 Sd) 33.0 33.0~Sd 

For SI units: one square inch = 645 square millimeters. 
* The maximum allowable fill areas in Columns 2 and 4 shall be computed. For 

example, the maximum allowable fill, in square inches, for a 6-inch (152-mm) wide cable 
tray in Column 2 shall be: 7 minus/1.2 multiplied by Sd). 

** The term Sd in Columns 2 and 4 is equal to the sum of the diameters,An inches, of all 
4/0 AWG and larger multiconductor cables in the same cable tray with smaller cables. 

3 1 8 - 1 0 .  Number. of Single Conductor Cables, Rated 2 0 0 0  Volts or Less, 
in Cable Trays. The number of single conductor cables, nominally 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  assem- 
blies, shall be evenly distributed across the cable tray. The conductor  sizes 
herein apply to both aluminum and copper conductors.  

(a) 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: 

(1) Where all of the cables are 1000 MCM or larger, the sum of  the 
diameters of all single conductor cables shall not exceed the cable tray width. 

(2) Where all of the cables are smaller than 1000 MCM, 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 318-10, for the 
appropriate cable tray width. 

(3) Where 1000 MCM or larger single conductor cables are installed in 
the same cable tray with single conductor cables smaller than 1000 MCM, the 
sum of  the cross-sectional areas of all cables smaller than 1000 MCM shall 
not exceed the maximum allowable fill area resulting from the computation in 
Column 2 of Table 318-10, for the appropriate cable tray width. 

(b) Ventilated Channel-type Cable Trays. Where 4-inch (102-mm) or 
6-inch "(152-ram) wide ventilated channel-type cable trays contain single 
conductor cables, the sum of the.diameters of all single conductors shall not 
exceed the inside width of the channel. 
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Table 318-10 .  Al lowable Cable Fill Area for Single Conductor  
Cables in Ladder or Venti lated Trough Cable Trays 

for Cables Rated 2 0 0 0  Volts or Less 

Maximum Allowable Fill Area" in Square 
Inches for Single Conductor Cables in 

Ladder or Ventilated Trough Cable Trays 

Inside Column 1 ' Column 2* 
Width Applicable Applicable 

of for Section for Section 
Cable 318-10(a) (2) 318-10(a) (3) 
Tray Only Only 

(Inches) ~ (Square Inches) . (Square Inches) 

6 6.50 6.50~(I.1 Sd)** 
12 13.0 13.0 --(1.1 Sd) 
18 19.5 19.5 - - ( i . l  Sd)_ 
24 26.0 26.0 --(1.1 Sd) 
30 32.5 32.5 --(1.1 Sd) 
36 39.0 39.0.--(1.1 Sd) 

For SI units: one square inch = 645 square millimeters. 
* The maximum allowable fill areas in Column 2 shall be computed. For example, the 

maximum allowable fill, in square inches, for a 6-inch (152-mm) wide cable tray shall be: 
6.5 minus (I.1 multiplied by Sd). 

** The term Sd in Column 2 is equal to the sumof the diameters, in inches, of all 1000 
MCM and larger single conductor cables in the same ladder or ventilated trough cable tray 
with smaller cables. 

3 1 8 - 1 1 .  Ampacity of Cables Rated 2 0 0 0  Volts or Less in Cable Trays. The 
derating factors of Note 8 (a) to Tables 310-16 through 310-31 do not apply to 
the ampacity of cables in cable trays. 

(a) Multiconductor Cables. The ampacity of multiconductor cables, nom- 
inally rated 2000 volts or less, installed according to the requirements of 
Section 318-9 shall comply with the allowable ampacities of Tables 310-18 
and' 310-22. 

Exception No. 1: Where cable trays are continuously covered for mo~:e 
than 6feet (1.83 m) with solid unventilated covers, not over 95 percent of  the 
allowable ampacities of  Tables 310-22 and 310-31 shall be permitted for 
multiconductor cables. 

Exception No. 2: Where multiconductor 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 ampacities of  Table 310-31. 

(b) Single Conductor Cables. 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: 

(1) Where installed according to the requirements of  Section 318-10, the 
ampacities for 600 MCM and larger single conductor cables in uncovered 
cable trays shall not exceed 75 percent of.the allowable ampacities in Tables 
310-17 and 310-19. Where cable trays are continuously covered for more than 
6 feet (1.83 m) with solid unventilated.covers,  the ampacities for 600 MCM 
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and larger cables shall not exceed 70 percent of the allowable ampacities in 
Tables 310-17 and 310-19. 

(2) Where installed according to the requirements of Section 318-10, the 
ampacities f o r  250 MCM through 500 MCM single conductor cables in 
uncovered cable trays shall not exceed 65 percent of the allowable ampacities 
in Tables 310-17 and 310-19. Where cable trays are continuously covered for 
more than 6 feet (1.83 m) withsolid unventilated covers, the ampacities for 
250 MCM through. 500 MCM cables shall not exceed 60 percent, of the 
allowable ampacitjes in Tables 310-17 and 310-19~ 

(3l Wheresingle 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 250 MCM and larger cables 
shall not exceed the allowable ampacities in Tables 310-17 and 310-19. 

(4) Where single conductors are installed in a triangular configuration in 
uncovered cable trays, with a maintained space of not less than 2.15 times 
one conductor diameter (2.15 x O.D.) between circuits, the ampacity of 250 
MCM and larger Cables shall not exceed the allowable ampacities in Table 
310-23. - 

318-12. Number of TypeMV and Type MC Cables (2001Volts or Over) in 
Cable Trays.. The number of cables, nominally rated 2001 v.olts 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 t/,ay ~vidth,.and the tables shall be installed in a 
single layer~ ' Where single'conductorcables are?triplexed, quadruple.xed, or • 
bound together in circuit groups, the "sum of the diameters" of the single 
conductors shall not exceed the' cable trffy width, and these groups shall be 
installed in single layer arrangement. 

318-13. Ampaeity of Type MV.afid Type MC Cables (2001'Volts or Over) in 
Cable Trays. The ampacity of cables, rated 2001 volts, nominal, or over, 
installed according to Section 318-12 shall not. exceed the requirements of this 
section. . 

(a) Multiconductor, Cables (2001 Volts or Over). The ampacity of 
multiconductor cables shall comply with the allowable ampacities of Tables 
310-75 and 310-76. 

Exception No. 1: Where cable trays are continuously covered for 'more 
than 6 feet (1.83 m) with.solid unventilated covers, not more than 95 percent 
of  the allowable ampacities of  Tables 310-75 and 310-76 shall be permitted 
for multiconductor cables. 

Exception;No. 2: Where multiconductor cables are installed in a single 
layer in uncovered cable trays, with a maintained spacing o f  not less than 
one.cable, diameter between cables, the ampacity shall not exceed the 
allowable ampacities of  Tables 310-71 and 310-72. 

(b) Single Conductor Cables (2001 Volts or Over). The ampacity of single 
conductor cables, or single conductors cabled together (triplexed, 
cluadruplexed, etc.), shall comply with the following: 

(1) The ampacities for 250 MCM and larger single conductor cables in 
uncovered cable trays shall not exceed 75 percent of the allowable ampacities 
in Tables 310-69 and 310~70. Where the cable trays are covered for more than 
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6 feet (1.83 m) with solid unventiiated covers, the ampacities for 250 MCM 
and larger single conductor cables shall • not exceed 70 percent of the 
allowable ampacities in Tables 310-69 and 310-70~ 

(2) 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 250 MCM a~nd 
larger cables shall not exceed the allowable ampacities in Tables 310-69 and 
310-70. 

(3) Where single conductors are installed-in a'triangular configuration in 
uncovered-cable trays, with a maintained.space of not less than 2.15 times 
one conductor diameter (2.15 × O.D.) between circuits, the ampacity of 250 
MCM and larger cables shall not. exceed 105 percent of the allowable 
ampacities in Tables 310-71 and 310-72. 

"- A R T I C L E  320 B OPEN W I R I N G  ON I N S U L A T O R S  

320-1. Definition. Open wiring on insulators is 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, and not concealed by 
the building structure. 

320-2. Other Articles. Open wiring on insulators shall comply with this 
article and also with the applicable provisions of  other articles in this Code, 
especially Articles 225 and'300. " . 

320-3. Uses Permitted. Open v~irihg on insulators shall be .permitted on 
systems of 600 volts, nominal, or less, only for industrial or agricultural 
establishments, indoors or outdoors, inwet or.dry locations, where subject to 
corrosive vapors, and for services. 

320-5. Conductors. 
(a) Type. Conductors shall be of a type Specified by Article 310. 
(b) Ampacity. The ampacity shall comply ,kith Section 310-15. 

320-,6. Conductor Supports. Conductors shall be rigidb; supported on 
noncombustible, nonabsorbent insulating materials and shall not contact a n y  
other objects. Supports shall be installed as follows: (1) within 6 inches (152 
mm) from a tap or  splice; (2) within 12 inches (305 mm) of a dead-end 
connection to a rosette, lampholder, or receptacle; (3) at intervals not 
exceeding 4 V2 feet (1.37 m) and at closer intervals sufficient to provide 
adequate support where likely to be disturbed. 

Exception No. 1: Suppor'ts for  conductors No. 8 or larger installbd across 
open spaces shall be permitted up to 15feet (4.57 m) apart if noncombustible, 
nonabsorbent insulating spacers are used at least every 4 V2 feet (1.37 m) to 
maintain at least 2 V2 inches (64 mm) between •conductors. 

Exception No. 2: Where not likely:to be disturbed in buildings of  mill 
construction, No.  8 and larger conductors shall be permitted to be runacross 
open spaces if supported from each wood cross member on approved 
insulators maintaining 6 inches (152 mm) between conductors.- 



ARTICLE 320 - -  OPEN WIRING ON INSULATORS 70-197 

• Exception No.  3: In industrial .establishments-.only, where  conditions o f  
maintenance and supervision assure that only qualified persons will service 
the system, conductors, o f  size 250 M C M  and larger shall be permi t ted  to be 
run across open spaces where supported on intervals up to 3 0 f e e t  (9.1 m) 
aparL - 

320-7..Mounting of Conductor Supports. Where nails-are used to mount 
knobs, they shall.not - be smaller than 10 penny. Where screws are used to  
mount knobs, or where nails or screws are used to mount cleats, they shall 

• be of a length suffi-cient to penetrate the wood to a depth equal to at least one- 
half the height o f the  knob and fully the thickness of the cleat. Cushion 
washers shall be used with nails. 

320-8. Tie Wires. NO. 8 or larger conductors supported on solid knobs 
:shall be securely tied thereto by tie wires having an insulation equivalent to 
that of the conductor. 

320-10. Flexible Nonmetallic Tubing. In dry locations where not exposed 
to severe physical damage, conductors shall be permitted to be separately 
enclosed in flexible nonmetallic tubing. The tubing shall be in continuous 
lengths not exceeding 15 feet (4.57 m) and secured to the surface by straps at 
intervals not exceeding 4 V2 feet (1.37 m). 

320-11. Through Walls, Floors, Wood Cross Members, etc. Open conduc~ 
tors shall be separated from contact with walls, floors, wood cross membersl 
or partitions through which .they pass by tubes-or bushings of noncombusti- 
ble nonabsorbent insulating material. Where the bushihg is shorter thanthe 
hole, a waterproof sleeve of noninductive material shall be inserted in the 
hole and an insulating bushing slipped into the sleeve at each end insuch a 
manner as to keep the,conductors absolutely out of contact with the sleeve. 
Each conductor shall rbe carried throtigh a separate tube or sleeve. 

(FPN): See Section 310-10 for temperature limitation of conductors. 

320-12. Clearance from Piping, Exposed'Conductors, etc. Open conductors 
shall be separated at least 2 inches (50.8 ram) 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. 

320-13. 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. 

(FPN): See also Section 230-52. 

320-14. Protection from Physical Damage. .Conductors within 7 fe~t (2.13 m) 
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: 
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(1) by guard strips not less than 7/s inch (22 ram) in thickness and at least as 
high as the insulating supports, placed on each side of and close to the wiring; 
(2) by a substantial running board at least V2 inch (12.7 mm) thick back of the 
conductors with side protections. Running boards shall extend at least l inch 
(25.4 mm) outside the conductors, hut not more than 2 inches (50.8 mm), and 
the protecting sides shall be at least 2 inches (50.8 mm) high and at least 
7/8 inch (22 mm) thick; (3) by boxing made as above and furnished with a 
cover kept at least l inch (25.4 ram) 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 shall be bushed; (4) by 
rigid metal conduit., intermediate metal conduit, rigid nonmetallic conduit, or 
electrical metallic tubing, in which case the rules of Article 345,346, 347, or 
348 shall apply; or by metal piping, in which case the conductors shall be 
encased in continuous lengths of approved flexible tubing. The conductors 
passing through metal enclosures shall be so grouped that current in both 
directions is approximately equal. 

320-15. Unfinished Attics and Roof Spaces. Cofiductors in unfinished 
.attics and roof spaces shall comply with (a) or (b) below. 

(a) Accessible by Stairway or Permanent Ladder. Conductors shall be 
installedalong 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 7 feet (2.13 m) above the floor or floor 
joists shall be protected by substantial running boards extending not less than 
1 inch (25.4 mm) 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 wiring is installed and having 
head room at all points o f  less than 3'fe'et (914 ram). 

320-16. Switches. Surface-type snap switches shall be mounted in accord- 
ance with Section 380-10(a), and "boxes shall not be required. Other type 
switches shall be installed in accordance with Section 380-4. 

• A R T I C L E  321 - -  M E S S E N G E R  S U P P O R T E D  W I R I N G  

321-1. Definition. Messenger supported wiring is an exposed wiring sup- 
port system using a messenger wire to support insulated conductors by any 
one of the following: (l) 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. 

3,21-2. Other Articles. Messenger supported wiring shall comply with this 
article and alsowith the applicable provisions of other articles in this Code, 
especially Articles 225 and 300. 
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321-3: Uses Permitted. 
(a) Cable Types. The following shall be permitted t o  be installed in 

messenger supported wiring under the conditions described in the article for 
each" (1) mineral-i.nsulated, metal-sheathed cable (Article 330); (2) metal-clad 
cable (Article 33~,), (3) multiconductor service-entrance cable (Article 338); 
(4) multiconductor underground feeder and branch-circuit cable (Article 339); 
(5) power and control tray cable (Article 340); (6)power-limited tray cable [ 
(Section 725-40); (7) other factory-assembled, multiconductor control, signal, I 
or power cables which are identified for the use. 

(b) In Industrial Establishments. In industrial establishments'only, where 
conditions of maintenance and supervision assure that only competent 
individuals will service the installed messenger supported wiring, the follow- 
ing shall be permitted: 

(1) Any of the conductor types given in Table 310-13 or Table 310-62. [. 
(2) MV Cable. 

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 b e  used in hazardous (classified) locations where the 
contained cables are permitted for such use in Sections 501-4, 502-4, and 
503-3. 

321-4. Uses Not Permitted. Messenger supported wiring'shall not be used 
in hoistways or where subject to severe physical damage. ] 

321-5. Ampa'city. The ampacity shall be determined by Section 310-15. 

321-6. Messenger 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. 

321-7. Grounding. The messenger shall be grounded as required bySec- 
tions 250-32 and 250-33. for enclosure grounding. 

321-8. Conductor Splices and,Taps. Conductor'splices and taps made and 
insulated by approved methods shall be permitted in messenger supported 
wiring. 

A R T I C L E  324 m CON(2'EALED KNOB-AND-TUBE 
W I R I N G  

324-1. Definition. Concealed knob-and-tube wiring is a wiring method 
using knobs, tubes, and flexible nonmetallic tubing for the protection and 
support of single insulated conductors concealed in hollow spaces of walls 
and ceilings of buildings. 

324-2. Other Articles. Concealed knob-and-tube wiring shall comply ~vith 
this. article and also with the applicable provisions of other articles in this 
Code, especially Article 300. \ 
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324-3. Uses Permitted. Concealed knob-and-tube wiring shall be permit- 
ted to be used only for extensions of existing installations and elsewhere only 
by special permission under the following conditions: 

(1) In the hollow spaces of walls and ceilings. 
(2) In unfinished attic and roof spaces as provided in Section 324-11. 

324-4. Uses Not Permitted. Concealed knob-and-tube wiring shall not be 
used in commercial garages, theaters and similar locations, motion picture 
studios, hazardous (classified) locations or in the hollow spaces of walls, 
ceilings and attics when such spaces are insulated by loose or rolled 
insulating material. 

324-5. Conductors. 
(a) Type. Conductors shall be of a type specified by Article 310. 
(b) Ampacity. The ampacity shall be determined by Section 310-15. 

324-6. Conductor Supports. 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 6 inches (152'mm) 
of each side of each tap Or splice, and (2) at intervals not exceeding 4V2 feet 

• (1.37 m). 
Excel~tion: I f  it is not practicable to provide supports in dry locations it 

shall be permissible to fish conductors through hollow spaces i f  each 
conductor is individually enclosed in flexible nonmetidlic: tubing. The tubing 
shall be in continuous lengths between supports, between boxes; or between 
a support and a box. 

324-7. Tie Wires. Where solid knobs are used, conductors shall be se- 
curely tied thereto by tie wires having insulation equivalent to that of the 
conductor. 

324-8. ConductorClearances. A clearance of not less than 3 inches (76mm) 
shall be maintained between conductors and of not less than 1 inch (25.4 mm) 
between the conductor and .the surface over which it passes. 

Exception: Where space is too .limited to provide the above minimum 
clearances, such as at meters, panelboards, outlets, and switch points, the 
conductors shall be individually enclosed in flexible nonmetallic tubing, 
which shall be in continuous lengths between the last support or box and the 
terminal point. 

324-9. Through Walls, Floors, Wood Cross Members, etc. Conductors shall 
comply with Section 320-11 where passing through holes in structural 
members. Where passing through wood cross members in plastered parti- 
tions, conductors shall be protected by noncombustible, nonabsorbent, 
insulating tubes extending not less than 3 inches (76 mm) beyond the wood 
member. 

324-10. Clearance from Piping, Exposed Conductors, etc. Conductors shall 
comply with Section 320-12 for clearances from other exposed conductors, 
piping, etc. 

324-11. Unfinished Attics and Roof Spaces. Conductors in unfinished 
attics and roof spaces shall comply with (a) or (b) below. 
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(FPN): See Section 310-10 for temperature limitation of conductors. I 
(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 7 feet (2.13 m) above the floor or floor 
joists shall be protected by substantial running boards extending not less than 
1 inch (25.4 mm) 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, o r '  
rafters. 

(b) Not A,ccessible by Stairwayor 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 wiring is installed and having 
head room at all points of  less than 3 feet (914 ram). 

324-12 .  ~ Splices. Splices shall be soldered unless approved splicing de- . 
x~ices are used. In-line or strain splices shall not be used.- 

324-13 .  Boxes. Outlet boxes  shall comply wi th  Article 370. 

324-14 .  Switches. Switches shall comply with Sections 380-4 and 380-10(b). 

A R T I C L E  325 - -  I N T E G R A T E D  G A S  S P A C E R  C A B L E  

Type IGS 

Following the issuance o f  this edi t ionan appealwas filed with respect to 
Sections 325-1 and  325-21 of this article - -  refer to page 70-iii. 

A. General 

325-1.  Definition. Type IGS cable is.a factOry assembly of one or more 
conductors,  each individually insulated and enclosed in a loose fit nonmetal- 
lic flexible condui t 'as  an integrated gas spacer cable rated 0-600 .volts: 

325-2 .  Other Articles. T h e T y p e  IGS cable sllall comply with t:his article 
and also with the applicable provisions of other 'ar t icles  in this~Code. 

325-3 .  Uses Permitted. The TYpe IGS cable shall be permitted for use 
underground,  including direct burial in the earth,  a s  service-entrance con- 
ductors ,  o r  as feeder.or  branch-circuit  conductors.  . " 

3 2 5 - 4 .  Uses Not Permitted. -The Type IGS cable shall not be used as 
interior wiring or exposed in contact  with buildings. 

B. "Installation 

325-11 .  Bending Radius. Where the "co i lab lenonmeta l l ic  conduit  and 
cable'is bent for installation purposes or is flexed:~or ben t  during shipment  or 
installation, the radii of b e n d s m e a s u r e d  to the inside of t h e b e n d  shall not be: 

_ less than specified in Ta.ble 325-11. 
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Table 325-11.  Minimum Radii of Bends 

Conduit 
Trade Minimum 
Size Radii 

2 Inch 24 Inches (610 mm) 
3 Inch. 35 Inches (889 mm) 
4 Inch 45 Inches (I.14 m) 

325-12 .  Bends. A run of Type IGS cable be tween pull boxes or termina- 
t ions shall not contain more than the equivalent  of four quarter  bends  (360 
degrees,  total), including t h o s e b e n d s  located immediately at the pull box or 
terminations.  

325-13 .  Fittings. Terminat ions and splices for the Type IGS cable shall be 
identified as a type which is suitable for maintaining the gas pressure within 
the conduit.  A valve and cap shall be provided for each length of the cable 
and conduit  to check the gas pressure or to inject gas into the conduit.  

325-14. ,  Ampacity. The ampacity of the Type IGS cable and conduit  shall 
not exceed values shown in Table 325-14 for single conductor  or 
mult iconductor  cable. 

Table 325-14.  Ampacity Type IGS 

Size 
MCM Amperes 

250 
500 
750 

1000 
1250 
1500 
1750 
2000 
2250 
2500 
3000 
3250 

'3500 
3750 
4000 
4250 
4500 
4750 

119 
168 
206 
238 
266 
292 
315 
336 
357 
376 
412 
429 
445 

" 461 
476 
491 
5O5 
519 

C. Construction Specifications 

325-20 .  Conductors. The conductors  shall be solid aluminum rods, laid 
parallel, consisting of one to nineteen V2-inch (12.7-mm) diameter  rods. 
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The minimum.conductor size shall be 250 MCM and the maximum size 
shall be 4750 MCM. 

325-21.  Insulation. The insulation shall be dry kraft paper tapes and a 
pressurized sulfur hexafluoride gas (SF6), both approved for electrical use..- 
The nominalgas  pressure shall be-20 pounds per square inch gage (psig) • 
(138 kPa gage). 

The thickness of the paper spacer shall be as specified in Table 325-21. 

Table 325-21. Paper Spacer Thickness 

Size Thickness 
MCM Inches (mm) 

250-1000 .040 (1.02) 
1:250-4750 .060 (1.52) 

3 2 5 - 2 2 .  condu i t .  The conduit shall be an approved medium density poly- 
ethylene identified as suitable for use with natural gas rated pipe in 2' inches,  
3 inches, 4 inches trade size. The percent fill dimensions for the conduit are 
given in Table 325-22. 

The size of~the conduit permitted for each conductor size shall, be 
calculated for a percent fill:not to exceed Table l, Chapter 9. 

Table 325-22. Conduit Dimensions 

Conduit Trade Outside Inside 
Size, Inches Diameter, Inches (ram) Diameter, Inches (mm) 

2 2.375 (60) 1.947 (49.46)- 
3 3.500 (89) 2.886 (73.30) 
4 4;500 (114) 3.710 (94.23) 

325-23. Grounding. The Type IGS cable shall comply with:Article '250. 

325-24 .  Marking. The  provisions of Section 310-11 shall apply for the 
Type IGS ~:able.. 

A R T I C L E  326 " M E D I U M  V O L T A G E  C A B L E , .  " 

Type MV 

326-1. Definition. Type MV i s a  single Or multiconductor,.solid dielectric 
insulated cable rated 2001 ~olts or higher. 

326-2. Other Articles. In addi t ion to. the provisions of this- art icle,  Type" 
MV cable shall comply with the applicable provisions of this Code; especially= 
Articles 300, 305,;'310,:318, :501, and710. ' 

326-3. Uses Permitted. Type MV cables shall be permitted for use-on 
power systems rated, up.to 35;000 volts, nominal, in wet or dry locations, in 
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raceways, cable trays as specified in Section 318-3(b), or directly buried in 
accordance with Section 710-3(b) and in messenger supported wiring. 

326-4. Uses Not Permitted. Type MV cable shall not be used unless 
identified for the use (1) where exposed to direct sunlight, and (2) in cable 
trays., 

326-5. Construction. Type MV cables shall have copper, aluminum, or 
copper-clad aluminum conductors and shall be constructed in accordance 
with Article 310. 

326-6. Ampacity. The ampacity of Type MV cable shall be in accordance 
with Section 310-15. 

Exception: The ampacity of  Type MV cable installed in cable tray shall be 
in accordance with Section 318-13. 

326-7. Marking. Medium voltage cable shall be marked as required in 
Section 310-11. 

A R T I C L E  328 m F L A T  C O N D U C T O R  CABLE TYPE FCC 

A. General 

328-1. 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. 

328-2. Definitions. 
Type FCC.Cable. Type FCC cable consists of three or more flat copper 

conductors placed edge-to-edge and separated and enclosed within an 
insulating assembly. 

. 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. 

Cable Connector. A connector designed to join Type FCC cables without 
using a junction box. 

Insulating End. An insulator designed to electrically insulate the end of a 
Type FCC cable. 

Top Shield. A grounded metal shield covering undercarpet components 
of the FCC system for the purposes of providing protection against physical 

• damage. 

I . Bottom Shield. A protective layer which is installed between the floor'and 
Type FCC flat conductor cable to.protect the cable from physical damage and 
may or may not be incorporated as an integral part of the cable. 

Transition Assembly. 'An assembly to facilitate connection of the FCC 
system to other approved wiring systems, incorporating (l) a means of 



' ARTICLE 328 -:- FLAT CONDUCTOR CABLE TYPE FCC" 70-205  

electrical interconnection, and (2) a suitable box or covering for. providing 
electrical safety and protection,against physical damage. 

Metal Shield Connections: Means of connection, designed to electrically 
and mechanically connect a met~il shield to another metal shield, to a. 
receptacle housing or self-contained device, or to a transition assembl~. 

• 328-3. ,Other Articles. T h e  FCC systems shall conform with applicable 
provisions of Articles 210, 220, 240, 250 and 300• 

• 328-4. 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. 

(b) Floors.. Use of FCC systems shall be permitted oh hard, sound, 
smooth, continuous floor surfaces made of concrete, ceramic, or composition 
flooring, wood, and similar materials. 

(c) Walls. Use of FCC systems shall be permitted on wall surfaces in 
surface metal raceways. 

(d) Damp Locations. Use:of FCC systems indamp locations shall be 
permitted. 

(e) Heated Floors. Materials used for floors heated in. excess of 30°C 
• (86°F) shall.be identified as suitable for use at.these temperatures• 

• 328-5. Uses Not Permitted. FCC systems shall not be usedi (1) outdoors or 
in wet locations; (2)where subject to corrosive vapors; (3) in any hazardous 
(classified) location; or (4) in residential; school, and hospital 'buildings. 

328-6. Branch-Circuit Ratings. 
(a) Voltage. •Voltage between ungrounded conductors shall'not exceed 

300 volts. Voltage between ungrounded conductors and grounded conducto/" 
shall not exceed 150 volts. 

(b) Current. General-purpose and appliance branch circuits,shall have 
ratings not exceeding 20 amperes. Individual branch circuits shall have 
ratings not exceeding 30 amperes. 

B. Installation 

328-10. Coverings. Floor-mounted Type FCC cable, cable connectors, 
and insulating ends shall be covered with carpet squares no larger, than 
36 inches (914ram) square. Those carpet squares that are adhered to the floor 
shall be attached with release-type adhesives. 

328-11. Cable Connections and Insulating Ends. Al l  .Type FCC cable 
connections shall use connectors identified .for their use, installed .such that 
electrical continuity,, insulation, and sealing, against dampness and. liquid- 
spillage are provided. All bare cable ends shall be insulated and sealed 
against dampness and liquid spillage using listed insulating ends. 

328-12. Shieids.  
(a) Top Shield. A metal top s/aield shall be installed over all floor- 

mounted Type.FCC cable, connectors, and-insulating ends. The top shield 
shrill completely cover all:cable runs, corners; connectors, and ends. 
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(b) Bottom Shield! - A bottom shield shall be installed beneath all Type 
FCC cable, connectors, and insulating ends. 

328-13. Enclosure and Shield Connections.- . All metal shields, boxes, re- 
ceptacle 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 TypeFCC cable tised in the installation. 

328-14. Receptacles. Al l  receptacles, receptacle.housings,.and self-con- : 
tained 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: 

328-15. ConnectiontoOtherS),stems: Power'feed,-groundingconnection; 
and shield system connection between the FCC system and other wiring 
systems shall be accomplished in a transition-assembly.identified for this use. 

328-16. Anchoring. All FCC system components shall be firmly anchored 
to the floor o r  wall. using an adhesive or mechanical-anchoring system 
identified for this use.  Floors shall be prepared to assure:adherence of the 
FCC system tO .the: floor until the carpet squares are placed ~. 

328-17. Crossings. Crossings of two Type FCC cable, runs shall be per- 
mitted. Crossings of a Type FCC cable over or under a flat telephone cable 
shall be permitted. In each case, a grounded layer of metal shielding shall " 
separate the two cables. - 

328-18. System Height. Any portion of an FCC system with a height 
above floor level exceeding~.0.090inches (2.29 m m ) s h a l l  be tapered or 
feathered at the edges to floor lextel. • 

328-19~ FCC Systems Alterations.- Alterations .to "FCC systems~shall be 
permitted. New cable connectors shall be used- at new connection ,points to 
make alterations. It shall be permitted to leave~.unused cable runs-and 
associated cable connectors in-place and. energized. All cable ends shall be~ 
covered with insulating ends. 

328-20. Polarization of Connections.. All receptacles and connections shall 
be constructed and installed so as to maintain, proper polarization of-the 
system. 

C. Construction 

328-30. Type FCC Cable. Type FCC cable shall be approved.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. The 
insulating material of the cable shall be moisture-resistant and flame-retar- 
dant: 

328-31. Markings. Type FCC cable-shall be clearly and durably markedon 
both sides at intervals of not more than 24 inches (610 mm), with the 
information required by,-Section 310-1 r(a) and with the following additional 
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information: (1) material of conductors; (2) maximum tefiaperature rating; and 
(3) ampacity. 

328-32. Conductor Identification. 

(a) .Colors. Conductors shall be clearly and durably marked on both sides 
throughout their length as specified in Section 310-12. 

(b) Order. For a two-wire FCC system with grounding, the grounding 
conductor shall be central. 

328-33. Corrosion Resistance. Metal components of the system shall be 
either: (t) corrosion-resistant; (2) coated with corrosion-resistant materials; 
or (3).insulated from contact with corrosive substances. 

328-34. Insulation. All insulating materials in the FCC.systems shall be 
identified for their use. 

328-35. Shields. 

(a) Materialsand Dimensions. All top and bottom shields shall be of 
designs and materials identified for their use. Top shields shall be metal. Both 
metallic and nonmetallic materials shall be permitted for bottom shields. 

(b), Resistivity. Metal shields 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. 

(c) Metal-Shield Connectors. Metal'shields shall be connected to each 
,other and to 'boxes, receptacle housings, self-contained devices, and transl- 
, tion assemblies using metal-shield connectors. 

328-36. ~ Receptacles and Housings. Receptacle housings and self-con- 
tained devices designed either for floor mounting o r  for in- or on-wall 
mounting shall ,be permitted for use with the FCC system. Receptacle 
housings and self-contained devices shall incorporate means for facilitating 
entryand termination of Type FCG cable, and forelectrically connecting the 
housing or device with the metal shield.. Receptacles and' self-contained 
devices shall comply with Section 210=7. Power,and communications outlets 
installed together in common housing .shall be permitted in. accordance with 
Section 800-3(a)(2), Exception No. I. 

328-37. 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. 
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A R T I C L E  330 D M I N E R A L - I N S U L A T E D ,  
M E T A L - S H E A T H E D  CABLE 

Type M I 
£ 

A. General 

330-1. Definition. Type MI mineral-insulated, metal-sheathed cable is a 
factory assembly of one or more conductors insulated with a highly com- 
pressed refractory mineral insulation and enclosed in a liquidtight and 
gastight continuous_copper sheath. 

330-2. Other Articles. T-.ype..MI cable shall comply with this article and 
also with' the applicable provisions of other articles in this Code, especially 
Article 300. 

330-3. Uses Permitted. Type MI cable shall be permitted as follows: (1) 
for services, feeders, and branch circuits; (2) in dry, wet; or continuously 
moist locations; (3) indoors or outdoors; (4) where exposed or concealed; (5) 
embedded in plaster; concrete, fill or other masonry, whether above or below 
grade; (6) in any hazardous (classified) location; (7) where exposed to oil and 
gasoline; (8) where exposed .to corrosive conditions not deteriorating to its 
sheath; (9) in underground runs where suitably protected against physical 
damage and corrosive conditions. 

330-4. Uses Not Permitted.: Type MI ,cable shall not be used where 
exposed to destructive corrosive conditions: 

Exception: Where protected by materials suitable for the conditions. 

B. Installation 

330-10. Wet Locations. Where installed in wet locations, Type MI cable 
shall comply with Section 300-6(c). 

330-11. Through Joists, Studs, or Rafters. Type MI cable shall comply 
with Section 300-4 where installed through studs, joists, .rafters, or similar 
wood members. 

330-12. Supports. Type MI cable shall'be securely supported at intervals 
not exceeding 6 feet (1.83 m) by straps, staples, hangers, or similar fittings so 
designed and installed as not to damage the cable: 

Exception: Where cable is fished, #l., 

330~13. Bends. Bends in Type MI cable shall be so made as not to damage 
the cable. The radius of the inneredge of any bend shall not be less than five 
times the cable diameter. 

330-14. Fittings.. Fittings used for connecting Type MI cable to boxes, 
cabinets, or other, equipment shall be identified for such hse. Where single-. 
conductor cables enter ferrous metal boxes or cabinets, the installation shall,- 
comply with Section 300-20 to'prevent inductive heating. 
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330-15.  Terminal Seals. Where Type MI cable terminates, anapp roved  
seal shall be provided immediately after stripping to prevent theentrance  of 
moisture into the insulation. The conductors extending beyond the sheath 
shall be individually provided with an approved insulating material. 

C. Construction Specifications 

330-20. Conductors. Type MI cable conductors shall be of  solid copper 
with a cross-secti9nal area correspondihg to standard AWG sizes. 

330-21. Insulation. / The conductor insulation in Type MI cable shall be a 
highly compressed refractory mineral that Will p/-ovide proper spacingfor the 
conductors. 

330-22.  Outer Sheath. The outer sheath shall be of a continuous copper 
cor/struction to provide mechanical protection, a moisture seal, and an 
adequate path for grounding purposes. ' = • 

A R T I C L E  331 m E L E C T R I C A L  N O N M E T A L L I C  T U B I N G  

Following'the issuance of this edition an appeal was filed with respect to . [ 
Sections 331-3 and 331-4 of this article - -  refer to page 70-iii. l 

A. General 

331-1. Definition. Electrical nonmetallic tubing is a pliable corrugated 
raceway of circular cross-section with integral or associated couplings, 
connectors and fittings listed for the installation of  electric conductors. It is 
composed of a material that is resistant to moisture, chemical atmospheres,. 
and is flame-retardant. 

A pliable raceway is a raceway which can be bent by hand with a 
reasonable force, but without other assistance. 

331-2. Other Articles. Installations for electrical nonmetallic tubing shall 
comply with the provisions of the applicable sections of Article 300. Where 
equipment grounding is required by" Article 250, a separate-equipment 
grounding conductor shall be installed in the raceway. 

331-3. Use~ Permitted. The" use of electrical nonmetallic tubing anti fit- 
, tings shall be permitted: " " "" 

(1) Concealed within walls, floors, and ceilings where the wal!sl floors., 
and ceilings provide a thermal barrier of material which has at least a 15- 
minute finish i'ating as identified in listings of fire-rated as'semblies. 

• (2) In locations subject to severe corrosive influences as .covered in 
Section 300-6 and where subject to chemicals for which the. materials are 
specifically approved. 

(3) In concealed, dry, and damp locations not prohibited by Section 
331-4. 

(4) Above suspended ceilings where the suspefided ceilings provide a 
thermal barrier of. material which h a s  at least a 15~minute finish ra t ingas  
identified in'listings offire-rated assemblies.  
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(5) Embedded in poured concrete, provided fittings identified for this 
purpose are used for connections. 

(FPN): Extreme cold may cause some types of nonmetallic conduits to become 
brittle and, therefore, more susceptible to damage from physical contact. 

331-4. Uses Not Permitted. Electrical nonmetallic tubing shall not be 
used: 

(1) In hazardous (classified) locations. 
(2) For the support of fixtures and other equipment. 
(3) Where.subject to ambient temperatures exceeding those for which 

the tubing is approved. 
(4) For conductors whose insulation temperature limitations would 

I exceed those for which the tubing is listed• 
(5) For direct earth burial. 

l (6) Where the voltage is over 600 volts• 
(7) In exposed locations except as permitted by Section 331-3(4). 

B. Installation 

331-5. Size. 
(a) Minimum. Tubing smaller than V2-inch electrical trade size shall not 

be used. 
(b) Maximum. Tubing larger than l-inch electrical trade size shall not be 

used. 

331-6. Number of Conductors in Tubing. The number of conductors in a 
single tubing shall not exceed that permittedbY the percenta.ge fill in Table l, 
Chapter 9. 

331-7. Trimming. All cut ends of tubing shall be trimmed inside and 
outside to remove rough edges. 

331-8.. Joints. All joints between lengths of tubing and between" tubing and 
couplings, fittings and boxes shall be by an approved method. 

331-9. Bends--  How Made. Bends of electrical nonmetallic tubing shall be 
so made that the tubing will not be damaged and that 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 of the 
inner edge of such bends shall not be less thanshown inTable 346-10. 

331-10. Bends--  Number in One Run. A run of tubing between outlet and 
outlet or outlet and fitting shall not contain more than the equivalent of four 
quarter bends (360 degrees, total) including those bends located immediately 
at the outlet or fitting. " ' 

331-11. Supports. Electrical nonmetallic tubing shall be installed as a 
complete systemas provided in Article 300 and shall be securely fastened in 
place. Tubing shall be firmly fastened within 3 feet (914 mm) of each outlet 
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box, junction box, cabinet or fitting. Tubing shall be secured at least every 3 
feet (914 mm). 

331-12. Boxes and Fittings. Boxes and fittings shall comply with the 
applicable provisions of Article 370. 

331-13. Splices and Taps. Splices and taps shali be made only in junc t ion  
boxes, outlet boxes or conduit bodies. See Article 370. 

331-14. Bushings. Where a tubing enters a box or other fitting, a bushing 
or ada, pter shall be' provided to protect the wire from abrasion unless the 
aesign of the box or fitting is such as to provide equivalent protection. 

(FPN): See Section 373-6(c) for the protection of conductors No. 4 AW G or 
larger. 

C. Construction Specifications ~ 

331-15. General. Electrical nonmetallic tubing shall be clearly and durably 
marked at least every l0 feet (3.05 m) as required in the first sentence of 
Section 110-21. The type of material shall also be included in the marking. 

A R T I C L E  333 D A R M O R E D  CABLE 

Type AC Cable 

333-1. Definition: • Type AC cable is a fabricated assembly of insulated 
conductors in a flexible metallic enclosure. See Section 333-~. 

333-2. Other Articles. Type AC cable shall comply with this article and 
also with the applicable provisions of other articles in this Code, especiall.y 
Article 300. 

333-3. Marking. The provisions of Section 310-11 shall.applY, exceptthat 
Type AC cable shall have ready identification of the maker by distinctive 
external markers on the cable sheath throughout its entire length. 

333-4. Construction. Type AC cable shall .be an approved cable With 
acceptable metal  covering. The insulated conductors shall conform with 
Section 333-5. 

Type AC cables are branch-circuitand feeder cables with armor of flexible 
metal tape. Cables of the AC type~ except ACL, shall have an internal 
bonding strip of copper or aluminum, in intimate contact with the armor for 
its entire length. ,, 

333-5.  Conductors. Insulated conductors shall be of  a type listed in Table 
310-13 or ones which are 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. The ampacity shall be deter- 
mined by Section 310-15. 



70-212 NATIONAL ELECTRICAL CODE 

Exception: Armored cable installed in thermal insulation shall have 
. conductors rated at 90°C (194°F). The ampacity of  cable installed in these 
I applications shall be that of60°C (140°F) conductors. 

333-6. Use. 
(a) UsesPermitted. Except where otherwise specified elsewhere in this 

Code, and where not subject to physical damage, Type AC cable shall be 
permitted for branch circuits and feeders in both exposed and concealed 
work. 

Type AC cable shall be permitted in dry locations; for underplaster 
extensions as provided in Article 344; and embedded in plaster finish on brick 
or other masonry, except in damp or wet locations. It shall be permissible to 
run or fish this cable in the air voids of masonry block or tile walls; where 
such walls are exposed or subject to excessive moisture or dampness or are 
below grade line, Type ACL cable shall be used. This cable shall contain 
lead-covered conductors (Type ACL) if used where exposed to the weather 
or to continuous moisture; for underground runs in raceways; where embed- 
ded in masonry, concrete, or fill in buildings in course of construction; or 
where exposed to oil, or other conditions having a deteriorating effect on the 
insulation. 

(b) Uses Not Permitted. Type AC Cable shall not be used where prohib- 
ited elsewhere in this Code, including (1) in theaters and similar locations, 
except as provided in Article 518, Places of Assembly; (2) in motion picture 
studios; (3) in any hazardous (classified) locations; (4) where exposed to 
corrosive fumes or vapors; (5) on cranes or hoists, except as provided in 
Section 610-11, Exception No. 3; (6) in storage battery rooms; (7) in 
hoistways or on elevators, except as provided in Section 620-21; or (8) in 
commercial garages where prohibited in Article 511. 

Exception: See Section 501-4(b),-Exception. 
Type ACL cable sfiall not be used for direct burialin the earth. 

333-7. Supports. Type AC cable shall be secured by ~pproved staples, 
straps, hangers, or similar fittings so designed and installed as not to damage 
the cable at intervals not exceeding 4 V2 feet (1.37 m) and within 12 inches 
(305 mm) from every outlet box, junction box, cabinet, or fitting. 

Exception No. 1: Where cable is fished. 
Exception No. 2: Lengths of  not more than 2feet  (610 mm) at terminals 

where flexibility is necessary. 
Exception No. 3: Lengths of  not more than 6feet (1.83 m)from an outlet 

for connections within an accessible ceiling to lighting fixtures or equipment. 

333-8. Bends. All bends shall be made so that the cable will not be 
[ damaged, and 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. 

333-9. 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 approved insulating bushing or its equivalent 
approved 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 bushing or its 
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equivalent will be visible for inspection. This bushing ~hall not be required 
with lead-covered cables where so installed that the lead sheath will be 
visible for inspection. Where change is made from Type AC cable to other 
cable or raceway wiring .methods, a box, fitting or condiait body shall be 
installed at junction'points as irequired in Section 300-15. 

333-10. Through Studs, Joists, and Ratters.. Type AC cable shall comply 
with Section ,300-4 where installed through studs, joistsl rafters, or similar 
wood members. 

333-11. Exposed Work. Exposed runs of cable shall closely follow the 
surface of the building finish or of running boards. 

Exception No .  1: Lengths o f  not more than 24 inches (610 ram) at 
terminals where flexibility is necessary. 

Exception No. 2: On the underside of  floor joists in basements where 
supported at each joist and so located as not to be subject to physical 
damage. 

333-12. In Accessible Attics. Type AC cables in accessible attics or roof 
spaces shall be installed as specified in (a) and (b) below. 

(a) Where Run Across the Top of Floor Joists. Where run across the top of 
floor joists, or within'7 feet (2.13 m) of floor or floor joists across the face of 
rafters or studding, in attics and roof spaces which are accessible, the cable 
shall be protected by substantial guard strips which 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 6 feet (1.83 m) of the nearest edge of 
the scuttle hole or attic entrance. 

(b) Where Carried Along the Sides of Floor Joists. Where cable is ~arried 
'along the sides of rafters, studs, or floor joists, neither guard strips nor 
running boards shall be required: 

A R T I C L E  334 - -  M E T A L : C L A D  CABLE 

A. General 

334-1. Definition. Type  MC cable is a factory assembly of one or more 
conductors, each individually insulated and.enclosed in a metallic sheath of 
interlocking tape, or a smooth or corrugated tube. 

334-2. Other Articles. Metal-clad cable shall comply with this article and 
also with the applicable provisions of other articles in this Code, especially 
Article 300. 

Type MC cable shall be-permitted for systems in excess of 600 volts, 
nominal. See Section 300-2(a). 

334-3. Uses Permitted. Except where Otherwise specified in this Code and 
where not subject to physical damage, Tyl~e MC cables shall be permitted as 
follows: (l) for services, feeders, and branch circuits((2) for power, lighting, 
control, and signal circuits; (3) indoors or outdoors; (4) where exposed or 
concealed; (5) direct buried .when identified for such use; (6) in cable tray; 
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(7) in anyapproved raceway; (8) as open runs of cable; (9) as aerial cable on 
a messenger; (10) in hazardous (classified) locations as perinitted in Articles 
501,502, and 503; (l l) in dry locations; and (12) in wet locations when any of 
the following conditions are met: 

(1) The metallic covering is impervious to moisture. 
(2) A lead sheath or moisture impervious jacket is provided under the 

metal covering. 
(3) The insulated conductors under the metallic covering are approved 

for use in wet locations. 
Exception: See Section 501-4(b), Exception. 
(FPN): See Section 300-6 for protection against corrosion. 

334-4. Uses Not Permitted. Type MC cable shall not be used where 
exposed to destructive corrosive conditions, such as direct burial in the 
earth, in concrete, or where exposed to cinder fills, strong chlorides, caustic 
alkalis, or vapors of chlorine or of hydrochloric acids. 

Exception: Where the metallic sheath is suitable for the conditions or is 
protected by material suitable for the conditions. 

B. Installation 

334-10. Installation. Type MC cable shall be installed in compliance with 
Articles 300, 710, and 725 as applicable. 

(a) Support. Type MC cable shall be supported and secured at intervals 
not exceeding 6 feet (1.83 m). 

(b) Cable Tray. Type MC cable installed in cable tray shall comply with 
Article 318. 

(c) Direct Buried. Direct buried cable shall comply with Section 300-5 or 
710-3, as appropriate. 

(d) Installed as Service-Entrance Cable. Type MC cable installed as 
service-entrance cable shall comply with Article 230. 

(e) Installed Outside of Buildings o r  a s  Aerial Cable. ~ Type MC cable 
installed outside of buildings or as aerial cable shall comply with Article 225 
and Article 321. 

334-11. Bending Radius. All  bends shall be so made that the cable wi l l  not 
be damaged, and the radius of the curve of the inner edge of any bend shall 
not be less than shown below. 

(a) Smooth Sheath. 
(1) Ten times the external diameter of the metallic sheath for cable not 

more than 3/4 inch 09 mm) in external diameter; 
(2) Twelve times the external diameter of the metallic sheath for cable 

more than 3/4 inch (19 mm) but not more than Igz inches (38 mm) in external 
diameter; and 

(3) Fifteen times the external diameter of the metallic sheath for cable 
more than 1 Y2 inches (38 mm) in external diameter. 

(b) Interlocked-type Armor or Corrugated Sheath. Seven times the exter- 
nal diameter of the metallic sheath. 
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(c) Shielded Conductors. Twelve times the overall diameter of one of the 
individual conductors or seven t imes the overall diameter of the multiconduc- 
tor cable, whichever is greater. 

334-12.  Fittings. Fittings used for connecting Type MC cable to boxes, 
cabinets, or other equipment shall be identified for such use. Where single- 
conductor  cables enter ferrous metal boxes or cabinets, the installation shall 
comply with Section 300-20 to prevent inductive heating. 

' ~-. , 4 ~ 
334-13.  Ampacibj. The ampacity of Type MC cable shall be in accordance 
with Section 310-15. 

Exception: The ampacities for Type MC cable installed in cable tray.shall 
be deterthined in accordance with Sections 318-11 and 318-13. 

(FPN): See Section 310-,10 for tempen/iure limitation of conductors. " I 

C.- Construction Specifications. " 

334-20.  Conductors. The  conductors' shall be of copper, aluminum, or 
copper-clad aluminu m,'sblid or stranded. 

The minimum conductor size shall be NO. 18 copper and No. 12 aluminum 
or copper-clad aluminum. • -~ 

334-21.  Insdhition. The insulated conduct0rs shall comply with (a i or (b) " 
below. • " 

(a) 600 Volts. Insulated conductors in sizes No. 18'and 16 shall be of:a 
type listed in Table 402-3, with a maximum operating temperature not less 
than 90°C (194°F), and as permitted.by Section 725-1& Conductors larger 
than No. 16 shallbe 9 f  a type listed in Table 310-13 Or of a type identified for 

,use in MC cable. " 

(b),Over 600 Volts. Insulated conductors shall be of  a type listed in 
Tables 310-61 through 310-67. 

334-22.  IVletallic Sheath. The metallic coveting shall be one of the follow- 
ing types: smooth metallic sheath, welded and corrugated metallic-sheath, 
interlocking inetal tape armor. The metallic-sheath:shall be continuous and 
close fitting. , . 

Supplemental protection of an outer covering of corrosion-resistant mate -~ 
rial shall be permitted, and shall be required where such protection is needed. 
The sheath shall not be used as a current-carrying conductor. ' 

(FPN): gee Section 300-6 for protection against corrosion. 

334-23.  Grounding. Type MC cable shall provide an adequate path for 
equipment grounding as required by Article'250. 

334-24.  Marking. The provisions of Section 310-11 shall appiy:, 



70-216 NATIONAL ELECTRICAL CODE 

A R T I C L E  336 m N O N M E T A L L I C - S H E A T H E D  CA BLE 

Types NM and NMC 

A. General 

336-1. Definition. Nonmetallic-sheathed cable is a factory assembly of 
two or more insulated conductors having an outer sheath of moisture- 
.resistant, flame-retardant, nonmetallic material. 

336-2. Other Articles. In addition to the provisions of this article, instal- 
lations of nonmetallic-sheathed cable shall comply with the other applicable 

[ provisions of this Code, esp<cially Articles 300 and 310. 

336-3. Uses Permitted. Type NM and Type NMC cables shall be Permit- 
ted to be used in one- and two-family dwellings, multifamily dwellings and 
other structures, except as prohibited in Section 336-4. 

(FPN): See Section 310-10 for temperature limitation of conductors. 
(a) Type NM. Type NM cable shall be permitted for both exposed and 

concealed work in normally dry locations. It shall he permissible to install or 
fish Type NM cable in air voids in masonry block or tile walls where such 
walls are not exposed or subject to excessive moisture ordampness. 

(b) Type NMC. Type NMC cable shall be permitted: (1) for both exposed 
and concealed work in dry, moist, damp, or corrosive locations; (2) in outside 
and inside walls of masonry block or tile; (3) in a shallow chase in masonry, 
concrete, or adobe and covered With plaster, adobe, or similar finish. 

336-4. Uses Not Permitted. 
(a) Type NM or NMC, Types NM and NMC cables shall not be used: (l) 

in any dwelling or structure exceeding three floors above grade; (2) as 
service-entrance cable; (3) in commercial garages hax, ing hazardous (classi- 
fied) locations as provided in Section 511-2; (4) in theaters and similar 
locations, except as provided in Article 518, Places of Assembly; (5) in .  
motion picture studios; (6) in storage battery rooms; (7) in hoistways; (8) 
embedded in poured cement, concrete, or aggregate; or (9) in.any hazardous 
(classified) location except as permitted by Section 501-4(b), Exception. For 
the purpose of this article, the first floor of a building shall be that floor Which 
is designed for human habitation and which has 50 percent or more of its 
perimeter level with or above finished grade of'the exterior wall line. 

(b) Type NM. Type NM cable shall not be installed: (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. 

B. Installation 

336-10. Exposed Work-- General. In exposed work, except as provided in 
Sections 336-12 and 336-13, the cable shall be installed as specified in(a) and 
(b) below. 

(a) To Follow Surface. The cable shall closely follow the surface of the 
building finish or of running boards. 
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(b) Protection from Physical Damage. The cable shall be protected from 
physical damage where necessary by conduit, electrical metallic tubing, pipe, 
guard strips, or other means. Where passing through a floor the cable shall be 
enclosed in rigid metal conduit, intermediate metal conduit, electrical metal- 
lic tubing, or other metal pipe extending at least 6 inches (152 mm) above the 
floor. 

336-11. Through Studs, Joists, and Rafters. ~..The cable shall comply with 
Section 300-4 where installed through studs, joists, rafters, and similar. 
members. 

336-12. In Unfinished Basements. Where the cable isrun at.angles with 
joists in unfinished basements, it shall be permissible to secure cables not 
smaller than two No. 6 or three No. 8 conductors directly to the lower edges 
of the joists. Smaller cables shall either be run through bored holes in joists 
or on running boards. Where run parallel to the joists, cable of any size shall 
be secured to the sides or faces of the joists. 

336-13. In Accessible:Attics. The installation of cable in accessible attics 
or roof spaces shall also comply with Section 333.-12. 

336-14. Bends. Bends in cable shall be so made, and other handling 'shall 
be such, that the protectivecoverings of the cable will not be damaged, and 
no bend shall have a radius less than five times the diameter of the cable. 

336-15~ Supports. Nonmetallic-sheathed.cableshall be secured by sta- 
ples, straps, or similar fittings so designed-and installed as not~to damage the 
cable. Cable shall be secured in place at intervals not exceeding 4V2 feet (1.37 m) 
and within 12 inches (305 mm) from.every cabinet, box, or fitting. 

Exception No. 1: For concealed work in finished buildings, or finished 
panels for prefabricated buildings where such supporting is impracticable, it 
shall be permissible to fish the cable between access points. 

Exception No. 2: A wiring device identified for the use, without a separate 
outlet box, incorporating an integral cable clamp shall be permitted when the 
cable is secured in place at intervals not exceeding 4½ feet (1.37 m) and 
within 12 inches (305 ram) from the wiring device wall opening, and there 
shall be at least a 12-inch (305-ram) loop of  unbroken cable or 6 inches (152 . 
ram) of  a cable end available on the interior side of  the finished wall to permit 
replacement. 

3"36-16. 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 that 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;: . 

Exgeption: Where cables are clamped within the structure, and terminals I 
are 6f  a type identified for use with multiconductors. I 

336-17. Boxes of Insulating Material. Nonmetallic outlet boxes shall be 
permitted as provided in Section 370-3. 
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336-18. Devices with Integral,Enclosures. Wiring devices with integral 
enclosures identified-for such use shall be permitted as provided in Section 
300-15(b), Except ion No. 5. 

C. Construction Specifcations 

I 336-25., Construction. The insulated conductors of Type NM and NMC 
cable shall be in conformity with Section 336-26. The conductors shall be 
sizes No: 14 through 2 with copper conductors or sizes No. 12 through 2 with 
aluminum or copper-clad aluminum conductors. In addition to the insulated 
'conductors, .the cable shall  be permitted to have an insulated or bare 
coriductor for equipment grounding ,purposes only. When provided, the 
grounding .conductor Shall be sized in accordance with Article 250. 

(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. 

336-26.  Conductors. The insulated conductors shall be one of the types 
• listed in Table 310-13 which is suitable for branch-circuit wiring or one which 
is identified for use in these cables. 

Conductors shall be rated at 90°C (194°F). The ampacity of Types NM and 
NMC cable shall be that of 60°C (140°F) conductors and shall comply with 
Section 310-15. 

336-27.  Marking .  In addition to the provisions of Section 310-11, the cable - 
shall have a distinctive marking on the exterior for its entire length specifying 
the cable type. 

A R T I C L E  337 - -  S H I E L D E D  N O N M E T A L L I C -  
" S H E A T H E D  C A B L E  

Type SNM 

337-1. Definition. Type SNM shielded.nonmetallic-sheathed cable is a 
factory assembly of two or more insulated conductors in an extruded core of 
moisture-resistant, flame-resistant nonmetallic material, covered with an 
overlapping, spiral-,metal tape and wire shield and jacketed with an  extruded 
moisture-, flame-, oil-, corrosion-, fungus-, and sunlight-resistant nonmetallic 
material. 

337-2. :Other Articles. In addition to the provisions of this article, instal- 
lation of Type SNM cable shall conform to other applicable provisions, such 
.as Articles 300, 318, 501, and 502. 

337-3. Uses Permitted. Type SNM cable shall be used only as follows: (l) 
.. where operating temperatures do not exceed the rating marked on the cable; 

(2) in cable trays or in raceways; or (3) in hazardous (classified) locations 
where permitted in Articles 500 through 516. 

(FPN): See Section 3'10-10 for temperature limitation of conductors. 
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337-4. Bends. ,Bends in Type SNM cable shall .be. so made as not to 
damage the cable or its coveting. The radius of the inner edge shall not be less 
than five times-the cable diameter. 

337-5. Handling. "i~ype SNM cable shall be handled in sucha manner as 
not to damage the cable or its-coveting. 

337-6. Fittings. Fittings for connecting Type SNM cableto enclosures or 
equipment shall.be identified for this use. 

337-7. Bonding. " The wire shield shall-he bonded tothe frame or enclosure 
of the utilization equipment and to the ground bus or connection at the power 
supply point. This bonding shall-be accomplished using fittings (Section, 
337-6) or by other Code-approved bonding methods [Section 501-16(a)]. 

337-8. Constructiom~, Theconductors of Type' SNM. cable shall be Type 
TFN, TFFN, THHN-or THWN in sizes No. 18 through No. 2. copper and 
No. 12 through No. 2 in alumifiumor copper-clad aluminum. Conductorsizes 
may be mixed in individual, cables..The flat. overlapping metal tapes shall be 
spiraled with a long lay..The shield wires shall have a total cross-sectional 
area as required by Article 250 and not-less.~han the largest circuit conductor 
in the cable: . .. .. 

The outer jacket shall be .water-, oil-, flame-, corrosion-, fungus-, and. 
sunlight-resistant, and suitable for installation in cable trays. 

337-9. Marking. Type SNM cable'shall have a distinctive marking on its 
exterior surface for its.~cntire length indicating its type andmaximum 
operating temperature: It--shall comply with the general marking require- 
ments of Section 3~1~:11. 

The conductors shall each be numbered for identification from each other 
by durable marking on two sides. 180 degrees apart every 6 ini:hes (152 mm) 
of length, Withalternate legends inverted to facilitate reading fromboth sides. 

A R T I C L E ' 3 3 8  ~-~ ~aSERVI(~E-ENTRANCE CABLE: 

Types SE a~d USE 

338-1. Definition. Service-entrance cab le  .is a single conductor or 
multiconductor assembly.-provided with or without an overall covering; 
primarily used for services and of,the following types: 

(a) Type SE. Type SE, having a flame.-a'etardant, moisture-resistant cov- 
ering. 

(b) Type,USE. Type USE, identified for imderground use, having, a 
moisture-resistant coveting, but not ,required to have a flame-retardant 
covering. 

Cabled single-conductor Type USE constructions recognized for under-- 
ground use may have a bare copper'conductor cabled with.the.assembly.,_ 
Type USE single, parallel, 'or cabled conductor assemblies, recognized for . , .  

underground use may. have a-bare copper concentric-conductor applied. 
These constructions do not require an outer overall covering. 

(FPN): See Section 230-41, Exception b..,. 
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(c) One Uninsulated Conductor. If Type SE or USE cable consists of two 
or more conductors ,  one shall be permitted to be uninsulated. 

338-2. Uses Permitted as Service-Entrance Conductors. Service-entrance 
cable used as service-entrance conductors  shall be installed as required by 
Article 230. 

338-3. Uses Permitted as Branch Circuits or Feeders. 
.(a) Grounded Conductor Insulated. Type SE service-entrance cables 

. shall be permitted in interior wiring systems where all of the circuit 
conductors  of the cable are of  the rubber-covered or thermoplastic_type. 

'(b) Grounded Conductor Not Insulated. Type SE service-entrance cables 
without individual insulation on the grounded circuit conductor  shall not be 
used as a branch circuit or as a feeder within a building, except  a cable that  
has a final nonmetall ic outer  covering and is supplied by alternating current  
at not over  150 volts to ground shall be permitted: (1) as a branch  circuit to 
supply only a range, .wall-mounted oven,  counter-mounted cooking unit,  or 
clothes dryer  as covered in Section 250-60, or (2) as a feeder to supply only 
other  buildings on the same premises. 

Type SE service-entrance cable shall be permitted for interior use where 
the fully insulated conductors  are used for circuit wiring and the uninsulated 
conductor  is used for equipment 'grounding purposes.  

(c) ' 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. 

338-4: InstallationMethods. 
(a) Interior Wiring. In addition to the provisions of this article, Type SE 

service-entrance cable used for interior wiring shall comply with the appli- 
cable provisions of Article 300. 

(b) Onarmored Cable. Unarmored  cable shall be installed in accordance 
with the provisions of Article 336. 

(c) Through Studs, Joists, :Rafters, or Similar Members. Cables shall 
comply with Section 300-.4 where installed through studs, joists ,  rafters, or 
similar members .  

(FPN): See Section 310-10 for temperature limitation of conductors. 

338-5 .  Marking. Service-entrance cable s h a l l b e  marked as required in 
Sect ion-310-11.  ,Cable with the neutral _conductor smaller than the 
ungrounded conductors  shall be so marked. 

A R T I C L E  339  m U N D E R G R O U N D  F E E D E R  A N D  
B R A N C H - C I R C U I T  C A B L E  

Type UF 

339-1. Description and Marking. 
" (a) Description. Underground feeder and branch-circuit cable shall bean 
approved Type UF cable, in sizes No. 14 copper or No. 32 aluminum or 
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copper-clad aluminum through No. 4/0. The conductors of Type UF shall be 
one of the moisture-resistant types listed in Table 310-13 which is suitable for 
branch-circuit wiring or one which is identified for such use. In addition to 
the insulated conductors, the cable shall be permitted to have an approved 
size of insulated or bare conductor for equipment grounding purposes only. 
The overall covering shall be flame-retardant, moisture-, fungus-, and 
corrosion-resistant, and suitable for direct burial in the earth. 

(b) Marking. In addition to the provisions of Section 310-11, the cable 
shall have a distinctive marking on the exterior for its entire length specifying 

.the cable type. 

3 3 9 - 2 .  Other ,Ar t ic les.  ' In addition to the, provisibn~ of this article, instal- 
lations of underground feeder and branch-circuit cable (Type UF) shall 
comply with other applicable provisions of this Code, especially Article 300 
and Section 310-13. 

339-3. Use. 
(a) Uses Permitted. 

(1) Type UF cable shall.be permitted for~use underground, including 
direct burial in the earth, as feeder or branch-circuit cable where provided 
with overcurrent protection of the rated .ampacity. as required in Section 
339-4. 

• (2) Where single-conductor cables are installed, all cables of the feeder 
circuit, subfeeder circuit, orbranch circuit, including the neutral conductor, 
if any, shall be run together, in, the same trench .or raceway. 

Exception: For solar photovoltaic systems in accordance with Section 
690-31. 

(3) Forunderground requirements, see Section 300-5. 
(4) Type UF cable shah be permitted for interior wiring in wet, dry, or 

corrosive locations under the recognized wiring methods of this Code, and 
where installed as nonmetallic-sheathed cable~ the installation and cohductor 
reqiJirements shall comply with the provisions of Article 336 and shall be of 
the multiconductor type. 

Exception:' Single-conductor cables shall be permitted as the 'nonheating 
leads, for heating cables as provided in "Section 424-43 and in solar 
photovoltaic systems in accordance with Section 690-31. 

• Type UF cable supported by cable trays shall be of the multiconductor 
type. 

(FPN): See Section 310-10 for temperature limitation of conductors. 
(b), U s e s  N o t  Permitted. - Type UF cable shall not be used: (1) as service- 

entrance cables;, (2) in commercial garages; (3) in theaters; (4) in motion 
picture studios; (5) in storage battery rooms; (6) in hoistways; (7) in any 

- hazardous (classified) location; (8) embedded in poured cement, concrete, or 
aggregate, except where embedded in plaster as nonheating leads.as provided 
in Article 424; (9) where exposed to direct rays of the ,sun, unless identified 
as sunlight-resistant. 

Exception: .See Section 501-4(b), Exception. 

'339-4. ~Overcurrent Protection. Overcurrent protection shall'be pro'vided in 
°accordance :with -provisions-of Section 240-3. 
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339-5: Ampacity. The ampacity of Type UF cable shall be that of 60°C 
(140°F) conductors in accordance with Section 310-15. 

A R T I C L E  340, m P O W E R  A N D  C O N T R O L  T R A Y  C A B L E  

Type TC 

340-1. Definition.- Type TC power and control tray cable is a factory 
assembly of two or more insulated conductors, with or without ,associated 
bare or covered grounding conductors under a nonmetallic sheath~ approved 
for~ installation in cable trays, in raceways, o r  where supported 15y a 
messenger wire. 

340-2~ Other Articles~ In addition to the provisions of this article, instal- 
lations of Type TC tray cable shall comply with other applicable articles of 
this Code, especially Articles :300 and 318. 

340-3. Construction. The insulatedconductors of Type TC ti'ay cable shall 
be insizes 18 AWG through 1000 MCM copper and sizes 12 AWG through 
1000 MCM aluminum or copper-clad.aluminum. Insulated conductors of size 
14 AWG and larger, copper and size 12 AWG and li~rger aluminum or copper- 
clad aluminum shall be  one of the types listed in Table 310-13 or 310-62, 
which is suitable, for branch circuit and feeder circuits or one which is 
identified for such use.-Insulated conductors of size No. 18 and No. 16 AWG 
copper shall be in accordance, with Section 725-16. The outer sheath shall, be 
a flame-retardant, nonmetallic material• A metallic sheath shall not be 
permitted either under or over the nonmetallic sheath. Where installed in wet 
locations, Type TC cable shall be resistant to moisture and corrosive agents., 

340-4. Use Permitted.. Type TC tray cable shall be permitted to be used: 
(1) for power, lighting, control, signal, and communication circuits; (2) in 
cable trays, or in raceways, or where supported in outdoor locations by a 
messenger wire; (3) in cable trays in hazardous (classified) locations, as 
permitted in Articles 318 and 501 in industrial establishments where the 
conditions of maintenance and supervision assure that only qualified persons 
will service the installation;-(4) for Class l circuits as permitted in Article 725. 

(FPN): See Section 310-10 for temperature limitation of conductors. 

340-5. Uses Not Permitted.:-.T.-ype TC tray cable shall, not be: (1) installed 
where they will be exposed to physical d~tinage; (2) installed as open cable on~.. 
brackets or cleats; (3) used where exposed to  direct rays of the sun, unless. 
identified as sunlight-resistant; (4) direct buried, unless identified for such 
u s e .  

340-6. Marking. The cable, shall be marked in accordance with Section 
310-11. 

340-7. Ampacity. The ampacities of the conductors of Type TC tray cable 
shall be determined from Section 400-5 for conductors smaller-than No. 14, 
and Section 318-11.. 
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A R T I C L E  342 - -  N O N M E T A L L I C  E X T E N S I O N S  

342-1. Definition. Nonmetallic extensions are an assembly of two insu- 
lated conductors within a nonmetallic jacket or an extruded thermoplastic 
covering. The classification includes both surface extensions, intended for 
mounting directly 9 n the surface o f  walls or ceilings, and aerial cable, 
containing a supporting messenger cable as an integral part of  the cable 
assembly. 

342-2. ,  Other Articles. - In addition to the provisions of this article, nonme- 
tallic extensions shall, be installed in accordance with the applicable provi- 
sions o f  this Code. 

342-3. Uses Permitted. Nonmetallic extensions shall be permitted only 
where all of the following conditions are met: 

(a) From an Existing Outlet. The extension is from an existing outlet on a 
15- or 20-ampere branch circuit in conformity with• the requirements of 
Article 210. 

(b) Exposed and in a Dry Location. The extension is run exposed and in 
a dry •location. 

( c )  Nonmetallic.Surface Extensions. For nonmetallic surface extensions, 
• the building is occupied for residential or office purposes, and does not 

exceed the heightlimitations specified in Section 336-4(a). 
( e l ) .  [Alternate to (c)]. For aerial cable, the building is occupied for 

industrial purposes, and the nature of the occupancy requires a highly flexible 
means for connecting equipment. 

(FPN): See Section 310-10 for temperature limitation of conductors. 

342-4. Uses Not Permitted. Nonmetallic extensions shall not be used: 
(a)' Aerial Cable. As aerial cable to substitute for one of the general wiring 

• methods specified by this Code. 
• (b) Unfinished Areas. In unfinished basements, attics,' or roof spaces. 
(c) Voltage Between Conductors. Where the voltage between conductoi:s 

.exceeds 150.volts for nonmetallic surface extension and 300 volts for aerial 
cable• 

(d) Corrosive,Vapor. Where subject to corrosive vapors. 
(e) Through a Floor or Partition. Where.run through a floor or partition, or 

outside the room in •which it originates. 

342-5. Splices and Taps. Extensions shall consist of a continuous unbro- 
• • ken lengtti of the assembly, without splices, and without exposed conductors 

between fittings. Taps shall bepermit ted 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. 

342-6. Fittings. Each run shall terminate in a fitting that covers the  end of 
the,assembly. All fittings and devices shall be o f  a type identified for the use. 

342-7,  Installation. Nonmetallic extensions Shall be installed as specified 
,in (a) and (b) below. 
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(a) Nonmetallic Surface Extensions. 
(1) One or more extensions shall be permitted to be run in any direction 

from an existing outlet, but not on the floor or within 2 inches (50.8 mm) from 
the floor. 

(2) Nonmetallic surface extensions shall be secured in place by ap- 
proved means at intervals not-exceeding 8 inches (203 mm). 

Exception: Where connection to the supplying outlet is made by means of  
an attachment plug, the first fastening shall be permitted 12 inches (305 ram) 
or less from the plug. 

There shall be at least one fastening between each two adjacent outlets 
supplied. An extension shall be attached only to 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. 

(3) A bend that reduces the normal spacing between the conductors • 
shall be covered with a cap to protect the assembly from physical damage.. 

(b) Aerial Cable. 
(1) Aerial cable shall-be supported by its messenger cable, securely 

attached at each end with approved clamps and turnbuckles. Intermediate 
supports shall be provided at not more than 20-foot (6. l-m) intervals. Cable 
tension shall be adjusted to eliminate excessive sag. The cable shall have a 
clearance of  not less than 2 inches .(50.8 mm) from steel structural members  
or other conductive material. 

(2) Aerial cable shall have a clearance of not less than l0 feet (3.05 m) 
above floor areas accessible to pedestrian traffic, and not less than 14 feet 
(4.27 m) above floor areas accessible to vehicular traffic. 

(3) Cable suspended over  work benches, not accessible to pedestrian 
traffic, shall have a clearance of  not less than 8 feet (2.44 m) above, the floor. 

(4) Aerial cables shall be permitted as a means to support ligl~ting 
fixtures when the total load on the supporting messenger cable does not 
exceed that for which the assembly is intended. 

(5) The supporting messenger cable, when installed in conformity with 
the applicable provisions of  Article 250 and when properly identified as an 
equipment grounding conductor, shall be permitted to-,ground equipment. 
The messenger cable shall not be used as a branch-circuit conductor. 

342-8. Marking. Nonmetallic extensions shall be marked in accordance 
with Section 110-21. 

A R T I C L E  344 - -  U N D E R P L A S T E R  E X T E N S I O N S  " 

344-1. Use. An underplaster extension installed as permitted by this 
article shall be permitted only for extending,an existing branch circuit in a 
building of fire-resistive construction. 

I 344-2. Materials. Such extension shall be run in rigid metal conduit, 
flexible meta l  conduit, Type ,AC cable, intermediate .metal condui t ,  rigid ~_'.:. 
nonmetallic conduit, electrical metallic tubing, Type MC "rable, electrical 
nonmetallic tubing, Type MI cable, or metal raceways. 
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Standard sizes of cables and raceways shall be used. 
Exception: For a single conductor only, conduit or tubing having not less 

than 5/16 inch inside diameter, single-conductor Type AC cable, or single- 
conductor Type MI cable shall be permitted. 

¢ 

344-3. Boxes and Fittings. Boxes and fittings shall comply with the appli- 
cable provisions of Article 370. 

344-4~ Installation. An underplaster extension shall be laid on the face of 
masonry or other material and buried i n the plaster finish of ceilings or walls. 
The methods of installation of the raceway or cable for such extension shall 
be as specified elsewhere in this Code for the partidhlai~type of material used. 

344-5. Extension to Another Floor. No such extension shall extend beyond 
the floor on which it originates unless installed in a standard size of rigid 
metal conduit, intermediate 'metal conduit, electrical metallic tubing, Type 
AC cable, or Type MI cable. 

A R T I C L E  345 m I N T E R M E D I A T E  M E T A L  C O N D U I T  

A. General 

345-1-. Definition. Intermediate metal conduit is a metal raceway of circu- 
lar cross section with integral or associated couplings, connectors 'and fittings 
approved for the installation of electrical conductors. 

345-2. 'Other Articles. Installatirfis" for intermediate metal conduit shall 
comply with the provisions of the applicable sections of Article 300. 

345-3. Uses Permitted. 
"(a) All Atmospheric Conditions and Occupancies. Use of ihtermediate 

metal conduit shall be permitted under all atmospheric conditions and 
occupancies. Where practicable, dissimilar metals in contact anywhere in the 
system shall be iavoided to eliminate the possibility, of galvanic action. 

• Intermediate metal conduit shall be permitted as an equipment grounding 
conductor. ' 

(FPN): See ,Section 250-91(b) for types of equipment grounding conductors'. 
Exception: .Aluminum fittings and enclosures shall be permitted to be used 

with steel intermediate metal conduit. 
(b) Corrosion Protection. Intermediate metal'conduit, 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 when 
protected by. corrosion protection and judged suitable for the condition. 

(FPN): See Section 300-6 for protection against corrosion. 
(c) Cinder Fill. Intermediate metal conduit shall be permitted to be 

installed in or under cinder fill where "subject to permanent moisture when 
protected on all sides by a layer of noncinder concrete not less than 2 inches 
-(50.8 mm) thicki when the conduit is not less than 18 inches (457 ram) under 
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the fill; or when protected by corrosion protection and judged suitable for the 
condition. 

• (FPN): See,Section 300-6 for protection against corrosion. 

B. Installation 

345-5. Wet Locations. All supports, bolts, straps, screws, etc., shall be of 
corrosion-resistant materials or protected against corrosion by corrosion- 
resistant materials. 

(FPN): See Section 300-6 for protection against corrosion. . • 

345-6. Size. 
(a) Minimum. Conduit smaller than Y2-inch electrical tradi~ size shall not 

be used. 
(b). Maximum. Conduit larger than 4-inch electrical trade size shall not be. 

used. 

345-7. Number of Conductors in Conduit. The number of conductors in a 
single conduit shall not exceed that permitted by the percentage fill specified 
in Table 1, Chapter 9, using the conduit dimensions of Table 4, Chapter 9. 

3 4 5 - 8 .  Reaming and Threading. All cut ends of conduits shall be reamed or 
otherwise finished to remove rough edges. Where conduit is threaded in the 
field, a standard cutting die with a ¥4-inch (19-mm) taper per foot (305 mm) 
shall be used. 

. (FPN): See Standards for Pipe Threads, General Purpose (Inch) ANSI/ASME 
B. 1.20.1-1983: 

345-9. Couplings and Connectors. 
(a) Threadless. Threadless couplings and connectors used with conduit 

shall be made tight. Where buried in masonry or concret.e, they shall be the 
concretetight type. Where installed in wet locations, they Shall be the 
.raintight type. 

(b) Running Threads. Running threads shall not be used On conduit for 
connection at couplings. - 

345-10.  B e n d s - -  How Made. Bends of intermediate metal conduit shall be 
[ so made that the conduit will not be damaged, and that the internal diameter 

of the (5onduit will not be effectively reduced• The radius 6f the  curve of the 
inner edge of any field bend shall not be less than indicated in Table 346-10. 

Exception: For field bends for conductors without lead sheath and made 
with a single operation (one shot) bending machine designed for the purpose, 
the minimum radius shall not be less than that indicated in Table 346-10 
Exception. 

345-11.  Bends m Number in One Run. A run of conduit between outlet 
and outlet, between fitting and fitting, or between outlet and fitting, shall not 
contain more than the equivalent of four quarter bends (360 degrees, total), 
including those bends located immediately at the outlet or fitting. 

345-12.  Supports. Intermediate metal conduit shall be installed as a 
complete system as provided in Article 300 and shall be securely fastened in 
place. Conduit shall be-firmly fastened within 3 feet (914 mm) of each outlet 
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box, junction box, cabin6t, or fitting. Conduit shall be supported at least 
every 10 feet (3.05 m). 

Exception No. 1: I f  made up with threaded couplings, it shall be permis- 
sible to support straight runs of  intermediate metal conduit in accordance 
with Table 346-12, provided such supports prevent transmission of  stresses to 
termination where conduit is deflected between supports. 
"Exception No. 2: The distancebetween supports shall be permitted to be 

increased to 20 feet (6.1 m) fo r  exposed vertical risers from industrial 
machinery, provided that the conduit is made up with threaded couplings 
firmly supported at the top and bottom of  the riser, and no other means of 
intermediate support is readily available. 

345-13. Boxes and Fittings. See Article 370. 

345-14. Splices and Taps. Splices and taps shall be made only injunction 
boxes, outlet boxes or conduit bodies. See Article 370. 

345-15. Bushings. Where a conduit enters a box, fitting, or other enclo- 
sure, a bushing shall be provided to protect the wire from abrasion unless the 
design of :the box, fitting, or enclosure is such as to afford equivalent 
protection. 

(FPN): See Section 373-6(c) for the protection of conductors No. 4 AWG and 
larger at bushings. 

C. Construction Specifications 

345-16. General, Intermediate metal conduit shall comply with (a) through 
(c) below. 

(a) Standard Lengths. Intermediate metal conduit as shipped shall be in 
standard lengths of 10 feet (3.05 m) including coupling, one coupling to be 
furnished with each length. For specific applications or use, it shall be 
permissible to ship lengths shorter or longer than 10 feet (3.05 m), with. or 
without couplings. 

(b) Corrosion-Resistant Material. Nonferrous conduit of corrosion-resist- 
ant material shall have suitable markings. 

(c) Marking. Each length shall be clearly and durably identified at 2Vz- 
foot (762-mm) intervals with the letters IMC. Each length shall be marked as 
required in the first sentence of Section 110-21. 

A R T I C L E  346 m RIGID M E T A L  C O N D U I T  

346-1. Use. The use of rigid metal conduit shall be permitted under all 
atmospheric conditions and occupancies subject to the following: 

(a) Protected by Enamel. Ferrous raceways and fittings protected from 
corrosion solely by enamel shall be permitted,only indoors and in occupan 
cies not subject to severe corrosive influences. 

{b) Dissimilar Metals. Where practicable, dissimilar metals in contact 
anywhere in the system shall be avoided to eliminate the possibility of 
galvanic action. 
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Exception: Aluminum fittings and enclosures shall be permitted to be used 
with steel rigid metal conduit, and also, steel fittings and enclosures shall be 
permitted to be used with aluminum rigid metal conduit. 

(c) Corrosion Protection. Ferrous or nonferrous metal conduit, 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 inf luences 
where protected by corrosion protection and judged suitable for the condi- 
tion. 

(FPN): See Section 300-6 for protection against corrosion. 

346-2.- Other Articles. Installations of rigid metal conduit shall comply with 
the applicable provisions of Article 300. 

A. Installation 

346-3. Cinder Fill. Conduit shall not be used in or under cinder fill w h e r e  
subject to permanent moisture. 

Exception No. 1: Where of  corrosion-resistant material suitable for the 
purpose. 

Exception No. 2: Where protected on all sides by a layer of  noncinder 
concrete at least 2 inches (50.8 mm) thick. 

Exception No. 3: Where the conduit is at least 18 inches (457 mm) under 
the fill. 

346-4. Wet Locations. All supports, bolts, straps, screws, etc., shall be of 
corrosion-resistant materials or protected against corrosion by corrosion- 
resistant materials. 

(FPN): See Section~300-6 for protection against corrosion. ' 

346-5. Minimum Size. Conduit smaller than V2-inch electrical trade size 
shall not be used. 

Exception No. 1: For underplaster extensions as permitted in Section 
344 -2. 

• Exception No. 2: For enclosing the leads of  motors as permitted in 
Section 430-145(b). 

346-6. Number of Conductors in Conduit. The number of conductors 
permitted in a single conduit shall not exceed the percentage fill specified in 
Table 1, Chapter 9. 

(FPN): For conductor cross-sectional area see Tables 5, 5A, 6, 7, 8 and the 
applicable Notes to Tables at the beginning of Chapter 9. 

346-7. Reaming and Threading. 
(a) Reamed. All cut ends  of conduits shall be reamed or otherwise 

finished to remove rough edgesl 
(b) Threaded. Where conduit is threaded in the field, a standard conduit 

cutting die with a ¥4-inch (19-mm) taper per foot (305 mm) shall be used. 
(FPN): See Standards for Pipe Threads, General Purpose (Inch) ANSI/ASME, 

B. 1.20.1-1983. 
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346-8. Bushings. Where a.conduit enters a box/fi t t ing,  or o ther  enclosure,  
a bushing shall be provided to protect  the wire from abrasion unless the box, 
fitting; or enclosure design provides equivalent  protection. 

(FPN): See Section 373-6(c) for the protection of conductors at bushirigs. 

3 4 6 - 9 .  Couplings and 
i 

Connectors, 
(a )  Threadless. Threadless  couplings and connectors  used with conduit  

shall be made tight. Where buried in masonry or concrete,  they shall be of the 
concretet ight  type. Where  installed in wet locations, they shall be of the 
raintight type. 

(b) Running Tfireads. Running threads shall not be used on conduit  for 
connect ion at couplings. 

346-10 .  B e n d s -  How Made. Bends of rigid metal conduit  shall be so 
made that the conduit will not be damaged,  and that the internal diameter  of 
the conduit will not be effectively reduced. The radius of the curve of  the 
inner edge o f  any field bend shall not be less than shown in Table 346-10. 

Exception: For field bends for conductors without lead sheath and made 
with a singleoperation (one shot) bending machine designed for the purpose, 
the minimum radius shall not be less than indicated in Table 346-10 
Exceptibn. 

346-11. Bends--'Number in One R u n .  A run of conduit  between outlet 
and outlet, fitting and fitting, or outlet and fitting shall not contain riaore than 
the equivalent of four quarter  bends (360 degrees, total), including those 
bends  located immediately at the outlet or fitting. 

Table  3 4 6 - 1 0  
Radius of Condui t  B e n d s  ( Inches) 

Conductors Conductors 
Size of Without With 

Conduit (In.) Lead Sheath (In.) Lead Sheath (In.) 

V2 4 
3A , 5 

1 6 
IIA 8 
IV2 10 
2 12 
2V2 15 
3 18 
3V2 21 
4 24 
5 30 
6 36 

6 
8 

I1 
14 
16 
21 
25 
31 
36 
40 
50 
61 

For SI units: (Radius) one inch = 25.4 millimeters. 
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Table  3 4 6 - 1 0  Except ion .  
Radius of Condui t  Bends  ( Inches) 

Size of Radius to 
Conduit (In.) Center of Conduit (In.) 

I/2 4 
% 41/2 

1 53/4 • 
IV4 7~/4 
11/2 81/4 
2 91/2 

• 2V2 101A 
3- 13 , 
31/2 15 
4 16 
5 24 
6 30 

For SI units: (Radius) one inch = 25.4 millimeters. 

346-12 .  Supports. Rigid metal  condui t  shall be  instal led as a comple t e  
s y s t e m  as p rov ided  in Article 300 and shall be  secure ly  f a s t ened  in place.  
Condui t  shall be  firmly fas tened  within 3 feet  (914 mm) o f  each  out le t  box ,  
junc t ion  box,  cab ine t ,  or  fitting. Condui t  shall be  suppor t ed  at least  eve ry  
10 feet  (3.05 m). 

Exception No. 1: I f  made up with threaded couplings, it shall be permis- 
sible to support straight runs of  rigid metal conduit in accordance with Table 
346-12, provided such supports prevent transmission of  stresses to termina- 
tion where conduit is deflected between supports. 

Exception No. 2: The distance between supports shall be permitted to be 
increased to 20 feet (6.1 m ) f o r  exposed vertical risers from industrial 
machinery, provided that the conduit is made up with threaded couplings, is 
firmly supported at the top and bottom of  the riser, and no other means of  
intermediate support is readily available. 

Table  3 4 6 - 1 2 .  Supports  for Rigid Metal  C'onduit, 

Maximum Distance 
Between Rigid Metal '~ 

Conduit Size Conduit Supports 
(inches) (Feet) 

I/2--3/4 10 
I 12 

I t/4--1Vz 14 
2-2V2 16 

3 and larger 20 

For SI units: (Supports) one foot = 0.3048 meter. 

3 4 6 - 1 3 .  Boxes and Fittings. B o x e s  and fittings shall comply  wi th  the 
appl icable  provis ions  o f  Art icle 370. 
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3"46-14. Splices and Taps. Splices and taps shall be made only in junc t ion  
• boxes, outlet boxes orcondui t  bodies. See Article 370. -- ' ' 

B~ Construction Specifications 

3~46-15. Geheral. Rigid metal conduit shall c0mply~ with (a) through (c) 
below. 

(a) Standard Lengths. Rigid metal conduit as shipped shall be in standard 
lengths of 10 feet.(3:05 m) including coupling, one :coupling to be furnished 
with each length. Each length shall be reamedand threaded on each end..For 
specific applications Or uses, it shall be permissible to ship. standard lengths 
or lengths shorter or longer- than '10 feet (3.03 m) with or without couplings 
and with or without threads.. 

(b) Corrosion-Resistant Material.. Nonfeffous conduit of corrosion-resist- 
ant material shall have suitable markings. 
i (c) 'Durablyldentifiei:l. Each length shall be clearly and durablyidentified 

in every l0 feet (3.05 m).as require d in the first sentence of Section 110-21. 

A R T I C L E  347 ' R I G I D N O N M E T A L L I C  C O N D U I T  

347-1. Description. This  article shall apply to a type of conduit and fittings 
.of suitable nonmetallic 'material that is resistant to moisture and chemical 
atmospheres. For use aboveground, it shall als0 be flame-retardant, resistant 
to irfipact and crushing, resistant [o distortion from'heat under conditions 

l ikely 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 con- 
crete, the material shall also be capable of withstanding continued loading 
that is likely to be encountered after installation. 

(FPN): Materials.that have been recognized as having suitable physical char- 
acteristics when properly foflhed and treated include fiber, asbestos cement, 
soapstone, rigid polyvinyl chloride, fiberglass epoxy, an d high-density polyethyl- 
ene for underground use; and rigid p01yvinyl chloride for use aboveground. 

347-2. Uses Permitted. The use of rigid nonmetallic conduit and fittings 
shall be  permitted under th e following conditions: 

(FPN): Extreme cold may cause-some nonmetallic conduits to become brittle 
.and therefore more suceptible to damage from physical co.ntact: . - 

(a) Concealed... In walls, floors, and ceilings. - 
(b) Corrosive Influences. In  locations subject to severe corrosive influ- 

ences as covered in Section 300-6 and where subject to chemicals for which 
the materials are specifically approved. 

(c) Cinders. In cinder fill. 
(d) Wet Locations. In portions of daii-ies, laundries,  canneries, or other 

wet locations and in ioc~itiong v~hei:e wallg are frequently washed, the et~tire 
Conduit system including boxes .and fittings used therewith shall be SO 
installed and equipped as to-prevent water from entering the conduit.-All 
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supports, bolts, straps, screws, etc., shall be of corrosion-resistant materials 
or be protected against corrosion by approved corrosion-resistant materials. 

(e) Dry and Damp Locations. In dry and damp locations not prohibited by 
Section 347-3. 

(f) Exposed. For exposed work where not subject to physical damage if 
identified for such use. 

(g) Underground Installations. For underground installations, see Sec- 
tions" 300-5 and 710-3(b). 

/ 

347-3. Uses Not Permitted. Rigid nonmetallic conduit shall not be used: 
(a) Hazardous (Classified) .Locations. In hazardous(classified) locations, 

except as covered in Sections 514-8 and 515-5; and Class I, Division 2 
locations as permitted in the Exception to Section 501-4(b). 

(b) Support of Fixtures. For the support of fixtures or other equipment. 
• (e) Physical Damage. Where subject to physical damage unless identified 

for such use. 
(d) Ambient Temperatures. Where subject to ambient.temperatures ex- 

ceeding those for which the conduit is approved. 
(e) Insulation Temperature Limitations. For conductors whose insulation 

temperature limitations would exceed thosel for which the conduit is ap- 
proved. 

347-4. Other Articles. Installation of rigid nonmetallic conduit shall com: 
ply with the applicable provisions of Article300. Where eqiJipment grounding 
is required by Article 250, a separate equipment grounding conductor shall be 
installed in the conduit. 

A. Installations 

347-5. Trimming. All cut ends shall be  trimmed inside and outside to 
remove rough edges. 

347-6. Joints. - All joints between lengths of conduit, and between conduit 
and couplings,, fittings, and boxes, shall be made by an approved method. 

347-8. Supports. Rigid nonmetallic conduit shall be secured as required by 
Table 347-8. In addition, conduit shall be securely fastened within 3 feet (914 
mm) of each box, cabinet, or other conduit termination. 

• Table 347-8 .  Support  of  Rigid Nonmetal l ic Conduit  

Conduit S i z e '  M a x i m u m  Spacing Between i 
( I n c h e s )  Supports (Feet) , 

V2-1 3 
l~A-2 5 
2~,6-3 6' 
3V2-5 - 7 
6 8 

For SI units: (Supports) one foot = 0.3048 meter. 
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347-9. Expansion Joints. Expansion joints for  rigid nonmetallic conduit 
shall be provided to compensate for thermal expansion and contraction. 

347-10.  Minimum Size. No conduit smaller than YE-inch electrical trade 
size shall be used. 

347-11.  Number of Conductors. The number of conductors permitted in a 
single conduit shall not exceed the percentage fill specified in Table 1 ,  
Chapter 9. . . 

(FPN): For conductor cross-sectional area see Tables 5, 5A, 6, 7, 8 and the 
applicable Notes to Tables at the beginning of Chapter 9. 

347 - i2 .  Bushings. Where a conduitenters a box or other fitting, a bushing 
or adapter shall be provided to protect the wire from abrasion unless the 
design of the box or fitting is such as to provide equivalent protection. 

(FPN): See Section 373-6(c) fo r the ~protection Of conductors No. 4 AWG and 
larger at bushings. 

"347-13. B e n d s - -  How Made." B e n d s  of rigid nonmetallic conduit shall be 
so made that the conduit will not be damaged and that the internal diameter 
of the conduit will not be effectively reduced. Field bends shall be made only 
with bending equipment identified for the purpose, and the radius of the 
curve of the inner edge of such bends shall not be less than shown in Table 
346-10. 

347-14.  Bends.--- Number in One Run. A run of conduit between outlet 
and outlet, fitting and fitting, or outlet and fitting shall not contain more than 
the equivalent of four quarter bends (360 degrees, total), includingthose 
bends located immediately at the outlet or fitting. 

347-15.  Boxes and Fit t ings.  Boxes" and fittings shall comply, with the 
applicable provisions of Article 370. 

347-16.  Splices and Taps. ,.Splices and taps shall be made only in junction 
boxes, outlet boxes or conduit bodies. See Article 370. 

B. Construction Specifications 

347-17.  General. Rig!d nonmetallic conduit shall~comply .with the follow- 
ing: - 

Marking. Each length of nonmetallic conduit shall be clearly and durably 
m a r k e d  at least every 10 fee t  (3.05 m) as required in the first,sentence of  
Section 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. " ' 

A R T I C L E  348 n E L E C T R I C A L  M E T A L L I C T U B I N G  

348-1. Use. The use of electrical metallic tubing shall be permitted for 
both exposed and concealed work. Electrical metallic tubing, shall not be 
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used: (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 perman/mt moisture, unless 
protected on all sides by a layer of noncinder concrete at least 2 inches (50.8 
mm) thick or unless•the tubing is at least 18 inches (457 ram) under the fill. 
Where practicable, dissimilar metals in contact anywhere in the system shall 
be avoided to eliminate the possibility of galvanic action. 

Exception: Aluminum fittings andenclosures shall be permitted to be used 
with steel electrical metallic tubing. • 

Ferrous or nonferrous electrical metallic tubing, 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 when•protected 
by corrosion protection and judged suitable for the condition. 

I (FPN): See Section 300-6 for protection against corrosion. 

348-2. Other Articles. Installations of electrical metallic tubing shall com- 
ply with the applicable provisions of Article 300. 

A. Installation 

348~4..Wet Locations. All supports, bolts, straps, screws, etc., shall be of 
corrosion-resistant materials or protected against corrosion by corrosion- 
resistant materials. 

I (FPN): See' Section 300-6 for protection against corrosion. 

• 3 4 8 - 5 .  Size. 

• (a) Minimum: Tubing, smaller than V2-inch:electrical trade size shall not 
be used. 

Exception No. l :'For underplaster extensions as permitted in Section 
344-2. 

Exception No. 2: For enclosing the leads of  motors, as permitted in 
Section 430-145(b). 

(b) Maximum. Themaximum size of tubing shall be the 4-inch electrical 
trade size. 

348-6 . .  Number of Conductors in Tubing. • The number of conductors permit- 
ted in a single tubing shall not exceed the percentage fill specified in Table 1, 

• Chapter 9. 
I- (FPN): For conductor cross-sectional area see.Tables 5, 5A, 6, 7, 8-and the 

applicable Notes to Tables at.the beginning of Chapter 9. 

348-7.  Threads. Elect r ica l  metallic tubing shall not'_be threaded. Where 
integral couplings are utilized, such couplings shall be permitted to be factory 
threaded. 

348;8.  ,Couplings and Connectors. Couplings and connectors used with 
tubing shall be m a d e u p  tight. Where buried in masonry or concrete, they 
shall be concretetight type. Where installed in wet locations, they shall be of 
the raintight type. 

348-9. B e n d s - -  How Made. Bends in the tubing shall be so made that the 
tubing will not be damaged and that the internal diameter of the tubing will 
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not be effectively reduced. The ,radius of the curve o f  the inner edge of  any 
field bend shall not be less than. shown in Table 346-10. 

Exception: For field bends made-with a,bending.machine:designed for the 
purpose, t he  minimum radius shall not.be less than indicated in Table 346:10 
Exception. 

348-10.  B e n d s - -  Number in 0ne:Run. • A run of,electrical metallic tubing 
between outlet and outlet, fitting and fitting,: or outlet and fitting shall~ n o t  
contain more-than.the equivalent of fourquar te r  bends (360 degrees,  total), 
including those bends-located immediately at the outlet o r  fitting. 

348-11.  Reaming. All cut ends of electrical.metallic tubing shall be reamed 
o# otherwise f inishedto remove rough:edges. 

348-12.  Supports. -Electr ical  metallic tubing shall be installed as a com- 
plete system as provided in Article 300 and shall be securely fastened in place 
at least every 10 feet (3.05 m) and within 3 feet (914 ram) of each, outlet box, 
junction box,. cabineL, or fitting. 

348-13.  Boxes and  Fittings.- Boxes-and fittings shall comply with the 
applicable provisions of Article-370. 

348-14.  Splices and Taps, Splices and taps shall, be made only in junction 
boxes, outlet boxes, or conduit bodies. See Article 370. 

B. Construction.Specifications 

348-15. General. Electriciil metallic tubing shall comply with (a) through 
(c) below. 

(a) Cross Section.  The tubing, and elbows and bends for use with the 
tubing, shall have a circular cross section. " 

(b) Finish. Tubing shall have such a finish or treatment of outer  surfaces 
as will provide an approved durable means of readily distinguishing it, after~ 
installation, f r0mrigid metal conduit. 

(c) Connectors: Where .  the tubing, is coupledtogether :by ,  threads, the 
connector shall be so designed as to prevent bending of the tubing at any part 
of the thread. - 

A R T I C L E ,  3 4 9 - -  F L E X I B L E  M E T A L L I C  T U B I N G ~  

A. General_ 

349-1. Scope. The provisions of this article applyto,a  raceway for.electric 
conductors which is circular in, cross section,-flexible,  metallic~ and 
liquidtight without a nonmetallic j a c k e t . .  : 

349-2.  OtherArticles._+.Installat ionsofflexiblemetall ictubingshallcomply.~ : 
with the provisions of-the applicable sections of Article 300. 

349-3. Uses Permit ted .  Flexible metalli~ tubing shall be permitted-to be 
used: (1) in dry locations; (2) in accessible locations when protected from 
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physical damage or concealed such asabove suspended ceilings; (3)for 1000 
volts maximum; and (4) in branch circuits. 

349-4 .  ' Uses Not Permitted. Flexible metallic tubing shall not be used: (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, and (6) in lengths over 6 feet 
(1.83 m). 

B. Construction and Installation 

349-10. Size. 
(a) Minimum. Flexible metallic tubing smaller than V2-inch electrical 

trade size shall not be used. 
Exception No. l: %-inch trade size shall be permitted ,to be installed in 

accordance with Section 300-22(b) and (c). 
Exception No. 2: %-inch trade,size shall be permitted in lengths not in 

excess of  6 feet (1.83 m) as part of  an approved assembly, or for lighting 
fixtures. See Section 410-67(c). 

(b) Maximum. The maximum size o f  flexible metallic tubing shall be the 
¥,-inch trade size. 

349-12.  Number of Conductors. 
(a) 1/2-Inch and %-Inch Flexible Metallic Tubing. The number of conduc- 

tors permitted in V2-inch and 3/4-inch trade sizes of flexible metallic tubing 
shall not exceed the percentage of fill specified in Table I, Chapter 9. 

(b) %-Inch Flexible Metallic Tubing. The number of conductors permit- 
ted in Va-inch trade size flexible metallic tubing shall not exceed that 
permitted in Table 350-3. 

(FPN): For conductor cross-sectional area see Tables 5, 5A, 6, 7, 8 and the 
applicable Notes to Tables at the beginning of Chapter 9. 

349-16. Grounding. See Section 250-91(b), Exception No. 1. 

349-18. Fittings. Flexible metallic tubing shall be used only with approved 
terminal fittings. Fittings-shall effectively-close any openings in the connec- 

-tion. 
I (FPN): See-Sections. 300-22(b) and (c) for use in ducts, plenums, and other 

spaces .used for environmental air. 

.349-20. Bends. 
(a) Infrequent Flexing Use. Where the. flexible metallic tubing shall be 

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 349-20(a). 

(b) Fixed Bends. Where the flexible metallic tubing 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 349-20(b). 
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Table 349-20(a) .  Minimum Radii for Flexing Use 

Trade 
Size Minimum Radii 

3/s inch ' 10 in~'hes " 
V2 inch 121/2 inches 
3A inch 1.7V2 inches 

For SI units: (Radii) one inch = 25.4 millimeters• 

Table 349-20(b) .  - Minimum Radii for. Fixed Bends 

Trade 
Size Minimum Radii 

3/8 inch 3V2 inches 
I/2 inch 4 inches 
3/4 inch 5 inches 

For SI units: (Radii) one inch = 25A millimeters. 

A R T I C L E  350 m F L E X I B L E  M E T A L  C O N D U I T  

350-1. Other.Articles. ~ Installations of flexible metal conduit shall comply 
with the applicable provisions of Articles 300, 333, and 346. 

,•350-2. U s e .  Flexible metal.conduit shall not be used: (1) in wet locations 
unless conductors are of lead-covered type or of  other types approved for the 
specific conditions and the installation is such that water is not likely to enter 
other raceways or 'enclosures  to which the conduit is connected;  (2) in 
hoistways, other than provided in Section 620-21; (3) in storage-battery 
rooms;.(4) in any hazardous (classified) location other than permitted in 
Section 501-4(b);'(5) where rubber-covered-conductors are expose~i to oil, 
gasoline, or other materials having a deteriorating effect on rubber; nor (6) 
underground or embedded in poured concrete or aggregate. 

,350-3.  Minimum Size. " Flexible metal conduit less than  Y2-inch electrical 
trade size shall not be. used. 

.Exception No. "1: For underplaster extensions as permitted in Section 
344 -2. 

Exception No. 2: For enclosing the leads .of motors as permitted in 
Section 430-145(b). 
• Exception No. 3: Flexible metal conduit op/s-inch nominal trade size shall 

..be permitted in lengths not in excess o f  6 feet  (1.83.m) as a part o f  an 
approved assembly, or for tap connections to lighting fixtures as required in 
Section 410-67(c), or for lighting fixtures~ . 
, Exception No. 4: Flexible metal'conduit o f  3/s-inch nominal trade size shall 
bepermitted for manufactured wirihg systems as permitted in Section 604-6(a). 

Exception No. 5: As  permitted in Section 620-21, Exception No. 5. 
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Table  3 5 0 - 3 .  Maximum Number  of Insulated Conductors  in %- Inch'  
F lex ib le  Metal  Condui t . *  

Col. A = With fitting inside condui t .  
Col.  B = With fitting outside conduit;  

Types TF, " Types 
Types T, XHHW, AF, TFN, Types FEP, 

Size RFH-2, TW, RUH, THHN, FEPB, PF, 
AWG SF-2 RUW THWN PGF 

A 
18 . .  
16 . .  
14 . .  
12 . .  
10 . .  

B A 
3 3 
2 2 

B A B A B 
7 4 8 5 8 
4 3 7 4 8 
4 3 7 '  3 7 
3 . .  4 . .  4 
. . . .  2 . .  3 

* In addition, one uninsulated equipment grounding conductor of the same size shall be 
permitted. 

3 5 0 - 4 .  Suppor t s .  F lexib le  .metal  condu i t  shall  be s e c u r e d  by  an  a p p r o v e d  
m e a n s  at in te rva l s  no t  e x c e e d i n g  4V2.feet (1.37 m) and  wi th in  12 i nches  (305 
m m )  on  each  side o f  e v e r y  ou t le t  box ,  j u n c t i o n  box ,  cab ine t ,  or  fitting. 

Exception No. I: Where flexible metal conduit is fished. " 

Exception No. 2: Lengths not .exceeding 3 feet  (914 ram) at terminals 
where flexibility is necessary. 

Exception No. 3: Lengths not exceeding 6 feet  (1.83 m):jCrom a fixture 
terminal connection for tap connections to lighting fixtures as required.in 
Section 410-67(c): 

350-5. Grounding. Flexible  meta l  condu i t  shall  be  pe rmi t t ed  as  a g r o u n d -  
ing m e a n s  as  c o v e r e d  in Sec t ion  250-91(b). W h e r e  an e q u i p m e n t  b o n d i n g  
j u m p e r ,  i s . : r equ i red  a r o u n d  flexible meta l  condu i t ,  it shall  be ins ta l led in 
a c c o r d a n c e  wi th  S e c t i o n  250-79. 

Exception No. 1: Flexible metal conduit shall be permi~tted as a grounding. 
means i f  the total length in any ground return path is 6 fee t  (1.83 m) or less, 
the conduit is terminated in fittings approved for grounding, and the~circuit 
conductors contained therein are protectedby overcurrent devices rated'at 
20 amperes or less. 

Exception No. 2: Where used toconnec t  equipment where flexibility is 
required, agrounding conductor shall be installed. 

3 5 0 - 6 .  Bends .  A run  o f  c o n d u i t . b e t w e e n , o u t l e t  and  out le t ;  fitting and  
fitting, or  out le t  and  fitting s h a l l n o t c o n t a i n  m o r e  t h a n  the  equ iva l en t  o f  four.. 
q u a r t e r  b e n d s  (360 deg ree s ,  total);  inc lud ing  t h o s e  b e n d s  loca ted  i m m e d i a t e l y  
at the  ou t le t  o r  fitting. 

Angle  c o n n e c t o r s  shall  no t  be u s e d  fo r . concea l ed  r a c e w a y  ins ta l la t ions .  
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A R T I C L E  351 m L I Q U I D T I G H T  F L E X I B L E - M E T A L  
CONDUIT AND L I Q U I D T I G H T  

F L E X I B L E  N O N M E T A L L I C  C O N D U I T  

351-1. Scope. This article covers liquidtight flexible metal conduit and 
liquidtight flexible nonmetallic conduit. 

A. Liquidtight Flexible Metal Conduit 

3 5 1 - 2 .  Definition. Liquidtight flexible metal conduit is a race'ray Of circu- 
lar cross section-having an outer liquidtight, nonmetallic, sunlight-resistant 
jacket over an inner flexible metal core with assOciated couplings, connec- 
tors, and fittings and approved for the installation of electric conductors. 

351-3. Other Articles.. Installations of liquidtight flexible metal conduit 
shall comply with the applicable provisions of Article 300 and with the 
specific sections of Articles 350, 501,502, 503, and 553 referenced below. 

35 ! -4 .  Use. . 
• (a) Permitted. The use of .listed and marked liquidtight flexible metal 
conduit shall be permitted for direct, bu.rial in earth and for exposed and 
concealed work: 

(1) Where condit-i~ns of installation:operation, or maintenance require 
flexibil i ty or protection from liquids~vapors, or solids. 

(2) As permitted by sections 501-4(b), 502-4, and 503-3, and in other 
hazardous (classified) locations ,where specifically approved, and by Section 
553-7(b). 

(b) Not Permitted. Liquidtight flexible metal conduit shall not be used.: 
(1) ,Whei'e subject to physical damage. 
(2) Where any combination of ambient and/or conductor temperature 

wil l  produce an operating temperature in excess of that for which the material 
is approved. 

351~5. Size. 
(a), Minimum. Liquidtight flexible metal conduit smaller than V2-inch 

electrical trade size shall not be used. 
Exception: 3~s-inch size shall be permitted as covered in Section 3"50-3. 

(b)'M~iximum. The maximum size. of-liquidtight flexible metal conduit 
shall be the 4-inch "trade size.. 

351-6.  Number of Conductors. 
(a) Single Conduit.. The number of conductors permitted in a single 

conduit, V2- through 4qnch trade sizes, shall not exceed the percentage of fill 
specified in Table l, Chapter 9. 

(b) 3/a-Inch Liquidtight Flexible Metal Conduit. The number of conduc- 
• tors permitted in Ys-inch liquidtight flexible metal conduit shall not exceed 

that permitted in Table 350-3. 

351-7. Fittings. Liquidtight flexible metal conduit shall.be used only with 
approved terminal fittings. 
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351-8. Supports. Where liquidtight flexible metal conduit is installed as a 
fixed raceway, it shall.be secured at intervals not exceeding 4tA feet (1.37 m) 
and within 12 inches (305 mm) on each-sideof every outlet box,junction box, 
cabinet, or fitting. 

Exception No. 1: Where li.quidtight flexible metal conduir is fished. 
Exception No: 2: Lengths not exceeding 3 f ee t  (914 ram) at terminals 

where flexibility is necessary. 
Exception No. 3: Lengths not exceeding 6 feet (1.83 m)from a fixture 

terminal connection for tap conductors to lighting fixtures as required in 
Section 410-67(c). 

351-9. Grounding. Liquidtight flexible metal conduit shall be permitted as 
a grounding conductor where both the conduit and the fittings are approved 
for grounding. Where an equipment bonding jumper is required around 
liquidtight flexible metal conduit, it shall be installed in accordance with 
Section 250-79. 

Exception No. 1: Liquidtight flexible metal conduit shall be permitted as 
a grounding means in the ll/4-inch and smaller trade sizes if the total length 
of  all liquidtight flexible metal conduit in any ground return path is 6 feet 
(1.83 m) or less, theconduit is terminated in fittings listed for grounding, and 
the circuit conductors contained therein are protected by overcurrent devices 
rated at 20amperes or less for 3~s-inch and ¥2-inch trade sizes and 60 amperes 
or less for 3~4-inch through l~-inch trade sizes. 

Exception No. 2: Whenused to connect equipment where flexibility is 
required, an equipmenr grounding conductor shall be installed. 

(FPN): See Sections 501-16(b), 502-16(b), and 503-16(b) for types of equipment- 
grounding conductors. 

351-10: Bends.. A "run of  conduit between outlet and outlet, fitting and 
fitting, or outlet and fitting shall not contain more than the, equiv~dent of four 
qiaarter bends (360 degrees, total); including those bends located immediately 
at the outlet or fitting. 

Angle connectors shall not be used for concealed.raceway installation's. 

B. Liquidtight Flexible Nonmetallic Conduit 

351-22. Definition. Liquidtight flexible nonmetallic conduit'is a.raceway 
of circular cross section having a smooth inner surface with integral rein- 
forcement within the conduit wall: This conduit is flame-resistant and with 
fittings is approved for the installation of electrical conductors. 

351-23. Use. 
(a) Permitted. Liquidfight flexible nonmetal!ic conduit shall be permitted 

to be used in exposed locations: 
(FPN): 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 fop installation, operation, or  mainte- 

nance; 
(2) Where protection of the contained conductors, is required from 

vapors, liquids; or solids; 
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(3) For outdoor locations where listed and marked as suitable for the 
purpose. 

(b) .Not Permitted. Liquidtight flexible nonmetallic conduit shall not he 
used: 

(1) Where subject to physical damage; 
(2) Where "any combination of ambient and conductor temperatures is in 

excess of that for which the liquidtight flexible nonmetallic conduit is 
approved; ,. 

(3) In lengths longer than 6 feet (1.83 m); 
Exception: Where approved for specMl installations. 

(4) Where voltage of the contained conductors is in excess of 600 volts, 
nominal. 

351-24. Size. The sizes ofliquidtight flexible nonmetallic conduit shall be 
electrical trade sizes 1/2 inch to 2 inch inclusive. 

EJiception: Y,-inch size for enclosing the leads of  motors' as permitted in 
Section 430-145(b). 

351-25. Number of Conductors. The number of conductors permitted in a 
single conduit shall be in accordance with the percentage fill specified in 
Table 1, Chapter 9. 

351-26. Fittings. Liquidtight flexible nonmetallic conduit shall be used 
only with terminal fittings identified for such use. 

351-27. Equipment,Grounding. Where an equipment grounding conductor 
is required for the circuits installed in liquidtight flexible nonmetallic conduit, 
it shall be permitted tO be installed on the inside or outside of theconduit. 
Where installed on the outside, the length of the equipment grounding 
conductor shall not exceed 6 feet (1.83 m) and shall be routed with the 
raceway or enclosure. Fittings and boxes shall be bonded or grounded in 
accordance with Article 250. 

A R T I C L E  352 S U R F A C E  M E T A L  R A C E W A Y S  
AND S U R F A C E  N O N M E T A L L I C  .RACEWAYS 

A. Surface Metal Raceways- 

352-1.. Use. The use Of surface metal raceways shall I~e permitted in dry 
locations. They shall not be used: (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 .040 
inch (1.02 mm); (3) where subject to corrosive vapors; (4) in hoistways; (5) in 
.any hazardous (classified) location except Class I, Division 2 locations as 
permitted in the Exception to Section 501-4(b); nor (6) concealed except as 
follows: . . . .  

Exception No. 1: Surface metal .raceways shall be permitted for 
underplaster extensions where identified for such use. 

Exception No. 2: As permitted in Section 645-2(c)(2). 
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(FPN): See definition of "Exposed - -  (As applied to wiring methods)" in 
Article 100. 

I" 352-2: Other Articles. Surface metal raceways shall comply with the 
applicable provisions of Article 300. 

352-3. Size of Conductors. No conductor larger than that for which the 
raceway is designed shall be installed in surface metal raceway. 

352-4. Number of Conductors in Raceways. The number of conductors 
installed in any raceway shall be no greater than the number for which the 
raceway is designed. 

The derating factors in Note 8 (a) to Tables 310-16 through 310-31 shall not 
apply to conductors installed in surface metal raceways when all o f  the 
following conditions are met: (1) the cross-sectional area of the raceway 
exceeds 4 square inches (2580 sq mm); (2) the current-carrying conductors do 
not exceed thirty in number; (3) the sum of the cross-sectional area of all 
contained conductors does not exceed 20 percent  of the interior cross- 
sectional area of the surface metal raceway. 

(FPN): For conductor cross-sectional area see Tables 5, 5A, 6, 7, 8 and the 
applicable Notes to Tables at the beginning of Chapter 9. 

352-5 .  Extension Througti Walls and Floors. I t  shall be permissible to 
,extend unbroken lengths of surface metal raceways through dry walls, dry 
partitions, and dry floors. 

(FPN): See Section 353-3 for multioutlet assemblies.. 

352-6. Combination Raceways. Where combination surface metal race- 
ways are used both for signaling and for lighting and power circuits, the 
different systems shall be run in separate compartments identified by sharply 
contrasting colors of the interior finish, and the same relative position of 
compartments shall be maintained throughout the premises. 

352-7. Splices and Taps. Splices and taps shall be permitted in surface 
metal raceway having a rem(~vable 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 injunction boxes. All 
splices and taps shall be made by approved methods. 

352-8. 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 so desigfied that the 
sections can be electrically and mechanically coupled together without 
subjecting the wires to abrasion. Holes for screws or bolts inside the raceway 
shall be so designed that when screws or bolts are installed the heads will be 
flush with the metal surface. 

Where covers and accessories of nonmetallic materials are used on surface 
metal raceways, they shall be identified for sucti use. 

B.' Surface Nonmetallic Raceways 

352-21.  Description. Part B of this article shall apply to a type of surface 
nonmetallic raceway and fittings of suitable nonmetallic material that is 
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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. 

352-22. Use. The use of surface nonmetallic raceways shall be permitted 
in dry locations. They shall not be used: (1) where concealed; (2) where 
subject to severe physical damage; (3) where the volt/Lge is 300 volts or more 
between conductors; (4) in hoistways; (5) in any. hazardous (classified) 
location except Class I, Division 2 locations as permitted in the Exception to 
Section 501-4(b); (6) where subject to ambient temperature exceeding .50°C; 
nor (7) for conductors Whose insulation temperature exceeds 75°C. 

352-23. Other Articles. Surface nonmetallic raceways shall compiy with 
the applicable provisions of Article 300. 

352-24. Size of Conductors. No conductor larger than that for which the 
raceway is designed shall be installed in surface nonmetallic raceway. 

352-25. Number of Conductors in Raceways. The number of conductors 
installed in any raceway shall be no greater than the number for which the 
raceway is designed. 

352-26. Combination Raceways. Where 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 printed 
legend or by sharply contrasting colors of the interior finish, and the same 
relative position of compartments shall be maintained throughout the prem- 
ises. 

352-27. General. Surface nonmetallic raceways shall be of such construc- 
tion as ~vill distinguish them from other raceways. Surface nonmetallic 
raceways and their elbows, couplings, and similar fittings shall be so designed 
that the sections can be mechanically coupled together without subjecting the 
wires to .abrasion. Holes for screws or bolts inside the raceway shall be so 
designed that when screws or bolts are installed the heads will be flush With 
the nonmetallic surface. 

A R T I C L E  353 m M U L T I O U T L E T  ASSEMBLY 

353-1. otherArtieles. A multioutlet assembly shall comply with applicable 
provisions of Article 300. 

(FPN): See definition,in Article 100. 

353-2. Use. The use of:multioutlet assembly shall be permitted in dry 
locations. It shall not be installed: (1) Where concealed, except that it shall be 
permissible to surround the back andsides of a metal muitioutlet assembly by. 
the building finish or recess a nonmetallic multioutlet assembly in a base- 
:board; (2) where subject to.severe physical damage; (3) where "the voltage is I 
300 volts or more.between conductors unless the assembly is of metal having 
a thickness of not less than .040 inch (1.02 mm); (4) Where subject to 
corrosive vapors; (5) in hoistways; nor (6) in any hazardous (classified) 
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locations except Class I, Division 2 locations as permitted in the Exception 
• to Section 501-4(b). 

353-3. Metal Multioutlet Assembly Through Dry Partitions. It shall be 
permissible to extend a metal multioutlet assembly through (not run within) 

• d ry  partitions, if arrangements are made for removing the cap or cover on all 
exposed portions and no outlet is located within the partitions. 

A R T I C L E  354 m U N D E R F L O O R  R A C E W A Y S  

354-1. Other Articles. Underfloor raceways shall comply with the applica= 
ble provisions of Article 300. 

354-2. Use. The installation of underfloor raceways shall be permitted 
beneath the surface of concre te-or  other flooring material or in office 
occupancies, where laid flush with the concrete floor and covered with 
linoleum or equivalent floor covering. Underfloor raceways shall not be 
installed (1) where subject to corrosive vapors, nor (2) in any hazardous 
(classified) location except Class I, Division 2 locations as permitted in the 
Exception to Section 501-4(b). 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. 

354-3. Covering. Raceway coverings shall comply with (a) through (d) 
below. ,, 

{a) Raceways Not Over 4 Inches (102 mm) Wide. Half-round and flat-top 
raceways not over 4 inches (102 mm) in width shall have not less than 3/4 inch 
(19 mm) of concrete or wood above the raceway. 

Exception: As permitted in (c) below for flat-top raceways. 
(b) Raceways Over 4 Inches (102 mm) Wide but Not Over 8 Inches (203 mm) 

Wide. Flat-top raceways over 4 inches (102 mm) but not over 8 inches 
(203 mm) wide with a minimum of l inch (25.4 mm) spacing between 
raceways shall be covered with concrete to a depth of not less than l inch 
(25.4 mm). Raceways spaced less than l inch (25.4 mm) apart shall be 
covered with concrete to a depth of l V2 inches (38 mm). 

(c) Trench-type Raceways Flush with Concrete. Trench-type flush race- 
ways with removable covers shall be permitted to be laid flush with the floor 
surface. Such approved raceways shall be so designed that the cover  plates 
will provide adequate mechanical protection and rigidity equivalent to 
junction box covers. 

(fl) Other Raceways Flush with Concrete. In office'occupancies, approved 
metal flat-top raceways, if not over 4 inches (102 mm) in width, shall be 
permitted to be laid flush with the concrete floor surface provided they are 
covered with substantial linoleum not less than V~6 inch (1.59 mm) in 
thickness or with equivalent floor covering. Where more than one and no t  
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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354-4.  Size of Conductors. No conductor  larger than that  for ivhich the 
raceway is designed shall be installed in underfloor raceways.  

354-5 .  Maximum Number of Conductors in Raceway.. -,The combined cross- 
sectional area of alFconductors  or cables shall not exceed 40 percent  of the 
interior cross-sectional area of the raceway. 

(FPN): For conductor cross-sectional area see Tables 5, 5A, 6, 7, 8 and the 
applicable Notes to Tables at the beginning of Chapter 9. 

354 -6 . ,Sp l i ce s  and Taps. Splices and taps shall be made only in junct ion 
boxes.  ." 

For  the purposes of this section, so-called loop wiring (continuous,  
unbroken conductor  connect ing the individual outlets) shall not be consid- 
ered to be a splice or tap. 

Exception: Splices and taps shall be permitted in trench-type flush race- 
w a y  having a removable cover• that is accessible after installation. The 
conductors, including splices and taps, shall not fill the raceway more than 
75 percent o f  its area at that point. 

354-7.  DiscontinuedOutlets.  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.  

354-8 .  Laid in Straight Lines. Underfloor raceways shall be laid so that a 
straight line from the center  of one junct ion box to the center  of the next 
junct ion box will coincide with the center  line of the raceway system. 
Raceways shall be firmly, held in place to prevent  disturbing this alignment. 
during construction.  

354-9 .  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. 

354-10 .  Dead Ends. Dead ends of raceways shall be closed. 

354-13 .  Junction Boxes. Junction boxes  shall be leveled to the floor grade 
and sealed to prevent  the free entrance of  water  or concrete.  Junct ion boxes 
used with metal raceways shall be metal and shall be electrically cont inuous 
With the raceways.  

354-14 .  • 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. 
In 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 

• so designed as to prevent  the tool from entering the raceway and damaging 
conductors  that  may be in place. 

354-15 .  Connections to Cabinets and Wall Outlets. Connect ions be tween 
raceways and distribution centers  and wall outlets shall be made by means of 
flexible metal conduit  when not installed in concrete,  rigid .metal conduit ,  
intermediate metal conduit,  electrical metallic tubing, or approved fittings. 
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Where a metallic underfloor raceway system provides for the termination of 
an equipment grounding conductor, rigid nonmetallic conduit or electrical 
nonmetallic tubing shall be permitted. 

A R T I C L E  356 - -  C E L L U L A R  M E T A L  F L O O R  
R A C E W A Y S  

356-1. Definitions. For the purposes of this article, a "cellular metal floor 
raceway" shall be defined as the hollow spaces of cellular metal floors, 
together ,with suitable fittings, which may be approved as enclosures for 
electric conductors. A "cel l"  shall be defined as 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. A "header" shall be defined as a transverse 
raceway for electric conductors, .providing access to predetermined cells of 
a cellular metal floor, thereby permitting the installation of electric conduc- 
tors from a distribution center to the cells. 

356-2. Use~ Conductors shall not" be installed in cellular metal f loor.  
raceways (1) where subject to corrosive vapor; (2) in any hazardous 
(classified) location except Class I, Division 2 locations as permitted in the 
Exception to Section 501-4(b); nor (3) in commercial garages, other than for 
supplying ceiling outlets or extensions to the area below the floor but not 
above. 

(FPN): See Section 300-8 for installation of conductors with other systems. 

356-3. Other Articles. Cellular metal floor raceways shall comply with the 
applicable provisions of Article 300. 

A. Installation 

356-4. Size of Conductors. No conductor larger than No. 1/0 shall be 
installed, except by special permission. 

356-5. 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. 

(FPN): For conductorcross-sectional area see Tables 5, 5A, 6, 7, 8 and the 
applicable Notes to Tables at the beginning of Chapter 9. 

356-6. 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 unbro- 
ken conductor connecting the individual outlets) shall not be considered to be 
a splice or tap. 

356-7. 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. 
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356-8. Markers. A suitable number of markers shall be installed for the 
future locating of cells. 

356-9. 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 contin- 
uous with the raceway. 

356-10.  Inserts. Inserts shall be leveled to the floor grade and sealed 
against the entrance of concrete. Inserts shall be .o f  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. 

356-11. Connection to Cabinets:and Extensions from Cells. Connections 
between raceways and distribution centers and wall outlets shall be made by 
means of flexible metal conduit when 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 or electrical .nonmetallic tubing ] 
shall be permitted. I 

B. Construction Specifications 

356-12.  General. Cellular metal floor raceways shall be so constructed 
that adequate electrical and mechanical continuity of the complete system 
w~ll 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. 

A R T I C L E  358 m C E L L U L A R  C O N C R E T E  F L O O R  
R A C E W A Y S  

358-1. Scope. This article covers cellular concrete floor raceways, the I 
hollow spaces in floors constructed of precast cellular concrete slabs, 
together with suitable metal fittings designed to provide access to the floor 
cells. ] 

"358-2. Definitions. A "ce l l "  shall be defined as a single, enclosed tubular [ • 
space in a floor made of precast cellular ~:oncrete slabs, the direction of the 
cell being parallel to the direction of the floor member. A "heade r"  shall be 
defined as transverse metal raceways for electric conductors, providing 
access to predetermined cells of a precast cellular concrete floor, thereby 
permitting the installation of electric conductorsfrom a distribution center to 
the floor cells. 

358-3. Other Articles. Cellular concrete floor raceways shall comply with I 
the applicable provisions of Article 300.- 
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358-4. Use. Conductors shall not be installed in precast cellular concrete 
floor raceways (1) where subject to corrosive vapor; (2) in hazardous 
(classified) locations except Class I, Division 2 locations as permitted in the 
Exception to Section 501-4(b); nor (3) in commercial garages, other than for 
supplying ceiling outlets or extensions to the area below the floor but not 
above. 

(FPN): See Section 300-8 for installation of conductors with other systems. 

358-5. 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 metallic 
closure fitting and sealedagainst 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. 

358-6. Connection to Cabinets and Other Enclosures. Connections from 
headers to cabinets and other enclosures shall be made by means of metal 
raceways and approved fittings. 

358-7. Junction Boxes. Junction boxes shall be leveled to the floor grader 
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• 

358-8. Markers. A suitable number of markers shall be installed for the 
future location of cells. 

358-9. Inserts. Inserts shall be leveled and sealed against the entrance of 
concrete. Inserts shall be of metal and shall be fittedwith receptacles of the 
grounded type. A grounding conductor shall connect the insert receptacles to 
a positive ground connection provided on the header. In 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 so designed as to prevent 

I the to01 from entering the cell and damaging the conductors. 

358-10. Size of Conductors. No conductor larger than No. 1/0 shall be 
installed, except by special permission. 

358-11. 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. 

358-12. 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 unbro-- 
ken conductor connecting the individual outlets) shall not be considered to be 
a splice or tap. 

358-13.  Discontinued Outlets. When an outlet is abandoned, discontin- 
ued, or removed, the sections of circuit conductors supplying the outlet shall 
beremoved 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. - 
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A R T I C L E  362 B WIREWAYS" 

362-1. Definition. Wireways are sheet-metal trotighs:with hinged or re- 
movable covers for housing and protecting electric v¢ires and cab leand  in 
which conductors are laid in Place after the wireway has been-installedas a 
complet e . system. 

362-2. Use. Wireways shall b e  p e r m i t t e d - o n l y  for e~(posed Work. 
Wireways ins ta!led:in wet locations shall be of raintight construction. 
Wireways shall not be installed (l) where subject to severe physical damage 
or corrosive vapor, nor (2) in any. hazardous (classified) location,, except 
Class I, Divisiofi 2 and Class II, Division 2 locations as permitted in Sections. 
501-4(b) and 502-4(b). • 
• Exception: Wirewaysshall be permitted in concealed spaces in accord- 

ance With Section "640-4, Exception c. 

362-3,-Other  Articles. Instailation.s of wireways shall comply with the . 
applicable provisions of Article 3 0 0 .  

362-4. Size of Conductors. No conductor, larger than ,that for which the 
wireway is designed shall be installed in any wireway. , , 

362-5.:  Number loLConduetors .  wireways ,shall not contain more than 
thirty current-carrying coriductors at any cross section.. Conductors'• for • 
signaling circuitsor controller conductors between a motor and its starter a n d  
used only for sfarting duty shall not be considered as current-carricing 
conductors. 

The sum of cross-sectional areas of all contained conductors at any cross 
section of the wireway shall not exceed 20percen t  o f  the interior cross- 
sectional area of the wireway.: 

The derating factors specified in'Note 8 (a) to Tables 310-16 through 310-31 
shall not be applicable to the-thirty current-carrying conductors at 20 percent 
fill specified above. 

Exception No. 1: Where the derating factors specified in Note 8 (a) to  
Tables 310-16 through 310-31 are applied, the number of  current-carrying 
conductors shall not be limited but the sum of  the cross-sectional area of  all 
contained conductors at any cross section of the wireway shall not exceed 20 

percent of  the interior cross-sectional area of  the wire~i, ay. 
Exception No. 2: As provided in- Section 520-5, the thirty conductor 

limitation does not apply for theaters,and similar locations. 
Exception No. 3: As provided in Section 620-32, the 20 percent fill 

limitation does not apply for elevators and dumbwaiters. 
(FPN): For conductor cross-sectional area see Tables 5, 5A, 6, 7, 8 and the 

applicable Notes to Tables at the beginning of Chapter 9. 

362-6. 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 75 percent of.its ai'ea at that 
point. 

362-71Supports .  Wireways.shall be securely supported at intervals not 
exceeding 5 feet (1.52 m),.unless specially approved for supports at greater 
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intervals,'but in no case shall the distance between supports exceed l0 feet 
(3.05 m). 

.Exception: Vertical runs of  wireways shall be securely supported at 
intervals not exceeding 15 feet (4.57 m) and shall have not more than one 
joint between supports. Adjoining wireway sections shall be securely fas- 
tened together to provide a rigid joint. 

362-8. Extension Through Walls. Unbroken !engths of wireway shall be 
permitted to pass transversely through walls if in unbroken lengths where 
passing through. 

362-'9. Dead Ends. Dead ends of wireways shall b6closed. 

362-10. Extensions from Wireways. 'Extensions from wireways shall be 
made with rigid or flexible metal conduit, intermediate metal conduit, rigid 
.nonmetallic. conduit, electrical nonmetallic tubing, electrical metallic tubing, 
surface metal raceway, Type MI cable, liquidtight flexible metal conduit, 
cord pendants,, or metal-clad cable. Where rigid nonmetallic conduit or 

[. electrical nonmetallic tubing is used, connectioti of equipment grounding 
conductors in the nonmetallic raceway to the wireway shall comply with 
Sections 250-113 and 250-118. 

362-11. Marking. Wireways. shall be marked so that their manufacturer's 
name or trademark will be visible after installation. 

Article362'12"250.Gr°unding" Grounding shall be according to the .pr°visi°ns of 

A R T I C L E  363 ~ "  F L A T  CABLE ASSEMBLIES  

Type FC 

363-1. Definition. Type FC, a flat cable assembly, is an assembly of 
parallel conductors formed integrally with an insulating material web specif- 
ically designed for field installation in surface metal raceway. 

363-2. Other Articles. In addition to-the provisions of this article, instal- 
lation of Type FC cable shall conform with the applicable provisions of 
Articles 210, 220, 250, 300, 310, and 352. 

363-3. Uses Permitted. Flat cable assemblies shall be permitted only as 
branch circuits to supply suitable tap devices for lighting, small appliances, 
or small power loads. Flat cable assemblies shall be installed for exposed 
work only. Flat cable assemblies shall be installed in locations where they 
will not be subjected to severe physical damage. 

363-4. Uses Not Permitted. Flat cable assemblies shall not be installed: (1) 
where subject to corrosive vapors unless suitable for the application; (2) in 
hoistways; (3) in any hazardous (classified) location; or (4) outdoors or in wet 
or damp locations unless identified'for use in wet locations. 
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363-5.  Installation. Flat cable assemblies shall be installed in the-field only 
in surface metal raceways identified for the use. The channel portion of the 
surface metal raceway systems shall be installed as complete s~,stems before 
the flat cable assemblies are pulled into the raceways~: 

363-6. Number of Conductors. The flat cable assemblies shall consist,of 
either two, three, or four conductors. 

363-7. Size of Conductors. Flat cable assemblies shall have conductors of  
No. l0 special stranded copper wires. 

363-8. Conductor Insulation. T h e  entire ~ flat cable assembly shall be 
formed to provide a suitable insulation covering all of the conductors and 
using one of the materials recognized in Table 310-13 for~general branch-. 
circuit wiring. • 

363-9; Splices. Splices shall be made in approve d junction boxes using 
approved wiring methods.. 

363-10. Taps. Taps shall be made between any phase conductor and the 
neutral or any other phase conductor- by means of devices and fittings 
identified for the.use. Tap devices shallbe rated at not less than 15 amperes : 
or more than 300 volts and they shall be-color-coded in accordance with the 
requirements of Section.363-20. 

363-11." Dead Ends. Each fiat cable assembly dead end shall beterminated ~,. 
in an end-cap device identified for the use. 

-The dead-end fitting for the enclosing metal surface~raceway shall be 
identified for the' use: 

363-12. Fixture Hangers. Fixture hangers installed with the flat cable 
assemblies shall be identified for the use. 

363-13. Fittings. Fittings tobe installed with flat cable assemblies shall be 
designed and installed to prevent physical ,damage to the cable assemblies .... 

363-14. Extensions.. All extensions from flat cable assemblies shall be 
made by approved wiring methods, within the~junction boxes, installed a t  
either end of the flat cable assembly runs. 

363-15. Supports.. The flat cable assemblies .shall be supported by m e a n s  
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. 

363-16.  Rating. The rating o£.~the branch circuit shall not. exceed 30 
amperes. 

363-17 .  MarRing, In additi°n't°the provisions of Section 310-11, Type FC 
cable shall have the temperature.rating durably marked on the surface a t  
intervals not exceeding 24 inches (610 mm). 

363-18. Protective Covers. When a flat cable assembly is installed less than 
8 feet (2-44 m) from the flOor,dr shall be protected by a metal co~,er identified 
for the use. 
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363-19.  Identification. The grounded conductor shall be identified 
throughout its length by means of a distinctive and durable white or natural 
gray marking. 

363-20.  Terminal Block Identification. Terminal blocks identified for the 
use shall have distinctive and durable markings for color or word coding. The 
neutral 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 neutral section 
of the terminal block, shall have a blue marking or other suitable designation. 

A R T I C L E  364 - -  B U S W A Y S  

A. General Requirements 

3 6 4 - L  Scope. This articie covers service-entrance, feeder~ and brancli- 
circuit busways and associated fittings. " 

'364-2 .  Definition. For the purpose of this article a busway is considered to 
be a grounded.metal enclosure containing factory mounted, bare or insulated 
conductors which are usually copper or aluminum bars, rods, or tubes. 

(FPN): For cablebus, refer to Article 365. 

364-3. Other Articles..Installations of busways shall comply with the 
-applicable provisions of  Article 300. 

364-4. Use. 
(a). Use Permitted. Busways shall be installed only where they are 

located in the  open and are visible. 
Exception: Busways  shall be permi t ted  to be installed t~ehind panels  i f  

means  o f  access are provided and i f  all the fol lowing conditions are met.  
• a. No  overcurrent devices are installed on the busway other than f o r  

an individual fixture. 
b. The space behind the access panels  is not used f o r  air-handling 

purposes.  
c. The busway is totally enclosed, nonventilating type. 
d. Busway is so installed that the jo in ts  between sections and f i t t ings 

are accessible  f o r  maintenance purposes.  
• (b) Use Prohibited. Busways shall not beinstal led:  (l) where subject to 

s eve re  physical damage or corrosive vapors; (2) in hoistways; (3) in any 
hazardous (classified) location, unless specifically approved for such use [see 
Section 501-4(b)]; nor (4) outdoors or in wet or damp locations unless 
identified for such use. 

364-5. Support. Busways shall be securely supported at intervals not 
exceeding 5 feet (1.52 m) unless otherwise designed and marked. 

364-6. Through Walls and Floors. It shall be permissible to extend unbro- 
ken lengths of  buswa3/through dry walls. It shall be permissible to extend 
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busways vertically through dry floors if totally enclosed (unventilated) where 
passing through and for a minimum distance of 6 feet (1.83 m) above the floor 
to provide adequate protection from physical damage. 

364-7. Dead Ends. A dead end of a busway shall be closed. 

3 6 4 - 8 .  Branches from Busways. Branches from busways shall be made 
w i t h  busways, rigid metal conduit, intermediate metal conduit, rigid non- 
metallic conduit,:e!ectrical nonmetallic tubing,flexible metal conduit, elec- 
trical metallic tubing, metal surface raceway or metal-clad cable; or with 
suitable •cord assemblies approved for hard usage for the connection of 
portable equipment or for the connection of stationary equipment to facilitate 
their interchange• Flexible cord assembly connections shall be permitted to 
be made direct ly  to the load end" terminals of a busway plug-in device, 
.providing the connection includes a suitable tension take-up device on the 
cord. 'Where  a nonmetallic r a c e w a y  is used, connection of equipment 

' grounding conductors in the nonmetallic raceway to the busway shall comply 
with Sections 250-113 arid 250-118. 

364-9. Overcurrent Protection..Overcurrent protection shall beprovided-in 
accordance with Sections 364-10 through 364-14. 

364-10. Rating of Overcurrent Protection - -  Feeders and Subfeeders. 
Where the allowable current rating of the busway does not correspond to a 
standard rating of the overcurrent device, the next higher rating shall be 
permitted. 

-364-11. .  Reduction in Size ofBusway. • Omission of overcurrent protection 
• shall be permitted at points where busways are reduced in size, provided that 
the smaller busway.does not extend more than 50 feet 05.2  m) and has a 
current rating at least equal•to V3 thera t ing  or setting of the overcurrent 
device next back on the line, and provided further that such busway is free 
from contact with combustible material. 

364-12. Subfeeder or Branch Circuits. Where a busway is used as a feeder, 
.devices or plug-in connections for tapping off subfeeder or branch circuits 
f rom the busway shall  contain the overcurrent devices required for the 
protection of t h e  subfeeder or branch circuits. The plug-in device shall 

• consist of 'an externally operable circuit breaker or an externally 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 Section 240-21 for  taps. 
• Exception No. 2: For fixed or semi-fixed lighting fixtures, where the 
branch-circuit overcurrent'device is•part o f  the fixture cord plug on cord- 
connected fixtures. 

Exception No. 3: Wherefixtures without cords are plugged directly into 
the busway and the overcurrent device:is mounted on the fixture. ' 

364-13. Rating of Overcurrent Protection --: Branch Circuits. A b u s w a y  
shall be permitted as a branch circtiit of any one of the types described in 
Article 210. When so used,, the rating or setting of  the overcurrent device 
protecting 'the busway shalL determine" the ampere-rating of the branch 
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circuit, and the circuit shall in all respects  conform with ihe requirements  of 
Article 210 that  apply to branch  circuits of that  rating. 

364-14 .  Length of Busways Used as Branch Circuits. Busways which are. 
used as branch  circuits and which are. so designed that  loads can be . .  
connected  at any point shall be limited to such lengths as will provide that  in r 
normal use the circuits will not be overloaded. 

364-15 .  Marking. Busways shall be marked with the  voltage and c u r r e n t . .  
rating for which they are designed, and With the manufacturer ' s  name or 
t rademark in such manner  as to be visible after insta l la t ion.  

B. Requirements forOver 600 Volts, Nominal 

364-21. :  Identification. E a c h b u s  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 t h e  ' 
same temperature  rise shall be given; (3) rated frequency;  (4) rated impulse. 
withstand,voltage;  (5) rated 60-Hz withstandwoltag .e:=(dry); (6) rated m o m e n -  
tary current;  and (7) manufacturer ' s  name or t r ademark .  
' (FPN): See Switchgear Assemblies, ANSI C37.20-1969 (R1981), for coiistruc- -. 

tion and testing requirements for metal-enclosed buses. . 

364-22 .  Grounding. Metal-enclosed bus shall be groun~ied in accordance~a-~ 
with Article 250. 

3 6 4 - 2 3 .  Adjacent and Support ing Structures. Metal-enclosed_ busways :  
shall be installed so that temperature  rise from induced circulating currents  in. : 
any adjacent  metallic parts will not .be .hazardous  to personnel  or const i tute  
a fire hazard. 

364-24 .  Neutral. Neutral  bus, where required, shall be sized to -ca r rya l l  
neutral  load current,  including harmonic currents ,  and shall have adequate 
momentary  and short-circuit rating consistent  with system requi rements .  

364-25 .  Barriers and Seals. Bus runs having sections located both inside 
and outside of buildings shall have a vapor seal at the building wall to p reven t  
interchange of air be tween indoor  and outdoor  sections. 

Fire barriers shall be provided where fire walls; floors, or ceilings are 
penetrated.  

Exception: Vapor seals shall not be required in forced-cooled bus. 

3 6 4 - 2 6 ?  Drain Facilities. Drain plugs,~filter drains., or similar methods shall, 
be provided to remove condensed moisture,from low points inbus_run . .  

364-27 :  Venti la ted Bus Enclosures . . -Venti la ted bus enclosures :shall :be 
installed in accordance  with Article 710, Part D, unless designed so: that • 
foreign objects inserted through any openingwil l  be deflected from energized. 
parts.  

364-28 .  Terminations and Connections: Where bus enclosures terminate at 
machines cooled by flammable gas, seal-off bushings,  baffles, or o ther  means- 
shal l -be provided to prevent ,  accumulat ion of. flammable g a s  in- the  bus 
enclosures.  . ' 
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Flexible or .expansion connections shall be provided in long, straight runs 
of bus to allow for temperature expansion or contraction, or.where the bus 
run crosses building vibration insulation joints. 

All conductor_termination and connection hardware ,shall be accessible for 
installation, corifl~ction,'and maintenance. • " 

364-29. .Switches.  Switching devices or disconnecting links provided in 
the bus run shall have the same momentary rating as the bus. Disconnecting 
links shall.be plainly marked to be removable only when bus is de-energized. 
Switching devices which are not load break shall be interlocked to prevent 
operation underload,  and disconnecting link enclosures shall be interlocked 
to prevent access to energized parts. 

364-30.  low-Voltage Wiring. Secondary control devices and wiring which 
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 !engths of wire, such as at instrument transformer terminals• 

A R T I C L E  365 m C A B L E B U S  

365-1. Definition. Cablebus is an approvecl assembly of insulated conduc- 
tors with fittings and conductor terminations in a completely enclosed,  

• ventilated:protective metal housing. The assembly is designed to carry fault 
current and to withstand the magnetic forces of such.current'. 

(FPN): Cablebus is ordinarily assembled at the point of installation from 
components furnished or specified by the manufacturer in accordance with 

-instructions for the specific job. 

365-2. Use. 
(a) 600 Volts or Less. Cablebus shall be permitted at-any voltage or 

current for which spaced conductors are rated .and shall be installed-for 
exposed work only. 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 sha l lbe  permitted to be.used for.branch circuhs, 
feeders, and services. 

Cablebus framework, where adequately bonded, .shall be permitted as the 
equipment .grounding conductor for branch circuits and feeders. 
. (h) 'Over 600 Volts. Cablebus shall be l~ermitted for systems in excess of 

• 600 volts, nominal. See Section 710-3(a). 

365-3. Conductors. 
(a) Types of Conductors. The current-carrying conductors in cal~lebus 

shall, have an insulation rating of 75°C or higher of an approved type and 
suitable for the application in accordance with Articles 310 and 710. 

(b) Ampacity of Conductors. .The ampacity of conductors in cablebus 
shall be in'accordance with Tables 310-17 and 310-19. 

(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 
No. 1/0. 
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(d) Conductor Supports.. The insulated conductors shallbe supported on 
blocks o ro the r  mounting means designed for,the-purpose. • 

The individual conductors in a cablebus shall be supportedat  intervals not 
greater than 3 feet (914 mm) for horizontal.runs and. 1Y2 feet, (457 mm) f o r  
vertical runs. Vertical and horizontal spacing between supported conductors. 
shall not be less than one conductor.diameter at the points of support. 

365-5.  Overcurrent Protectionl When the allowable ampacity of cablebus 
conductors does not correspond to a standard.rating of an overcurrent 
device, the next higher ampere.rated overcurrent device shall be permitted. 

365-6.' Support and Extension Through.Walls and ,Floors.. .. 
(a) Support. Cablebus shall be securely supported at intervals not ex- 

ceeding 12 feet (3.66 m). 
Exception: Where spans longer than 12 feet  (3.66 m) are required, the 

structure shall be specifically designed for.the required span length. 
(b) Transversely Routed.. It shall be permissible to extend cablebus 

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 fire stops are re- 
quired, it shall be permissible to" extend cablebus vertically through dry floors 
and platforms, provided the cablebus is totally enclosed at the point where-it 
passes through the floor or platform and fo( a distance of 6 feet.(1.83 m) 
above the floor or platform: 

(d) Through Floors and Platforms in. Wet Locations... Except where fire 
stops are required, it shall be permissible 'to extend cablebus vertically • 
through floors and. platforms in wet locations where (1) there are curbs or 
other suitable means .to prevent waterflow, through the..floor o r  platform 
opening, and (2) where thecablebus is totally enclosed at the point where it 
passes through the floor or platform and for,a distance of 6 feet (1.83 m) 
above the floor or platform. 

365-7. Fittings. A cablebus system shall include approved fittings for: (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; and (4) additional physical protection where required,, such 
as guards for severe mechanical exposure.  

365-8. Conductor Terminations.. Approved terminating, means shall be 
used for connections to cablebus conductors. 

365-9. Grounding.- Sections of cablebus shall be electricallybonded either 
by inherent design of the mechanical joints or by applied bonding means. 

(FPN): See Section 250-75 for bonding of metal noncurrent=carrying parts. 
A cablebus installation sha l lbe  grounded in accordance with Sections 

250-32 and 250-33.. 

365-10.  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 so located as to be visible, after installation.. 
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A R T I C L E  370 - -  O U T L E T ,  D E V I C E ,  P U L L  AND J U N C T I O N  
B O X E S ,  C O N D U I T  B O D I E S  AND F I T T I N G S  

A. Scope and General 

370-1. Scope. This article covei's the •installation and use of all boxes, 
conduit bodies, and fittings as required by Section 300-15, and boxes, conduit 
bodies, and fittings referred to in Section 300-15 used as outlet, junction, or 
pull boxes, depending on their use. Cast, sheet metal, nonmetallic, and other 
boxes such as FS, FD, and larger boxes are not classified as conduit bodies. 
Fittings such as capped elbows and service-entrance elbows are not classified 
as conduit bodies. 

(FPN): For systems over 600 volts, nominal, see Part D of this article. " 

370-2. 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. 

370-3; Nonmetallic Boxes. Nonmetallic boxes shall be permitted only with 
open wiring on insulators, concealed knob-and-tube wiring, nonmetallic- 
sheathed cable, electrical nonmetallic tubing, and with rigid nonmetallic 
conduit. 

In addition thereto, nonmetallic boxes over 100 cubic inches shall be 
permitted ,to be used with metal raceways and metal-sheathed cables. 
Integral bonding means shall be provided betwe6n all threaded entries for  
metal raceways or metal-sheathed cables. 

370-4. MetoI.Boxes. All metal boxes shall be grounded in accordance with 
the provisions of Article 250. 

B. Instal lat ion 

370-5. Damp, Wet, or Hazardous (Classified) Locations. 
(a) Damp or Wet Locations. In-damp or wet locations, boxes, conduit 

bodies, and .fittings shall be so placed or equipped as to prevent moisture 
from entering or accumulating within the box, conduit body, or fitting. 
Boxes, conduit bodies, and fittings installed in wet locations shall be listed for 
use in wet locations. 
• (b) Hazardous (Classified) Locations. Installations in hazardous (classi- 

fied) locations shall conform to Articles 500 through 517. 
(FPN): For boxesin floors, see Section 370-17(b). 
(FPN): For protection against corrosion, see Section 300-6. 

370-6. Number of Conductors in Outlet, Device, and Junction Boxes, and 
Conduit Bodies. Boxes shall be of sufficient size to provide free space for all 
conductors enclosed in the box. 

The provisions of this section, shall not apply to terminal housings supplied 
with motors. See Section 430-12. 

Boxes and conduit bodies containing conductors, size No. 4 or !arger, shall 
also comply with the provisions of Section 370-18.. 
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(a) Standard Boxes. The maximum number of conductors permitted in 
standard boxes shall be as is listed in Table 370-6(a). See Section 370-18 
where boxes or conduit bodies  are used as junction or pull boxes. 

(1) Table 370-6(a) shall apply where no fittings or devices, such as 
fixture studs, cable clamps, hickeys, switches, or receptacles, are contained 
in the box and where no grounding conductors are part of the wiring within 
the box. Where one or more of these types of fittings, such as fixture studs, 

-cable clamps, or hickeys are contained in the box, the number of conductors 
shown in the table shall be reduced by one for each type of fitting; an 
additional deduction of one conductor shall be made for each strap containing 
one or more devices; and a further deduction of one conductor shall be made 
for one or more grounding conductors entering the box. Where a second set 
of equipment grounding conductors, as permitted by Section 250-74, Excep- 
tion No. 4, is present in the box, then an additional deduction of one 
conductor shall be made. A conductor running through the box shall be 
counted as one conductor, and each conductor originating outside of the box 
and terminating inside the box is counted as one conductor. Conductors, no 
part of which leaves the box, shall not be counted. 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, etc., that are marked with their volume in cubic' inches, or are made 
from boxes the dimensions of which are listed in Table 370-6(a). 

(2) For combinations of conductor sizes shown in Table 370-6(a), the 
maximum number of conductors permitted shall be computed using the 
volume per conductor listed in Table 370-6(b), with the deductions provided 
for in Section 370-6(a)(1) and these volume deductions shall be based on the 
largest conductor entering the box. The maximum number and size of 
conductors listed in Table 370-6(a) shall not be exceeded. 

(b) Other Boxes. Boxes 100 cubic inches or less other than those de- 
scribed in Table 370-6(a), conduit bodies having provision for more than t w o  
conduit entries and nonmetallic boxes shall be durably and legibly marked by 
the manufacturer with their cubic inch capacity. The maximum number of 
conductors permitted shall be computed using the volume per conductor 
listed in Table 370-6(b), with the deductions provided for in Section 370-6(a) 
(1), and these volume deductions shall be based on the largest conductor 
entering the box. Boxes described in Table 370-6(a) that have a larger cubic 
inch capacity than is designated in the table shall be permitted to have their 
cubic inch capacity marked as required by this section and the maximum 
number of conductors permitted, shall be computed using the volume per 
conductor listed in Table 370-6(b). 

(c) Conduit Bodies. Conduit bodies enclosing No. 6 conductors or 
smaller shall have a cross-sectional area not less than twice the cross- 
sectional area of the largest conduit to which it is attached. The maximum 
number of  conductors permitted shall be the maximum number permitted by 
Table 1, Chapter 9, for the conduit to which it is attached. 

Conduit bodies having provisions for less than three conduit entries shall 
not contain splices, taps, or devices unless they comply with the provisions 
of Section 370-6(b) and are supported in a rigid and secure manner. 
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Tab le  370-6 (a ) .  Metal  Boxes  

Min. Maximum Number of Conductors. 
Box Dimension, Inches Cu. In. 
Trade Sizo or Type Cap. No. 18No.  16No.  14No.  12 No. lONo.  8No .  6 

4 x 1 IA R o u n d  or  O c t a g o n a l  
4 x I J/2 R o u n d  or  O c t a g o n a l  
4 x 2Vx R o u n d  or  O c t a g o n a l  
4 x llA S q u a r e  ! . ~: 
4 x I I/2 S q u a r e  
4 x 2V8 S q u a r e  
411/16 X I I~ S q u a r e  
4~V16 x I Vz S q u a r e  
41V16 x 21/8 S q u a r e  
3 x 2 x  IVz Device 
3 x 2 x 2 Device 
3 x 2 x 2V4 Device 
3 x 2 x 2tA Device 
3 x 2 x .23,~ Device 
3 x 2 x 3V2 Device 
4 x 2V, x 1 V2 Device 
4 x 21/8 x 17/8 Device 
4 x 21A x 21A Device 
33,~ x 2 x 2V2 M a s o n r y  

B o x / G a n g  
33~ x 2 x 3V2 M a s o n r y  

B o x / G a n g  
F S - - M i n i m u m  In te rna l  Dep th  

13/4 S ing le  C o v e r / G a n g  
F D - - M i n i m u m  In te rna l  Depth  

23/8 Single  C o v e r / G a n g  
F S - - M i n i m u m  In te rna l  Depth  

12.5 8 
15.5 10 
21.5 14 
18.0 12 
21.0 14 
30.3 20 
25.5 17 
29.5 19 
42 .0  28 

7.5 5 
10.0 6 
10.5 7 
12.5 8 
14.0 9 
18.0 12 
10.3 6 
13.0 8 
14.5 9 

14.0 9 

"21.0  14 

13.5 9 

18.0 12 

7 6 5 5 4 O .  
8 7 6 6 5 0 

1 2 '  10 9 .8 7 0 
1 0  9 8 7 6 0 
12 10 9 8 7 0 
17 15 13 12 10 6* 
14 12 11 10 8 0 
16 14 13 11 9 0 
24 21 18 16 14 - 6  

4 3 3 3 2 0 
5 5 4 " 4 3 0 
6 5 4 4 3 0" 
7 6 5 5 4 0 
8 7 6 . 5 4 0 

10 9 8 7 6 0 
5 .  5 4 4 3 0 
7 6 5 5 4 0 
8 7 6 5 4 0 

8 7 6 5 4 0 

12 IO 9 8 7 0 

7 6 6 5 4 0 

10 9 8 7 6 3 

.13,~ Mult iple  C o v e r / G a n g  18.0 12 10- 9 8 7 . 6 0 
F D - - M i n i m u m  In te rna l  Depth  

-23/s Mult ip le  C o v e r / G a n g  24.(1 16 13 12 10 9 8 4 

* Not  to be used as a pull box. For terminat ion only. 

Table  370-6 (b ) .  " Volume Required per  Conductor  

Size of Free Space Within Box 
Conductor for Each Conductor 

No.  18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1 .5  cub ic  inches 
No.  16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.75 cub ic  inches  
No.  14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -. . . . . . . .  2. cub ic  inches  
No.  12 . . . . . . . . . . . . . . . . . . . . . . . . . . .  • . . . . . . . . . . . . . . .  2.25 cub ic  inches  
No.  10' . . . . .  • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -:.. 2.5 cub ic  inches  
No.  8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3. cub ic  inches  
No.  6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  " 5. cub ic  inches  

3 7 0 - 7 .  Conductors Entering Boxes, Conduit  Bodies, or Fittings. C o n d u c t o r s  
e n t e r i n g  b o x e s ,  c o n d u i t  b o d i e s  o r  f i t t i n g s  s h a l l  b e  p r o t e c t e d  f r o m  a b r a s i o n ,  
a n d  s h a l l  c o m p l y  w i t h  (a)  t h r o u g h  (d)  b e l o w .  
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(a) Openings to Be Closed. Openings'through which conductors enter 
shall be adequately closed. 

(b) Metal Boxes, ConduitBodies, and Fittings. Where metal outlet boxes, 
conduit bodies or fittings ate installed with open wiring or concealed knob- 
and-tube wiring, conductors shall enter through insulating bushings or, in dry 
places, through flexible tubing extending from the last insulating support and 
firmly secured to the box, conduit body or fitting. Where raceway or cable is 
installed withmetal  outlet boxes, conduit bodies or fittings, the raceway or 
cable shall be secured to such boxes, conduit bodies and fittings. Fittings 
such as cappedelbows and service-entrance elbows shall not contain splices, 
taps, or devices and shall be of sufficient size to provide free space for all 
conductors enclosed in the fitting. 

(c) Nonmetallic Boxes. Nonmetallic boxes shall be suitable for the lowest 
temperature rated conductor entering the box. Where nonmetallic boxes are 
used with open wiring or concealed knob-and-tube wiring, the conductors 
shall enter the box through individual holes. Where flexible tubing is used to 
encase the conductors, the tubing shall extend from the last insulating 
support to no less than V4 inch (6.35 mm) inside the box. Where nonmetallic- 
sheathed cable isused,  the cable assembly, including the sheath, shall extend 
into the box no less than V4 inch (6.35 mm) through a nonmetallic-sheathed 
cable knockout opening. In all instances all permitted wiring methods shall be 
secured to the boxes. 

Exception: Where nonmetallic-sheathed cable is used withboxes no larger 
than a nominal size 2¥4 inch by 4 inch mounted in walls and where the cable 
is fastened within 8 inches (203 ram) o f  the box measured along the sheath 
and where the sheath extends into the box no less than 1/4 inch (6.35 ram), 
securing the cable to the box shall not be required. 

(d) Conductors No. 4 AWG or Larger. Installation shall comply with Section 
373-6(c). 

370-8. Unused Openings. Unused openings in boxes, conduit bodies and 
fittings shall be effectively closed to afford protection substantially equivalent 
to that of the wall of the box, conduit body or fitting. Metal plugs or plates 
used with nonmetallic boxes, conduit bodies or fittings shall be recessed at 
least V4 inch (6.35 mm) from the outer surface. 

370-9. 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 that substantial support for the devices will be provided. 
Screws for supporting the box shall not be used in attachment of the device 
contained therein. 

370-10.  In Wall or Ceiling. In walls or ceilings of concrete, tile, or other 
noncombustible material, boxes and fittings shall be so installed that the front 
edge of the box or fitting will not set back of the finished surface more than 
V4 inch (6.35 mm). In walls and ceilings constructed of wood or other 
combustible material, outlet boxes and fittings shall be flush with the finished 
surface or project therefrom. 

370-11. Repairing Plaster and Drywall or Plasterboard. Plaster, drywall or 
plasterboard surfaces that are broken or incomplete shall be repaired so there 



ARTICLE 370  - -  BOXES AND FITTINGS 7 0 - 2 6 1  

wil[be no gaps or open spaces greater than V8 inch (1.59 mm) at the edge of 
the box or fitting. 

370-12.  Exposed Surface Extensions.. In making an exposed surface exten- 
sion from an existing outlet of concealed wiring, a box or extension ring shall 
be mounted over the original box and mechanically secured to it. Extensions 
shall not be made from the cover. Where required, equipment grounding shall 
be in accordance with Article 250. 

370-13. Supports.  Enclosures within the scope of Article 370 shall be 
rigidly and securely fastened in place-in accordance with (a) through (f) 
below. 

(a) Surface Mounting. They shall be fastened to  the surface upon which 
they are mounted unless such surface does not provide adequate support in 
which case they shall be supported in accordance with (b). 

(b) Structural Mounting. They shall be rigidly supported from a struc- 
tural member of the building either directly, or by using a metal or wood 
brace. Support wires that do not provide rigid support shall not be permitted 
as the sole support. 

(1) Nails, where used as a fastening means, shall be permitted to pass 
through theinterior of the enclosure if located within V4 inch (6.35 mm) of the 
back or ends of the enclosure. 

(2) Metal braces shall be protected againstcorrosion and formed from 
metal not less than .020 inch (508 micrometers) thick uncoated. Wood I~races 
shall have a cross section not less than nominal l inch (25_4 mm) by 2 inch 
(50.8 ram). 

(c) Nonstructural Moun t ing .  It shall be  permissible to make a flush 
installation in existing covered surfaces where adequate support is provided 
by clamps, anchors, or fittings. Framing members of siJspended ceiling 
systems shall be permitted' as the support if the framing members ape 
adequately supported and securely fastened to each other and to the building 
structure. Enclosures so supported shall be fastened to the framing member 
by mechanical means such as bolts, screws, o r  rivets. Clips identified for use 
with the type of ceiling framing member(s) and enclosure(s) shall" also be 
permitted. 

• (d) Raceway Supported Enclosure(s), Without Devices. T h r e a d e d  enc lo -  
sures not over 100 cubic inches that do not contain devices, receptacles or 
switches and do not support fixtures shall,be considered to be adequai.ely 
supported if two or more conduits are threaded into the enclosure 
wrenchtight and are supported within 3 feet (914 mm) of the enclosure on two 
or more sides so as to provide the rigid and secure installation intended by 
this section of the Code. 

Exception: Conduit or electrical metallic tubing shall be permitted to 
support conduit bodies provided the conduit bodies are not larger thdn the 
largest trade size of  the conduit or electrical metallic tubing. 

Such enclosures shall also be considered to be adequately supported if they 
comply with subsection (e) following. 

(e) Raceway Supported Enclosures, With Devices. Threaded  enc losures  
not over 100 cubic inches that contain devices, receptacles or switches shall 
be considered to be adequately supported if two or more conduits are 
threaded into the enclosure wrenchtight and if each conduit is supported 
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within 18 inches (457 mm) of the enclosure so as to provide the rigid and 
secure installation intended by this section of the Code. 

Exception: Conduit shall be permitted to support conduit bodies provided 
the conduit bodies are not larger than the largest trade size o f  the conduit. 

(f) Enclosure(s) in Concrete or Masonry. Enclosure(s) shall be permitted 
to be supported by being embedded. 

(g) Nonthreaded Nonmetallic Conduit Supported Enclosures. Nonthreaded 
nonmetallic enclosures shall be permitted to be installed in accordance with 
instructions contained in the listing or labeling provided the two or more 
conduit support distances comply with (d) or (e) above. 

(h) Pendant Boxes. Boxes shall be supported from a multiconductor 
cable in some satisfactory manner that protects the conductors against strain, 
such as a strain relief connector threaded into a box with a hub. 

370-14. Depth of Outlet Boxes. No box shall have an internal depth of  less 
than Vz inch (12.7 mm). Boxes intended to enclose flush devices shall have an 
internal depth of not less than WI6 inch (23.8 ram). 

370-15. Covers and Canopies. In completed installations each outlet box 
shall have a cover, faceplate, or fixture canopy. 

(a) Nonmetallic or Metal Covers and Plates. Nonmetallic or metal covers 
and plates shall be permitted _with nonmetallic outlet boxes. Where metal 
covers or plates are used, they shall comply with the grounding requirements 
of Section 250-42. 

(FPN): See Sections 410-18(a) and 410-56(c) for metal faceplates. 
(b) Exposed Combustible Wall Or Ceiling Finish. Where a fixture canopy 

or pan is used, any  combust iblewail  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 b e  provided 
with bushings designed for the puriaose or shall have smooth, well-rounded 
surfaces on which the cords may" bear. So-called hard-rubber or composition 
bushings shall not be used. 

370-17. Outlet Boxes. 
(a) Boxes at Lighting Fixture Outlets. Boxes used at lighting fixture 

outlets shall be designed for the purpose. At every outlet used exclusively for 
lighting, the box shall be so designed or installed that a lighting fixture may 
be attached. 

(b) Floor Boxes. Boxes listed specifically for. this application shall be 
• used for receptacles located in the floor. 

Exception: Boxes located in elevated floors o f  show windows and similar 
locations where the authority having jurisdiction judges them to be free from 
physical damage, moisture, and dirt. 

(c) Boxes at Fan Outlets. Outlet boxes shall not be used as the sole 
support for ceiling (paddle) fans. 

Exception: Boxes listed for the application shall be permitted as the sole 
means o f  support. 
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370-18. Pull and Junction Boxes. Boxes and conduit bodies used as pull or 
junction boxes shall comply with (a) through (d) of this section. 

(a) Minimum Size. For raceways 3/4 inch trade size or larger, containing 
conductors of No. 4 or larger, and for cables containing conductors of No. 4 
or larger, the minimum dimensions of pull or junction boxes installed in a / raceway or cable run shall comply with the following: 

(1) Straight Pulls. In straight pulls the length of the box shall not be ~ 
less than eight times the trade diameter of the largest raceway. 

(2) Angle or U Pulls. Where angle, or U pulls are made, the distance 
between each raceway entry inside the box and the opposite wall of the box 
shall not be less than six times the trade diameter of thelargest raceway. This 
distance shall be increased for additional entries by the amount of '  the 
maximum sum of the diameters of all other raceway entries in. any one row 
on the  same wall of the box. The row that provides the maximum distance 
shall be used in this calculation. 

Exception: Where a conduit  or cable entry is in the wall o f  a box or conduit  
body opposite to a removable cove~" and where the distance f rom that wall to 
the cover is in conformance with the column for  one wire per  terminal in 
Table 373-6(a). 

The distance between raceway entries enclosing the same conductor shall 
not be less than six times the trade diameter of the larger raceway. 

When transposing cable size into raceway size in (a)( l )and (a)(2) above, 
the minimum trade size raceway required for the number and size of 
conductors in the cable shall be used. 

(3) Boxes of dimensions less than- those required in (a)(l) and (a)(2) 
above shall be permitted for installations of combinations of conductors that 
are less than the maximum conduit fill (of conduits being used) permitted by 
Table 1, Chapter 9, provided the box has been approved for and is 
permanently marked with the maximum number and maximum size of 
conductors permitted. 

Exception: Terminal housings supplied with motors which shall comply 
with the provisions o f  Section 430-12. 

(b) Conductors in Pull or Junction Boxes. In pull boxes or junction boxes 
having any dimension over 6 feet (1.83 m), all conductors shall be cabled or 
racked up in an approved manner. 

(FPN): See Section 373-6(c) for insulation of conductors at bushings. 

(c) Covers. All pull boxes, junction boxes, conduit bodies, and ~fittings 
shall be provided with covers compatible with the box, conduit body or fitting 
construction and suitable for the conditions of use. Where metal covers are 
used, they shall 'comply with the grounding requirements of Section 250-42. 

(d) Permanent Barriers. Where permanent barriers are installed in a box, 
each section shall be considered as a separate box. 

370-19. Junction, Pull and Outlet Boxes to Be Accessible. Junction, pull 
and outlet boxes shall be so installed that the wiring contained in them can be 
rendered accessible without removing any part of the building or in under- 
ground circuits without excavating sidewalks, paving, earth, or other sub- 
stance that is to be used to establish the finisheffgrade. 
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Exception: Listed boxes shall be permitted where covered by gravel, light 
aggregate, or noncohesive granulated soil if their location is effectively 
identified and accessible for excavation. 

C. Construction Specifications 

370-20. 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. 

(FPN): See Section 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 100 cubic inches in 
size shall be made from steel not less than 0.0625 inch (1.59 mm) thick. The 
wall of a malleable iron box and a die-cast or permanent-mold cast aluminum, 
brass or bronze box shall not be less than ¥32 inch (2.38 mm) thick. Other cast 
metal boxes shall have a wall thickness not less than V8 inch (3.17 mm). 

(c) Metal Boxes Over 100 Cubic Inches. Metal boxes over 100 cubic 
inches in size shall be constructed so as to be of.ample strength and rigidity. 
If of sheet steel the metal shall not be less than 0.053 inch (1.35 mm). 
uncoated. 

(d) Grounding Provisions. A means shall be provided in each metal box, 
designed for use with nonmetallic raceways and nonmetallic cable systems, 
for the connection of an equipment grounding conductor. 

370-21. Covers, Metal covers shall be of a thickness not less than that 
specified for the walls of the box or fitting of the same material and with 
which they are designed to be used, or shall be lined with firmly attached 
insulating material not less than 1/32 inch (0.79 mm) in thickness. Covers of 
porcelain or other approved insulating material shall be permitted if of such 
form and thickness as to afford the required protection and strength. 

370-22. Bushings. Covers of outlet boxes, conduit bodies and outlet 
fittings having holes through which flexible cord pendants may pass shall be 
provided with approved bushings or shall have smooth, well-rounded sur-. 
faces, upon which the cord may bear. Where conductors other than flexible 
cord may 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 Section 
300-20. 

(FPN): For alternating current conductors, see Section 300-20(b). 

370-23. Nonmetallic Boxes, Provisions for supports or other mounting 
means for nonmetallic boxes shall be outside of the box, or the box shall be 
so constructed as to prevent contact between the conductors in the box and 
the supporting screws.- 

370-24. 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. 
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D. Pull and Junction Boxes for Use on Systems 
Over 600 Volts, Nomin~ 

.370-50. General. In.addition to the generally applicable provisions of 
Article 370, the rules in Sections 370-5.1 and 370-52 shall apply. 

370-51.  Size of Pull. and Junction Boxes. Pull-and junction boxes shall 
provide adequate space and dimensions for the installationof conductors in 
accordance with .the :following: " - 

(a) For StraightPulls. The length of the box shall not be less than forty; 
eight times the outside diameter, over  sheath, of the largest shielded or lead- I 
covered conductor or cable entering the box. The length shall not be less.than 
thirty-two times the outside diameter of the largest nonshielded conductor or-  I 
cable. " " . I 

(b) For Angle or U Pulis. ~,:The distance between each cable or conductor 
entry inside the box and the opposite wall of the box shall not be less than 
thirty-si~ times the outside diameter, over sheath, of the.lat:gest cable or 
conductor. This distance shall be increased for addit ional  entries b y  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. 

The distance between a cable or conductor entry andits  exit from the box 
shall be  not less than thirty-six times 'the outside diameter, over sheath, of 
that cable or conductor. - 

Exception No. 1: Where cables are nonshielded and not lead-covered, the 
distance of  thirty-six times the. outside diameter shall be permitted to be- 
reduced to twenty-four times the outside diameter. 

Exception No. 2: Where a conductor or cable entry-is in the wall of  a box 
opposite to a removable-cover and where the distance from that.wall to the 
cover is in conformance withJhe provisions of  Section 300-34. 

Exception No..3: Terminal ho'usings supplied with motors which shall 
comply with the~provisions of  Section 430-12. 

(c) Removable Sides. One o r  m o r e  sides of-any puli box shall be .  
removable. 

370~52. 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 
exiernally, 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 anda t  other locations where necessary.  
(c) Complete Enclosure. Boxes shall-provide a.,complete enclosure for 

the contained conductors or cables. 
(d) Wiring. Is Accessible.. Boxes shaJl be so installed that ".the wiring is 

accessible without removing any part of the .building. Working space shall be 
provided in accordance with Section 110-34. 

(e) Suitable Covers;. Boxes shall be closed by suitable covers securely 
fastened in place. Underground box covers that weigh over  100 pounds (43.6 
kg) shall be considered as meeting this requirement. Covers for boxes shall- 
be permanently marked "HIGH. V O L T A G E . "  The marking shall .be .on t h e  
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'outside of the box cover and shall be readily visible. Letters shall be block 
t y p e  at least V2 inch (12.7 mm) in height. 

(f) Suitable for Expected Handling. Boxes and their covers shall be 
capable of  withstanding thehandling to which they may be subjected. 

A R T I C L E  373 m C A B I N E T S  A N D  C U T O U T  B O X E S  

I 373-1. Scope. This article covers the installation and construction speci- 
fications of cabinets, cutout boxes, and meter socket enclosures. 

. A. Installation 

373-2. Damp, Wet, or Hazardous (Classified) Locations. 
(a) Damp and Wet Locations. In damp or wet locations, cabinets and 

cutout boxes o f the  surface type shall be so placed or equipped 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 V4-inch (6.35-mm) air 
space between the enclosure and t h e  wall o r ' o the r  supporting surface. 
Cabinets or cutout boxes installed in wet locations shall .be weatherproof. 

(FPN): For protection against corrosion, see Section 300-6. 
(b) Hazardous (Classified) Locations. Installations in hazardous (classi-, 

fled) locations shall conform to Articles 500 through 517. 

373-3. Position in Wall. In walls of concrete, tile, or other noncombust ible  
material, cabinets shall be so installed that the front edge of  the cabinet will 
not set back of the finished surface more than V4 inch (6.35 mm). In walls 
constructed of wood or other combustible materiall cabinets shall be flush 
with the finished surface or project t h e r e f r o m . .  

373-4. Unused Openings. Unused openings in cabinet or cutout boxes 
shall be effectively closed to afford protection substantially equivalent to that 
of the wall of the cabinet of ~utout box. Where metal plugs or plates are used 
with nonmetallic cabinets or ,cutout boxes, they shall be recessed at least 
V4 inch (6:35 mm) from the outer surface. 

373-5. Conductors Entering Cabinets or Cutout Boxes. Conductors entering 
cabinets or cutout boxes shall be protected from abrasion and shall comply 
with (a) through (c) below. 

(a) Openings, to Be Closed. Openings.through which conductors enter 
shall be adequately closed. 

(b) Metal Cabinets and Cutout Boxes. Where metal cabinets or cutout 
boxes are installed with open wiring or concealed knob-and-tube wiring, 
conductors shall enter through insulating bushings or, in dry places, through 
flexible tubing extending from the last insulating support and firmly secured 
.to the cabinet or cutout box. 

(c) Cables. Where cable is used, each cable shall be secured to the 
cabinet or cutout box. 
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373-6. Deflection of Conductors. C o n d u c t o r s  at  t e rmina l s  or  c o n d u c t o r s  
en te r ing  or  l eav ing  cab ine t s  or  cu tou t  b o x e s  and the l ike shal l  c o m p l y  wi th  (a) 
th rough  (c) be low.  

(a) Width of Wiring Gutters~ C o n d u c t o r s  shal l  not  be def lec ted  wi th in  a 
cab ine t  o r  cu tou t  box  un less  a gu t t e r  hav ing  a wid th  in accorda f i ce  wi th  Tab le  
373-6(a) is p rov ided .  C o n d u c t o r s  in para l le l  in a c c o r d a n c e  wi th  Sec t ion  310-4 
shall  be j u d g e d  on the bas i s  o f  the n u m b e r  of  c o n d u c t o r s  in para l le l .  

Table, 373-6(a) . .  Minimum Wire Bending Space at Terminals-'and 
Minimum Width of Wiring Gutters .in Inches 

AWG or 
Circular-Mil Wires per Terminal 
Size of Wire 1 2 3 4 5 

14-10 Not Specified . . . .  
8-6 IV2 . . . .  
4-3 2 . . . .  
2 " 2V2 . . . .  
I 3 . . . .  
0-00 3V2 5 7 - -  - -  
000-0000. 4 6 8 - -  - -  "" 
250 MCM 4V2 6 8 " 10 - -  
300-350 MCM 5 8 10 12 - -  
400-500 MCM, 6 8 10' 12 14 
600-700 MCM 8 10 12 14 16 
750-900 MCM 8 12 14 16 18 
1000-1250 MCM I0 . . . . .  
1500-2000 MCM 12 . . . . .  

For SI units: one inch .= 25.4 millimeters." 
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. 

(b) Wire Bending Space at Termir~als ~. Wire  be nd ing  space  at  each  termi-  
nal shall  be p rov ided  in a c c o r d a n c e ' w i t h  (1) or  (2) be low:  

(1) Table  373-6(a) s h a l L a p p l y  w h e r e  the c o n d u c t o r  d o e s  not  en t e r  or  
l eave  the enc lo su re  t h r o u g h  the wal l  oppos i t e  its t e rmina l •  

Exception No. 1: A conductor shall be ,permi t ted  to enter or leave an 
enclosure through the wall opposite its terminal prov ided  the conductor  
enters or leaves the enclosure where the gu t ter jo ins  an adjacent  gutter that 
has a width that conforms to Table 373-6(b)for that conductor. 

Exception No.  2: A conductor not larger than 350 M C M  shall be permi t ted  
to enter or leave an enclosure containing only a meter  socket(s) through the 
wall opposite its terminal provided the terminal is a-lay-in type where either: 

a., the terminal is directly fac ing the enclosure wall- and offset is not 
greater than 50 percent  o f  the bending space specified in .Table 373-6(a), or 

b. the terminal is directed toward the opening in the enclosure and is 
within a 45-degree.angle o f  directly fac ing  the  enclosure wall. 
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(FPN): Offset is the .dis tance measured  along the enclosure  wall f rom the axis 
of  the centerl ine of  the terminal to a line passing through the center  o f  the opening 
in the enclosure.  

(2) Tab le  373-6(b) shall  app ly  w h e r e  the  c o n d u c t o r  en t e r s  or  l eaves  the  
- e n c l o s u r e  t h r o u g h  the  w a l l  oppos i t e  its. t e rminal .  

Table  373 -6 (b ) .  Minimum Wire  Bending S p a c e  at Terminals for 
Sect ion  3 7 3 - 6 ( b ) ( 2 )  in Inches 

• Wires per Terminal 
Wire Size 1 2 3 4 or More 

14-10 Not Specified 
8 11/2 
6 2 

4 3 
3 3 
2 3'/2 

I 41/2 
0 51/2 

' 2 / 0  " 6 

3/0  6'/2 (½) 
4 /0  7 (I) 
250 8'/2 (2) 

300 I 0  (3) 
350 12 (3) 
400 13 (3) 

500 14 (3) 
600 15 (3) 
700 16 (3) 

750 17 (3) 
800 18 
900 19 

1060 20 
1250 22 
1500 24 

1750 24 
2000 24 

_ _  y - -  - -  

5½ 7 - -  
6 7½ - -  

6½ (½) 8 
7½ (1½) 8½ (½) - -  

8½ (2) 9 ' (I) 10 

io (2) i i  (1) 12 
12 (3) 13 (3) 14 (2) 
13 (3) 14 (3) 15 (3) 

14 (3) 15 (3) 16 (3) 
16 (3) 18 (3) 19 .(3) 
18 (3) 20 (3) 22 (3) 

19 (3) 22 (3) 24 (3) 
20 22 24 
22 24 24 

w 

n 

For SI units: one inch = 25.4 millimeters. 
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 wall. 
For removable and lay-in wire terminals intended for only one wire, bending space shall 

be permitted to be reduced by the number of inches shown in parentheses. 

(e) Insu la ted  Fit t ings.  W h e r e  u n g r o u n d e d  c o n d u c t o r s  o f  No.  4 o r  larger  
en t e r  a r a c e w a y  in a cab ine t ,  pull box ,  j u n c t i o n  box ,  or  auxi l ia ry  gut te r ,  the  
c o n d u c t o r s  shall  be p ro t ec t ed  by  a subs tan t ia l . f i t t ing  p rov id ing  a s m o o t h l y  
r o u n d e d  insu la t ing  su r f ace , . , un l e s s  the  c o n d u c t o r s  are  s e p a r a t e d f r o m  the  
r a c e w a y  fitt ing by subs t an t i a l  insu!a t ing mater ia l  s ecu re l y  f a s t e n e d  in place.  
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. "Exception: Where.threaded hubs orbosses that are an integral.part o f  an 
enclosure provide a .smoothly rounded or flared entry for  conductors. 

• Conduit bushings constructed wholly of insulating material shall not be 
used to secure a raceway. The insulating fitting or insulating material shall l 
have a temperature rating not.less than the insulation, temperature rating of 
the installed conductors. 

373-7. Space in Enclosures. Cabinetsand cutout boxes shall have suffi- 
cient space tO accommodate all conductors installed in them without crowd- 
ing. 

373-8. Enclosures. for Switches or.-Overcurrent.Devices. Enclosures for 
switches or .overcurrentdevices shall not be used as junction boxes, auxiliary 
gutters,, or.raceways for conductors feeding through or tapping off to other 
switches or overcurrent devices. 
_ Exception: Where adequate space is provided so that'the conductors do 

• notfi l l  the wiring space at any cross section to more than40 percent o f  the 
cross-sectional area o f  the space,: and so that ihe conductors, splices, and 
taps.do not fill the wiring space at any cross section to more than 75 percent 
o f  ther cross-sectional area o f  the space. 

373-9.  S ide or Back,Wiring Spaces or Gutters. Cabinetsand 'cutout  boxes 
shall be.provided with back ~wiring spaces, gutters, or wiring cornpartments 
as required by Section 373-1 l(c) and (d). 

B. Constructi0n,Specifications 

• 373-10.- Material. Cabinets and cutout boxes.shall comply with (a).through 
(c) below. 

( a )  Metal Cabinets and Cutout Boxes. •.Metal cabinets and cutout boxes 
.." shall be protected both inside and outside against corrosion. 

" (FPN):~For protection against corrosion, see Section 300-6. 
"(b)" Strength. - The design and.construction of cabinets and cutout boxes 

shall.be such as to secure ample strength and rigidity. If constructed of sheet 
steel, the metal shall not be less than 0.053 inch (1.35 mm) uncoated. 

'(c)~:Nonmetallic,,Cabinets. Nonmetallic cabinets shall be submitted for 
approval prior to installation• 

373-11.  Spacing. The spacing.within cabinets .and cutout .boxes shall 
comply .with (a). through. (d).below. 

. ( a )  G e n e r a l .  Spacing.within cabinets and cutout boxes shall be sufficient 
to p~?ovide ample room for the distribution of wires and cablesplaced in them, 

• and~for:a separation between metal parts- of devices and apparatus mounted 
within.,them as follows: 

• (1) Base. ' Other than at points of support, there shall be an air space of 
at least V~6 inch (1.5~ mm) 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 air space of at l eas tq  inch (25.4 mm) 
between any l ivemetal  part, including live metal parts of_enclosed-fuses, and 
the door. 
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Exception: Where the door is lined with an approved insulating material 
or is o f  a thickness o f  metal not less than No. 12 MSG, the a& space shah not 
be less than I/2 inch (12.7 mm). 

(3) Live Parts. There shall be an air space of at • least Vz inch (12.7 mm) 
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 dev ices  
mounted within the cabinet where the voltage does not exceed 250. This 
spacing shall be increased to at least 1 inch (25.4 mm) for voltages 251 to 600, 
nominal. 

Exception: As permitted in (2) above. 
(b) Switch Clearance. Cabinets and cutout boxes shall be deep enough to 

allow the closing of the doors when 30-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 will permit. 

(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, subfeeder circuits:, power 
circuits, and, similar circuits, but no t  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: Where the enclosure contains only those conductors that are 
led from the cabinet at points directly opposite their terminal connections to 
devices within the cabinet. 

Partially enclosed back-wiring spaces shall be provided with covers to 
complete the enclosure. Wiring spaces that are required by (c) above, and 
that are exposed when doors are open, shall be provided with covers to 
complete the enclosure. Where adequate space is provided for feed-through 
conductors and for splices as required in Section 373-8, Exception, additional 
barriers shall not be required. 

• A R T I C L E  374 m A U X I L I A R Y .  G U T T E R S  

374-1. Use. Auxiliary gutters shall be permitted to supplement wiring 
spaces at meter centers, distribution centers, switchboards, and similar 
points of  wiring systems and may enclose conductors or busbars, but shall 
not be used to enclose switches, overcurrent devices, appliances; or other 
similar equipment. 

374-2. Extension. Beyond Equipment; An auxiliary gutter shall not extend 
a greater distance than. 30 feet (9.14 m ) b e y o n d  the .equipment which i t  
supplements. 

Exception: As provided in Section 620~35 for elevators. 
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• (FPN): ,For wireways, see Article 362. For busways, see,Article 364. 

.374-3. Supports., .Gutters shall be supported throughout theii" entire length 
at intervals not exceeding 5 feet (1.52 m). 

.374-4. Covers. "~Co~)ers shall be securely fastened to the gutter. 

374-5 . 'Number  of Conductors. Auxiliary gutters shall, not contain more 
than thirty current-carrying conductors, at any cross section. The sum of the 

• cross-sectional areas o f  all contained conductors atany- cross section of an 
auxiliary gutter shall- n o t  exceed 20 percent of the interior cross-sectional 
area ofthe~auxiliary gutter. 

, Exception No. .1:  As  provided in Section 620-35 f o r  elevators. 
Excep t ion  No.  2: Conductors for  signaling.circuits or controller conduc- 

• tors between a motor and its starter and used only for  starting duty shall not 
be considered as current-carrying conductors .  

Exception No.  3: Where the correction fac tors  specified in No te '8  (a) to 
Tables 310~16 through 310-31 are applied, there shall be no, limit on the 
number  o f  currenr-carrying conductors,- but t he  sum o f  the cross-sectional 
area o f  all contained conductors at any cross sec t ion .o f  the auxiliary gutter  
shall not exceed 20 percent  o f  the interior cross-sectional area of.  the 
auxiliary gut ter .  

(EPN): For conductor cross-sectional•area see Tables 5, 5fl,, 6, 7, 8 and the 
applicable Notes to Tables at the beginning of Chapter 9. 

374-6. Ampacity of-Conductors. Where the number of current-carrying 
conductors contained in the auxiliary gutter is thirty or less, the correction 
factors specifiedin Note'8 (a) to Tables 3'10-16 through 310-31 shall not apply. 
The current carried continuously in barecopper  bars inauxiliary gutters shall 
not exceed, 1000 amperes per square inch (645 sq mm) of cross section of the 
conductor. For. aluminum bars, t he  current carried continuously shall not 

:- -exceed 700amperes  per square•inch' (645 sq mm) of cross section of the 
conductor. 

374-7. Clearance of Bare Live Parts. • Bare coriductors shall be securely and 
rigidly supported so that t h e  minimum clearance between bare current- 
,carrying metal parts of  opposite polarities mounted'on,the same, surface will 
• not be less'than 2 inches (50~8 mm), n o r  less than 1 inch (25.4 mm) for parts 
that~are held free in,the air. A clearance not less than 1 .inch (2.5.4 mm) shall 
.be'secured between bare,current=carrying metal parts and any metal surface. 

, -_ Adequate pr0vision's ,shall be made for'  the expansion and contraction of  
• busbars. 

, . 3 7 4 - 8 .  Splices andTaps. ~ Splices and taps shall comply with (a) through (d) 
below. 
• "(a) .,Within Gutters. Splices or taps shall be permitted within gutters when 

., they are accessibleby 'means oLremovable 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 ~onductors'.shall leave the-gutter 
opposite their terminal .connections and conductors shall not, be brought in 
contact withuninsulated current-carryingparts of opposite polarity. 
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(c) Suitably Identified. All taps shall be suitably identified at the gutter as 
to the circuit or equipment which they supply. 

(d) Overcurrent Protection. TaP connections from conductors in auxiliary 
gutters shall be provided with overcurrent protection as required in Section 
240-21. 

374-9. Construction and Installation. Auxiliary gutters shall comply with 
(a) through (e) below. 
• (a) Electrical and Mechanical Continuity. Gutiers shall be so constructed 

and installed that adequate electrical and mechanical continuity of the 
complete.system will be 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 corro- 
sion. Corner joints shall be made tight and, where the assembly i s  held 
together by rivets or bolts shall be spaced not more than 12 inches (305 mm) 
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) Deflected Insulated Conductors. Where insulated conductors are de- 
flected 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 than30  degrees, dimensions- 
corresponding to Section 3.73-6 shall apply. 

(e) Outdoor Use.. Auxiliary gutters installed in wet locations shall be of 
raintight construction. 

A R T I C L E  380 - -  S W I T C H E S  
- \  

A. Installation 

380-1. Scope. The provisions of this article shall apply to all switches, 
switching devices, and circuit breakers where used as switches. 

380-2. Switch Connections. 
(a) Three-Way and Four-Way Switches.- Three-way and four-way switches 

shall be so wired that all switching is done only in the ungrounded circuit 
conductor. Whe,'e in metal raceways, wiring between switches and outlets 
shall be in accordance with Section 300-20(a). 

Exception: Switch loops shall not require, a grounded conductor• 
(b) Grounded Conductors. Switches or circuit breakers shall not discon- 

nect the grounded conductor of a circuit. . .  
Exception No. 1: Where the switch or circuit breaker simultaneously 

disconnects all conductors of  the circuit.- 
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• Exception No. 2: Where the switch or circuit breaker is so arranged that 
the grounded conductor c'annot be disconnected until all the ungrounded 
conductors of  the circuit have been disconnected. 

380-3.  Enclosure. 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 pro- 
vided in switch enclosures shall be :as required in Section 373-6. 

Exception: Petidaht- and surf~ice-type snap swiiches and knife switches 
• mounted on an open-face switchboard or panelboard. 

380-4.  ,Wet Locations. A switch or .circuit breaker  in a wet location or 
outside of a building shall be enclosed in a weatherproof  enclosure oz; cabinet  
that  shall comply with Section 373-2(a). .. 

380-51 Time Switches, Flashers, and similar Devices. Tim e switches, flash- 
ers, and. similar devices n e e d  not be of the external ly  operable type. They 
shall be  enclosed in metal boxes ,or cabinets• 

Exception No. 1: Where mounted in switchboards, control panels, or 
enclosures and so located that any live terminals, located within 6 inches- 
(152 ram) Of the manually adjustdble clock dial or "on-off" switch, are 
covered by suitable barriers. 

Exception No. 2: Where enclosed in approved individual housings with no 
live parts exposed to the operator. 

380-6. Position of Knife Switches. 
(a) Single-Throw Knife Switches. Single-throw knife switches shall be so 

placed that  gravity'will not tend to close them. Single-throw knife.switches,  
approved for use in the inverted position, shall be provided with a locking 
device that  will ensure that  the blades remain in the open position when  so 
set. 

(b) Double-ThrowKnife Switches. Double-throw knife switches shall be' 
permitted to be mounted so that  the throw will be ei ther vertical or. 
horizontal.  Where  the throw is vertical, a locking device  shall be provided to ' 
hold the blades in the open position when so set. 

(c) Connection of Knife Switches. Single-throw knife  switches shall be so I 
connected that  the blades are deenergized when  the switch is i n  the open 
p o s i t i o n . .  , . 

Exception:~ Where the. load side of  the switch is connected to circuits or 
equipment, the inherent nature of  which may provide a backjreed source of  
power. For "such installations, a permanent sign shall be  installed .on the 
switch enclosure or immediately adjacent to open switches reading: 
"'WARNING--LOAD .SIDE OF SWITCH M A Y  BE ENERGIZED BY  
BACKFEED." 

380-7 .  Indicating. General-use andmotor ,  circuit switches and circuit break- 
ers ,  where mounted in an enclosure as described in Section 380-3, shall clearly 
indicate whether they are in  the open "off"  or closed " o n "  position. 

Where. these switch or circuit breaker  handles are operated vertically 
ra ther  than rotationally or horizontally; the up position of the handle shall be 
the " o n "  postion. 

Exception: Double-throw switches. 
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380-8. Accessibility and Grouping. 
(a) Location. All switches and circuit breakers used as switches shall be 

so located that they may be operated from a readily accessible place. They 
shall be so installed that the center of the grip of the operating handle of the 
switch or circuit breaker, when in its highest position, will not be more than 
6V2 feet (1.98 m) above the floor or working platform. 

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 installed adjacent to motors, appliances, or 
other equipment which they supply shall be permitted to be located higher 
than specified in the foregoing and to be accessible by portable means. 

Exception No. 3: Hookstick operable isolating switches shall be permitted 
at heights of  more than 6½feet (1.98 m). 

(b) Voltage Between Adjacent Switches. Snap switches shall not be 
grouped or ganged in outlet boxes unless they ca.n be so arranged that the 
voltage between adjacent switches does not exceed 300, or unless they are 
installed in boxes equipped with permanently installed barriers between 
adjacent switches. 

380-9. Faceplates for Flush-Mounted Snap Switches. Flush snap switches, 
that are mounted in ungrounded metal boxes and located within reach of 
conducting floors or other conducting surfaces, shall be providedwith 
faceplates of nonconducting, noncombustible material. Metal faceplates shall 
be of ferrous metal not less than 0.030 inch (0.762 mm) in thickness or of 
nonferrous metal not less than 0:040 inch (1.016 mm) in thickness. Faceplates 
of insulating material shall be noncombustible and not less than 0.t0 inch 
(2.54 mm) in thickness but they shall be permitted to be less than 0. l0 inch 
(2.54 mm) in thickness if formed or reinforced to provide adequate mechan- 
ical strength. Faceplates shall be installed so as to completely cover the wall 
opening and seat against the wall surface. 

380-10. Mounting of Snap Switches. 
(a) Surface-type. Snap switches used with open wiring on insulators shall 

be mounted on insulating material that will separate the conductors at least 
V: inch (12.7 mm) from the surface wired over. 

(b) Box Mounted. Flush-type snap switches mounted in boxes that are 
set back of the wall surface as permitted in Section 370-10 shall be installed 
so that the extension plaster ears are seated against the silrface.of the wall. 
Flush-type snap switches mounted in boxes that are flush with the wall 
surface or project therefrom shall'be so installed that the mounting yoke or 
strap Of the switch is seated against the box. 

380-11. 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. Note: See provisions 
contained in Section 240-81. 

380-12. Grounding of Enclosures. Enclosures. for switches or circuit 
breakers shall be grounded as specified in Article 250. Where nonmetallic 
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• enclosures are usedwi th  metal-sheathed cables or-metallic conduits, provi- 
sion shall be made for grounding continuity. 

380-13. Knife Switches. 
(a) Isolating Switches. Knife switches rated at:.~vei, 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 current~ over 1200 amperesa t  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 
(a) and (b) above shall be considered general-use switches. 

(FPN): See 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. 
(FPN): See definition of a motor-circuit switch.in Article 100. 

380-14. Rating and Use of Snap Switches. Snap switches shall be used 
within their ratings and as indicated in (a) through (c) below: 

(a)-AC General-Use Snap Switch. A form of general-use snap switch 
suitable .only for use on alternating-current cirquits for controlling the. 
following: 

(1) Resistive and inductive loads, including electric-discharge lamps, 
not exceeding the ampere rating of. the switch at the voltage involved; 

(2) Tungsten,filament lamp loads not exceeding the ampererat ing of the 
switch at i20 volts. 

(3) Motor loads not exceeding 80 percent of the ampere rating of the 
switch at its rated voltage. 

(b) AC-DC General-Use Snap Switch. A form of general-use snap switch 
sui tablefor  use on either ac or dc circuits for controlling the following: 

(1) Resistive loads not exceeding the amlrere rating of thi: switch at the 
.. voltage applied., . . - 

(2) Inductive loads not exceeding 50 percent of the ampere rating of t h e  
'switch a t  the applied voltage. Switches rated i.n horsepower are suitable for 
controlling motor loads within their rating at voltage applied. 

(3) Tungsten-filament lamploads not.exceeding the ampere  rating of the 
switch at the applied voltage if " T "  rated. 

(FPN): For switches on signs and o/ltline lighting, see Section 600-2. 
(FPN): For switches controlling motors, see Sections 430-83, 430-109, and 

430-110. . . 
(C) CO/ALR Snap Switches. '  Snap switches rated 20 amperes or less 

directly connected to aluminum conductors shall-be listed and marked CO/ 
ALR. 

8. Construction Specifications 

380-15. Marking. Switches shall.be marked wi th the current and voltage 
and, if horsepower rated, the maximum rating for which they are designed. 
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380-16. 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 designed for use in breaking current over 200 amperes. 

380-17. Fused.Switches: A fused switch shall not have fuses in parallel. 
(FPN): See Section 240-8, Exception. • 

380-18. Wire Bending Space. The wire bending space required by Section 
380-3 shall meet Table 373-6(b) spacings to the enclosure wall opposite the 
line and load terminals. 

A R T I C L E  384 - -  S W I T C H B O A R D S  AND 
P A N E L B O A R D S  

I 384-1. Scope. This article covers (1) all switchboards, panelboards, and 
distribution boards installed for the control of light and power circuits, and 
(2) battery-charging panels supplied from light or power circuits. 

Exception: Switchboards or portions thereof used exclusively to control 
signaling circuits operated by batteries. 

384-2. Other Articles. Switches, circuit breakers, and overcurrent devices 
used on switchboards, panelboards, and distribution boards, and their 

I enclosures, shall comply with this article and also with the requirements of 
Articles 240, 250, 370, 380, and other, articles that apply. Switchboards and 
panelboards in hazardous (classified) locations shall comply with the require- 
ments of Articles 500 through 517. 

384-3. Support and Arrangement of Busbars and Conductors. 
(a) Conductors and Busbars on a Switchboard, Panelboard, or Control 

Board. Conductors and busbars on a switchboard, panelboard, or control 
board shall be so located as to be free from physical damage and shall be held 
firmly in place. Other than the required interconnections and control wiring, 
only those conductors that are intended for termination in a vertical section 
of a switchboard shall be located in that section. Barriers shallbe placed in 
all service switchboards that will isolate the service busbars and terminals 
from the remainder of the switchboard, 

Exception: Conductors shall be permitted to travel horizontally through 
vertical sections of  switchboards where such conductors are isolated from 
busbars 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, switchboard section, 
or panelboard, if used as service equipment, shall be provided with a main 
bonding jumper sized in accordance with Section 250=79(c) or the equivalent 
placed within the service disconnect section for connecting the grounded 
service conductor on its supply side to the switchboard or panelboard frame. 
All sections of a switchboard shall be bonded together using an equipment 
grounding conductor sized in accordance with Table 250-95 ~ 
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(d) Load Terminals. Load terminals in switchboards and panelboards 
shall be so located that it will be unnecessary to reach across or beyond an 
ungrounded line bus in order to make load connections. 

(e) High-Leg Marking. On a switchboard orpanelboard supplied from a 4- 
wire delta-connected system, where the midpoint of one phase is grounded, 
that phase busbar or conductor having the higher voltage to ground shall he 
durablyand permanently marked by an outer finish that is orange in color, or 
by other effective means. 

(f) Phase Arrangement. The phase arrangement on three-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. 

(g) Minimum Wire Bending Space. The minimum wire bending space at 
terminals and' minimum gutter space provided in panelboards and switch- 
boardsshall be as required in Section 373-6. 

384-4. Installation. Equipment within the scope of Article 384 shall be 
located in rooms or Spaces dedicated to such equipment. Such sPace shall 
include that space described in Section 110-16, and in addition shall include 
an exclusively dedicated space extending from floor to structural ceiling with 
a width and depth that of the equipment. No piping, ducts, or equipment 
foreign to the electrical equipment or architectural appurtenances shall be 
permitted to be installed in, enter or pass through such spaces or rooms. 

(FPN): It is not the intent to mandate a dedicated room. 
(FPN): This section is not intended to prohibit sprinkler protection for the 

electrical installation. 
Exception No. 1: Control equipment which by its very nature or because 

of  other rules of  this Code must be adjacent to or within sight of  its operating 
machinery. 

Exception No. 2: Ventilating, heating, or cooling equipment that serves 
the electrical, rooms or spaces. 

Exception'No. 3: Equipment located throughout industrial plants which is 
isolated from foreign equipment by height or physical enclosures or covers 
which will afford adequate mechanical protection from vehicular traffic, 
accidental contact by unauthorized personnel, or accidental spillage or 
leakage from piping systems. 

Exception No. 4: Outdoor electrical equipment located in weatherproof 
enclosures protected from accidental contact by unauthorized personnel or 
vehicular traffic or accidental spillage or leakage from piping systems. 

A. Switchboards 

384-5. Location of Switchboards. Switchboards that have any exposed live 
parts shall be located in permanently dry locations and then only where under 
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competent supervision and accessible only to qualified persons. Switch- 
boards shall be so located that the probability of damage.from equipment or 
processes is reduced to a minimum. 

384-6... Wet Locations. Where a switchboard is in a wet location or outside 
of a building, it shall be enclosed in a weatherproof enclosure or cabinet 
installed to comply wi thSect ion  373-2(a). 

384-7. Location Relative to Easily Ignitible Material. Switchboards shall be 
so placed as to reduce to amin imum the probabi l i ty of communicating fire to 
adjacent combustible materials. Where installed over a combustible floor, 
suitable protection thereto shall be provided. 

384-8. Clearances. 
(a) From Ceiling. A space of 3 feet (914 ram) or more shall be provided 

between the top of any switchboard and any combustible ceiling. 
Exception No. 1: Where a noncombustible shield is provided between the 

switchboard and the ceiling. 
Exception No. 2: Totally enclosed switchboards. 

[ (b) Around Switchboards. Clearances around switchboards shall comply 
with the provisions of Section 110-16. 

384-9. Conductor Insulation. An insulated conductor used within a switch- 
board shall be listed, 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. 

384-10. Clearance for Conductors Entering Bus Enclosures. Where con- 
" duits or~Qother raceways enter a switchboard, floor standing panelboard, or 
Simila~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 the following table 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 
3 inches (76 mm) above the bottom of the enclosure. 

Minimum Spacing Between 
Bottom of Enclosure and 

Busbars, their Supports, or other 
Obstructions (Inches) 

Conductor 
Insulated busbars, their supports, or other obstructions . . . .  8 (203mm) 
Noninsulated busbars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -.. l0  (254mm) 

384-11.  Gmutiding Switchboard.Frames. Switchboard frames and struc- 
tures supporting switching equipment shall be grounded. 

Exception: Frames o f  direct-current, single-polarity switchboards shall 
not be required to be grounded if  effectively insidated. 

" 384-12.  Grounding of Instruments, ' Relays, Meters, .and Instrument Trans- 
formers on Switchboards. Instruments, relays, meters, and • instrument 
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t ransformers located, on switchboards shall be grounded as spe~:ified in  
Sections 250-121 through 250-125. 

" B; Panelboards 

384;13.  General. All panelboards shall have a rating not less than the 
min imum feeder capaci ty required for the load computed in accordance with 
Article 220. 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 t rademark in such a 
manner  as to be visible after installation, without disturbing the interior parts  
or wiring. 

3 8 4 - 1 4 .  Lighting and Appliance Branch-Circuit Panelboard. For  the pur- 
p o s e s o f  this article, a lighting and.appliance branch-circuit  panelboard is one 
having more than l0 percent  of its overcurrent  devices rated 30 amperes  or 
less, for which neutral connect ions are provided.. 

384-15.  Number of Overcurrent Devices on One Panelboard. Not  more than 
forty-t~,vo oyercurrent  devices (other than those provided for in the mains) of 
a lighting and appliance branch-circuit  panelboard shall be installed in any 
one cabinet  or cutout box. 

A lighting and appliance branch-circuit  panelboard shall be. providecl with 
physical means to prevent . the  installation of more overcurrent  devices than 
that  number  for which the panelboard was designed, rated, and approved.  

For the purposes of this article, a 2-pole circuit breaker  shall be considered 
two overcurrent  devices; a 3-pole breaker  shall, be Considered three over- 
current  devices. 

384-16.  Overcurrent Protection. • -" 
(a) Lighting and Appliance Branch,CircuiL Panelboard Individually .Pro- 

tected. E a c h  lighting and appliance branch-circuit ,  pane lboard . sha l l  be 
individually protected on the supply side by not more than two main circuit 
breakers or two sets of fuses having.a combined rating not greater  t h a n t h a t  
of the panelboard. 

Exception No. 1: Individual protection for a lighting and appliance 
panelboard shall not be required if the panelboard feeder has of, ercurrent 
protection not greater than the. rating of  the panelboard. 

Exception No. 2 ? For existing installations, individual protection for 
lighting and appliance branch-circuit panelboards is not required where such 
panelboards" are used as service equipment in supplying an individual 
residential occupancy. 

(b) Snap Switches Rated at 30 Amperes or Less. Panelboards equipped 
with snap switches rated at 30 amperes or less sha l l  have overcurrent  
protection not in excess of 200 amperes.  

(c) Continuous Load. The total load on any overcurrent  device located in 
a panelboard shall not exceed 80 percent  of its rating where in normal 
operation the load will continue for  3 hours or more. 

.Exception. Where the assembly including the overcurreht device is ap- 
proved for continuous duty at lO0 percent of  its rating. 
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(d) Supplied through a Transformer. Where a panelboard is supplied. 
through a transformer, the overcurrent protection required in (a) and (b) 
above shall be located on the secondary side of the transformer. 

Exception: A panelboard supplied by the secondary side o f  a single-phase 
• transformer having a two-wire (single-voltage) secondary shall be considered 
as protected by overcurrent protection provided on the primary (supply) sid~ 
.of the transformer, provided this protection is in accordance with Section 
450-3(b)(1) and does not exceed the value determined by multiplying the 
panelboard rating by the secondary-to-primary voltage ratio. 

(e) Delta Breakers. A three-phase disconnect or overcurrent device shall 
not be connected to the bus of any panelboard that has less than three-phase 
buses. 

(FPN): This is intended to prohibit the use of "delta breakers" in panelboards. 
i 

384-17. Panelboards in Damp or Wet Locations. Panelboards "in damp or 
wet locations shall be installed to comply with Section 373-2(a). 

384-18. Enclosure. Panelboards shall be mounted in cabinets, cutout 
boxes, or enclosures designed for the purpose and shall be dead front. 

Exception: Panelboards other than o f  the dead front externally operable 
type shall .be permitted where accessible only to qualified persons. 

384-19. Relative Arrangement of Switches and Fuses. In panelboards, 
fuses of any type shall be installed on the load side of any switches. 

Exception: As provided in Section 230-94 for use as service equipment. 

C. Construction Specifications 

"384-20. Panels. The panels of switchboards shall be made of moisture- 
resistant, noncombustible material. 

384-21. Busbars. Insulated Or bare busbars shall be rigidly mounted. 

384-22. Protection of Instrument Circuits. Instruments, pilot lights, poten- 
tia I 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: Where the operation o f  the overcurrent device might 
introduce a hazard in the operation o f  devices. 

Exception No. 2: For ratings o f  2 amperes or less, special types o f  
enclosed fuses shall be permitted. 

384-23. Component Parts. Switches, fuses, and fuseholders used on 
panelboards shall comply.with the applicable requirements of Articles 240 
and 380. 

384,-24. Knife Switches. Exposed blades of knife switches shall be 
I deenergized when open. 

384-25. Wire Bending Space in Panelboards. The enclosure for a 
panelboard shall have the top and bottom wire bending space sized in 
accordance with Table 373:6(b) for the largest conductor entering or leaving 
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the enclosure. Side wire bending space shall be in accordance with Table 
373-6(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 373-6(a)for a lighting a n d  
appliance branch-circuit panelboard raied 225 amperes or less. 

Exception No. 2: Either the top or bottom wire bending space for any 
panelboard shall be permittedto be sized in accordance with Table 373-6(a) 
where at least one side wire bending space is sizedin accordance with Table 
373-6(b) for the largest conductor to be termina'ted 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 373-6(a) spacings if the 
panelboard is designed and constructed for wiring using only one single 90 
degree bend for each conductor including the neutral 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 373-6(a) where 
there are no conductors terminated in that space. 

384-26.  Minimum Spacings. The distance between bare metal parts, 
busbars, etc.,  shall not be less than specified in Table 384-26. 

Exception No. 1: At switches or circuit breakers. 
Exception No..2: Inherent spacings in listed components. 
Where close proximity does not cause excessive heating, parts of the same 

polarity at switches, enclosed fuses, etc.,  shall be permitted to be placed as 
close together as convenience in handling will allow. 

" T a b l e  3 8 4 - 2 6 .  Min imum S p a c i n g s  B e t w e e n  B a r e . M e t a l  Par ts  ~: 

Opposite Opposite 
Polarity Polarity 
Where Where 

Mounted. on Held., 
the Same Free *Live Parts 
Surface in Air to,Ground 

Not over 125 volts, nominal . . . . . . . . . . .  3A inch V2 inch - V2 inch 
Not over 250 volts, nominal . . . . . . . . . . .  1% inch 3A inch V2 inch 
Not over 600 volts, nominal . . . . . . . . . . .  2 inches - 1 inch 1 inch " 

For SI units: one inch = 25.4 millimeters. 
* For spacing between live parts and doors of cabinets, see Section 373-1 l(a) (1); (2), 

and (3). 

384-27. Grounding of Panelboards. Panelb0ard cabinets shall be grounded. 
in the manner specified in Article .250 or Section 384-3(c). An approved 
terminal bar for equipment grounding, conductors shall be provided and 
secured inside of the cabinet for the attachment of all the feeder and branch~ 
circuit equipment grounding conductors,  where t he  panelboard is used with 
nonmetallic raceway or.cable, or where separate grounding conductors- are 
provided. The terminal bar shall be bonded to the cabinet or panelboard 
frame, or at the first system disconnecting means o r o v e r c u ~ e n t  device f o r a  
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separately derived system, and shall not be connected to the neutral bar in 
other than service .equipment. 

Exception No. 1,: Where an isolated, equipment grounding conductor is 
,provided as permitted by ,Section 250-74, Exception No. 4, this insulated 
equipment grounding conductor which 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. 
Exception No. 2: The terminalbar for equipment grounding conductors 

shall be permitted to beconnected to the neutral bar at separate buildings in 
accordance with the provisions of  Section 250-24. 
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Chapter 4 .  Equipment for General Use 
A R T I C L E  400  m F L E X I B L E  C O R D S  A N D  C A B L E S  

A. General 

400-1. Scope. This article covers general requirements, applications, and 
construction specifications for flexible cords and flexible cables. 

4 0 0 - 2 .  Otli~r Articles. Flexible cords and flexible cables shall comply with 
this article and with the applicable provisions of other articles of this Code. 

400-3. Suitability. Flexible cords and cables and their associated fittings 
shall be suitable for the conditions of use and loc~ition. 

400-4. Types. Flexible cords and flexible cables shall conform to the 
description in Table 400-4. Types of flexible cords and flexible cables other 
than. those listed in the table shall b e  the subject of special investigation. 

Notes to Table 400-4 

1. Except for Types SP-1, SPE-1, SP-2, SPE-2, AFPO, SP-3, SPE-3, 
SPT-1, SPT-2, SPT-3, HPN, TPT, and 3-conductor parallel versions of SRD, 
SRDE, SRDT, individual conductors are twisted together. 

2. Cables constructed differently than specified herein and listed as 
component parts of a data processing system shall be permitted. 

3. Types .TPT, TS, and TST shall be permittdd in lengths not exceeding 
8 feet (2.44 m) when 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. 

4. Rubber-filled or varnished cambric tapes shall be permitted as a 
substitute for the  inner braids. 

5. Types S, SO, SE, SEO, SOO, ST, STO, STOO, G, and W shall be 
permitted for use on theater stages, in garages, and elsewhere where flexible 
cords are permitted by this Code. j 

6. Elevator traveling cables for operating control and signal circuits 
shall contain nonmetallic fillers as necessary, to maintain concentricity. 

• Cables exceeding. 100 feet (30.5 m) between supports shall have steel 
supporting members. In locations subject to excessive moisture o f  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, EN, ET; ETP, ETLB and .ETT elevator cables shall be permitted to 
incorporate in the construction one  or more No. 20 AWG telephone 
conductor pairs and/or one or more coaxial cables• The No. 20 AWG 
conductor pairs.shall be permitted to be covered With suitable shielding for 



T a b l e  4 0 0 - 4 .  F lex ib le  C o r d s  and  C a b l e s  
( S e e  S e c t i o n  4 0 0 - 4 )  

Trade Name Type Size 
Letter AWG 

Asbestos- A FC 
Covered 
Heat- AFiaD 
Resistant 
Cord AFIiO ' 

Therinoset- A FS 
Jacketed 
Heat- AFSJ 
Resistant 
Cord 

Lam b Cord C 

Data Pror 
cessing DP 
Cable See 

Note 2. 

See Notes I through 9. 
* See Note 9. 

18-10 

18-10 

18-16 

18-10 

32 Min. 

Noniinal Braid 
No. of Insulat ion •Insulation Thickness on Each 

Conductors AWG Mils Conductor 

Coiton or 
2 or 3 Impreg- Rayon 

nated 18-14 30 
Asbestos None 

2 i2-10 45 

2 or 3 Irnpreg- 18-14 30 None 
nated 
Asbestos 

2 or more 

2 or 
More 

Thermoset 18-16 30 Cotton 
or 
Thermo- 
plastic 14- I 0 45 

32-27 8 
Thermo- ( 5 0 V )  None 

plastic, 26-23 12 
Thermoset ( 5 0 V )  
or 22-20 t6 
Cross- ( 5 0 V )  
linked 32-16 20 
Synthetic (300V) 
Polymer 14- I 0 30 

(300V) 
8- 2 60 

(300V) 

Outer Covering 

None 

Cotton, Rayon, 
or Saturated 
Asbestos 

Thermoset 

None 

Thermoplastic, 
Thermoset or 
Crosslinked 
Synthetic 
Polymer 

Pendant 

Portable 
Heaters 

Pendant 
or 
Portable 

Data 
Process- 
ing 
Systems 

Use 

Dry 
Locations 

Damp 
Locations 

Dry 
Locations 

Dry 
Locations 

Not 
Hard 
Us~ige 

Extra 
Hard 
Usage 

Hard 
Usage 

Not 
Hard 
Usage 

Power 
and 
Signal- 
ing Cir- 
cuits 



Table 400-4 (Continued) 
E 
See 
Note 6. 

Elevator 
Cable - -  20-14 

EN 
See 
Note 6. 

Elevator EO 
Cable See 

Note 6. 20-14 

ET 
See " 
Note 6. 

ETLB 
See 

Elevaior Note 6. 
Cable . 

ETP 
See 
Note 6. 

ETT 
See 
Note 6. 

See Notes I through 9. 
* See Note 9. 

20-14 

2 or 
More 

2 or 
More 

2 or More 

Thermoset 

20-16 20 Cotton 

20-16 20 

Thermoset 20-16 20 

Thermo- 
plastic 

Thermo- 
plastic 

Thermo- 
plastic 

14 30 
20-16 20 

14 30 

Flexible 
Nylon 
Jacket 

Cotton 

Rayon 

None 
/ 

Rayon 

None 

Three Cotton, 
Outer one Flaine- 
Retardant- & 
MoiSture-Resist. 
See Note 4. 

One Cotton and a 
Neoprefie or 
Thermoplastic 
Jacket 
See Not~ 4. 

Three Cotton, 
Outer one Flame- 
Retardant & , 
Moisiure-Resist. 
See Note 4. 

One Cotton and a 
Neoprene Jacket 
See Note 4. 

Three Cotton, 
Out& one Flame- 
R&ardarit & 
Moisture- Resist, 
See Note 4. 

Thermoplastic 

One Cotton 
and a Thermo- 
plastic jacket 

Elevator 
Lighting 
and 
Control 

Elevator 
Lighting 
and 
Control 

Elevator 
Lighting 
and 
Control 

Nonhazardous 
Locations 

Hazardous 
(Classified) 
Locations 

Nonhazardous 
Locations 

Hazardous 
(Classified) 
Locations 

Nonhazardous 
Locations 

Hazardous 
(Classified) 
Locations 
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Trade Name Type Size No. of 
Latter AWG Conductors 

Portable G 8-500 2-6 plus 
Power MCM Grounding 
Cable Conduc- 

I' tor(s) 

Heater Cord HPD 18-12 2, 3, or 4 

Parallel HPN 18-12 2 or 3 
Heater See 
Cord Note 7. 

Thermoset 
Jacketed HS 14-12 
Heater 
Cord HSJ" 2, 3 

See or 

Note 8. 1 -8-12 4 

HSJO 
See 
Note 8. 

HSO 

Twisted Port- PD 
able Cord 

14-12 

18-10 

See Notes 1 through 9. 
* See Note 9. 

2 o r  more 

Insulation 

Thermoset 

Nominal 
"Insulation Thickness 

AWG Mils 

8-2 60 
I-4/0 80 
250 MCM- 95"  

500 MCM 

Thermoset 
with 
Asbestos 
or All 
Thermoset 

Thermo- 
setting 

Thermoset 

18-16 15 

14-12 30 
18-16 45 
14 80 
12 95. 

Thermoset 
with 
Asbestos 
or 
All 
Thermoset 

Thermoset 
or 
Thermo- 
plastic 

18-16 15 
(Thermoset/ 
Asbestos) 

18-16 30 
(All 
Thermoset) 

14-12 30 
(Thermoset/ 
Asbestos 

14-12 45 
(All 
Thermoset) 

18-16 30 
14-10 45 

Braid 
on Each 

Conductor 

None 

None 

None 

Cotton 

Outer Covering Usa 

Portable, Extra Hard Usage, and 
a~ Permitted in Sections 520-68 

Oil- 
Resistant 
Thermoset 

Cotton or Rayon 

Thermosetting 

Cotton 
and 
Thermoset 

Cotton 
and Oil- 
Resistant 

Cotton or Rayon 

and 530-12. 

Portable Dry 
Heaters Locations 

Portable Damp 
Locations 

Portable 
or 
Portable 
Heaters Damp 

Locations 

Pendant Dry 
or Locations 
Portable 

Not 
Hard 
Usage 

Not 
Hard 
Usage 

Extra 
Hard 
Usage 

Hard 
Usage 

Extra 
Hard 
Usage 

Not 
Hard 
Usage 



Table 400-4 (Continued) 
Hard Service S 
Cord See 

Note 5. 

SE " 
See 
Note 5. 

SEO 
See 
Note 5. 

SJ Junior Hard 
Service 
Cord 

18-2 

SJE 

SJEO. 

SJO' 
18-10 

SJO0 

SJT 

SJTO 

SJTO0 

See Notes I through 9. 
* See Note 9. 

2 or more 

2, 3, 4, 
or 5 

Thermoset 

J'hermo- ' 
plastic, 
Elastomer 

Thermoset 

Thermo- 
plastic 
Elastomer 

Thermoset 

Oil- 
Resistant 
Thermoset 

Thermo- 
plastic or 
Thermoset, 

Thermoset 
or . 
Thermo- 
plastic 

Oil- 
Resistant 

• Thermo- 
plastic or 
Thermoset 

18-16 30 

14-10 45 

8-2 60 

18-12 30 

10 45 

None 

None 

Thermoset 

Thermoplastic 
Elastomer 

Oil-Resist~int 
Thermoplastic 
Elastmner 

Thermoset 

Thermoplastic 
Elastomer 

Oil-Resistfi0t 
,Thermoplastic 
Elastomer 

Oil-Resistant 
.Thermoset 

Oil-Resistant 
Thermoset 

Thermoplastic 

Oil-Resistant - 
Thermoplastic 

Oil-Resistant 
Thermoplastic 

Pendant 
or 
Portable 

Pendant 
or 
Portable 

Damp 
Locations 

Damp 
Locations 

Extra 
Hard 
Usage 

Hard 
Usage 
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Trade Name 
Nominal 

Type Size No. of Insulation "Insulation Thickness 
Letter AWG Conductors 

AWG Mils 

Braid 
on Each Outer Covering 

Conductor 
Use 

Hard Service SO 
Cord > See 

Note 5. 

S O O  
See 
Note 5. 

18-2 2 or more 

Thermoset  18-16 30 

Oil- 14-10 45 
Resistant 
Thermoset  

8-2 60 

Oil-Resistant  
Thermoset  

Oil-Resistant  
Thermoset  

Pendant Damp Extra 
or Locations Hard  
Portable Usage 

~,11 Thermoset  SP-I  18 
Parallel See 
Cord "NiJte 7. 

SP-2 
See 
Note 7. 

SP-3 18-12 
. See 

Note 7. 

See  No te s  1 th rough  9. 
* S e e ' N o t e  9. 

18-16 2 or 3 

Thermoset  
18 

18-16 

30 None Thermoset  

45 

Thermoset  18-16 
14 
12 
10 

60 None Thermoset  
80 
95 

110 

Pendant Damp Not  
or - Locations Hard 
Portable . Usage 

Refriger- Damp Not  
ators, Locations Hard 
Room Air Usage 
Condi- 
tioners 
and as 
permitted 
in Section 
422-8(d) 



Table 400-4 (Continued) 

All Elastomer SPE- 1 18 
(thermo- See 
plastic) Note 7. 
Parallel 
Cord SPE-2 18-16 

See 
Note 7. 

SPE-3 18-12 
See 
Note 7. 

All Plastic 
Parallel 
Cord 

SPT-I 18 
See 
Note 7. 

' SPT-2 18-16 
See 
Note "1. 

SPT-3 18-10 
See 
Note 7. 

See Notes 1 through 9. 
* See Note 9.. 

2 o r 3  

2 o r 3  

Thermo- 18 30 None 
plastic 
Elastomer 

18-16 45. 

Thermo- 
plastic 

Thermo- 
plastic 

18-16 60 None 
14 80 
12 95 
10 110 

18 30 N o n e  

18-16 45 

18-16 60 None 
14 80 
12 95 
10 110 

Thermoplastic 
Elastomer. 

Thermoplastic 
Elastomer 

Thermoplastic 

Thermoplastic 

Pendant Damp Not 
or Locations Hard 
Portable Usage 

Refriger- Damp Noi 
htors, Locations Hard 
Room Air Usage 
Condi- 
tioners 
and as 
permitted 
in Section 
422-8(d) 

Pendant Damp Not 
or Locations Hard 
Portable Usage 

Refriger- Damp Not 
ators, . Locations Hard 
Room Air Usage 
Condi- 
tioners 
and as t 
permitted 
in Section 
422-8(d) 



T a b l e  4 0 0 - 4  ( C o n t i n u e d )  

Trade Name Type Size No. of 
Letter AWG Conductors 

Range, 
Dryer 
Cable 

SRD 

SRDE 

10-4 

10-4 

SRDT 

Hard Service ST 
Cord See 

Note 5. 

STO 
See 
Note 5. 

STOO 
See 
Note 5. 

Vacuum SV 
Cleaner See 
Cord Note 7. 

SVE 
See 
Note 7. 

SVO 

10-4 

18-2 

18-17 

3 o r 4  

.3 or 4 

3 o r 4  

2 or more 

2 o r 3  

Insulation 

Thermoset 

Thermo- 
plastic 
Elastomer 

Thermo- 
plastic 

Thermo- 
plastic or 
Thermoset 

Oil- 
Resistant 
Thermo- 
plastic or 
Thermoset 

Thermoset 

Thermo- 
plastic 
Elastomer • 

Thermoset 

Nominal Braid 
"insulation Thickness on Each 

AWG Mils Conductor 

10-4 45 

18-16 30 
14-10 45 
8- 2 60 

None 

None 

None 

None 

18-17 15 None 

"Outer Covering 

Thermoset 

Thermoplastic 
Elastomer 

Thermoplastic 

Thermoplastic 

Oil-Resistant 
Thermoplastic 

Portable 

Portable 

Portable 

Pendant 
or 
Portable 

Use 

Damp 
Locations 

Damp 
Locations 

Damp 
Locations 

Damp 
Locations 

Thermoset 

Thermoplastic 
Elastomer 

Oil-ResiStant 
Thermoset 

Pendant 
or 
Portable 

Damp 
Locations 

Ranges, 
Dryers 

Ranges, 
Dryers 

Ranges, 
Dryers 

Extra 
Hard ' 
Usage 

Not 
. Hard 

Usage 

See Notes 1 through 9. 
* See Note 9. 



Table 400-4 (Continued) 

SVO0 

Vacuum 
Cleaner 
Cord 

SVT 
See 
Note 7. 

SVTO 
See 
Note 7. 

SVTOO 

18-17, 2 or 3 

Parallel 
Tinsel 
Cord 

TPT See "27 
Note 3. 

Oil- 
Resistant 
Thermoset 

Thermoset 18-17 
o r  

Thermo- 
plastic 

Thermoset 
or 
Thermo- 
plastic 

Oil- 
Resistant 
Thermo- 
'plastic or 
Thermoset 

Fhermo- 
plastic 

15 None 

27 30 None 

Oil-Resistant 
Thermoset 

Thermoplastic 

Oil-Resistant 
Thermoplastic 

Oil-Resistant 
Thermoplastic - 

Thermo- 
plastic 

Thermoset 

Thermo- 
plastic 

Pendant Damp Not 
or Locations Ha~-d • 
Portable Usage 

Attached Not 
to an Damp , Hard 
Appliance Locations Usage 

Attached , Not 
• to an ~ Damp Hard 

Appliance Locations Usage 

Attached Not 
to an Damp Hard 
Appliance Locations Usage 

Jacketed 
Tinsel 
Cord 

TS See 
Note 3. 27 

TST See 
Note 3. 27 

Portable W 8-500 
Power " MCM 
Cable 

2 Thermoset 

~ 27 15 
Thermo- 

2 plastic 

1-6 Thermoset 8-2 60 
1-4/0 80 
250MCM- 95 
500MCM 

None 

None 

Oil- 
Resistant 
Thermoset 

Portable, Extra Hard Usage, and 
as Permitted in Sections 520-68 
and 530-12. 

See Notes 1 through 9. 
* See Note 9. 

x 



70-292 NATIONAL ELECTRICAL CODE 

telephone, audio or higher frequency communication, circuits; the coaxial 
cables consist of a center conductor, insulation and shield for use in video or 
other radio frequency communication circuits. The insulation of the conduc- 
tors 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. 

7. A third conductor in these c~ibles is for grounding purposes only. 

8. The individual conductors of all cords, except those of heat-resistant 
cords (Types AFC, ,~FPD, AFPO, AFS, and AFSJ), shall have a thermoset 
or thermoplastic insulation, except that the grounding conductor where used 
shall be in accordance with Section 400-23(b). Unvulcanized rubber com- 
pounds shall be permitted to be used for all sizes of heater cord Types HSJ 
and HSJO, and for sizes 18 and 16 AWG Type HPD. 

9. Where the-voltage between any two conductors exceeds 300, but 
does not exceed 600, flexible cord of No. 10 and smaller shall have thermoset 
or thermoplastic insulation on the individual conductors at least 45 mils in 
thickness, unless Type S, SO, SE, SEO, SOO, ST, STO, or STOO cord is 
used. 

400-5. Ampacity of Flexible Cords and Cables." Table 400-5 gives the 
allowable ampacity for not more than three current-carrying copper conduc- 
tors in a cord. If the numberof  current-carrying conductors in a cord exceeds 
three, the ampacity of each conductor shall be reduced from the 3-conductor 
rating as shown in the followingtable: 

Number of Conductors Percent of Values in Table 400-5 

4 through 6 80 
7 through 24 70 

25 through 42 60 
43 and above 50 

Subheading C of Table 400-5 gives the allowable ampacity for single- 
conductor Type 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 24 inches when  passing through the Wall of an 
enclosure. 

A neutral conductoi" which carries only the unbalanced current from other 
conductors, as in the case of normally balanced circuits of three or more 
conductors, shall not be considered as a current-carrying conductor. 

In.a 3-wire circuit consisting of 2 phase wires and the neutral of a 4-wire, 
3-phase wye-connected system, a common conductor carries approximately 
the same current as the other conductors and shall be considered a current- 
carrying conductor. 

On a 4-wire, 3-phase wye circuit where the 'major  portion of the load 
consists of electric-discharge lighting, data processing, or similar equipment, 
there are harmonic currents present in the neutral conductor and the neutral 
shall be considered to be a current-carrying conductor. 
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Table  400 -5 .  Ampac i ty  of F lex ib le  Cords and Cables  
[Based on Ambient Ten~ Jerature of 30 ° C (86°F). See Section 400.13 and Table 400-4.] 

Size Thermoset 
Types 

TS 
AWG 

• Thermo- " 
plastic 
Types 
TPT, 
TST 

27** 0.5 
20 . .  
18 . .  
17 . .  
16 . .  

15 . .  
14 . .  
12 ... 
10 . .  

8 . .  

- 6  . .  

4 . .  
2- . .  

l . .  

l / O  . .  
2/o. . .  

3 / 0  . .  : 
4 / 0  . 

250 M C M  . .  
300 M C M  . .  
350 M C M  . .  
400 M C M  . .  
500 M C M  . .  

Thermoset Types 
• C, E, EN, EO, G, PD, S, SJ, SJO, 

SJOO, SO, SOO, SP, SP-1, SP-2, 
SP-3, SRO, SV, SVO, SVOO, W 

Thermoplastic. 
Types ET, ETT, ETLB, ETP, SE,~ " 

SE0, SJE, SJEO, SJT, SJTO, 
SJTOO, SPE-1, SPE~2, SPE-3, SPT, 

SPT-1, SPT-2, SPT-3, ST, STO, 
STOO, SRDE, SRDT, SVE, SVEO~ 

SVT, SVTO, SVTOO 

A~ Bt c 

• 5 , , ,  ~ * * *  : :  
7 .10  . .  

12 . .  
i0 13 . .  

i 5  i 8  • . .  
20 25 
25 30 . .  

35 
45 
60 
80 

40 60 
55 80 
70 105 

,95  140 

90 110 165 
100 125 195 
115 145 225 
130 165 260 
155 195 300 

170 215 340 
190 240 375 
210 260 420 
225 280 ' 4 5 5  
255 : 320 515 

Types 
AFS, 

AFSJ, 
HPD, 
HPN, 
HS, 

HSJ, 
HSJO, 
HSO 

I0 

17 
20 
30 
35 

Asbestos" 
Types 
AFC* 

AFPD*" 
AFPO 

• i +  
23 
28 

* These types are used almost exclusively in fixtures Where they are exposed to high 
temperatures and ampere ratings are assigned accordingly• 

** Tinsel cord. 
*** Elevator cables only: 
] 'The  ampacities under sub-heading A apply to 3-conductor cords and other 

multiconductor cords connected to utilization equipment so that only 3 conductors are 
current carrying. The ampacities under sub-heading B apply to 2-conductor, cords and 
other multiconductor cords connected to utilization equipment so that only 2 conductors 
are current carrying• 

NOTE. Ultimate Insulation Tempera tu re .  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 that the limiting temperature o f  the conductors will be exceeded. 

• ° 
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An equipment grounding conductor shall not be considered a current- 
carrying conductor. 

Where a single conductor is used .for both equipment .grounding and to 
carry unbalanced current from other conductors, as provided for in Section 
250-60 for electric ranges and electric clothes dryers, it shall not be 
considered as a current-carrying conductor. 

400-6. Marking. 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 Section 310-11(a). 

Types SJ, SJE, SJO, SJEO, SJT, SJTO, SJTO.O, S, SE, SEO, SO, SOU, 
ST, STO and STOO flexible cords and G and W flexible .cables shall be 
durably marked on the surface at intervals not exceeding 24 inches (610 mm) 
with the type designation, size, and number of conductors. 

400-7. Uses Permitted. 
(a) Uses. Flexible cords and cables shall be usedonly for (1) pendants; 

(2) wiring of fixtures; (3) connection of portable lamps or appliances; (4) 
.elevator cables; (5) wiring of cranes and hoists; (6) connection of stationary 
equipment to facilitate their frequent interchange; (7) prevention of the 
transmission of noise or vibration; (8) appliances where the fastening means 
and mechanical connections are designed to permit removal for maintenance 
and repair; (9) data processing cables as permitted by Section 645-2; (10) 
connection of moving parts; or (11) temporary wiring as permitted in Sections 
305-4(b) and 305-4(c). 

(b) Attachment Plugs. Where used as permitted in subsections (a)(3), (a) 
(6), and (a)(8). of this section, ' each flexible cord shall be. equipped With an 
attachment plug and shall be energized from a receptacle outlet. 

400-8.. Uses Not Permitted. Unlessspecifically permitted in Section 400-7 
flexible cords and cables shall not be used (1) as a substitute for the fixed 
wiring of a structure; (2) where run through holes in walls, ceilings, or floors; 
(3) where run through doorways, windows, or similar openings; (4) where 
attached to building surfaces; or(5) where concealed behind building walls, 
ceilings, or floors. 

400-9. Splices. Flexible cord shall be used only in continuous lengths 
without splice, or tap when initially installed in applications permitted by 
Section 400-7(a). The repair of hard service cord (see Column 1, Table 400-4) 
No. 14 and larger shall be permitted if conductors are spliced in accordance 
with-Section 1.10-14(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 shall be so.connected 
to devices and. tofittings that tension will not be transmitted to joints or 
terminals. 
, (FPN): Some meth~Sds of preventing pull on a cord from being transmittedto 

joints or terminals are (1) knotting the i:ord, (2) Winding with tape, and (3) fittings 
designed for the purpose. 

400-11. In Show Windowsand Show Cases. Flexible cords used in show 
windows and show cases shall be Type S, SO, SE, SEO, SOU, SJ, SJE, SJO, 
SJEO, SJOO, ST, STO, STOO, SJT, SJTO, SJTOO, or AFS. 
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J 

.Exception No. 1: For the wiring of  chain-supported lighting fxtures. 
Exception No. 2: As supply cords for portable lamps and other merchan- 

dise being displayed or exhibited. 

400-12 .  Minimum Size. T he  individual conductors  of a flexible cord or 
cable shall not be smaller than the sizes in Table 400-4. 

400-13 ,  Overcurrent Protection. Flexible cords not smaller than No. 18, 
and tinsel cords or Cords having equivalent characterist ics of smaller size 
approved for use with specific appliances, shall be considered as protected 
against overcurrent  by the overcurrent  devices described in Sect ion240-4.  

400-14 .  Protection from Damage. Flexible cords and  cables shall be pro- 
tected by bushings or fittings where passing through holes in covers,  outlet  
bo l e s ,  or similar enclosures. 

" B. Construction Specifications 

400-20 .  Labels. Flexible corcIs shall be examined and tested at the factory 
and labeled before shipment:  

400-21 .  Nominal Insulation Thickness.. The nominal thickness of insula- 
tion 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 which is intended to be used a s a g rounded  circuit conductor  shall have 
a continuous marker  readily distinguishing it from the other  conductor  or 
conductors.  The identification shall consist  of one of the methods indicated 
in (a) through (f) below. J 

(a) Colored Braid. A braid finished to show a white or natural 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 contrast ing 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 which 
contains a conductor  having a braid finished to show white or natural gray. 

Exception: In the case of  Types C and PD, and cords having the braids on 
the individual, conductors finished to show white or natural gray. In such 
cords the identifying marker shall be permitted to consist of  the solid white 
or natural gray finish on one conductor, provided there is a colored tracer in 
the braid of  each other conductor. 

(c) Colored Insulation. A white or natural gray insulation on one conduc- 
tor and insulation of a readily distinguishable color or colors on the other  
conductor  or conductors  for cords hav ing  n o  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  insula- 
'tion of a readily distinguishable color other  than white or natural.gray. 

Exception: Cords which have insulation on the individual conductors 
integral with the jacket. 
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It shall be permissible to cover the insulation with an outer finish to provide 
the desired color. 

(d) Colored Separator. A white or natural gray separator on one conduc- 
tor and a separator of a readily distinguishable solid color on the other 
conductor or conductors of cords having insulation on the individual con- 
ductors 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.  

(f) Surface' Marking. "One or more stripes, r idges ,or  grooves so !ocated 
on the exterior of  the cord as to identify one conductor for cords having 
insulation on the individual conductors integral with the jacket.  

400-23.  Grounding-Conductor Identification. A conductor intended to be 
used as a 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 grounding purposes. The 
identifying marker shall consist o f  one of the methods in (a) or (b) below. 

(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 h a v i n g n o  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 a 
grounding conductorand equipped with an attachment plug, the attachment 
plug shall comply with Section 250-59(a)and (b). 

C. Portable Cables Over 600 Volts, Nominal 

400-30.  Scope. This part applies to multiconductor portable cables used 
to connect mobile equipment .and machinery. ,' 

400-31.  Construction. 
(a) Conductors. The conductors, shall be No. 8 AWG copper or larger 

and shall employ flexible stranding. 
(b) Shie lds .  Cables operated at over  2000 volts shall be shielded. Shield- 

ing shall be for the purpose of confining the voltage stresses to the insulation. 
(c) Grounding Conductor(s). Grounding conductor(s) shall be provided. 

The total area shall be not less than that of the size of the conductor required 
in Section 250-95. 

400-32.  Shielding. All shields shall be grounded. 

400-33.  Grounding. Grounding conductors shall be connected in accord- 
ance with Part K o f  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. 



ARTICLE 402  - -  FIXTURE WIRES 7 0 - 2 9 7  

400-35 .  Fitt ings.  Connectors  used to connect  lengths of cable in a r u n  
shall be of a type  which lock firmly together.  Provisions shall be made to 
prevent  opening or c los ingthese  connectors  while energized. Suitable means 
shall be used to eliminate tension at connectors  and terminations.  

400-36. Splices and Terminations. Portable cables shall not be operated 
with splices unless the splices are of the permanent  molded, vulcanized types 
in accordance with Section l l0-14(b). Terminat ions on high-voltage portable 
cables shall be accessible only to authorized and qualified personnel.  

A R T I C L E  4 0 2 m  F I X T U R E  W I R E S  

402-1 .  Scope. This article covers general requirements and construct ion 
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 .  

(FPN): For application in lighting, fixtures, see A~icle: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.A02-3 are, all suitable for service at 600 volts, nominal,  unless 
otherwise specified: 

(FPN): Thermoplastic insulation may stiffen at temperatures colder than minus •. 
10°C (plus 14°F), requiring care be exercised during installation at such temper- 
atures. Thermoplastic insulation may also be deformedat-normal temperatures j 
where subjected to pressure, requiring care be exercised during installation anda t  
points of support. 

402-5 .  Ampacity of Fixture Wires. The ampacity of fixture wire shall not 
" exceed the following: 

T a b l e  4 0 2 - 5  

Size (AWG). Ampacity . 

]8 6 
16 8 
14 17 
12 . 23 
10 28 

No c o n d u c t o r  shall be used under  such conditions that its operating 
temperature will exceed the t empera tu re  specified in Table 402-3, for t h e t y p e  
of insulation involved. 

(FPN): See Section 310-10 for temperature limitation of conductors.: 

402-6 .  Minimum Size. Fix tu rewi res  shall  not be smaller than No. 18.- 

402-7 .  N u m b e r  ' o f  "Conductors  in.Conduit.  The number  of fixture wires 
permitted in a single conduit  shall be as given in Table 2 of  Chapter  9. 



Table  402 -3 .  Fixture Wire 

Trade 
Name 

Hea t -Res i s t -  
ant  R u b b e r -  
Covered  Fix- 
ture  Wi re  
Solid or 
7 - S t r a n d  

Type 
Letter 

R F H - I  

R F H - 2  

Thickness of 
Insulation Outer 

Covering Insulation AWG Mils 

Hea t -Res i s t -  N o n m e t a l l i c  
an t  R u b b e r  18 . . . . . . . . . . . . . . . . . . . . . .  15 Cove r ing  

H eat-  Resist-  
an t  R u b b e r  18-16 . . . . . . . . . . . . . . . . . . .  30 

18-16 ' 18 
Hea t -Res i s t -  
an t  La tex  
R u b b e r  

Hea t -Res i s t -  R F H H - 2  
ant  Cross-  18-16 . . . . . . . . . . . . . . . . . . .  30 
Linked ' 
Syn the t i c  Cross-  
Po lymer -  . L inked  
Insu la ted  R F H H - 3  Syn the t i c  18-16 . . . . . . . . . . . . . . . . . . .  45 
Fix ture  Po lymer  " 
W i r e - - S o l i d  
or S t r a n d e d  ' " ~. 

H e a t : R e s i s t -  
an t  R u b b e r  18-16 . . . . . . . . . . . . . . . . . . .  30 

F F H - 2  
Hea t -Res i s t -  
an t  La tex  18-16 . . . . . . . . .  " . . . . . .  : . . . 1 8  
R u b b e r  

Hea t -Res l s t -  
an t  R u b b e r -  
Cove(ed  Fix- 
tu re  W i i e  
Flexible 
S t r a n d i n g  

N o n m e t a l l i c  
Cover ing  

Norie or 
N o n m e t a l l i c  
Cove r ing  

N o n m e t a l l i c  
Cove r ing  

Max. 
Operating 

Teml~. 

7 5 ° C  
1 6 7 ° F  

75oC 
1 6 7 ° F  

9 0 ° C  
1 9 4 ° F  

7 5 ° C  
1 6 7 ° F  

Application 
Provisions 

Fix tu re  wiring• 
L imi t ed  to 300 volts. 

F ix ture  wir ing,  and  as pe rmi t t ed  in 
Sec t ions  725-16  and  760-16.  

F ix tu re  wir ing,  and  as pe rmi t t ed  in 
Sec t ions  725-16  and  760-16.  Mul-  

! t i c o n d u c t o r  cable  as pe rmi t t ed  in 
Sectioias 725-16  and  760-16.  

F ix ture  wir ing,  and  as pe rmi t t ed  in 
Sect ion  725-16 



Table 402-3 (Continued) 

Thermop!as- 
tic-Covered 
Fixture Wire TF 
--Solid or 
7-Strand 

Thermoplas- 
tic-Covered 
Fixture Wire TFF 
--Flexible 
Stranding 

.Heat-Resist- 
ant Thermo- 
~lastic-Cov- TFN 
ered Fixture 
Wire~-Solid 
or 7-Strand 

Heat-Resist- 
ant Thermo- 
~lastic-Cov- TFFN 
ered Fixture 
Wire--Flexi- 
ble Stranded 

Thermoplastic 18-16 

Thermoplastic \ 18-16 

Thermoplastic 18-16 

Thermoplastic 18-16 

. . . .  - . . . . . . . . . . . . . . .  3 0  

30 

.' . . . . . . . . . . . . . . . . . .  15 

. . . . . . . . . . . . . . . . . . .  15 

None 

None 

Nylon 
Jacketed 
or equivalent 

Nylon 
Jacketed 
or equivalent 

60°C 
140°F 

60°C 
140°F 

90°C 
194°F 

90°C 
194°F 

\ 

Fixture wiring, and as permitted in 
Sections 725-16 and 760-16. 

Fixture wiring, and as permitted in 
Section 725-16. 

Fixture wiring, and as permitted in 
Sections 725-16 and 760-16. 

Fixture wiring, andas permitted in 
Section 725-16. 
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Trade Type 
Name Letter 

Asbestos AF 
Covered 
Heai-Re- 
sistant 
Fixture 
Wi~e 

SiliCone In- SF-1 
sulatedFix- 
turc Wire 
Sofid or 
7-Strand SF-2 

SiliCone In- 
sulated Fix- 
tfire Wire SFF-I 
FleXible ' 
Stranding 

Insulation AWG 

Thickness of 
Insulation 

Mils 
Outer 

Covering 

I r~pr6gnated 
Asbestos or 
Moisture-Re- 
sistant In- . 
sulati6n and 
Impregnated 
AsbeStos 

Thickness 
of 

Moisture- 
Resistant 
Insulation 

Mils 

18-14 
20 

12-10 
25 

Thickness 
of 

Asbestos 
Mils 

30 
10 None 

45 
20 

Siliconc Nonmetallic 
Rubber 18 . . . . . . . . . . . . . . . . . . . . . .  15 Covering 

Silicone Nonmetallic 
Rubber 18-14 . . . . . . . . . . . . . . . . . . .  30 Covering 

Silicbnc 
Rubber " 18 . . . . . . . . . . . . . . . . . . . . . .  15 

Nonmetallic 
Covering 

Ma:~. 
Operating Application 

Temp. Provisions 

Fixture wiring. 
150°C Limited to 

300 volts and indoor 
302°F dry locations. 

200°C Fixture wiring• 
392°F Limited to 300 volts. 

200°C Fixture wiring, and as permitted in 
392°F Sections 725-16 and 760-16• 

150°C Fixtiire. wiring. ' 
,302°F.  L m ted to 300 volts. 

I I 



~rabie 402-3 (Continued) 
SiliciSne.ln- 
sulated Fix- SFF-2 Silicone 
ture Wire Rubber 
qexible 
Stranding 

Fid'orinated Fluorinated 
Ethylene. PF Ethylene 
Propylene Props, lene 
Fixture Wire PG F 
Solid or 7- 
Stra/id 

Fluorinated Fiu6rinated 
EtlTiylene PFF Ethylene 
propylene Propylene 
Fi~,ture Wire PGFF 
Flexible 
Stranding 

Taloe KF-I Aromatic 
Insulated' Polyimide 
Fixture Tape 
Wire 
Solid or KF-2 Aromatic 
7-Strand Polyimide 

Tape 

Tape KFF-I Aromatic 
Insulated Polyimide 
Fixture Tape 
Wire 
Flexible KFF-2 Aromatic 
Stranding' . Polyimide 

Tape 

18-14 . . . . . . . . . . . . . . . . . . .  30 

18-14 . . . . . . . . . . . . . . . . . . .  20 

18-14 . . . . . . . . . . . . . . . . . . .  14 

18-14 . . . . . . . . . . . . . . . . . . .  20 

18-14 . . . . . . . . . . . . . . . . . . .  14 

18-10 . . . . . . . . . . . . . . . . . .  5.5 

18-10 . . . . . . . . . . . . . . . . . .  8.4 

18-10 . . . . . . . . . . . . . . . . . .  5.5 

18-10 . . . . . . . .  : . . . . . . . . .  8".4 

Nonmetallic 
Covering 

None 

Glass 
Braid 

None 

Glass 
Braid 

None 

None 

None 

None 

150oc 
302OF 

200oC 

392OF 

150°C 

302°F 

200oc 
392°F 

200°C 
392°F 

200°C 
392,°F 

200oc 
392OF 

Fixture wiring, and as permitted in 
Section 725-16. 

Fixture wiring, and as permitted in 
Sections 725-16 and 760-16. 

Fixture wiring, and as permitted in 
Section 725-.I 6. 

Fixture w!ring,. 
i Limited to 300 volts. 

Fixture wiring, and as permitted 
in Sections 725-16 and 760-16. 

Fixture wiring, 
Limited to 300 volts. 

Fixture wiring, and as permitted . 
in Section 725-16. 



Table  4 0 2 - 3  (Continued) 

Trade Type 
Name Letter 

ECTFE H F 
Solid or 
7-Strand 

Thickness of 
Insulation Outer 

Insulation Covering AWG Mils 

Ethylene 18-14 ,. . . . . . . . . . . . . . . . . . .  15 
Chloro 
Trifluoro 
Ethylene 

ECTFE HFF Ethylene 
Flexible Chloro 
Stranding Trifluoro 

Ethylene 

Crosslinked X F 
Polyolefin 
Insulated 
Fixture Wire 
Solid or 
7-Strand 

Crosslinked XFF 
Polyolefin 
Insulated 
Fixture Wire 
Flexible 
Stranded 

Crosslinked 
Polyoletin 

Crosslinked 
Polyolefin 

• Modified 
Ethylene 
Tetrafluoro- 
ethylene 

Modilied ZF 
ETFE 
Solid or 
7-Strand 

18-14 . . . . . . . . . . . . . . . . . . .  15 

18-14 . . . . . . . . . . . . . . . . . . .  30 
12-10 . . . . . . . . . . . . . . . . . . .  45 

18-14 . . . . . . . . . . . . . . . . . . .  30 
12-10 . . . . . . . . . . . . . . . . . . .  45 

18-14 . . . . . . . . . . . . . . . . . . .  15 

None 

None 

None 

None 

None 

Max. 
Operating 

Temp. 

150°C 
302°F 

150°C 
302°F 

150°C 
302°F 

150°C 
~302°F 

150°C 
302°F 

Application 
Provisions 

Fixture wiring, and as permitte, 
in Section 725-16. 

Fixture wiring, and as permitte, 
in Section "725-16. 

Fixture wiring• 
Limited to 300 volts. 

Fixture wiring. 
Limited to 300 volts. 

Fixture wiring, and as permitte~ 
in Sections 725-16 and 760-16. 



Table 402-3 (ContinUed)' 

Flexible ZFF 
9tranding 

Modified 
Ethylene 
Tetr~ifluoro- 
ethylene 

Extruded PTF Extruded 
Pdlytetra- Polytetra- 
Fluoroethylene fluoro- 
;olid ethylene 

3r 7-Strand , 
Nickel or 
qickel- 

Coated 
2opper) 

:-xtruded PTFF Extruded 
Polytetra- Polytetra- 
Fluoroethylene fluoro- 
Flexible ethylene 
gtranding 
No. 26- 

36 AWG 
.qilver 'or 
Nickel- 
Coated 
Copper) 

PerflUoro- PAF perfluoro- 
alkoxy- Solid alkoxy 
9r 7-Strand 
Nickel or 

Nickel- 
Zoated, 
Zbpper! 

Perfluoro- PAFF 
llkoxy Flexible 
gtranding 

18-14 . . . . . . . . . . . . . . . . . . .  15 

18-14 . . . .  '. . . . . . . . . . . . . . .  20 

18-14 . . . . . . . . . . . . . . . . . . .  20 

18-14 . . . . . . . . . . . . . . . . . . .  20 

None 

None 

None 

None 

Perfluoro- 18-14 . . . . . . . . . . . . . . . . . . .  20 None 
alko~y 

150°C 
302°F 

250°C 
482°F 

150°C 
302°F 

250°C 
482°F 

lZixture wiring, and ~is permitted 
in Section 725-16. 

Fixture wiring, and as permitted 
in Sections 725-16 and 760-16. 
(Nickel or liickel-coated copper) 

Fixtur e wiring, and as permitted 
in Section 725-16. 
(Silver or nickel-coated copper) 

Fixture wiring, and "as permitted 
in Sections 725-16 and 760-16. 
(Nickel or nickel-coated copper) 

150oc Fixture wiring, and as permitted 
302°F in Section 725-16. 
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402-8. Grounded-Conductor Identification. One conductor of fixture wires 
which is intended to. be used as a grounded conductor shall be identified by 
means of stripes or by the means described in Section 400-22(a) through (e). 

402-9. Marking. 
(a) Required Information: All fixture wires shall be marked to indicate 

the information required in Section 310-1 l(a). 

(b)  Method of Marking. Thermoplastic-insulated fixture wire shall be 
durably marked on the surface at intervals not exceeding 24 inches (610 mm); 
All other fixture wire shall be marked by means of a printed tag attached to 
the coil, reel, or carton. 

402-10. Uses Permitted. Fixture wires shall be permitted: (1-) for installa- 
tion in lighting fixtures and in similar equipment where enclosed or protected 
and not subject to bending or twisting in use, or (2) for connecting lighting. 
fixtures to the branch-circuit conductors supplying the fixtures. 

402-11. Uses Not Permitted. Fixture wires shall not be-used as branch- 
circuit conductors. 

Exception: As permitted by Section 725-16for Class 1 circuits and Section 
760-16 for fire protective signaling circuits.. 

402-12. Overcurrent Protection. Overcurrent protection-for fixture wires 
shall be as specified in Section 240-4. 

ARTICLE.  410 - -  LIGHTING.  F IXTURES,  L A M P H O L D E R S ,  
LAMPS,  R E C E P T A C L E S ,  AND R O S E T T E S .  

A. General 

410-1. Scope. This article covers lighting fixtures, lampholders, pendants, 
receptacles, and rosettes, incandescent filament lamps, arc lamps, electric- 
discharge lamps, the-wiring.and equipment forming part of such lamps, 
fixtures and lighting installations. 

410-2. Application to Other Articles. Equipment for use in hazardous 
(classified) locations shallconform to Articles 500through 517. 

410-3. Live Parts. Fixtures, lampholders, lamps, rosettes, and receptacles 
shall have no live parts normally exposed to contact. Exposed accessible 
terminals in lampholders, receptacles, and switches shall not be installed in 
metal fixture canopies or in open.bases of portable table or floor lamps. 

Exception: Cleat-type lampholders, receptacles, and rosettes located at 
"least 8 feet  (2.44 m) above the flbor:shall be permitted to tiave exposed 
contacls. 
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B. Fixture Locations 
. • . :  - ,  

410-4. Fixtures in Specific Locations. 
(a)  Wetand Damp Locations, Fixtures installed in wet or damp locations 

shall be so installed that water cannot "ente( or accumulate in wiring I 
compartments, lampholders, or other e!ectrical parts. All fixtures installed in J 
wet locations shall be marked, "Suitable for Wet .Locations." All fixtui'es 
installed in damp locations shall be marked, "Suitable for Wet Locat ions" or. 
"Suitable for Damp Locat ions."  / 

Installations underground or in concrete slabs-or masonry in direct contact  
with the earth, and locations subject to saturation With water dr other liqiaids, 
such as locations exposed to weather and ..unprotected, vehicle washing 
areas, and like locations, shall be considered to be wet locations with respect 
to the above requirement. 

Interior locations protected fromweather .but  subject to moderate degrees 
of. moisttire, such as some basements, some .barns, some cold-storage 
warehouses and the like, the. partially protected locations under canopies, 
marquees, roofed open porches, and the like, shall be considered to be damp 
locations with respect to the above requirement• 

(FPN): See Article 680 for lighting fixtures !n swimming I~ools;'foufitains, and 
similar installations. 

(b) Corrosive Locations.. Fixtures installed in corrosive locations shall be 
of a type suitable for such locations~ 

(FPN): See Section 210-7 for receptacles in fixtures. 
(c) In.Duets or Hoods. Fixtures shall be pei-mitted to be installed in 

cooking hoods of nonresidential occupanc!es where all of the following 
conditions are met: 

(1) The fixture shall be identified for use within commercial cooking 
hoods and ifistalled so that the temperature, limits of the materials Used are 
noi exceeded• 

(2) The fixture shall be so constructedthat  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 fixture exposed within the hood shall be corrosion 
resistant orprotected against corrosion and the surface shall be smooth so as 
not to collect deposits and facilitate cleaning. . • 

(4) Wiring methods and materials supplying the fixture(s) shall not be 
exposed within the cooking hood. .- " 

(FPN): See Section I10-11. 
(d) ,Pendants. No par~s.of cord-connected fixtures, hangihg fixtures, or 

,pendants shall be located within a zone measured:3 feet (914 mm) horiion- 
tally and 8 feet (2.44 m) vertically from the top of the bathtub rim. Th iszone  
is all encompassing and includes the zone directly over the tub. 

4 i0 -5 .  Fixtures Near Combustible Material." F.ixtures shall b e  so con- 
sti'ucted, or installed, or equipped with shades or guards that.combustible 
material will not besubjected to temperatures in excess ofg0°C (194°F). 

4 i 0 - 6 :  Fixtures,Over Combustible Materiall Lam'phblders ihstalled over  
highly combustible material shall be Of the unswitched type.. Ufiless' an 
individual switch is provided for each fixture,.lampholders shall be located at 
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least 8 feet (2..44 m) above the foor ,  9r shall be so located or guarded that the.  
lamps cannot be readily removed or damaged. 

410-7. Fixturesin Show Windows. Externally wi red  fixtures shall not~be 
used in a show window. : ,  ~. 

I - Exception: Fixtures o f  the chaihtsupported type. shall be permitted to be 
, ..externally wired. • ..... 

410-8.  •Fixtures in Clothes Closets. . . " - " -  
. . • o - .  

(a) 'Location. A-fixture in. a clothes closet shall be permit ted-to be 
installed: 

(1) On the wall above the closet door, provided the clearance between 
the fixture and a storage: area where combustible material may 'be stored 
within the closet is not less. than 18 inches (457 mm), or . , "  

(2) On t h e  ceiling over  an area.which is unobstructed to the 'f loor,  
maintaining an 18-inch (457-mm) clearance horizontally between the fixture 
and a storage area-where combustible material may be stored within the 
closet. 

A flush recessed fixture with a solid lens or a ceiling-mounted flubrescent 
fixture shall be permitted to be installed provided there is a 6-inch (152-mm) 
clearance, horizontally, between the fixture and the storage area. 

.. (b) Pendants. Pendants shall not be installed in clothes closets. 

410-9.  Space for Cove Lighting• Coves shall have adequatespace and shall 
be so located that lamps and equipment can be properly installed and 
maintained. " - 

C. Provisions at Fixture Out le t  Boxes, 
'- : Canopies,  and Pans _ . 

410-10.  Space for Conductors.  Canopies'and outlet boxes taken together 
shall provide adequate space so that fxture conductors and their connecting 
di~vices can be properly installed. " , - 

410-11. .Temperature Limit of Conductors in Out le t  Boxes: Fixtures shall be 
of such construction or so installed that the-conductors in outlet boxes shall 
noi bg subjected to temperatures greater than that for which the conductors 
are rated• ~ .- . . . .  

Branch-circuit wiring shall not be passed through an outlet box that is.fin 
integral part of, an incandescent fixture unless the fixture is ideritified for 
through wiring. • .- 

- , . .  • 

. 410 - i2 .  Outlet Boxes to Be Covered. In a completed installation, each 
outlet box shall be larOvide, d wit h a covet  unless covered by"means of a fixture 
canopy, lampholder, recepta.cle, rosette~ or similar degice..  
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410-13. Covering of Combustible Material at'Outlet Boxes. Any combusti- 
ble walt or ceiling finish exposed between the edge of a fixture canopy or pan 
and an outlet box shall be covered with noncombustible material. 

410-14. Connection of Electric-Disch~irge Lighting Fixtures. 
(a) Independently of the,Outlet Box: Where electric-discharge lighting 

fixtures are supported independently of the outlet box, they shall be 
connected through metal raceways, metal-clad .cables, or nonmetallic- 
Sheathed cables. " 

Exception." Cord-connected fixtures shall be permitted as provided in 
Sections 410-30(b) and (c). 

(b) Access to Boxes. Electric discharge lighting fixtures surface mounted 
over concealed outlet, pull, or junction boxes shall be installed With suitable 
openings in back of the fixture to provide access to the boxes." 

D. Fixture Supports 

410-15. Supports. 
(a) General• Fixtures, lampholders, rosettes, and i'eceptacles shall be 

securely supported. A fixture that weighs more than 6 pounds (2.72 kg) oi'- 
exceeds 16 inches (406 mm) in any dimension shall not be. supported by the 
screw shellof a lampholder. 

(b) Metal Poles Supporting Lighting Fixtures. Metal poles shall be per- 
mitted to be used to support lighting.fixtures and enclose supply conductors, 
provided that the following conditions are met. ,- 

(1) An accessible handhole not less than 2 inches (50.8 mm) x 4 inches 
(102 mm) having a raintight cover shall provide access to the supply raceway 
or cable termination within the pole or pole.base. Where raceway risers or 
cable are not installed within the pole, a threaded'fitting or.nipple shall be 
brazed or welded to the pole opposite the handhole, for the supply connec- 
tion. Other poles shall be permitted to be field welded, brazed, or tapped. 
Such poles shall be capped or covered. 

(2) A~terminal-for grounding the pole shall be.provided; it shall be 
accessible from the handhole. 

(3) Metal raceways or other equipment grounding conductors shall be 
bonded to the pole with an equipment grounding conductor recognized by 
Section 250-91(b) and sized in accordance with Section 250-95: • 

(4) Conductors in vertical metal poles used as raceways shall be 
supported as provided in Section 300-19. 

410-16• Means of Support• 
(a) Outlet Boxes. Where the outlet box or fitting wil l  provide adequate 

support, a fixture shall .be attached thereto or be supported as required by 
Section 370-13 for boxes. A fixture'that weighs more than 50 pounds (22.7 kg) 
shall besupported independently of the outlet box. 

(b) Inspection. Fixtures .shall be so installed that the connectionsbe-. 
tween the fixture conductors and the circuit.conductors can be inspected 
without' requiring the disconnection of any part of the wii'ing. 

Exception: Fixtures connected by attachment plugs and receptacles. 
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(c) Suspended Ceilings. Framing members of suspended ceiling systems 
used to support fixtures shall be securely fastened to each other and shall be 
securely attached to the building structure at appropriate intervals. Fixtures 
shall be securely fastened to the ceiling framing member by mechanical 
means, such as bolts, screws, or rivets. Clips identified for use with the type 
of ceiling framing member(s) and fixture(s) shall also be permitted. 

(d)" Fixture Studs:-Fixture 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. 
• (e) 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. 

(f) Raceway Fittings. Raceway fittings used to support lighting fixture(s) 
shall be capable of supporting the weight of the complete fixture assembly 
and lamp(s). 

(g) Busways. Fixtures shall be permitted to be connected to busways in 
accordance with Section 364-12. 

E. Grounding 

410 -17 .  General. , Fixtures and lighting equipment shall be grounded as 
provided in Part E of this article. ~ 

410-18.. Exposed Fixture Parts. ' 
(a) With Exposed Conductive Parts. The exposed, conductive parts of 

lighting fixtures and equipment directly wired or attached to outlets supplied 
by a wiring method which provides an equipment ground shall be grounded. 

(b) Made of Insulating'Material. Fixtures directly wired or attached to 
outlets supplied by a wiring method which does not provide a ready means 
for grounding shall be-made of insulating material and shall have no exposed 
conductive parts. 

410-19. Equipment Over 150Volts to Ground. 
(a) Metal Fixtures, Transformers, and Transformer Enclosures. Metal fix- 

tures, transformers, and transformer enclosures on circuits operating at over 
150 volts to ground shall be grounded. 

(b) Other Exposed Metal Parts. Other exposed metal parts shall be 
grounded or insulated from ground and other conducting surfaces and 
inaccessible to unqualified persons. 

Exception: Lamp tie wires, mounting screws, Cffps,and decorative bands 
on glass lamps spaced not less than/~/2 inches (38 mm) from lamp terminals 
shall not be required to be grounde.d. 

410-20. Equipment Grounding Conductor Attachment. Fixtures with ex- 
posed metal parts shall be provided wit,h a means for connecting an 
equipment grounding conductor for such fixtures. 

J 410-21. Methods of Grounding. Fixtures and equipment shall be consid- 

I 
ered grounded where mechanically connected to an equipment grounding 
conductor as specified in Section 250-91(b) and sized in accordance with 
Section 250-95. 
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F. Wiring of Fixtures 

"2 

410-22 .  Fixture Wiring - -  General. Wiring on or within fixtures shall be 
neatly arranged and shall not be exposed to physical damage. Excess wiring 
shall be avoided. Conductors shall be so arranged that they shall not be 
subjected to temperatures above those for which they are rated. 

410 -23 .  Polarization of Fixtures. Fixtures shall beso  wired that the screw 
shells of-lampholders will be connected to the game fixture or circuit 
conductor or terminal. The groundedconductor, where connected to. a 
screw-shell lampholder, shall be connected to the scre,~/•shell. 

410-24. Conductors. • 
(a) Insulation; Fixtures shall be wired with conductors having insulation 

suitable for the environmental conditions~ current,:voltage, and temperal~ure 
to which the conductors will be subjected. 

(b) ConductorSize. Fixture conductors shall not be smaller than No. 18. 
(FPN): For ampacity of fixture wire, see Table 402:5. , ." 
(FPN): For maximum operating temperature and voltage limitation of fixture 

wires, see Section 402-3. 

410-25. Conductors for Certain Conditions. 
(a) Mogul-Base Lampholders. Fixtures provided with mogul-base, screw- 

shell lampholders and operating at not over 300 volts between conductors 
shall be wired with Type AF, SF-I, SF-2, SFF-I, SFF-2, PF, PGF, PFE, 
PGFF, PTF, PTFF, PAF, PAFF, XF, XFF, ZF or ZFF fixture ,~,ire. 

(b) Other than'Mogul-Base, Screw-Shell Lampholders. Fixtures provided 
with other than mogul-base, screw-shelllampholders and opei-ating a.t not- 
over 300 volts between conductors shall be wired with Type AF, SF-1, SF-2; 
PF, PGF, PFF, PGFF, PTF, PTFF, PAF, PAFF, XF, XFF, ZF or ZFF 
fixturewire or Type AFC or AFPD flexible cord. 

Exception No. 1: Where temperatures do not. exceed 90°C (194°F), Types 
CF, T F N  and TFFN fixture wire or Type CFPD flexible cord shall be 
permitted. 

Exception No. 2: Where temperatures exceed 60°C (140°F)•but" are not 
higher, than 75°C (1677F)," Types RH and RHW rubber-covered wire and 
Types RFH-I, RFH-2, FFH-I, and FFH-2 fixture wires shall be permitted. 

Exception No. 3: Where temperatures do not exceed 60°C(140°F), Type T 
thermoplastic "wire, Types TF and TFF fixture wires shall" be pdrmitted, 
including fixtures of  decorative types on which lamps of  not over60-watt 
rating are used in connection with imitation candles. 

• (FPN): See Table 402-3 and Section 402-3 for fixture wires and conductors; and 
Table 400-5 for flexible cords. 

410-27. Pendant Conductors for Incandescent Filament Lamps. 
(a) Support. Pendant lampholders with permanently attached leads, 

where used for other than festoon wiring, shall .be hung f romsepara te  
stranded rubber-covered conductors that are soldered directly to the circuit 
conductors but supported independently thereof. 
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(b) Size. Such pendant conductors shall not be smaller than No. 14 for 
mogul-base or medium-base screw-shell lampholders, nor smaller than No. 
18 for intermediate or candelabra-base lampholders. 

Exception: Listed Christmas tree and decorative lighting outfits shall be 
permitted to be smaller than No. 18. 

(c) Twisted or Cabled. Pendant conductors longer than 3 feet (914 ram) 
shall be twisted together where not cabled in a listed assembly. 

410-28. Protection of Conductors and Insulation. 
(a) Properly Secured. Conductors shall be secured in a manner  that w i l l  

not tend to cut or abrade the insulation. 
(b) Protection Through Metal. Conductor insulation shall be protected 

from abrasion where it passes through metal. 
(c) Fixture Stemsl Splices and taps shall not be located within fixture 

arms or stems. 
(d) Splices and Taps. No unnecessary splices or taps shall be made 

within or on a fixture. 
(FPN): For. approved means of making connections, see Section 110-14. 
(e) Stranding. Stranded conductors shall be used for wiring on fixture 

chains and on other movable or flexible parts. 
(f) Tension. Conductors.shall be so arranged that the weight of the 

fixture or movable parts will not put a tension on the conductors. 

410-29. 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 (a) through (e) of this section. 
(a) Cord Requirements. Flexible cord shall be 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. 

(FPN): See Table 250-95 for size of grounding conductor. 
~(b) Receptacles, Connectors, and Attachment P l u g s .  Receptacles, con- 

nectors, 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 show- 
cases so that: (l) wiring will not be exposed to mechanical damage; (2) a 
separation between cases not in excess of 2 inches (.50.8 ram), nor more than 
12 inches (305 ram) between the first case and the supply receptacle will be 
assured; and (3) the free lead at the end of a group of showcases will have a 
female fitting not extending beyond the case. 

(d) No Othe( 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 electric discharge lighting shall be limited to one 
showcase. 
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4 1 0 - 3 0 .  Cord-Connected Lampholdersand Fixtures. 
(a) Lampholders. Where a metal .lampholder. is attached to a flexible 

cord, the inlet shall be equipped With an insulating bushing which," i f  
threaded, shall not be smaller, than nominal Ys-inch pipe size. The col"d hole 
shall be of a size appropriate for the cord, and all burrs and fins shall be ~ 
removed in order to provide a smoo th  bearing surface for the cord.. 

Bushing having holes 9/32 inch (7.14 mm) in diameter shall be permitted for 
use with plain pendant cord and holes ~3/32 inch (10.3 mm) in-diameter with 
reinforced cord.: 

(b) Adjustable Fixtures. Fixtures which require adjusting or.aiming after 
installation shall not be required to be equipped with an  attachment plug or 
cord cofinectorprovided 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 shall not b e subject to strain or physical damage7 . 

(c) Electric-Discharge Fixtures. It  shall be permissible to "locate cord- 
equipped fixtures directly below the outlet box, if the cord is continuously 
visible for its entire length outside the f ixtureand is not subject to strain or 
physicaldamage.  Such cord-equipped fixtures-shall terminate at the outer 
end of the cord in a grounding-type attachment plug (cap) or busway plug. 

Electr ic:dischargel ighting fixtures pr0vided with mogul-base, screw-shelF 
lampholders  shall be permitted to be connected to branch circuits of 50 
amperes or less by cords complying with 'Section 240-4. Receptacles and 
attachment plugs.shall be permitted to be of lower ~/mpere rat!ngthan the 
branch circuit but not less tha6 125 percent of tile fixture full-load cdrrent. 

Electric-discharge lighting fixtures, equipped.with a flanged surface inlet 
shall be permitted to be supplied by cord pendan(s,equipped with cord 
connectors. Inlets and connectors.shall be permitted to be of lower ampere 
rating than the branch circuit but not less than 125 percent of the fixture load 
current. " -. 

410-31.  Fixtures as Raceways. ,F ix tures  Shall not be usedas  a raceway~for 
circuii conduc to r s . .  " 

Exception NO. 1: Fixtures listed for use as a racewayS" ~. " ; 
Exception'No. 2: Fixtures d esighed for' en.d-to-endassembly to form a 

• continuous raceway or fixtitres cOnnected'together.by '~re'cognized wiring 
methods shall be permitted to carry throtig'h conductork o f  a two-wire or 
muhiwire branch circuit suPRlyit(g the fixtares. "". 

'Exception No. 3: One additional.two-wire branch circuit sep'ai'atelysup- 
plying one or more o f  the conhected fiSctures "described in Exception No. .2 
shall be permitted.to be carried through the fixturds. ~.. . . 

(FPN): See Article 100 for.definition_of multiwire'brancl~ circuit. ".. : .. • 
Branch-circuff conductors within3 inches (76 mm). of  a.ballast within the _ 

• ballast compartment shall be recognized for u s e a t  temper~t(ures not lower 
than 90°C (1947F), such as Types RHH, .THW,  THHN,  FEP; FEPB, S A ,  
XHHW, and AVA. . 

- . ' ' , "  L _ ,  

G. Construction of Fixtures . . . .  ~ - 

410-34. Combustible Shades and Enclosures. Adequate airspaceshall be 
-provided between lamps and shades or o t h e r  enclOsures- of combustible 
material. .. 
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410-35. Fixture Rating. 
(a) Marking. All fixtures requiring ballasts or transformers shall be 

plainly marked with their, electrical rating and the manufacturer's name, 
trademark, or other suitable means of identification. A fixture requiring 
supply wire-rated higher than 90°C (194°F) shall be so marked, in letters 
Y4 inch (6.35 mm) high prominently displayed on the fixture 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, or autotransformer. 

410-36. Design and Material. Fixtures shall be constructed of metal, 
wood, or other material suitable for the application and shall be so designed 
and assembled as to secure requisite mechanical strength and rigidity. Wiring 
compartments, including their entrances, shall be such that conductors may 
be drawn in and withdrawn without physical damage. 

410-37. Nonmetallic Fixtures. In all fixtures not made entirely of thetal or 
I-noncombustible material, wiring compartments shall be lined With metal. 

Exception: Where armored or'lead-covered conductors with suitable 
fittings are used. 

410-38. Mechanical Strength. 
(a) .Tubing for Arms. Tubing used for arms and stems where provided 

with cut threads shall not be less than ().040 inch (0.1 mm) in thickness and 
where provided with rolled (pressed) threads shall riot be less than 0.025 inch 
(0.635 ram) in thickness. Arms and othei" parts shall be fastened to prevent 
turning. 

(b) Metal Canopies. Metal canopies supporting lampholders, shades, 
etc., exceeding 8 pounds (3.63 kg), or incorporating attachment-plug recep- 
tacles, shall not be less than 0.020 inch (508 micrometers) in thickness. Other 
canopies shall not be less than 0.016 inch (406 micrometers) if made ofsteel 
and not less than 0:020 inch (508 micrometers) if of other metals. 

(c) Canopy Switches. Pull-type canopy switches.shall not beinserted in 
the rims of metal canopies that are less than 0.025 inch (635 micrometers) in 
thickness unless the rims are i'einforced by the turning of a bead or the 
equivalent. Pull-type:canopy switches, .whether mounted in the rims or 
elsewhere in sheet metal canopies, shall not be located more than 3V2 inches 
(89 mm)from the center of the canopy. Double set-screws, double canopy 
rings, a screw ring, or equal method shall be used where the canopy supports 
a pull-type switch or pendant receptacle. 

The above thickness requirementsshall apply to measurements made on 
finished (formed) canopies. 

.410-39. Wiring Space. Bodies of fixtures,, including portable lamps, shall 
provide ample space for splices and taps and for the installation of devices, 
if any. Splice compartments shall be of nonabsorbent, noncombustible 
material: 

410-42. Portable Lamps. 
(a) General. Portable lamps shall be Wired with flexible cord, recognized 

by Section 400-4 and an attachment plug of the polarized or grounding type. 
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When used with Edison-based lampholders, the grounded conductor shall be 
identified and attached to the screw shell and the identified blade of the 
attachment plug. 

(b) Portable Handlamps. In addition to the provisions of Section 410-42(a), 
portable handlamps shall comply with the following: (l) metal shell, paperlined 
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 lampholder'or handle; (4) 
metallic guards shall be grounded by the means of an equipment grounding 
conductor run with circuit conductors within the power supply cord. 

410-44. Cord Bushings. A bushing or the equivalent shall be provided 
where flexible cord enters thebase or stem of a portable lamp. :The bushing. 
shall be of insulating material unless a jacketed type of cord is:used. 

410-45. Tests. All wiring shall be free from short circuits andgrounds and 
shall be tested for these defects prior to being connected to  the circuit. 

410-46. Live Parts. Exposed live parts within porcelain fixtures Shall be~ 
suitably.recessed and so located as to make it improbable that wires will " 
come in contact with them. There shall be a spacing of at least V2 inch (12.7 
mm) between live parts and the.mounting plane of the fixture. 

H. Installation of Lampholders 

410-47. 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 conductorshall be connected tothe screw 
shell• 

410-48. Double-PoleSwitched Lampholders.: Where supplied'bytheunground- I 
ed conductors of a circuit, the switching device of lampholders of the switched 
type shall simultaneously disconnect both conductors of the circuit. 

410-49. I.ampholders in Wet or Damp Locations. Lampholders installed in 
wet  or damp locations shall be of the weatherproof type. 

J. Construction of Lampholders 

410-50. Insulation. Theouter  metal shell and the cap shall be lined with 
insulating material which 'shall prevent the shell and cap from becoming a 
part Of the circuit. The lining shall not extend beyond the metal shell more 
than Ys inch (3.17 mm), but shall prevent any current-carrying part of the 
lamp base from being exposed when a lamp is in the lampholding device. 

410-51. Lead Wires, Lead wires, furnished as a part of weatherproof- 
lampholders and intended to be exposed after installation, shall be of 
approved stranded, rubber~coveredconductors not less than No. 14 and shall 
be sealed in place or otherwise made raintight. 

Excep t ion:  No .  18 rubber -covered  conduc tors  shall" b e ' p e r m i t t e d  Yor " 
cande labra  s o c k e t s .  , 
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410-52. Switched Lampholders. Switched lampholders .shall b e , o f  such 
construction that the switching mechanism interrupts the.electrical connec- 

t ion  to the  center contact. The switching mechanism shall also be permitted 
.to. interrupt the,electrical connection to the.screw shell if the connection to 
the center contact.is simultaneously interrupted. 

. K. Lamps and Auxiliary Equipment 

410-53. Bases, Incandescent Lamps. An incandescent lamp for general 
use on lighting branch, circuits shall n o t b e  equipped with a m e d i u m  base if 

-. rated over 300watts,-nor with a mogul base if rated-over 1500 watts .Special  
bases or other devices, shall be used for over 1500 watts. 

4 1 0 - 5 4 .  Electric-Discharge L-amp Auxiliary Equipment. 
: (a ) ,  Enclosures. Auxiliary equipment for electric:discharge lamps shall 
:, be enclosed in noncombustible cases,and treated as sources of 'heat.  

, (b) Swi tch ing . .Where  supplied by the ungrounded conductors of a cir- 
cuit, the switching device of ,auxi l iary,  equiPment ..shall, simultaneously 
disconnect all conductors. 

410-55.  Arc Lamps. Arc lamps used~in theaters shall comply with Section 
520-61, and arc lamps used in projection machines shall c.omply with Section 
540-20. Arc lamps used on constant-current systems shall comply with the 
general requirements of Article 710. 

L, Receptacles, Cord Connectors, 
andAttachment Plugs (Caps) 

410-56. Rating and Type. 
(a) Receptac!es. Receptacles installed for,the attachment of portable 

cords shall be rated at not less than 15 amperes, 125 volts, or 15 amperes, 250 
• volts~ and shall be of a type not suitable for use .as lampholders. 

, ,Exception: The use of  receptacles o f  lO-ampere, 250-volt rating used in 
nonresidential "occupancies for the supply of  equipment other than portable 
• hand tools; portable.handlamps, and extension cords shall be~permitted. 

-(b) CO/ALR Receptacles. Receptacles rated '20 amperes, or less and 
directly connected,to aluminum conductors shal lbe. ,markedCO/ALR. 
, (c) -Faceplates. Metal faceplates shall be of ferrous metal not .less than 
0.030inch (762 micrometers) in thickness or of nonferrous:metal not less-than 
0.040 inch (1, mm) in,thickness.. Metal faceplates.shall be grounded. Face- 
plates of  insulating material shall be noncombustible and not.less than 0.10 
inch (2.54 mm) in thickness but,shall be permitted t o b e  less than 0.10 inch 
(2.54 mm) in thickness if formed or reinforced.to proyide adequate mechan- 
.ical strength. 

(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 0.015 inch (381 micrometers) from metal faceplates. 

.~ Faceplates shall be installed so as to completely cover the opening and seat 
against the mounting surface. Receptacles mounted.in boxes that are set back - 
of ' the .wall surface, as permitted in Section 370-10, shall be installed so that 

. the mounting yoke or strap of the receptacle.is held rigidly at the surface of 
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the walt.. Receptacles mounted in boxes that are flush with the wall surface .or 
project therefrom shall be so installed that: the mounting yoke or strap of the 
receptacle is seated against the box or raised box cover: " t . 

(e) Attachment Plugs; ' A l l  15- and 20-ampere a t tachment  piugs and 
connectors  shall be so constructed that there are n6 exposed.current~carrying 
parts except the prongs, blades, or pins. The cover  for wire terminat ions shall 
be a part, which .is essential for the operat ion of an a t tachment  'plug= or : 
connector  (dead-front construction).  " 

(f) Attachment PlugEjector  Mechan i s m s .  At tachment  plug-ejector mech= 
anisms shall not adversely affect engagement.of  the blades of the a t tachment  
plug with the contacts  of the receptacle. 

(g). Noninterchangeability. Receptacles,  cord. connectors ,  _and. attach- 
ment plugs shall be constructed so that  the receptacle or cord connectors  will- 
not accept  an a t tachment  plug with a different voltage or current .rat ing than .. 
that for  which the d~vice is intended. Nongrounding-type. .receptacles and 
connectors  shall not accept grounding-type a t tachment  .plugs: 

Exception: A 20-ampere T-slot receptacle or cord connector shall be 
permitted to accept a 15-ampere attachment plug o f  the same voltage rating. 

4 1 0 - 5 7 .  Receptacles.in Damp orWet  Locations.. ,- • 

(a) Damp Locations, A receptacle installed outdoors  in  a location pro- ;- 
tected from the wea ther  or in other  damp locations shall have an.enclosure 
for the receptacle that  is weatherproof  when the receptac le : i s  .covered 
(at tachment  plug cap not. inserted and receptacle covers  c l o s e d ) .  

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  run-off. 

(b )  Wet Locations. A receptacle Jnstalled outdoors  where:- e x p o s e d  to 
weather  or in other Wet locations shall'be~ in-a we~itherproof eficlosure, the 
integrity of which is not affected when  the receptacle is in use  (a t tachment  
plug cap inserted). 

Exception: An enclosure that is weatherproof only w h e n a  self-closing 
receptacle cover is closed shall be permitted to be used for a receptacle 
installed outdoors where the receptacle is not to be used with other than 
portable tools or other portable- equipment not left connected to the outlet 
indefinitely. 

(c) Protection for Floor Receptacles. Standpipes of floor.receptacles shall 
allow floor-cleaning equipment to be operated without damage ' to  recepta- 
cles. 

(d) Flus.h Mounting with Faceplate. The enclosure for a receptacle in- 
stalled in an outlet box flush-mounted on a wall surface shall be made 
weatherproof  by means of a weatherproof  faceplate.assembly that  provides ' 
a watertight connect ion between the plate and the wall surface. 

(e) Installation. A receptacle outlet installed outdoors shall be located so 
that  water accumulat ion is. not likely to touch the outlet cover  or plate. 
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• 410-58: Grounding-type.Receptacles, Adapters, Cord Connectors, and At- 
tachment Plugs. 

(a) Grounding Poles. Grounding- typerecep tac les ,  cord connectors ,  and 
a t tachment  plugsshal l  be provided with onef ixed  g r o u n d i n g p o l e i n  addition 
to the circuit poles. 

, Exception:_. The grounding contacting po l e  o f  grounding-type a t tachment  
plugs on the power supply cords o f  portable hand-heM, hand-guided, or 

' hand-supported tools or appliances shall be permi t ted  to be o f  the movable  
self-restoring type on circuits operating at not over 1-50 volts between any two 
conductors nor over 150 volts between any conductor and groun'd. 

(b) Grounding~Pole Identification. Grounding-type receptacles,  adapters,  
-, cord connect ions  and a t tachment  plugs shall have a means for connect ion of 

, a grounding conductor  to the grounding pole. A terminal f o r  connect ion to 
the  grounding pole shall be designated by: 

• ~ (1) A green-colored hexagonal headed or shaped terminal screw or nut, 
not readily removable;  or 

(2) .  A green-colored pressure wire connector  body (a wire barrel);  or 
- (3)  A,similar green-colored connect ion device in the case o fadap te r s .  

" Theground ing  terminal of ag round ing  adapter  shall be a green-colored rigid 
• ear, lug ,  9 r similar device.• The grounding_connection shall be so designed 

. that  it cannot  make contact  with current-carrying parts of the receptacle,  
adapter ,  o r  a t tachment  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 " G r e e n "  or 

otherwise, identified by a distinctive green color. 
• . (c) Grounding Terminal U s e . . A  grounding terminal or grounding-type 
device shall not be used for purposes other  than grounding. 

• (d) Grounding-Pole Requirements. Grounding-type a t tachment  plugs and 
mating .cord connectors  and receptacles shall be so designed that the 

• , grounding connect ion is made before the current -carrying connect ions.  
Grounding-type devices shall be designed sogrounding  poles of a t tachment  
plugs cannot  be brought  in to  contact  with current-carrying parts of recepta- 
cles or cord connectors .  

(e) Use. Grounding-type a t tachment  p lugssha l l  be used only where an 
. 'equipment ground is to be provided. 

M. Rosettes 

410:59. Unappmved Types. 
-(a) Fusible Roset tes . . .Fus ib le  rosettes shall not be insialled. 
(b) Separable Rosettes. Separable rose t t es tha t  may 'change polarity shall 

not be used. 

-410-60,- Rosettes inDamp or Wet Locations. -Rosettes installed in damp or 
wet locations shall be of the weatherproof  type. 

410-61: Rating. Rosettes shall be . ra ted  at 660.watts,  250.volts,  with a 
maximum.current- rating of 6 amperes.  
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410-62.  Rosettes for Exposed Wiring. Rosettes for exposed wiring shall be 
provided with bases that shall have at least two holes for supporting screws, 
shallbe high enough to keep,the wires and terminals at least V2 inch (12.7 mm) 
from.the.surface wired'over, and shall have a lug of insulating material under 
each terminal to prevent the rosette from being placed over projections that 
would,reduce the-separation to less than V2 inch (12.7 mm). 

"410-63.-Rosettes for Use withBoxes or Raceways. Rosettes for use with 
conduit boxes or, raceways shall have bases high enough to keep wiresand  
terminals at least 3/8 inch(9.52 mm) from the surface wired over. 

N. Sl~ecial Provisions for Flush and Recessed Fixtures 

410-64.  •General. •'Fixtures installed in recessed cavities in walls or ceilings 
shall comply with Sections 410-65 through 410-72. 

410-65.  Temperature. 
(a) .Combustible Material. Fixtures.shall  be so installed that adjacent 

combustible material will not be.subjected to temperatures in excess of 90°C 
(194°F). 

(b) Fire-Resistant Construction. Where a fixture is recessed in fire-resist- 
ant material in abuilding of fire-resistant construction, a,temperature higher 
than 90°C (194°F), but. not higher.than '150°C (302°F); shall be considered 
acceptable if the fixture is plainly .marked that it is listed for that service. 

(c) . Recessed Incandescent.Fixtures. Incandescent fixtures shall have 
thermal protection and" shall so be" identified :as thermallyprotected.  

Exception : No. 1: Recessed incandescent fixtures •identified for use and 
installed in poured concrete. 

Exception.No. 2:  Listed recessed incandescent fixtures that provide, by 
construction design,, the equivalent temperature performance characteristics 
o f  thermally protected fixtures and are so identified. 

410-66. Clearance and Installation. 
(a) Clearance. Recessed portions of lighting'fixture -•enclosures, .other 

than-at the points.of support, shall be spaced.at least V2.incti (12.7 mm) from 
combustible materials. 

Exception No. 4: Recessed fixtures identified as suitable for insulation to 
• be in direct contact with the fixture. 

Exception No. 2: ,Recessed flubrescent fixtures. 
(b) Instal lat ion. .Thermal  insulation shall not.be insta, lled within 3inches  

(76 ram) of the recessedfixture enclosure, wiring compartment, or ballast, 
and shall, not be so installed above the fixture so as to entrap heat and prevent 
the f ree  circulation.of air. 
• • Exception No. 1: Recessed fixturesidentified as suitable'for insulation to 

'be in direct contact with the fixture. 
Exception No. 2: Recessed fluorescent fixtures. 

410-67 .  • Wiring. 
(a) General,. Conductors having, insulation_suitable for ;the~temperature 

encountered •shall be used. 
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(b) Circuit Conductors..Branch-circuit conductors having an insulation 
suitable for the temperature encountered shall be permitted to terminate in 
the fixture. 

(c) Tap Conductors: , Tap conductors of a type suitable for the,tempera- 
ture encountered shall be permitted to run from the fixture terminal connec- 
tion.to an outlet box placed at least 1 foot (305 mm) from the fixture. Such tap 
conductors shall be in a suitable raceway of at least 4 feet (i.2") m) but not 
more than 6 feet (1.83 m) in length. 

P. Construction of Flush and Recessed Fixtures 

410-68. Temperature. FiXtures ~hall be so cohstructed that adjacent com- 
bustible material will not b e  subject to temperatures i n  excess of 90°C 
(194OF). 

410-69.  Enclosure. -.Sheet metal .enclosures  shall, b e  protected against 
corrosion and shall not be. less than No. 2,2 MSG. 

Exception: Where a wireway cover is within the No. 22,MSG enclosure, it 
shall be permitted to be o f  No. 24 MSG metal. 

410-70. Lamp Wattage Marking: Incandescent lamp~fixtures shall .be 
marked to indicate the maximum allowable wattage of lamps. The markings 
shall be permanently installed, in letters at least V, inch (6.35 mm) high, and 
shall be located where visible during relamping. 

410-71.  Solder Prohibited. No soldershall  be used in the construction of 
a fixture box. 

410-72.  Lampholders. Lampholders of the screw-shell type shall be of 
porcelain or other suitable insulating materials. Where used, cements shall be- 
of the high-heat type. 

Q. Special Provisions for Electric-Discharge 
Lighting Systems of 1000 Volts or Less 

410-73. 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 intended for such service. 

(b) Considered as Alive. The terminals of an electric-discharge lamp shall 
be considered as alive where any lamp terminal is connected to a circuit o f  
over 300 volts. 

(c) Transformers of the Oil-Filled Type. Transformers of the oil-filled type 
shall not be used. 

(d) Additional Requirements. In'addition to complying with the general 
requirements for lighting fixtures, such equipment shall comply with Part Q 
of this article. 

(e) Thermal Protection. Where fluorescent f ixturesare installed indoors, 
the ballasts shall have thermal protection integral within the ballast. Replace- 
ment ballasts for all fluorescent fixtures installed indoors shall a l so  have 
thermal protection integral within the ballast. 
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Exception to (e) above: Fluorescent fixtures with simple reactance bal- 
lasts, 
', ( f ) 'Recessed.  High-Intensity Discharge Fixtures. ,Where recessed  high- 
intensity discharge fixtures are installed indoors, they .shall be thermally 
protected and  shall be identified.. Where fixtures are operated by remote 
ballasts, the ballasts shall also be thermally protected. 

410-74.  Direct,-Current Equipment. Fixtures installed on direct-current 
circuitsshall  be equipped with auxiliary equipment and resistors especially 
designed and for direct-current, operation,  and the fixtures ,shall be so 
marked. 

410-75. Voltages7 Dwelling Occupancies. 
(a). Open:Circuit Voltage Exceeding 1000 Volts. Equipment having an 

open-circuit voltage exceeding 1000 volts shall not be installed,in dwelling 
occupancies. 

(b) Open-Circuit Voltage Exceeding 300 ,Volts. Equipment  having an 
open-circuit voltage, exceeding 30O volts shall not be installed in :dwelling 
occupancies unless such equipment is•,so designed that there will b e n o  
exposed ,liye parts.when damps are being inserted, are in place, or.are being 
removed. 

410-76. Fixture Mounting. 
(a) Exposed Ballasts. Eixtures having exposed ballasts or-transformers 

shall be so installed that such ballasts or transformers will not be in contact 
with combustible material. 

(b) Combustible Low-Density~Cellulose Fiberboard. VChere a surface- 
mounted fixture containing a ballast is to be installed On combustible low- 
density cellulose fiberboard, it, shall be listed for.this condition or shall be 
spaced not less t h a n l  V2 inches (38 mm) from the surface of.the fiberboard. 
Where such fixtures are: partially or wholly' recessed, the ,provisions of 
Se(:tions 410-64 through 410-72 shall apply. 

(FPN): Combustible low-density cellulose fiberboard includes sheets, panels, 
and tiles that havea density of 20pounds per cubic foot (320.36 kg/cu m) or less, 
and that are formed of bonded plant fiber material but does not include solid or 
laminated wood, nor fiberboard that has a density in excess of 20 pounds per cubic 
foot (320.36 kg/cu m) or.is amatefial that,has been integrally treated with fire- 
retarding chemicals to the degree that the flame spi'ead in any. plane of the material 
will not exceed 25, determined: in. accordance ~with tests.for surface burning 
characteristics .,of building materials: See Test Method f o r  Surface Burning 
C-haracteristics.oCBuilding Materials, ANSI/ASTM E84-1984. 

410-77. Equipment Not Integral,with Fixture. 
(a)  Metal Cabine ts . .Auxi l ia ry  equipment, including reactors, capacitors, 

resistors, and similar equiprfient, ,where, not. installed as .part of a lighting 
fixture•assembly, shall be enclosed in accessible, permanently installed metal 
cabinets. 

(b) •Separate Mounting. 'Separately mounted ballasts that are intendetl for 
direct connection to a wiring system shall .not be required to be separately 
enclosed. 
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410-78.  Autotransformers. An  autotransformer which 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. 

410-79., Switches. Snap switches shall comply with Section 380-14. 

R. Special Provisions for Electric-Discharge 
Lighting Systems of More than 1000 VoRs 

410-80. General. 
(a) Open-Circuit Voltage Exceeding 1000 Volts. EquipmentXor use with 

'electric-discharge lighting ,systems and designed for ,an open-circuit voltage 
exceeding 1000 volts shall be of a type intended for such service. 

(b) Considered as Alive. The terminal of an electric-dischal:ge lampshal l  
be considered as alive when any lamp terminal is connected to a circuit of 
over  300 volts. 

(c) Additional Requirements. In addition to complying with the general 
requirements for lighting fixtures, such equipment shall comply with Part R 
of this article. 

(FPN): For signs and outline lighting, see Article 600.' 

410-81.  Control. 
(a) Disconnection. F i x t u r e s o r  lamp installations shall, he 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 fixtures or lamps, or. it shall be permitted 
elsewhere if it is provided with a means for locking in the 'open position. 

'410-82. Lamp Terminals and Lampholders~, Parts that must be removed for 
lamp replacement shall be hinged or held captive. Lamps or lampholders will 
be so designed that there shallbe no exlaosedlive parts when lamps are being 
inser tedor  are being removed. 

410-83.  Transformer Ratings. Transformers and ballasts shall have a sec- 
ondary open-circuit voltage of not over 15,000 volts with an allowance on test 
of 1000 volts additional. The secondary-current rating shall not be more than 
120 milliamperes if the open'-circuit voltage is over 7500 volts, and not more 
than 240 milliamperes if the open-circuit voltage is 7500 volts or less. - 

410-84." Transformer Type~ Transformers shall be enclosed and listed. 

410-85. Transformer Secondary Connections.. 
(a) High-Voltage Windings. The high-voltage windings :.of transformers 

shall not be connected in series or in parallel. 
Exception: Two trdnsformers, each having one end of  iis high-voltage 

winding grounded and connected to the enclosure, shaUtbe permitted to have 
their high-voltage windings connected in series to form the.equivalent of  a 
midpoint grounded transformer. : 

(b) Grounded Ends of Parallered Transformers..The grounded ends of 
' paralleled "transforme'rs as permitted in (a).above shall be connected by an 
insulated conductor not smaller than No.- 14. - 
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410-86. Transformer Locations. 
(a) Accessible. Tra?nsformers shall be.accessible after installation. 
(b) Secondary Conductors. "Transfornaers shall be installed as n e ~  t0 the  

lamps.as practicable to keep the secondary conductors as short as possible. 
(c) .Adjacent to Combustible Materials. Transformers shall be so located 

that adjacent combustible materials will n 0 t b e  subjected to temperatures in 
excess of 90°C (194°F)? - . -- 

410-87.  Transfoimer Loading. The lamps connected to any ' t ransformer 
shall b e o f  such length and characteristics as not to cause a condition of 
continuous overvoltage on the iransformer. 

410-88.  Wiring Method - -  Secondary Conductors..Conductors shall be 
installed in accordance with Section 600-31. 

410-89.  Lamp Supports. Lamps shall be adequately suppoi'ted as required 
in  Section 600-33. . 

410-90.  ,Exposure to Damage. Lamps shall not be located where normally 
exposed to physical damage. . . _ , 

410-91.-  Marking. Each fixtiJre or each secondary'circuit of tubing having 
ari open-circuit voltage of over 1000,.volts shall have aclearly legible marking 
in  letters not less'than Y4 inch (6.35.mm) high reading "Caution . . . .  volts." 
The voltage indicated shall be the rated open-circuit voltage. 

410-92. Switches. Snap switchesshall comply with Section 380-14. 

S. Lighting Track 

410-100.  Definition. L ight ing tra.ck'is a manufactured assembly.designed 
to su]apbrt and energize lighting fixtures which are capable of being readily 
repositioned on the track. Its length may be altered by the addition or 
subtraction of sections of track. 

410-101.  Installation. 
,(a) Lighting Track. Lighting track.shall be permanently installed and 

permanently connected to a branch circuit. Only lighting track fittings shall 
b e  installed on lighting.track. Lighting track fittings, shall not be equipped 
With general-ptirpose recepta, cles', • - 

.(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 th/ t tof  the track: -- 

(c) Locations Not Permitted. Lighting.track shall not be installed: (1) 
where sub jec t to  physical damage;.(2) in wet or.damp locations; (3).where 
su.bject 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 5 feet (1.52 m) above the finished floor except 
where protected from physical damage. 

• (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 track; maintain polarization and grounding, and shall 
be designed to be suspended directly from the track. 
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410-102. Track Load. For branch-circuit calculations a maximum of 2 feet 
(609.6 mm) of lighting track or fraction thereof shall be considered 180 VA. 
Where multicircuit track is installed, theload requirement of this section 
shall be considered to be divided equally between the circuits. . . .- 

410-103. Heavy-Duty Track. Heavy-duty lighting track is lighting track 
identified for use exceeding 20 amperes. Each fitting attached to a heavy-duty 
l!ghting track shall have individual overcurrent protection. 

410-104. Fastening. Lighting track shall be securely mountedso that each 
fastening will be suitable for supporting the maximum weight of fixtures 
which can be installed. Unless identified for supports at greater intervals, a 
single section 4 feet (1.22 m) or shorter in length shall have two supports, and 
when installed in a continuous row each individual section of n0t more than 
4 feet (1.22 m) in length shall have one additional support . . . .  

410-105. Construction Requirements. 
(a) Construction. The housing for the lighting track system shall be  of 

substantial construction to maintain rigidity. The conductors shall be in- 
stalled within the track housing permitting insertion of a fixture, 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 No. 12 AWG or equal, andshall be 
copper. The track system ends shall beqnsulf.ted and capped. 

Exceptiot~: Fittings which incorpora.te.an integral de'vice to reduce the line 
voltage for a lower, voltage lamp. 

(b) Grounding. Lighting track shall, be grounded in accordance with 
Article 250 and the track sections sh~.ll be secureiy coupled to maintain 

• 1. continuity of.the circuitry, polarization and grounding throughot~t. 

A R T I C L E  4 2 2 ~  APPLIANCES 

A. General 

422"-1. Scope: This article covers electri6 appliances used in any occu- 
pancy. . . . . . .  

.422-2. Live PaRs. Appliances shallhave rio live parts normally exposed to 
contact. 

ExcePtion: Toasters, grills, or other appliances in which the current- 
carrying pai'ts at high temperatures are necessarily exposed. ":- 

"422-3. Other Articles. All requirements of this Code slaall'applywhere 
applicable.: Appliances for use in hazardous (classified) locations shall 
comply with Articles 500 through 517. 

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 hermetic i'efrigerant motor-compres- 
sor(s), except as specifically amended in this article. ~ 
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B. Branch-Circuit Requirements 

422-5.  Branch-Circuit ,Sizing. This .section specifies sizes of conductors 
capable of carrying appliance cu~ent  without overheating Under the condi- 
tions specified. This section shall not apply to conductors that form an 
integral part of an appliance. - . 

(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 havingcombined loads as provided in Sectio~n 422-32. 

Exception No. "1: For motor-operated.appliances not having a marked 
rating the branch-circuit size shall be in accordance with Part B of  Article 
430. 

Exception No. 2: For an appliance, other than a motor-operated appli- 
ance, that is continuously loaded, the branch-circuit rating shall not be less 
than 125 percent of  the markedrating; or not less than 100 percent if  the 
branch-circuit device and its aksembly is approved for continuous loading at 
100 percent o f  its rating. 

Exception No. 3: Branch circuits for household cooking appliances shall 
be permitted to be in accordance with Table 220-19. 

(b) Circuits Supplying Two or More Loads. For branch circuits supplying 
appliance and other loads, the rating shall be determined in accordance with 
Section 210-23. 

422-6. Branch-Circuit Overcurrent Protection. Branch circuits shall be pro- 
tected in accordance with Section 240-3. 

If a protective, device rating is marked on an appliance, the branch-circuit 
overcurrent device rating shall not exceed the protective d e v i c e  rating 
marked on the appliance. 

C. Installation of  Appliances 

422-7. General.- .All appliances shall be.installed in an approved manner. 

4 2 2 - 8 .  Flexible Cords. 

(a) Heater Cords. ~ All cord- and plug-connected smoothing irons and 
electrically heated appliances tha t  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 shall 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 elec- 
trically 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. 

(c) Other Appliances. 'Flexible cord shall be permitied: ( l i  for connection 
of appliances to facilitate their frequent interchange or to prevent the 
transmission of  noise--or vibration, or (2). to facilitate the removal or 
disconnection of appliances, that are fastened in-place, for maintenance or 
repair. 
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(d) Specific Appliances. 
(1) Electrically operated kitchen waste disposers intended for dwelling 

unit use and provided with a Type S, SO, ST, STO, S J, SJO, SJT, SJTO, 
SP-3, SPE-3, or SPT-3, three-conductor cord terminated.with a grounding- 
type attachment plug shall be permitted where all of the following conditions 
are met: 

a. The iength of the cord shall not be less than 18 inches (457 mm) and 
not over 36 inches (914 mm). 

b. Receptacles shall be located to avoid physical damage to the flexible 
cord. 

c. The receptacle shall be accessible. 
(2) Built-in dishwashers and trash compactors intended for dwelling 

unit use and provided with-a Type S, SO, ST, STO, S J, SJO, SJT, SJTO, 
SP-3, SPE-3, or SPT-3, three-conductor cord terminated with a grounding- 
type attachment plug shall be permitted where all of the following conditions 
are met: 

a. The length of the cord shall be 3 to 4 feet (0.914 to 1.22 m). 
b. Receptacles shall be located to avoid physical damage to the flexible 

cord. 
c. The receptacle shall be located in the space .occupied by the 

appliance or adjacent thereto. 
d. The receptacle shall be accessible. 

Exception: Listed kitchen waste disposers, dishwasherg and trash com- 
pactors protected by a system o f  double insulation, or its equivalent, shall 
not be required to be grounded. Where such a system is employed, the 
equipment shall be distinctively marked. 

(3) The supply cord conductors and internal wiring of portable high- 
pressurespray washing machines shall have ground-fault circuit-interrupter 
protection for personnel. The ground-fault circuit-interrupter shall be iden- 
tified for use with portable equipment and permitted as an integral part of the 
attachment plug. 

422-9. Cord- and Plug-Connected Immersion Heaters. Electric heaiers of 
the cord- and plug-connected immersion type shall be so constructed and 
installed that current-carrying parts are effectively insulated from electrical 
contact with the substance in which they are immersed. 

422-10. Protection of Combustible Material. Each electrically heated ap- 
pliance that is intendedby size, weight-, and service to be located in a fixed 
position shall be so placed as to provide ample protection between the 
appliance and adjacent combustible material. .. " 

422-11. Stands for Cord- an.d Plug-Connected Appliances. Each smoothing 
iron and other cord- and plug-connected electrically heated applianc'e in- 
tended to be applied to combustible material shall be-equipped with a.n 
approved stand, which shall be permitted to be a separate piece of equipment 
or a part of the appliance. • -- 

422-12. Signals for Heated Appliances. In other than dwelling-type occu- 
pancies, each electrically heated appliance or group of appliances intended to 
be applied to combustible material shall be provided with a signal. 
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Exception: f f  an .appl ianceis  .provided-with an integral temperature- 
limiting device. 

422-13 .  Flatirons. Elecirically heated smoothing irons shall be equipped 
with an identified temperature-limiting means. 

422-14. Water Heaters. 
(a) Storage- and Instantaneous-type Water Heaters, Each s to rage-o r  

instantaneous-type water  heater shall be equipped with a temperature- 
limiting means in" addition to its control thermostat '  to disconnect all 
ungrounded conductors, and such means shall be: (1) installed to sense 
maximum water temperature and, (2) 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. 

(FPN): See Listing'Requirements for Relief Valves and Automatic Gas Shutoff 
Devices for. Hot Water.Supply Systems (ANSI Z21.22-1979). 

Exception: Water heaters with supply-water temperature:of 82°C (180°F) 
or above and a capacity o f  60 k W  or above and identified as being suitable 
for  this use; and water heaters with a capacity o f  l gallon (3.785 L) or less 
and identified as being suitable for such use. 

(b) Storage-type Water Heaters. A branch circuit supplying a fixed 
storage-type water heaterhaving a.capacity of 120 gallons (454.2 L) or-less 
shall have a ra t ingnot  less than 125 percent of the nameplate rating of the 
water heater. 

(FPN): For branch-circuit sizing, see Section 422-5(a), Exception No. 2. 

422-15.  InfraredLamp IndustrialHeating Appliances. 
(a) 300 Watts or Less. Infrared heating larnps rated at 300 watts or less 

shall be permitted with lampholders of the medium-base, unswitched porce- 
lain type or other types identified as' suitable for use with infrared heating 
lamps rated 300 watts or less. 

(b) Over 3 0 0  Watts. Screw-shell lampholders shall not, be used.with 
infrared lamps over 300 watts rating. 

Exception: LampJ~olders identified as suitable for use with infrared, heat- 
ing lamps rated more than 300 watts. . • 

(c) L.ampholders. Lampholders shall be permitted to be connected to any 
of the branch circuits of Article 210 and, in industrial occupancies, shall be- 
permitted to be operated in series on circuits of over 150 volts to ground 
provided the,v0]tage 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. 

422-16.  Grounding. Appl iances requ i red  by Article 250 to  be grounded 
shall have.exposed noncurrent-carrying metal parts grounded in the manner 
specified inArt ic le  250. 

(FPN): See Sections 250-42, 250-43 and 250-45 for equipment grounding of 
refrigerators and freezers andSections 250-57 and 250-60 for equipment grounding -- 
of electric ranges, wall-mounted ovens, counter-mounted cooking units, and 
clothes dryers . .  _., . 
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422-17. Wall-Mounted Ovens and Counter-Mounted Cooking Units. 
(a) Permitted to Be Cord- and Plug-Connected or Permanently Connected. 

Wall-mounted ovens and counter-mounted cooking units complete with 
provisions for mounting and: for  making electrical connections shall be 

I permitted to be permanen@ connected or, only for ease in servicing or for 
installation, cord- and plug-connected. 

(b) Separable Connector or a Plug and Recep~cle Combination. A sepa- 
rable connector or a plug andreceptacle  combination in the supply line to an 
oven or cooking unit shall: 

• {1} Not be installed as.the disconnecting means required by Section 
422-20. 

{2) Be approved for the temperature of the space in which it is located. 

422-18.  Support of Ceiling Fans. Listed ceiling fans that do not exceed 35 
pounds  in weight, with or without accessories, shall be permitted to be 
supported by outlet boxes identified.for such use and supported in accord- 
ance with Sections 370-13 and 370-17. 

422-19.  Other Installation Methods. Appliances employing methods of 
I installation other than.covered by this article shall be permitted to be used 

only by.special permission. 

D. Control and Protection of Appliances 

422-20. Disconnecting Means. A means shall be provided to disconnect 
I each appliance from all ungrounded conductors in accordance with the 

following sections of Part-D. If an appliance is supplied by more than one 
source, the disconnecting means shall be grouped and identified. 

422-21. Disconnection of Permanently Connected Appliances. 
(a) Rated at Not Over 300 Volt Amperes or V8 Horsepower. For perma- 

nently connected appliances rated at not over 300 volt amperes or Vs horse- 
power, the branch-circuit overcurrent device shall be permitted to serve as the 
disconnecting means. 

(b) Permanently Connected Appliances of Greater Rating. For perma- 
nently connected appliances of greater rating the branch-circuit switch or 
circuit breaker shall be permitted to serve as the disconnecting means where 
readily accessible to the user of the appliance. 

(FPN): For mot0r-driven:appliances of more than Vs horsepower, see Section 
422-26. 

Exception: Appliances employing unit switches as permitted by Section 
422 -24. 

422-22. 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 disconnect- 
ing means. Other cord- and plug-connected applian.ces shall be provided with 
disconnecting means in accordance with Section 422-21. 

(b) Connection at the Rear Base of a Range. For cord- and plug-con- 
nected household electric ranges, an attachment plug and receptacle connec- 
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tion at the rear base of a range, if it is accessible fr0m the front.by removal 
of a drawer, shall be c0nsideredas meeting the intent of Section 422-22(a). 

(c)...Rating. The rating of a receptacle-or of  a separable connector shall 
not be less than the rating of any appliance connected t he re to . .  

Exc'eption: Demand  fac tors  authorized, elsewhere in this Code . sha l l be  
permi t ted  to be. applied. 

(d) Requ i rements  for A t t achmen t .  plugs and Connectors.. A t t a c h m e n t  
plugs and connectors~shall conform to the fo! lowing! . .  

(1) Live Parts. They shall be so constructed and instalied as to guard 
against inadvertent contact with .live parts. % ' ,, ' 

(2) Interrupting Capacity. They shall bi~ capabl e of interrupting their 
"rated current without hazard to the operator. 

(3) Interchangeahility. They shall be 'so designed, that they will not fit 
into receptacles of lesser rating: 

(4) Polarity. If the appliance is provided with a single-pole switching 
device, the'attachment p!ug shall be polarized or of the grounding type• 

(FPN): See also Section 410-42. " . 

422-2~1. Unit Switeh(es) as Disconnecting Means. r A unit switch(es) with a 
marked "o f f ' .  pOsit~on thai is a part or" an appliance and disconnects all 
ungi'ounded conductors shall be permitted as "the disconnecting means 
required by this article where other means for disconnection are provided in"  
the-following types of occupancies: , " "~ ~ ~ .: 

(a) Multilamily Dwellings. In multifamily'dwellings., the other disconnect- [ 
ing means shall be within.the dwelling unit, or on the same floor.[asthe - 
dwellilig unit in which the appliance is installed, and shall be permitted"to 
control lamps and other appliances•- " : ' ~. ~ 

" "(b) Two-Family Dwelling-~. lfl two-family, dwellings, tile other disconnect-  
ing means shall b e. permitted 6itlier inside or outside of the dwelling unit in 
• which-the appliance is installed. In this case, an individual switch or cil:cuit 
breaker for the dwelling unit shall be Permitted aiad shall also be permitted to 
conti'ol lafiaps and other appliances. -. -.• " . . -.. 

(c):One~Family..l~ellings. -.:In one-family dwellings, the service discon- 
necting.means shall be:permitied to be the other.disconnecting means• 

(d) [Oi'her Occupancies. In othei- occupancies, the branch-circuit.'switch 
or. circuit blTeakef, where readily accessible for:. serxi¢ing of the app.liance, 
shall be permitted as the other disconnecting means. : " : .  ] 

, 422-25.  Switch and circuit Breaker to Be Indicating.~- Switches and circuit 
breakers used as.disconnecting means shall be of the indicating type~ -" " • 

, -  ' . , ~ 

422-26. .  Disconhecting Means for Motor-DrivenAppliances. I f  a switch or 
circuit breaker serves as the disconnecting means for a permanently con- 
nected motor-driven appliance of more than V8 horsepower, it • shall be 
located-within sight from the m'-otor controller and shall comply with Part H 
of Article 430. 

Exception: A switch or circuit breaker that serves as the other disconnect- " 
ing, means as required in'Section 422~24(a), (b), (c) or (d) shall be permi t ted  
to be out o f  sight f ro  m t h e m o t o r  contro.ller-of an appliance provided with a .. 
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unit switch(es) with a marked "off" position and which disconnects all 
ungrounded conductors. . " 

422-27. Overcurrent Protection. 
(a) Appliances~ Appliances: 'shall  be protected against overcurrent  in 

accordance with (b) through (f) below and Sections 422-5 and 422-6. .  ' ' 
Exception: Motors of  motor-operated appliances shall be provided with 

overload protection in accordance with Part C of  Article 430. Hermetic 
refrigerant motor-compressors in air-conditioning or refrigerating equipment 
shall be provided with "overload protection in accordance with Part F of  
Article 440. When appliance overcurrOnt protective devices 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 
Sections 430-7 and 440-4. 

(b) Household-type Appliance with Surface Heating Elements. A 
household-type appliance With surface heating ei~ments having a maximum 
demand of  more than 60 amperes  computed in accordance with Table 220-19 
shall have its power supply subdivided into two or more Circuits, each of 
which is provided with overcurrent  protect ion rated at not over  50 amperes.  

(c) Infrared Lamp Commercial and Industrial Heating~Appliances. Infra- 
red lamp commercial  and industrial heating appliances shall have overcurrent  
protect ion 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 r~ited at not-over 50 amperes.  

(e) Single Nonmotor-Operated Appliance. If the branch circuit supplies a 
• single" nonmotor-operated appliance, the overcurrent  device rating shall not 
exceed a protective device rating marked on the appliafice or, if there is no 
marking, the value specified as follows: 

Appliance rating not 
exceeding 13.3 amperes ' ' " " " 20 'amperes  
Appliance rating greater '  
than 13.3 amperes  . . . .  : . : . . . .  -. 150 percen t of appliance rating. 
(f) Electric Heating Appliances Employing Resistance-type Heating Ele- 

ments Rated More than 48 Amperes. Electric heating appliances employing 
resistance-type heating elements rated more than 48 amperes  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 o v e r c u m m t  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,  but need not be readily accessi- 
ble; and (3) suitable for branch-circuit  protection. : :. 

The main conductors  supplying these overcurrent  protective devices shall 
be considered branch-circuit  conductors .  

Exception No. l:.Household-typ'e applianPes with surface heating ele- 
ments as covered in Section 422-27(b) and commercial-type heating appli- 
ances as covered in Sectio. n 422-27(d). : . . . .  

.Exception No. 2: Commercial kitchen and cooking appliances using 
• sheathed-type heating elements not covered in Section 422-27(d) shall be 
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permit ted  to be subdivided into circuits not exceeding 120 amperes and 
protected at not more than 150 amperes where one o f  the fo l lowing is met:  

a. Elements  are integral with and enclosed within.a cooking surface; 

b.  Elements  are completely contained within an enclosure identified as 
suitable for  this use; or 

c. Elements  are contained within an A S M E  rated and s tamped  vessel. 
Exception No.  3: Water heaters and s team boilers employing resistance- 

type immersion electric heating elements contained in an A S M E  rated and" 
s tamped vessel shall be permi t ted  t o b e  subdivided into circuits not exceed- 
ing 120 amperes and protected  at not  more than 150 amperes.  

E._ Marking of Appliances 

422-30. Nameplate. 
(a) Nameplate Marking. Each electricappliance 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. 

When motor overload protection external to the appliance is required, the 
appliance shall be so marked. 

(FPN): See Section 422-27(a), Exception for overcurrent protection require- 
ments. 

(b) To Be.Visible: Marking shall.be located so as to be visible or easily 
accessible after installation. 

422-31.  Marking of Heating Elements. A l l  heating elements that are rated 
over one ampere, replaceable in the field, and a part of an app]iance shall be 
legibly marked with the ratings in volts and amperes, or in volts.and watts, 
or with the manufacturer's part number. 

422-32. Appliances Consisting of Motors and Other Loads. Appliances shall 
be marked in accordance wi th(a) 'or  (b) below. 

(a )  Marking. In addition to the marking required irr Section 422-30, 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 circuit size and the 
maximum rating of the circuit overcurrent protective device. • ./ 

Exception No.  1: Appliances fac tory-equipped with cords and a t tachment  
plugs, complying with Section 422-30.. 

Exception No.  2: An appliance where both the minimum circuit size and 
maximum rating o f  the circuit overcurrent protective device are  not more 
than 15 amperes and complies with Section 422-30. 

(b) Alternate Marking Method. An alternate 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 Section 422-30. 

Exception No.  1: Appliances factory-equipped with cords and a t tachment  
plugs,  complying with Section 422-30. 

Exception No.  2: The ampere rating o f  a motor ~s horsepower or less or a 
nonmotor  load 1 ampere or less shtdl be permi t ted  to be omi t ted  unless such .  
loads consti tute t he  pri'ncipal load: 
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A R T I C L E  424 m FIXED E L E C T R I C  SPACE 
H E A T I N G  E Q U I P M E N T  

A. • 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. 

424-2. Other Articlesl All requirements of this Code shall apply.where 
, applicable. Fixed electric space heating equipment, for use in hazardous 

(classified) locations shall comply with Articles 500 through 517. Fixed 
electric spaceheating 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 per- 

mitted to supply any size fixed electric space heating equipment. 
Branch circuits supplying two or more outlets for fixed electric space 

heating equipment shall be rated .15, 20, or 30.amperes. 
Exception: In other than residential occupancies, fixed infrared heating 

• equipment shall be permitted to be supplied from bran'ch circuits rated not 
over 50 amperes. 

(b) Branch-CircuitSizing. The ampacity ofthe branch-circuit conductors 
and 'the rating or setting of overcurrent protective devices, supplying fixed 
electric space heating equipmentconsisting of resistance elements With or 
without a motor shall not be less thhn 125.percent of the total load of.the 
motors .and the heaters. The rating .or .setting of overcurrent protective 
devices shall be permitted in accordance ,with SecUon 240-3, .Exception No. 1. 
A contactor, thermostat, relay, or similar device,/approved for continuous 

• operation at 100percent of its rating,.shall.be permitted to supply its full- 
rated load as.provided in Section 210-22(c),ExceptionNo. 2.- 

The size' of the branch-circuit conductors and overcurrent protective 
I devices supplying fixed-electric space heating equipment including a hermetic 

refrigerant motor-compressor with or without resistance .units shall be 
.computed in accordance with Sections 440-34 and 440-35. 

The provisions of.this section, shall not-apply to conductors which form an 
integral part. of approved fixed electric space heating equipment. 

B. Instal lat ion 

424-9. General. All fixed electric space heating equipment shall .be in- 
stalled in an approved manner. 

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 re- 
. quiring supply conductors with .over 60°C insulation .shall be clearly and 
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permanently marked. This marking shall be plainly visible after .installation 
and shall.be permitted to be adjacent to the field-'connection box.:  ~. 

424-12. Locations. i 
(a) Exposed to Severe Physical Damage. Fixed electric space~,heating 

equipment shall noi be used where exposed to sever~ physical damage unless 
adequately protected. 

(b) Damp or Wet Locations, Heate r sand  related equipment installed.in: 
damp or wet locations shall be approved for such locations and  shall be. 
constructed and installed so  that water cannot enter or accumulate in o r  on 
wired sections, electrical components, or duct work. 

(FPN): See Section 110-11 for equipment exposed to deteriorating agents. 

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 has been found to be 
acceptable where installed in direct contact with combustible material. 

424-14. Grounding. All exposed noncurrent-carrying metal parts of fixed 
electric space heating equipment likely .to become energized shall be 
grounded:as required in Article 250. 

C. Control and Protection of Fixed Electric 
Space Heating Equipment. 

424-19. Disconnecting Means., Means shall be provided to disconnect the .  
heater, motor controller(s), and supplementary overcurrent protective de- 

, vice(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 identified. 

(a) Heating Equipment with SupplementaryOvercurrent Protection. The-  
disconnecting means for fixed electric space heating equipment with supple- 
mentary overcurrent protection shall be within sight from and on the supply 
side of the supplementary overcurrent protective~device(s), and, in-addition 
shall comply with either (1) or (2) below. 

(1) Heater Containing No Motor Rated OverrVa Horsepower. The above 
disconnecting means or unit switches complying with Section 424-19(c) shall 
be permitted toserve  as the required disconnecting means for both the motor 
controller(s) and heater under either (a) or (b) below. 

a. The disconnecting means provided is also within sight-from the 
motor controller(s) and the-heater; or- - 

b. The disconnecting means provided shall be capable of~being locked 
in the open position. 

(2)  Heater Containing a Motor(s) Rated Over 1/8 Horsepower. 
a. The above disconnecting means shall be permitted to serve as the 

required disconnecting means for both the motor controller(s) and heater if 
this disconnecting means is also in sight from the motor controller(s) and the 
heater. 

b. Where the disconnecting means is not within sight from the heater a 
separate disconnecting means shall be installed, or the disconnecting means 
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shall, be capable of being locked in the open position, or unit switches 
[ complying with Section 424-19(c) shall be permitted. 

c. Where the disconnecting means is not within sight from the motor 
controller location a disconnecting-means complying .with Section 430-102 
shall be provided. 

d. Where the motor is not in sight from the motor  controller location, 
Section430-102(b) shall apply. 

(b) Heating Equipment Without Supplementary Overcurrent Protection. 
(1) Without Motor or withMotor Not Over 1/8 Horsepower. For fixed 

electric space heating equipment without a motor rated over V8 horsepower, 
the branch-circuit switch or circuit breaker shall be permitted to serve as the 
disconnecting means, where readily accessible for servicing. 

(2) Over V8 Horsepower. For motor-driven electric space heating equip- 
ment with a motor rated over V8 horsepower, a disconnecting means shall be 
located within sight from the motor controller. 

Exception:'As permitted by Section 424-19(a)(2). 

I . (c) Unit Switch(es) as Disconnecting Means. A unit switch(es) with a 
marked "of f"  position that is part of a fixed heater and disconnects all 
ungrounded conductors shall be permitted as  t h e  disconnecting means 
required by this article where other means for disconnection are provided in 

, the following types of occupancies. 

(1) Multifamily Dwellings. In multifamily dwellings, the other discon- 
necting 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 
tocont ro l  lamps and appliances• 

(2) .Two-Family Dwellings. In two:family dwellings, the other discon- 
necting 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 b reaker  for the dwelling unit ,shall be permitted and shall a l s o b e  
permitted to control lamps and appliances. 

(3) One-Family Dwellings..In one-family dwellings, the service discon- 
• necting means shall be permitted to be the other disconnecting means. 

(4) Other Occupancies. In otheroccupancies,  the branch-circuit switch 
or circuit breaker, where readily accessible for servicing of the fixed heater, 
shall be permitted as the other disconnecting means. 

424-20.  Thermostatically Controlled Switching Devices. 
,.(a) Serving as Both Controllers and Disconnecting Means. Thermostati- 

cally controlled switching devices and combination thermostats and manu- 
a l ly  controlled switches shall be permitted to serve as both controllers and 
disconnecting means provided all of the following conditions are met: 

(1) Provided .with a marked "off '"  position. 

(2) Directly open all ungrounded-conductors when mahually placed in 
the "of f ' '  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 Section 424-19. 
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(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 (a). These devices shall not be permitted as the 
disconnecting means. 

424-21. Switch and Circuit Breaker to Be Indicating. Switches 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 overcurrent protection, shall be permitted to be. protected against 
overcurrent 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 mor/~ 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 ~imperes the 
rating of the supplementary overcurrent protective device shall comply with 
Section 424-3(b). 

Exception: As  provided in Section 424-72(a). 
(c)'Overcurrent Protective Devices. - The supplementary overcurrent pro- 

tective devices for the subdivided loads specified in (b) above shall be: (l) 
factory installed within or on the heater enclosure or suppl!ed 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 protectio n . 

(FPN): See Section 240-10. 
• 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. 

(FPN): See Section 240-40. 
(d) Branch-Circuit Conductors. The conductors supplying the supple- 

mentary overcurrent protective devices shall be considered branch-circuit 
conductors~ 

Exception: For heaters rated SO k W  or more, the conductors supplying the 
supp l emen ta~  overcurrent protective devices specified in (c) above shall be 
permi t ted  to be sized at not less than 100 per, cent o f  the.nameplate r a t i n g o f  
the heater provided all o f  the fol lowing conditions are met: 

a. The heater is marked with a minimum conductor size; and 

b. The conductors are not smaller than the marked minimum size; and 

c. A temperature-actuated device controls the cyclic operation o f  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 (c) shall protect these conductors 
in accordance with Section 240-3. 
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Exception: For heaters rated 50 kW or more; the ampacity o f  field-wired 
conductors between the heater and the supplementary overcurrent protective 
devices shall be permitted to be not less than lOOpercent of  the load of  their 
respective subdivided circuits provided all of  the following conditions are 
met: 

a. The heater is marked with a minimum conductor size; and 
b. The conductors are not smaller than the marked minimum size; a n d  
c. A temperature-activated device controls the cyclic operation of  the. 

equipment. 

D. Marking of Heating Equipment 

424-28. Nameplate. 
(a) Marking Required. Each unit of fixed electric space heating equip: 

ment-shall be provided with a nameplate giving the identifying name and the 
normal rating in volts and watts, or in volts and amperes.  

Electric space heating equipment intended for use o n  alternating current 
only or direct current only shall be marked to so indicate. The marking of  
equipment consisting of motors over V8 horsepower 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. 

(b) Location. This nameplate shall be located so as to be.visible or easily 
accessible after installation.. . .  

424-29.  Marking of Heating Elements. All heating elements that are re- 
placeable in the field and are a part of an electric heater shall be legibly 
marked with the ratings in volts and watts, or in volts and amperes. 

E. Electric Space Heating Cables 
e 

424~34. Heating Cable Construction,. Heating cables shall be furnished 
complete with factory-assembled nonheating leads at least 7 feet (2.13 m) in 
length. 

424;35. Marking of Heating Cables. Each unit shall be marked with the 
identifying name or identification symbol, catalog, number, 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 3 inches (76 mm) 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: 120-volt nominal, yellow; 208-volt 
nominal, blue; 240-volt nominal, red; and 277-volt nominal, brown. -__ 

424-36.  Clearances of Wiring in Ceilings. Wiring located above heated 
ceilings shall be spaced not less than 2 inches (50.8 mm) a b o v e t h e  heated 
ceiling and shall be considered as operating at an ambient of 50°C. The 
ampacity of conductors shall be  computed on the basis of the correction 
factors given in Tables 310~ 16 through.310-31. 

Exception: Wiring above heated ceilings and located above thermal 
insulation having a minimum thickness of  2 inches (50.8 ram) shall not 
require correction for temperature. 
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424-37. Location of .Branch-Circuit and Feeder Wiring in Exterior Walls. ] 
'Wiring methods shall comply with Article 300 and Section 310-10. I 
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. Cables shall not be installed in closets, over walls or 
partitions that extend to the ceiling, or 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. 

Exception: I so la ted  single runs o f  cable shall be permi t ted  to pass  over 
partit ions where they are embedded.  

(c) I n  Closet Ceilings as Low Temperature Heat Sources to Control Relative 
Humidity. This provision 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 fixtures. 

424-39.  Clearance from Other Objects and Open!ngs. Heat, ing e!ements of 
cables shaft be separated at least 8 inches (203 mm) from the edge of outlet 
boxes and junction boxes that are to be used for mounting surface lighting 
fixtures. A clearance of not less than 2 inches (50.8 mm) shall be provided 
from recessed fixtures and their trims, ventilating openings, and other such 
openings in room,surfaces. Sufficient area shall be provided to assure that no 
heating ,cable will be covered by any surface-mounted units. 

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) Shall Not Be Installed in Wal ls . .  Cables shall not be installed in walls. 
Exception: Isolated single runs o f  cable shall be permi t ted  to ran down a 

vertical surface to reach a dropped ceiling. 
(b) Adjacent Runs. Adjacent runs of cable not exceeding 2¥4 watts per 

foot shall be installed not less than 1V2 inches (38 mm) 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. 

(FPN): See also (f) below. 
(d) 'Splices. All heating cables, the splice between the heating cable and 

nonheating leads, and 3-inch (76-ram) 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,ent i re  ceiling surface shall have 'a finish of 
thermally noninsulating sand plaster having a nominal thickness of V2 inch 
(12.7 mm), or other noninsulating material identified as suitable for this use 
and applied according to specified thickness and directions. • 
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(f) Secured. Cables shall be secured at intervals not exceeding 16 inches 
(406 mm) by means of approved stapling, tape, plaster, nonmetallic spread- 
ers, or other approved means. Staples or metal fasteners that straddle the 
cable shall not be used with metal lath or other, electrically conductive 
surfaces. . 

Exception: Cables identified to be secured at intervals not to exceed 6feet  
(1.83 m). 

(g) Dry Board Installations. In dry  board installations, the entire ceiling 
below the heating cable shall be covered with gypsum board not exceeding 
V., inch (12.7 ram) 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 thermal ly  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 electrical 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 21/2 inches (64 mm) 
(width) between centers of adjacent runs of cable• Surface layer of gypstim 
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. 
Exception: Where 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 light fixtures. 

424-42. Finished Ceilings. Finished ceilings shall not be covered with 
decorative panels or beams constructed of materials which 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 6 inches (152 mm) 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: 
b,e 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 6 inches (152 mm) o f  free lead within the box. 

424-44. Installation of Cables in Concrete or Poured Masonry Floors. 
(a) Watts per Linear Foot. Heating cables shall not exceed 16V2 watts per 

linear foot (305 mm) of cable. 
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(b) Spacing Between Adjacent Runs. The spacing between adjacent runs 
of cable shall not be less than 1 inch (25.4 mm) on centers.  

(c) Secured in Plfice. Cables shall be secured in place by nonmetallic 
frames o.r 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. 

Exception: Grounded metal-clad cable shall be permit ted to be in contact  
with metal  embedded in the floor. 

(e) Leads Protected. Leads shall be protected where they leave the floor 
by rigid metal conduit,  intermediate metal conduit,  rigid nonmetallic conduit,  
electrical metallic tub!ng, or b y o t h e r  approved means. 

(f) Bushings or Approved Fittings. Bushings or approved fittings shall be 
used where the leads emerge within the floor slab. 

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 
apl~roved before cables are covered or concealed. 

F .  Duct Heaters 

424-57 .  General. Part F shall-apply to any heater  mounted  in the air 
stream 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 .  Air Flow. Means shall be provided to assure uniform and adequate 
air flow over  the face of the heater  in accordance  with the manufacturer ' s  
instructions. 

(FPN): Heaters installed within 4 feet (1.22 m) of the outlet of an air-moving 
device, heat pump, air conditioner, elbows, baffle plates, or other obstructions in 
dfict work may require turning vanes, pressure plates, or other devices on the inlet 
side of the duct heater to assure 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.  

424-61:  Installation of Duct Heaters with Heat Pumps and Air Conditioners. 
Heat pumps and air conditioners having duct heaters closer than 4 feet (1.22 
m) to the heat pump or air condit ioner shall have both the duct l~eater and 
heat pump or air condit ioner identified as suitable for such installation and so 
marked. 

424-62 .  Condensat ion.  Duct heaters used with air condit ioners or o ther  
a i r -cool ingequipment  that may result in condensat ion of moisture shall be 
identified as suitable for use with air conditioners.  
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424-63 .  Fan Circuitlnterlock. Means sha l l .beprovided  tO ensure that  the 
fan circuit is energized when any heater  circuit is energized. However ,  time- 
or ; temperature-control led delay in energizing the fan motor  shall be permit- 
ted. 

424-64 .  Limit Controlsl Each duct heater  shall be provided with an ap- 
proved,  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 will disconnect  a sufficient number  
of conductors  to interrupt current  flow. T h i s  device shall be manually 
resettable or replaceable.  

424-65. Location of Disconnecting Means. Duct heater  'controller equip- 
ment shall be accessible with the disconnecting means installed at or within 
sight from the controller. 

Exception: As permitted by Section 424-19(a). 

424-66 .  Installation. Duct heaters shall be installed in accordance with the 
manufacturer ' s  instructions in a manner  so that operation will not create a 
hazard to persons or property. Furthermore,  duct heaters shall be located 
with respect to building construct ion and other equipment so as to permit 
access to the heater.  Sufficient clearance shall be maintained to p e r m i t  
replacement  of controls and heating elements and for adjusting and cleaning 
of controls and other  parts requiring such attention. See Section 110-16. 

(FPN): For additional installation information, see Air Conditioning and Ven- 
tilating Systems, NFPA 90A-1985 (ANSI) and Warm Air Heating and Air. 
Conditioning Systems, NFPA 90B-1984 (ANSI). 

G. Resistance-type Boilers 

424-70. Scope. The provisions in Part G of this article shall apply to 
boilers employing resistance-type heating e l e m e n t s .  Electrode-type boilers 
shall not be considered as employing resistance-type heating elements.  See 
Part H of this article. 

424-71 .  Identification. Resistance-type boilers shall be identified as suit- 
able for the installation. 

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  shall have the heating elements 
subdivided into loads not exceeding 120 amperes.  

Where  a subdivided load is less t h a n  120 amperes,  t he ' r a t i ng  of the 
overcurrent  protective device shall comply with Section 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 ASME 
rated and stamped vessel shall have the heating elements  protected at not 
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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 toad is less than 48 amperes, the rating of the 

overcurrent protective device shall comply with Section 424-3(b). 
(c) Supplementary Overcurrent Protective Devices. The supplementary 

overcurrent protective devices for the subdivided loads as required by 
Section 424-72(a) and (b) shall be: (l) factory installed within or on the boiler 

.enclosure or provided as a separate assembly by the boiler manufacturer; and 
(2) accessible, but need not be readily accessible; and (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 Section 240-40. 

(d) Conductors Supplying Supplementary Overcurrent Protective Devices. 
The conductors supplying these supplementary overcurrent protective de- 
vices shall be considered branch-circuit conductors. 

Exception: Where the heaters are rated 50 k W  or more, the conductors 
supplying the overcurrent protective device specified in (c) above shall be 
permi t ted  to be sized at not less than 100 percent  o f  the nameplate rating o f  
the heater provided all o f  the fol lowing conditions are met: 

a. The heater is marked with a minimum conductor size; and 
b. The conductors are not smaller than the marked minimum size; and 
c. A temperature or pressure-actuated device controls the cyclic oper- 

ation, o f  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 (c) shall protect these conductors 
in accordance with Section 240-3. 

Exception: For heaters rated 50 k W  or more, the ampacity  o f  f ield-wired 
conductors between the heater and the supplementary overcurrent p r o t e c t i v e  
devices shall be permit ted to be not less than 100 percent  o f  the load o f  their 
respective subdivided circuits provided all o f  the fol lowing conditions are 
met: 

a. The heater is marked with a minimum conductor'size;• and 
b. The conductors are not smaller than the marked minimum size; and 
c. A temperature~activated device controls the cyclic operation o f  the 

equipment.  
i 

-424-73. Over-Temperature LimitControI. Ea.ch bbiler 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 
disconnect all ungi'ounded 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.  Over-Pressure 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 
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shall be installed to limit 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 sys tem and other devices 
protecting the tank against excessive pressure. 

424-75.  Grounding. All noncurrent-carrying metal parts shall be grounded 
in accordance with Article 250. Means for connection of equipment ground- 
ing conductor(s) sized in accordance with Table 250-95 shall be provided. 

H. Electrode-type Boilers 

424-80.  Scope. The provisions in Part H of this article" shall applY to 
boilers for operation at 600 volts, nominal, o/" less, in which heat is generated 
by the passage of current between electrodes through theliquid being heated. 

424-81.  Identification. Electrode-type boilers shall be identified as suit- 
able for the installation. 

424-82.  Branch-Circuit Requirements. The size of branch-circuit conduc- , 
tors 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 full-rated load. See Section 210:22(c), Exception 
No. 2. The provisions of this section shall not apply to conductors that form 
an integral part of 'an approvedboiler .  

Exception: For an electrode boiler rated 50 k W  or more, the conductors 
supplying the boiler electrode(s) shall be permi t ted  to be sized at not less 
than 100 percent  o f  the nameplate rating o f  the electrode boiler provided all 
the fo l lowing conditions are met:  

a. The electrode boiler is marked with a minimum conductor size; and 
b. The conductors are not smaller than the marked  minimum size; and 
c. A temperature or pressure-actuated device controls the cyclic oper- 

ation o f  the equipment.  

424-83.  Over-Temperature LimitControh 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. Over-Pressure 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 noncurrent-carrying metal parts 
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including the pressure vessel, supply, and return connecting piping shall be 
grounded in accordance with Article 250. 

For all other designs the pressure vessel containing the ele.ctrodes shall be 
isolatedand electrically insulated from ground~ 

424-86.  Markings. All electrode-type boilers shall be marked to show: (l) 
the mariufacturer'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 m a r k i n g -  " A L L  POWER SUPPLIES SHALL BE DISCON- 
NECTED BEFORE SERVICING INCLUDING SERVICING THE PRES- 
SURE V E S S E L . "  

The nameplate'shal! be located so as to be visible after installation. 

J. Electric Radiant Heating Panels and 
Heating Panel Sets 

424-90.  Scope. The provisions of Part J of rials article•shall apply to 
radiant heating panels and heating panel sets. 

4 2 4 - 9 1 .  Definitions, 
(a) Heating Panel. A heating panel is a complete assembly provided with 

a junction box or a length of flexible conduit for connection to a branch 
circuit. - ", 

(b) Heating Panel set .  A heating panel set is a rigid or nonrigid assembly 
provided with nonheating leads or a terminal junction assembly identified as 
being suitable for connection to a Wiring system. 

4 2 4 - 9 2 .  Markings. - . . . .  

(1) Markings shall be•permanent and in a location that is visible prior to 
application of panel finish. 

(2) Each unit shal lbe identified as suitable for the installation. 
(3) Each unit shall be marked with the identifying name or identification 

symbol, catalog number, rating in volts and watts, or in volts and amperes .  
(4) The manufacturers of heating panels or heating panel- sets shall 

provide marking labels which indicate that the space heating installation [ 
incorporates heating panels or heating panel sets Z and instructions that t h e  I 
labels shall be affixed to the panelboards to identify which bi'anch circuits 
supply the circuits to those space heating installations. 

Exception: Heating panels and heating panel set installations that are ] 
visible and distinguishable after installation shall not be required to have I labels provided. 

424-93.  Installation. 
(a) Gener;il. . .  

(1) Heating panels and heating panel sets shall be installed in accord- 
ance with the manufacturer's instructions. 

(2) The heating portion shall not: 
a . .Be  installed in or behindsuffaces where subject to physical damage. 
b. Be run through or above walls,•partitions, cupboards or similar 

portions of structures that extend to the ceiling. 
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c. Be run.in or through thermal insulation, but shall be permitted to be 
in contact with the surface of thermal insulation. 

(3) Edges of panels and panel sets shall be separated by not less than 
8 inches (203 mm) from the edges of any outlet boxes and junction boxes that 
are to be used for mounting surface lighting fixtures. A clearance of not less 
than 2 inches (50.8 mm) shall be provided from recessed fixtures and their 
trims, ventilating openings and other such openings in room surfaces. 
Sufficient areashal l  be provided to assure that no heating panel or heating 
panel set is to be covered by any surface-mounted units. 

Exception: Heating panels and panel sets listed and marked for lesser 
clearances shall be permitted to be installed at the marked clearances. 

(4) After the heating panels or heating panel sets are installed and 
inspected, it shall be permitted to install a surface which 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) Surfaces permitted by Section.424-93(a)(4i 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) 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) Heating panel sets shall be installed paralle] to joists or nailing 
strips. 

(3) 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 V4 inch (6.35 mm) to 
the element. Nails, staples or other fasteners shall not be used where they 
penetrate current-carrying parts. 

(4) Heating panel sets shall be installed as complel~e units unless 
!dentified 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 2 inches (50.3 mm) above the heated 
ceiling and shall be considered as operating at an ambient of 50°C (122°F). 
The ampacity shall be computed on the basis of the correction factors given 
in Tables 310-16 through 310-31. 

Exception: Wiring above heated ceilings and located above thermal 
insulations having a minimum thickness of  2 ~'nches (50.8 mm) shall not 
require correction for temperature." 

424-95. Location of Branch-Circuit and Feeder Wiring in Walls. 
(a) Exterior Walls. Wiring methods shall comply with Article 300 and 

Section 310-10. 

(b) Interior Walls, Any wiring behind heating panels or heating panei sets 
located in interior walls or partitions shall be considered as operating at an 
ambient of 40°C (104°F) and the ampacity shall be computed on the basis of 
the correction factors given in Tables 310-16 through 310-31. 
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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 instructioris. 

(b) Heating Panels. Heating panels shall be connected to branch-circuit 
wiring by an approved wiring method. 

(c) Heating Panel Sets. 
(1) Heating 16ahel sets shall be connected to br~nch-'circuit wiring by a 

method identified-as being suitable for the purpose. 
(2) 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 installation requirements of the wiring method employed in 
accordance with Section 424-96. Nonheating leads shall be an integral part of 
a heating panel and a heating panel 'set and shall not be subjected-to the 
ampacity requirements of Section 424-3(b) for branch circuits. 

424-98. Installation in Concrete or Poured Masonry. 
(a) Maximum Heated Area. Heating panels or heating panel sets shall not 

exceed 33 watts per square foot (0.093 sq m).of heated area. 
(b) Secured in Placeand 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 sha, ll not be 
installed where they bridge expansion joints unless protected from expansion 
and contraction. 

(d) Spacings. Spacings shall be maintained between heating panels or 
heating panel sets and metal embedded in the floor. 

Exception: Grounded metal-clad heating panels shall be permitted to be in 
contact with metal embedded in the floor. 

(e) ProtectiOn of Leads. Leads slaall 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 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 suitablefor installation under floor 
covering. 

(b) Maximum Heated Area. Heating panels or panel sets, installed under 
floor covering, shall not exceed 15 watts per square foot (0.093 m 2) of heated 
area. 

(c) Installation. Listed heating panels or panel seis, if installed under 
floor covering, shall be installed on floor surfaces which are smooth and flat 
in accordance with the manufacturer's instructions and shall a l socomply  
with the following: 
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(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 
which 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. 

(5) Fault Protection. A device to open all ungrounded conductors 
supplying the heating panels or heating panel sets, provided by-the manu- 
facturer, 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/element assembly. 

(FPN): An integral grounding shield may be required to provide this protec- 
tion. 

A R T I C L E  426 - -  FIXED O U T D O O R  E L E C T R I C  DE- ICING 
AND S N O W - M E L T I N G  E Q U I P M E N T  

A. 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. For the purpose of this article: 

Heating System. A complete system consisting of components such as 
heating elements, fastening devices, nonheating circuit wiring, leads, tem- 
perature controllers, safety signs, junction boxes, raceways, and fittings. 

R e s i s t a n c e  Heating Element. A specific separate element to generate heat 
which is embedded in or fastened to the surface to be heated. 

(FPN): Tubular heaters, strip heaters, heating cable, heating tape, and heating 
panels are examples of resistance heaters. 

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 a dual- 
winding transformer. The pipe or rod shall be permitted to be embedded in 
the surface to be heated, or constitutethe exposed components to be heated. 



ARTICLE426 FIXED OUTDOOR DE-ICING 70-345 

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 
surfaceto  be hea ted . .  

(FPN): 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. 

426-3. Application of Other,Articles. All requirements of this Code shall 
apply except as specifically amended in this  article. Cord- and plug-con- 
nected fixed outdoor electric de-i~:ing and snow-melting equipment intended 
for specific use and identified as suitable for this use shall be installed 
according to Article 422. Fixed outdoor electric de-icing and snow-melting 
equipment for use in hazardous (classified)locations shall comply with 
A~icles 500 through 516. 

426-4. Branch,Circuit Sizing. The ampacity of branch-circuit conductors 
and the rating or setting of overcurrent protective devices supplying fixed 
outdoor electric de-icing and snow-melting equipment shall not be less than I 
125 percent of the total load of the heaters. The rating or set t ing of 
overcurrent protective devices shall be permitted in accordance with Section 
240-3, Exception No. 1. 

B.. Installation 

426-10.  General. Equipment for outdoor electric de-icing and snow melt- 
ing 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. 

426-11.  Use. Electrical 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 de,icing 
and snow-melting equipment which operate at temperatures 'exceeding 60°C 
(140°F) shall b'e physically guarded, isolated, or thermally insulated to protect 
against contact by personnel in the area. 

426-13.  Identification. The presence Of outdoor electric de-icing 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 de-icing and, snow-melting 
equipment employing, methods of construction or installation other than 
covered by this article shall be permitted only by special permission. 

C., Resistance,Heating E!ements 

426-20.: Embedded De-longand Snow-MeltingEquipment.. 
(a) Watt Density. Panels or units shall not exceed 120 watts pe r  square 

foot (0.093 sq m) of heated area. 
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(b) Spacing. The spacing'between adjacent cable runs is dependent upon 
the rating of the cable, and shall be not less than 1 inch (25.4 mm) on centers. 

(c) Cover. Units, panels, or cables shall be installed: 
(1) On a substantial asphalt or masonry base at least 2 inches (50.8 mm) 

thick and have at least I V2 inches (38 mm) of asphalt or masonry applied over  
the units, panels, or cables; or 

(2) They shall be-permitted to beinstal led over other, approved bases 
.- and embedded within 3Y2.inches (89 mm) of masonry or asphalt but not less 

than IV2 inches (38 mm) from the top surface; or 
(3) Equipment that has been .specially investigated for other forms of  

installation shall be installed only in the manner for which it has been 
investigated. 

(d) Secured. Cables, units, ancl panels shall be secured in place by 
frames or spreaders or other approved means while the .masonry or asphalt 
finish is applied. 

(e). Expansion and 'Contraction. .Cables,  units, and panels shall not be 
installed where they bridge, expansio.n joints unless adequately protected 
from expansionand contraction. 

426-21. Exposed De-Icing 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) Expansionand 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 compatible with the 
structure. 

426,22. Installation of Nonheating Leads for Embedded Equipment. 
(a) Grounding Sheath or,Braid. Nonhcating leads hav~ng 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 protec- 
tion. 

(b) Raceways. All but 1 to 6 inches (25.4 to 152 mm) of nonheating leads 
of T y p e T W  and other approved types not having a grounding sheath shall be 
enclosed in a rigid conduit, electrical metallic tubing, intermediate metal 
conduit, or other raceways within asphalt or masohry; and the distance from 
the factory splice to raceway shall be not less than 1 inch (25.4 mm).or more 
than 6 inches (152 ram). 

(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, o ther  raceways, or 
other approved means. 
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(e) Leads in Junction Boxes. Not less than 6 inches (152 m m ) o f  free 
nonheating lead shall be within the junction box. 

426-23. Installation of Nonheating Leads-~for Exposed Equipment. 
(a) Nonheating Leads. Power supply:~nonheating leads (cold leads) for 

resistance elements shall be suitable for the temperature encountered. 
Preassembled nonheating leads on approved heaters shall be permitted to be 
shortened if the markings specifiedJn Section 426-25 are retained. Not less 
than 6 inches 052 mm) of nonheating leads shall be provided within the 
junction box. 

(b) Prol~ection. Nonheating power supply leads shall be enclosed in a 
rigid conduit, intermediate metal conduit,'electrical-,metallic tubing,- or other 
approx, ed 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 mend of the 
nonheating leads, other than the heating.element end;- shall be installed in a 
box or fitting in accordance with Sections 110-14 and. 300-15. 

426-25. Marking. Each factory-assembled heating unit-shall be legibly 
marked within 3 inches (76 mm) of each end of the nonheating leads with the 
permanent identification symbol, catalog number, and ratings in volts and 
watts, o~_~in volts and amperes. 

426-26. Corrosion Protection, Ferrous and nonferrous metal raceways, 
cable armor, cable sheaths, boxes, fittings, supports, and supporthardware 
shall be permitted to be installed in concrete or in direct contact with the 
earth, or in areas subject to severe corrosive influences, when made of 
material suitable for the condition, or when provided with corrosion protec- 
tion identified as suitable for the condition. 

426-27. Grounding. 
(a) Metal PaRs. Exposed noncurrent-carrying metal parts of equipment 

likely to become energized shall be grounded as required in Article 250. 
(b) 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. 

(c) Bonding and Grounding. All noncurrent-carrying metal parts that are 
likely to become energized shall be bonded together and connected to an 
equipment grounding conductor sized in accordance with Table 250-95, 
extending to the distribution panelboard. 

D. Impedance Heating 

426-30.  Personnel Protect ion.  Exposed elements of impedance heating 
systems shall be physically guarded, isolated, or thermally insulated with 
weatherproof jacket.to protect against contact by personnel in the area. 
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426-31.  Voltage Limitations. The impedance heating elements shall not 
operate at a voltage greater than 30 volts ac. 

Exception: The voltage shall be permitted to be greater than 30 volts, but 
not more than 80 volts, if a ground-fault circuit-interrupter for personnel 
protection is provided. 

426-32.  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. 

426-33.  Induced Currents . .Al l  current-carrying.components shall be in- 
stalled, in accordance with Section 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 designated 
point(s). 

E'. Skin Effect Heating 

426-40. Conductor Ampacity. The ampacity of the electrically insulated 
conductor inside the ferromagnetic envelope shall be permitted to exceed' the 
values shown in Article 310, provided it is identified as suitable for this use. 

426 -41 .  Pull Boxes. Where pull boxes are used they shall be accessible 
without excavation by location in suitable vaults or above grade. Outdoor , 
pull boxes shall be of .watertight construction. 

426-42.  Single Conductor in Enclosure. The provisions of Section 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 nonfer- 
rous 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 m a d e ' o f  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 grounded at both 
Jends; and, in addition, it shall be permitted to be grounded at intermediate 
points as required by its design. 

The provisions of Section 250-26 shall not apply to the installation of skin 
effect heating systems. 

(FPN): .See Section 250-26(d). 

F. Control and Protection 

426-50. Disconnecting Means. 
(a) Disconnection. All fixed outdoor de-icing and snow-melting equip- 

ment shall be provided with a means for disconnection from all ungrounded 
conductors. Where readily.accessible t o t h e  user of the equipment, the 
branch-circuit switch or circuit breaker shall be permitted to serve as the 
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• disconnecting means. Switches used as the disconnecting means shall be of 
the indicating type. 

(b) Cord- and Plug-Connected Equipment. The factory-installed attach- 
ment plug O f cord- and plug:connected equipment rated 20 amperes or less 
and 150 volts or less to ground shall be permitted to be the disconnect ing 
meA.ns. 

426-51.  Controllers. 
(a) Temperature Controller:with "Off" Position. T T~mperature controlled 

• switching devices which indicate an "'off" position and which interrupt line 
current shall open all ungrounded conductors  when the control deviEe is in 
the "of f ' '  position. These devices shall not be permitted to serve as the 
disconnecting means unless provided with a positive lockout in the "o f f "  

" position. 
(b) ,Temperature Controller. Without "Off" Position. Tempera ture  con- 

trolled switching devices which do not have an "o f f "  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  ac- 
tuated devices shall not be required to meet the requirements  of Section 
426-51(a). These devices shall not be permitted to serve as the disconnecting 
means. 

• (d) Combined Switching Devices. Switching devices consisting of com- 
bined temperature  actuated devices andmanual ly ,cont ro l led  switches which 
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; and 

(2} Be so designed that the circuit ,cannot be energized aut0maticaily if 
the device has been manually placed fn the "of f ' '  position; and 

' (3) Be provided with a positive lockout in the "o f f "  position. 

• 426~52. Overcurrent Protection. Fixed outdoor  electric de-icing and snow- 
melting equipment .shal l  be permitted to be protected against overcurrent  
where supplied by a branch circuit as specified in Section 426-4. 

A R T I C L E  427  m F I X E D  E L E C T R I C  H E A T I N G  
E Q U I P M E N T  F O R  P I P E L I N E S  A N D  V E S S E L S  

A.- General 

:427,1 .  Scope. The requirements of this article shall apply to electrically 
energized heating s y s t em s  and the-installation of these sys tems  used with 

p ipe l ines  and/or vessels. 

,427-2. Definitions. For  the purpose of this article: 

Pipeline. A length of p ipe  including pumps ,  valves, flanges, control 
dev ices ,  strainers and/or similar equipment  for conveying fluids. 
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Vessel. A container such as a barrel, drum, or tank for holding fluids or 
other material. 

Integrated Heating System. A complete system consisting o f  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. 

Resistance Heating Element. A specific separate element to generate heat 
which is applied to the pipeline or vessel externally or internally. , 

(FPN): Tubular heaters, strip heaters, heating cable, heating tape, heating 
blankets, and immersion heaters are examples ofresistance heaters.- 

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. 

Skin Effect Heatifig System.. A system in which heat is generated on the 
inner surface of a ferromagnetic envelope attached to a- pipeline and/or 
vessel. 

(FPN): 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. 

427-3. Application of Other Articles. All requirements of this Code shall 
apply except as specifically amended in this article. Cord-connected pipe 
heating assemblies intended for specific use and identified as suitable for this 
use Shall be installed according to Article 422. Fixed electric pipeline and  
vessel heating equipment for use in hazardous (classified) locations shall 
comply with Articles 500 through 516. 

427-4. Branch-Circuit Sizing. The ampacity of,branch-circuit conductors 
and the, rating or setting of overcurrent protective devices supplying fixed 
electric heating equipment for pipelines and vessels shall be not less than 125 
percent of the total load of the heaters. The rating or setting of overcurrent 
protective devices shall be permitted in accordance with Section 240,3, 
Exception No. 1. 

B. Installation 

4 2 7 - 1 0 .  General.  Equipment for pipeline and vessel electrical heating shall 
be identified as being suitable for: (l) the chemical, thermal and physical 
environment; and (2) installation in accordance with the manufacturer 's 
drawings and instructions. 

427-11.  Use. Electrical heating equipment shall, be installed in such a 
manner as to be afforded protection from physical damage. 

427-12.  Thermal Protection. External surfaces ofpipel ineand vessel heat- 
ing equipment which operate at temperatures exceeding 60°C (140°F) shall be . 
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physically guarded, isolated, or thermally insulated to protect against contact 
by. personnel in the area. 

427-13.  Identification.. The presence of electrically heated pipelines and/ 
or vessels shall be evident by the posting of appropriate caution signs or 
markings at frequent intervals along the pipeline or vessel. , 

C.  Resistance Heating Elements. 

427-14.  Secured . .Hea t ing  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 compatible 
with the pipeline. 

427.-18. Power Supply Leads. 
(a) Nonheat ing  Leads. Power supply nonheat ing leads (cold leads) for  

,resistance elements shall be suitable for the temperature encouhtered. 
Preassembled nonheating leads on approved heaters-shall be permitted to be 
shortened if the markings specified in Section 427-20 are retained. Not less 
than'6 inches.(152 mm) of nonheating'leads shall be provided within the 
junction box. 

(b) Power.Supply Leads Protection: Nonheat ing 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 b o x  or fitting in accordance w~th Sections 
110-14 and 300-15. 

427-20:  Marking. Each factory-assembled heating unit shall be legibly 
marked within 3 .inches (76 mm) 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. : 
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427-21. Grounding. Exp~osed 'noncurrent-carrying metal parts of electric 
heating equipment which are likely to become energized shall be grounded as 
required in Article 250. 

427-22. Equipment Protection. Ground-fault protection of equipment shall 
be provided for branch circuits supplying electric heating equipment not 
having a metal covering• 

D. Impedance Heating 

427-25. Personnel Protection. All accessible external surfaces of the pipe- 
line and/or vessel being heated shall be physically guarded, isolated, or 
thermally insulated (with weatherproof jacket for outside installations) to 
protect against contact by personnel in the area. 

427-26. Voltage Limitations; The pipeline or vessel being heated shall ~not 
operate at a voltage greater than 30 volts ac. 

Exception: The voltage shall be permitted to be greater than 30 volts but 
not more than 80 volts if a ground-fault circuit-interrupter for personnel 
protection is provided. 

427-27. 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. 

427-28. Induced Currents. All current-carrying-components shall be in- 
stalled in accordance' with Section 300-20. 

427-29. Grounding.. The pipeline and/or vessel being heated which i s  
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 thetransformer shall be rated at least 100 
percent of the total load of the heateP. ~,~ 

E. Induction Heating 

427-35.  Scope. This part covers the installation of line frequency induc- 
tion heating equipment and accessories,,for pipelines and vessels. 

(FPN): 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 struc- - 
tures by shielding, isolation, or insulation of the current paths• Stray current 
paths shall be bonded-to prevent arcing. 
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F. Skin EffectHeating 

427-45. Conductor Ampacity. The ampacity of the electrically insulated 
conductor inside the ferromagnetic envelope shall be permitted to exceed the 

v a l u e s  given in Article 310 provided it is identified as suitable for this use. 

427-46.  Pull Boxes. Pull boxes for pulling the electrically insulated con- 
ductor in the ferromagnetic envelope shall be permitted to be buried under 
the thermal insulation providing their locations ale if/dicated by permanent 
markings on the insulation jacket, surface and on drawings. For outdoor 
installations, pull boxes are to be of watertight construction. 

427-47.  Single Conductor in Enclosure. The provisions of Section 300-20 
shall, 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 intdrmediate 

. points as required by its design. The ferromagnetic envelope shall be bonded 
at all joints to assure electrical continuity. 

The provisions of Section 250-26 shall not apply to the installation of skin 
effect heating systems. 

(FPN)~ See Section 250-26(d). 

G. Control and Protection 

427-55. Disconnecting Means. 
(a). Switch or Circuit Breaker. Means shall be provided to 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. Switches used as disconnecting means shall be of the 
indicating, type, and shall be provided with a positive lockout in the "o f f "  

.. position. 
(b) Cord- and Plug-Connected Equipment. The factory-installed attach- 

ment 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. 

427-56. Controls. 
(a) Temperature "Control with "Off" Position. Temperature controlled 

switching devices which indicate an "of f"  position and which 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 provided with a positive lockout in the "of f"  
position. 

(b) Temperature Control Without "Off"  Position. Temperature controlled 
switching devices which 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 ac- 
tuated devices shall not be required to meet the requirements of Section 
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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 com- 
bined temperature actuated devices and manually controlled switches which 
serve both as the controllers and thedisconnecting means shall comply with 
all the following conditions: 

(1) Open all ungrounded conductors when manually placed in the "o f f "  
position; and 

(2) Be so designed that the circuit canhot be energized automatically if 
the device has been manually placed in the "of f ' '  position; and 

(3) Be provided with a positive lockout in the "of f"  position. 

427-57.  Overcurrent Protection. Heating equipment shall be considered as 
protected against overcurrent where supplied by a branch circuit as specified 
in Section 427-4. 

A R T I C L E  430 - -  M O T O R S ,  M O T O R  C I R C U I T S ,  
A N D  C O N T R O L L E R S  

A. General 

430-1. Motor Feeder and Branch Circuits. The following general require- 
ments cover provisions for motors, motor circuits, and controllers that do not 
properly fall into the other parts of this article. 

(FPN): See Article 440.for air-conditioning and refrigerating equipment. 
(FPN): Diagram 430-1 is for information only. 

.430"2.  Adjustable Speed Drive Systems. The incoming branch circuit or 
feeder to power conversion equipment included as a part of an adjustable 
speed drive system shall be based on the rated input to the power conversion 
equipment. If  the power conversion equipment provides overload protection 
for the motor, additional'overload protection is not required. 

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. 

430-3. Part-Winding Motors: A part-winding-start induction or synchro- 
nous motor is one 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. The purpose is to reduce the initial values of 
the starting current drawn or the starting torque developed by the motor. 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 oftthe motor winding shall be individually 
protected in accordance with Sections 430-32 and 430-37 with a trip current 
one-half that specified. - 
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Part A. General, Sections 430-1 through 430-18. 
Part B. Motor Circuit Conductors, Sections 430-21 through 

430-29. 
. Part C. Motor and Branch-Circuit Overload Protection, 

Sections 430-31 through 430-44. 
Part D. Motor Branch-Circuit Short-Circuit and Ground- 

Fault Protection, Sections 430-51 through 430-58. 
Part E. Motor Feeder Short-Circuit and Ground-Fault 

Protection, Sections 430-61 thro~Jgh 430-63. 
Part F. Motor Control Circuits, Sections 430-71 through 

430-74. 
Part G. Motor Controllers, Sections 430-81 through 

430-91. 
Part H. Disconnecting Means, Sections 430-101 through 

430-113. 
Part J; Over 600 Volts, Nominal, Sections 430-121 

through 430-127. 
Part K. Protection of Live Parts -- All Voltages, Sections 

430-131 through 430-133. 
Part L. Grounding All Voltages, Sections 430-141 

through 430-145. 
Part M. Tables, Tables 430-147 through 430-152. 

To Supply 
Motor Feeder Part B 

430-24 
430-25 and 430-26 

Motor Feeder Part E 

Short-Circuit and - . Part E 
Ground-Fault Protection 

Motor Disconnecting 
.Means Part H 

Motor Branch-Circuit 
Short-Circuit and 
Ground-Fault Protection Part D 

Motor Circuit Conductor Part B 

Motor Controger - PartG 

Motor Control Circuits Part F 

Motor 
Overload Protection Part C 

Motor [~  ] ~  PartA 

Thermal Protection Part C 

Secondary Controller F-I Part B 
Secondary Conductors L-J Sec. 430-23 

Secondary Sec. 430-23 
Resistor E ] Part B 

and Art. 470 

(FPN).' Diagram 430-1. 
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Each  mo to r -w ind ing  c o n n e c t i o n  shall  have  b ranch-c i r cu i t  shor t -c i rcu i t  and  
g round- fau l t  p ro tec t ion  ra ted  at no t  more  t han  one -ha l f  that  specif ied by 
Sec t ion  430-52. 

Exception: A single device having this half rating shall be permitted for 
both windings i f  it will allow the motor to'start. Where a time-delay (dual- 
element) fuse  is used as a single device for both windings, it shall be 
permitted to have a rating not exceeding 150 percent o f  motor fidl-load 
current. 

430-5. Other Articles. Mot o r s  and  cont ro l le r s  shall  a l so  c o m p l y  with the  
appl icable  p rov i s ions  o f  the  following: " 

Air-Conditioning and Refrigerating Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . .  Article 440 
Capacitors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Section 460-9 
Cranes and Hoists . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Article 610 
Electrically Driven or Controlled Irrigation Machines ... : . . . . . . . . . . . . . . . .  Article 675 
Elevators, Dumbwaiters, Escalators, and Moving Walks . . . . . . . . . . . . . . . . .  Article 620 
Garages, Aircraft Hangars,  Gasoline Dispensing and 

Service Stations, Bulk Storage Plants, Spray Application, 
Dipping and Coating Processes, and Inhalation 
Anesthetizing Locations . . . . . . . . . .  Articles 511, 513, 514. 515, 516, and 517-G 

Hazardous (Classified) Locations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Articles 500 thru 503 
Industrial Machinery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Article 670 
Motion-Picture Projectors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sections 540-I1,540-20 
Motion-Picture and Television Studios . . . . . . . . . . . . . . . . . . . . . .  ; . . . . . . . . . . . . .  Article 530 
Organs . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Section 650-3 
Resistors an6  Reactors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Article 470 
Theaters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Section- 520-48 

430-6. Ampacity and Motor Rating Determination. C o n d u c t o r s  supp ly ing  
e q u i p m e n t  cove red  by  this  art icle shall  be se lec ted  f rom Tab l e s  310-16 
t h rough  310-31~ The  requi red  a m p a c i t y  and  m o t o r  ra t ings  shall  be d e t e r m i n e d  
as specif ied in (a), (b) and  (c) be low.  

• (a) General Motor Applications. Ot he r  t han  as specif ied for t o rque  m o t o r s  
in (b) be low,  whe re  the  cu r r en t  rat ing o f  a m o t o r  is u sed  to d e t e r m i n e  the  
a m p a c i t y  o f  c o n d u c t o r s  or  a m p e r e  ra t ings  o f  sw i t ches ,  b ranch -c i r cu i t  sh0r t -  
circuit  and  g round- fau l t  p ro tec t ion ,  e tc . ,  the  va lues  g iven  in Tab l e s  430-147, 
430-148, 430-149, and  430-150, inc luding no tes ,  shall  be u sed  ins tead  o f  the  
ac tual  cu r r en t  rat ing m a r k e d  on the  m o t o r  namep la t e .  Sepa ra te  m o t o r  
ove r load  p ro tec t ion  shall  be ba sed  on the  mo t o r  n a m e p l a t e  cu r r en t  rat ing.  
W h e r e  a mo to r  is m a r k e d  in a m p e r e s ,  but  not  h o r s e p o w e r ,  the  h o r s e p o w e r  
rat ing shall  be a s s u m e d  to be tha t  c o r r e s p o n d i n g  to the  va lue  g iven  in Tab l e s  
430-147, 430-148, 430-149, and  430-150, in te rpola ted  if n e c e s s a r y .  

Exception No. 1 : Multispeed motors shall be in accordance with Sections 
430-22(a) and 430~52. 

Exception No. 2: For equipment employing a shaded-pole or permanent -  
split-capacitor-type fan or blower motor that is marked with the motor type, 
the full-load current for such motor marked on the nameplate o f  the 
equipment in which the fan or blower motor is employed shall be used instead 
o f  the horsepower rating to determine the ampacity or rating o f  the 
disconnecting means, the branch-circuit conductors, the controller, the 
branch-circuit short-circuit and ground-fault protection, and the separate 
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overload protection. This marking on the equipment  nameplate shall not.be 
less than  the current marked on the f an  or blower motor nameplate.  

(b) 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 Sections 430-22 and 
430-24 and the ampere rating of the. motor overload protection: 

(FPN): For motor controllers and disconnecting means, see Section 430-83, 
Exception No. 3 and Section 430-110. 

(c) AC Adjustable Voltage Motors. For motors used iri al ternating-current,  
adjustable voltage, variable torque drive systems, the ampacity of conduc- 
tors, or ampere ratings of switches, branch-circuit  short-circuit and ground- 
fault protection, etc., shall be based on the maximum operating current  
marked on the motor  and/or control nameplate.  If the maximum operating 
current does not appear  on the nameplate,  the ampacity determinat ion shall 
b e b a s e d  on 150 percent of the values given in Tables 430-149 and430-150.  

430-7. Marking on Motors and Multimotor Equipment. 
(a) Usual Motor Applications. A motor shall be marked with the following 

info(mation: 
(1) Maker ' s  name. 

• -. (2) Rated volts and full-load amperes.  For a multispeed motor  full-load 
amperes for each speed, except shaded-pole and permanent-spli t  capacitor  
motors where amperes are required only for maximum speed. 

(3) Rated frequency and number  of phases, if an al ternat ing-current  
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 b e 5 ,  15, 30, or 60 minutes, or 

• contiriuous: 
(7) Rated horsepower if V8 horsepower or more. For a multispeed motor  

Y8 horsepower  or more, rated horsepower for each speed, except shaded-pole 
and permanent-spli t  capacitor motors Vs horsepower 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 if an al ternating-current  motor  rated V2 horsepower  or 
m o r e .  On polyphase wound-rotor  motors the code letter shall be omitted. 

(FPN):. See (b) below. 
(9) Secondary volts and full-load amperes  if a wound-rotor  induction 

motor. 
(10) Field current and voltage for direct-current excited synchronous 

motors.  
(11)  Winding: straight shunt,  stabilized shunt,  compound,  or series, if a 

direct-current motor. Fractional horsepower dc motors 7 inches (178 mm) or 
less in diameter  shall not be required to be marked. 

(12) A motor provided with a thermal protector  complying with Section 
430-32(a) (2) or (c) (2) shall be marked "Thermal ly  Pro tec ted ."  Thermally 
protected motors rated 100 watts or less and complying with Section 430-32 
(c) (2) shall be permitted to use the abbreviated marking, " T . P . "  
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(13) A motor  complying with Section 430-32(c) (4) shall be marked  
" I m p e d a n c e  Pro tec ted . "  Impedance  protected motors  rated 100 wat ts  or  less 
and complying with Section 430-32(c) (4) shall be permit ted to use the 
abbrevia ted  marking " Z . P . "  

(b) Locked-Rotor Indicating Code Letters. Code letters marked on moto r  
namepla tes  to show motor  input with locked ro tor  shall be in accordance  with 
Table 430-7(b). 

The code letter indicating moto r  input with locked rotor  shall be in an 
individual block on the nameplate ,  properly.designated.  This code letter shall 
-be used for  determining branch-circui t  short-circuit  and ground-faul t  protec-  
tion by reference to Table 430-152, as provided in Sect ion 430-52. 

(1) Mult ispeed moto r s  shall be marked with the code letter designating 
the locked-rotor  kVA per h o r s e p o w e r  for the highest speed at which the 
mo to r  can be started.  

Exception: Constant-horsepower multispeed motors shall be marked with 
the code letter giving the highest.locked-rotor kVA per horsepower. 

(2) Single-speed motors  start ing on Y connect ion  and running on delta 
connec t ions  shall be marked with a code letter co r responding  to the locked- 
.rotor kVA per h o r s e p o w e r  for  the Y connect ion.  

(3) Dual-voltage motors  that have a different locked-rotor  kVA per 
h o r s e p o w e r  on the two voltages shall be marked with the code letter for  the 
voltage giving the highest locked-rotor  kVA per hor sepower .  

(4) Motors  with 60- and 50-hertz ratings shall be marked with a code 
le t ter  designating the locked-rotor  kVA per horsepower ,  on 60 hertz.  

(5) Part-winding-start  motors  shall be marked with a code letter desig- 
nating the locked-rotor  kVA per h o r s e p o w e r  that is based upon  the locked- 
ro tor  current  for the full winding of  the motor .  

Table  430-7 (b ) .  Locked-Rotor  Indicat ing Code  L e t t e r s  

. Kilovolt-Amperes 
Code per Horsepower 
Letter with Locked Rotor 

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 - -  3 .14  " 

B . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 .15 - -  3 .54  
C 3.55 - -  3.99 
D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 . 0  - - .  4 . 4 9  

E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.5 - -  4.99 
F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.0 - -  5.59 
G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.6 - -  6.29 
H . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.3 - -  7.09 
J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .7.1 . - -  7.99 
K . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.0 - -  8.99 
L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.0 - -  9.99 
M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.0 . - -  11.19 
N . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  11.2 - -  12.49 
P 12.5 m 13.99 
R . . . . . . . . . . .  : ' ' "  . . . . . . . . . . . . . . . . . .  14.0 - -  15.99 
S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 . 0  - -  1 7 . 9 9  

T ". . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8 . 0  - -  1 9 . 9 9  

U . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.0 - -  22.39 
V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22.4 - -  and up 
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(c) Torque Motors. Torque motors are rated for ope ra t i on  at standstill 
and shall be marked in accordance with (a) above. 

ExCeption: Locked-rotor torque shall replace horsepower. " 
(d) Multimotor and Combination-Load Equipment. Mult imotor  and 

combination-load equipment shall be provided with a visible nameplate 
marked with the maker ' s  name, the rating in volts, frequency,  number  of  
phases,  minimum supply circuit conductor  ampacity,  and the m a x i m u m  
ampere rating of the circuit short-circuit and ground-fault protective device. 
The conductor  arripa'city shall be' computed in accordance with Section 
430-25 and counting all of the motors and other  loads that will be operated at 
the same time. The short-circuit and ground-fault p ro tec t ive  device ra t ing  
shall not exceed the value computed in accordance with Section 430-53. 
Multimotor equ!pment for use on two or more circuits shall be marked with 
t he  above information for each circuit. 

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. 

t 

430-8.  Marking on Controllers. A controller shall be marked wiih the 
maker ' s  name or identification, the voltage, the current  or horsepower  rating, 

- and such other  necessary data to properly indicate the motors for  which it is 
suitable. A controller that includes motor  overload protection suitable for 
group motor  application shall be marked with the motor overload p ro tec t ion .  
and the maximum branch-circuit  short-circuit and ground-fault protection for 
such applications. 

Combinat ion controllers employing 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 controller 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.  

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 de- 
vices shall be connected with copper conductors  unless identified for use 
with a different conductor.  

(c) Torque Requirements. Control circuit devices with screw-type pres- 
sure terminals used with No. 14 AWG or smaller copper conductors  shall be 
torqued to a minimum of 7 pound-inches (0.79 N:m) unless identified for a 
different torque value. 

430-10. Wiring Space in Enclosures. 
(a) General. Enclosures for m'o.t0r controllers and disconnecting means 

shall not be used as junct ion boxes,  auxiliary gutters,  or raceways for 
conductors  feeding through or tapping off to the other  apparatus  unless 
designs are employed which-provide adequate space for this purpose.  

(FPN): See Section 373-8 for switch and overcurrent-device enclosures. 
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(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) when 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 is substituted for that supplied by 
the manufacturer of the controller, it shall be of a type identified by the 
manufacturer for use with the controller and shall not reduce the minimum 
wire bending space. 

Where the enclosure is a motor control center, the minimum wire bending 
space shall be in accordance with requirements of Article 373. 

Table 430-10(b). Minimum Wire Bending Space 
at the Terminals of Enclosed Motor Controllers (in Inches) 

AWG or 
Circular-Mil *Wires per Terminal 
Size of Wire 1 2 

14-10 Notspecified - -  
8-6 1½ - -  
4-3 2 - -  

2 -2½ - -  
I 3 - -  

i /o  5 5 
2/0 6 6 

3/0-4/0 7 7 
250 8 8 
300 10 10 

350-500 12 12 
600-700 14 16 
750-900 18 19 

* Where provision for 3 or more wires p~:r terminal exists the minimum wire bending 
space shall be in accordance with the requirements of Article 373. 

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 injurious liquid 
may occur, unless the motor is designed for the.existing conditions. 

430-12 .  Motor Termina! 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, 
l nonmetallic, nonburning housings shall be permitted provided an"internal 

grounding means between the motor frame and the equipment grotmding 
connection is incorporated within the housing. 

(b) Dimens ions  and Space  - -  Wire-to-Wire Connect ions .  When these 
t.erminal housings enclose wire-to-wire connections,  they sh_all have mini- 
mum dimensions and usable volumes in accordance with Table 430-12(b). 
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• T a b l  e 4 3 0 - 1 2 ( I ) ) .  Terminal H o u s i n g s  - -  Wire-to~-Wire C o n n e c t i o n s , .  
M o t o r s  11 I n c h e s  in D i a m e t e r  or  Less  

Cover Opening, Usable Volume, 
Minimum Dimension, Minimum, . 

HP Inches Cubic Inches 

1 a n d  smal le r*  15/8 7t/2 
IV2, 2 a n d  31 13A - - 12 
5 a n d  7V2 2 16 
10 a n d  15 2V2 " 26 

For 'S l  units: one inch = 25.4 m i l l i m e t e r s . . .  
* For motors rated 1 horsepower and smaller and with the terminal  housing part ial ly or 

wholly integral-with the f rame or end shield, the volume.of  the termina[-,,housing shall be 
not less than 0.8 cubic inch per wire-to-wire connection. The minimum cover opening 
dimension is not specified. 

For motors rated 1V2, 2 and 3 horsepower and with the terminal  housing part ial ly or 
wholly integral with the f rame or end shield, the volume of the terminal  housing shall not 
be less than 1.0 cubic inch per wire-to-wire-connection.  The minimum cover opening 
dimension is not specified. 

M o t o r s  O v e r  11 I n c h e s  in D i a m e t e r  

A l t e r n a t i n g - C u r r e n t  M o t o r s  

Max. Full-load 
Current for Three- Terminal Typical 
phase Motors with Box Usable Maximum 

Max. of Twelve Minimum Volume Horsepower 
Leads Dimension Minimum Three Phase 

Amperes Inches Cubic Inches • • 230"Volt 4 6 0  Volt" 

45 2.5 26 15 3O 
70 3.3 55 25 50 

110 4.0 1 0 0  40 75 
160 5.0 . 180 60 125 
250  6.0 330  100 200  
4 0 0 .  7.0 600  150 300 
600  8.0 1100 250  500 

For SI units: one inch = 25.4 millimeters. 

Direct-Current  Motors  

Maximum Full-Load 
Current f o r  Terminal Box Usable 
Motors with • Minimum ' Volume, 

Maximum of Six Leads Dimensions Minimum- 
Amperes Inches Cubic Inches 

68 2.5 , 26 
105 "" 3.3 55 
165 4.0 100 
240 5.0 180 
375 6.0 330  
600  7.0 600  
900  8.0 1 100 

• For SI units: one inch = 25.4 millimeters. 
Auxil iary leads for,such items.as brakes, thefmost~its, space heater,  exciting fields, etc., 

may be neglected if their cur ren t -car ry ing  area  does riot exceed 25 percent of the - 
cur rent -car ry ing  area  of the machine power leads. 
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(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 Tables 430-12(c)(1) and (c)(2). 

'Table 430-12(c) (1). Terminal Spacings - -  Fixed Terminals 

Minimum Spacing,' Inches 

Between Line 
Between Terminals and Other 

Line Uninsulated Metal 
Nominal Volts Terminals Parts 

240 or less ~A ~h 
Over 250 through 600 3/8 . .' 3/8 

For SI units: one inch = 25.4 millimeters. 

Table 430-12(c) (2). Usable Volumes - -  Fixed Terminals 

Power-Supply Minimum Usable Volume per 
Conductor Power-Supply Conductor, 
Size, AWG Cubic Inches 

14 l~O 
12 and 10 I~A 
8 and 6 21A 

For SI units:  one inch = 25.4 mil l imeters .  

(d) Earge Wire or, Factory Connections. For  motors with larger ratings, 
greater  number  of leads, or larger wire sizes, or where motors  are installed as 
a pa r t - o f  factory-wired equipment,  without additional connect ion being 
required-at  the m o t o r  terminal housing during equipment installation, the 
terminal housing shall be of ample size to make connect ions,  but the 
foregoing provisions for t he .vo lumes  of terminal housings shall not be 
considered applicable. 

' (e) Equipment Grounding Connections. A- means for a t t a c h m e n t o f  an 
equipment  grounding conductor  termination in accordance with Section 
250-113 shall be provided at motor  terminal housings for wire-to-wire 
connect ions  or fixed terminal connections.  The means for such connect ions  
sha l l be  .permitted to be located either inside or o u t s i d e t h e  motor  terminal 
housing. 

Exception: Where a motor is installed as a part o f  factory-wired equip- 
ment, `which. is required to be grounded and without additional connection 
being required at the motor terminal housing during equipment installation, 
a separate, means for  motor grounding at the motor terminal housing shall 
not be required. 

430-13 .  Bushing. Where wires pass through an opening in a n  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 
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smooth  well-rounded surfaces where it may be in contact  w i t h t h e  ~:onduc- 
tors. If  used where oils, greases, or:other contaminants  may be present,  the 
bushing shall be made of material not deleteriously affected. 

(FPN): For conductors exposed to deteriorating agents; see Section 310-9. 

430-14. Location of Motors. 
(a) Ventilation and Maintenance. Motors shall be located so that ade- 

quate ventilation is provided and so that maintenance,  such as lubrication of 
bearings and replacing of brushes,  can be readily accomplished. 

(b) Open Motors. Open motors tiaving commutators  or collector rings 
shall be located or protected so that sparks cannot  reach ad jacent  combus~ 
tible material,  but this shall not prohibit the installation of these motors  on ~ " 
wooden floors or supports.  

430-16 .  Exposure to Dust Accumulations. In lbcations where dust or flying 
material will collect on or in motors in such quantit ies as to seriously in te r fe re  
with the ventilation or cooling of motors and thereby cause dangerous 
t empera tu res ,  suitable types of enclosed motors that will not overheat  under  
the prevailing conditions shall be used. 

(FPN): Especially severe conditions may. require t h e u s e  of enclosed.pipe- 
ventilated motors, or enclosure in separate dusttight rooms, properly ventilated 
from a source of clean.air. 

430-17 .  Highest Rated(Largest) Motor.- I n  determining c o m p l i a n c e w i t h  
Sections 430-24, 430-53(b), and 430-53(c), the highest rated (largest) motor  
shall be considered to be that motor  having the-h ighes t  rated fulHoad 
current.  The full-load ciarrent used to determine the highest rated motor  shall 
be the equivalent value corresponding to the motor  horsepower  rating 
selected from Tables 430-147, 430-148, 430-149, and 430-150. 

430-18. Nominal Voltage of Rectifier Systems. The nominal value of the ac 
voltage being rectified shall b e  used to determine the voltage of a rectifier 
derived system. 

Exception: The nominal dc voltage o f  the rectifier shall be used i f  it 
exceeds the peak value o f  the ac voltage being rectified: 

B. Motor Circuit Conductors 

430-21. General. Part B specifies sizes of conductors  capable  of carrying 
the motor  current  without- overheating under  the conditions specified: 

Exception: The provisions o f  Section 430-124 shalbapply over 600 volts, 
nominal. 

The provisions of Articles 250, 300, and 310 shall not apply to conduc to r s  
that form an integral part of approved equipment ,  or to integral conductors  of 
motors,  motor  controllers, and the like. 

(FPN): See Sections 300-1(b) and 310~1. 
(FPN): See Section 430-9(b) for equipment device terminal requirements. 

430-22. Single Motor.- 
(a) General. Branch-ci rcui t ,conductors  supplying a-single motor  shall 

have an ampacity not. less than  125 percent  of the motor  full,load current  
rating. 
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In'case o f  a mu l t i speed  mo t o r ,  the  se lec t ion  o f  b ranch-c i r cu i t  c o n d u c t o r s  
on the  line side o f  the  cont ro l le r  shall  be based  on  the  h ighes t  o f  the  full- load 
cu r r en t  ra t ings  s h o w n  on  the  m o t o r  n a m e p l a t e ;  se lec t ion  o f  b r anch -c i r cu i t  
c o n d u c t o r s  b e t w e e n  the  cont ro l le r  and  the  m o t o r , w h i c h  are  ene rg i zed  for  
tha t  par t icu la r  speed ,  shall  be  b a s e d  on  the  cu r r en t  ra t ing for  tha t  speed .  

(FPN): See Example  No. 8, Chapter  9 and Diagram 430-1. 

Exception No. 1: Conductors for a motor used for short-time, intermit- 
tent, periodic, or varying duty shall have an ampacity not less than the 
percentage of  the motor nameplate current rating shown in Table 430-22(a) 
Exception unless the authority havingjurisdiction grants special permission 
for conductors of  smaller size. 

Exception No. 2: For direct-current motors operating from a rectified 
single-phase power supply, the conductors between the controller and the 
motor shall have an ampacity of  not less than the following percent of  the 
motor full-load current rating: 

a. Where a rectifier bridge of  the single-phase half-wave type is used, 
190 percent. 

b. Where a rectifier, bridge of  the single-phase full-wave type is used, 
150 percent. 

Table 430 -22 (a )  Except ion.  Duty-Cycle Service 

Classification of Service 

Short-Time Duty 
Operating valves, raising or lowering 
rolls, etc . . . . . . . . . . . . . . . . . . . . . . . . .  

Intermittent Duty 
Freight and passenger elevators, tool 
heads, pumps, drawbridges, turn- 
tables, etc. For arc welders, see 
Section 630-21 . . . . . . . . . . . . . . . . . . . .  

Periodic Duty 
Rolls, ore- and coal-'handling ma- 
chines, etc . . . . . . . . . . . . . . . . . . . . . . . . .  

Varying Duty . . . . . . . . . . . . . . . . . . . . . . .  

Percentages of Nameplate 
Current Rating 

5- 15- 30 & 60 Con- 
Minute Minute " Minute tinuous 
Rated Rated Rated Rated 
Motor Motor Motor Motor 

110 120 150 . . .  

85 85 90 140 

85 90 95 140 
110 120 150 .200 

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 ~:ontinuously with load under any 
condition of use. 

(b) Separate Terminal Enclosure. T he  c o n d u c t o r s  b e t w e e n  a s t a t i ona ry  
mo to r ,  ra ted  I ho r sepower ,  o r l e s s  and.- the  s epa ra t e  t e r m i n a l ~ e n c l o s u r e  
pe rmi t t ed  in Sec t ion  430-145(b) shall  be pe rmi t t ed  to be  sma l l e r  t han  No .  14 
bu t  not  s m a l l e r  t han  No .  1 8 , p r o v i d e d  they  have  an  a m p a c i t y  as  speci f ied  in 
(a) above .  
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430-23. Wound-Rotor Secondary. 
(a) Continuous Duty. For continuous duty, the conductors  connect ing 

the secondary of a wound-rotor  al ternating-current  motor  to its control ler  
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 cont inuous duty, these 
conductors  shall have an ampacity,  in percent  of full-load secondary current ,  
not less than that specified in Table 430-22(a)Exception.  

(c) Resistor Separate from Controller. Where the secondary resistor . is  
separate from t h e  control ler ,  the ampacity of the 6onductors between 
controller and resistor shall not be less than that given in Table  '430-23(c). 

Table 430-23(c). Secondary'Conductor " 

Ampacity of Conductor in 
Resistor Duty Classification Percent of Full-Load 

Secondary Current 

Light starting duty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
Heavy starting duty . . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . .  45 
Extra-heavy starting duty . . . . . . . . . . . . . . . . . . . . . . . .  55 
Light intermittent duty . . . . . . . . . . . . . . . . . . . . . . . . . .  65 
Medium intermittent duty . . . . . . . . . . . . . . . . . . . . . . . .  75 
Heavy intermittent duty . . . . . . . . . . . . . . . . . . . . . . . . . .  ' , 85 
Continuous duty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  110 

430-24. Conductors Supplying Several Motors. Conductors  supplying two 
or. more motors shall h a v e a n  ampacity equal to the sum of the full-load 
current rating of all the motors plus 25 percent  of the highest rated motor  in 
the group. 

Where one or more motors of-the group are used on short-t ime, Jntermit-  
tent,  periodic, or varying duty, the ampacity of the conductors  shall be 
computed as follows: 

(1) Deter milae the needed ampere rating for each motor  used for other  
than continuous du ty  from Table 430-22(a) Exception.  

(2) Determine the needed ampere rating for each-con t inuous-du ty  
motor  based on 100 percent  motor  full-load current  rating. 

(3) Mul t ip ly the  largest single motor  ampere rating determined from i l )  
or (2) above by 1.25. Add all other motor ampere ratings from (1) and (2) 
above and select t h e c o n d u c t o r a m p a c i t y  for this total ampere rating. 

Exception: Where the circuitry is so interlocked as to prevent  the s tar t ing.  
and running o f  a second motor or group o f  motors, the conductor size shall 
be determined f rom  the larger motor or_group o f  thotors that i s i to  be 
operated,at  a given time. 

(FPN) :  See Example No. 8, Chapter 9. 

430-25 .  Con,ductors Supplying Motors and Other Loads, 
(a) Combination Load. Conductors  supplying a motor  load and in addi ~- 

tion a lighting or appliance load shall have a n  ampaci tysuf f ic ien t  for the 
lighting or appliance load computed in accordance with Article 220 and other  
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applicable sections plus the motor  load determined in accordance with 
Section 430-24 or, for a single motor,  in accordance with Section 430-22. 

Exception: The ampacity of  conductors supplying motor-operated fixed 
electric space heating equipment shall conform with Section 424-3(b). 

(b) Multimotor and Combination-Load Equipment. The ampacity of the 
conductors supplying multimotor and combination-load equipment shall not 
be less than the minimum circuit ampacity marked on the equipment in 
accordance with Section 430-7(d). 

i 

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  
Sections 430-24 and 430-25, 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. 

430-27 .  Capacitors with Motors~ Where capacitors afi~ installed in motor  
circuits ,  conductors  shall comply with Sections 460-8 and 46019. 

430-28 .  Feeder Taps. Feeder. tap conductors  shall have a n  ampacity not 
less than that required by Part B, shall terminate in a branch;circui t  
protect ive device and, in addition,, shall meet one of the following require- - 
ments:  (l)  be enclosed by either an enclosed controller  or by a raceway a n d  
be not more than 10 feet (3.05 m) in length; or (2) have an ampacity of at least 
one-third that of the feeder conductors ,  be protected from physical damage 
and be not more than 25 feet (7.62 m) in length; or (3) have the same ampacity 
as the feeder conductors .  

Exception: Feeder Taps Over 25 Feet (7.62 m) Long. In high-bay manu- 
facturing buildings (over 35 feet (10.67 m) high at walls) conductors tapped 
to a feeder shall be permitted to be not over 25 feet (7.62 m) long horizontally 
and not over lOO feet (30.5) total length where all o f  the following conditions 
are met: 

a. The ampacity of  the tap conductors is not less than one-third that o f  
the feeder conductors. 

b. The tap conductors terminate with a single circuit breaker or a single 
set offuses conforming with (1) Part D if the tap is a branch circuit or (2) Part 
E if  the tap is a feeder. 

c. The tap conductors are suitably protected from physical damage and 
are installed in raceways. 

d. The tap conductors are continuous from end-to-end and contain no 
splices. 

e. The tap conductors shall be No. 6 AWG copper or No. 4 A WG 
alumitium or larger. 

f. The tap conductors shall not penetrate walls, floors, or ceilings. 

430-29. Constant Voltage IX; Motors-- Power Resistors. Conductors  con- 
necting the motor-control ler  to separately mounted power accelerat ing and 
dynamic braking resistors ' in the armature circuit-shall have an ampacity not 
less than the va lue  calculated from Table 430-29 using motor" full-load 
current.  If an armature shunt resistor is used, the power accelerating resistor 
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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 no t less  than 
that calculated from Table~430-29, using.rated shunt resistor current as full- 
.load current. 

-Table 430-29 .  Conductor  Rating Factors-for  Power Resistors 

Time in SeCOndrs Ampacity of Conductor in Percent 
O n  O f f  , of Full-Load Current 

5 75 35 
10 70 45 
15 75 55 
15 45 65 
15 30 75 
15 15 85 

Continuous Duty 110 

• C. Motor and Branch-Circuit Overload 
• Protection 

:430-31.•General .  Part C spec!fies overload devices intended to protect 
m o t o r s ;  motor-control apparatus, a n d  motor branch-circuit, conductors 

against excessive heating due to motor overloads and failure to start. 
Overload in electrical apparatus is an operating overcurrent which, when 

• it persists for a sutficient length of time,•,would cause damage or dangerous 
overheating of the apparatus'. It does 'not include short circuits or ground 
faults. 
• These provisions shall not, be.interpreted as requiring overload protection- 

where it might introduce additional,or increased hazards, as in the case of fire 
f 

pumps. 
(FPN): See~ Installation of Centrifugal Fire.Pumps, NFPA 20-1983 (ANSI). 
The,provisions of Part C,shal! not apply to motor circuits rated over 600 

volts, nominal. See Part J. 
• (FPN): See Example No. 8, Chapter 9. 

4 3 0 = 3 2  •. Cont inuous-DutyMotors.  

(a) More than I Horsepower. Each continuous-duty motor rated more 
than 1 horsepower shall be protected,against overload by one-of the following 
means: 

(1) .A separate overload device that is responsive.to motor current. This 
device shall be selected to trip or rated.at no more than the following percent 
of the motor nameplate full-load current rating. 

Motors with a marked'servici~ factor not less than 1.15 . . . . . . .  • 125% 
Motors with a marked, temperature rise not over 40°C .. . . . . . .  125% 
All Other motors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  115% 

i 

• Modification of this value-shall be permitted as provided in.Section 430-34. 
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: For a multispeed motor,  each winding connect ion .shall be considered 
separately. 

Where a separate motor  overload device is so connected 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.  

(2) A thermal protector  integral with the motor,  approved for,use with 
the motor  it protects  on the basis that it will prevent  dangerous.overheat ing 
of the motor d u e t o  overload and failure to start. The ultimate trip current  of  
a thermally protected motor shall not exceed the following percentage of. 
moto~ full-load current  given in Tables 430-148, 430-149, and 430-150. 

Motor  ful l - loadtcurrent  not exceeding.9 amperes  . . . . . . . . . . . . . .  170% 
Motor  full-load current  9.1 to and in.eluding 20 amperes  . . . . .  156% 
Motor  full-load current  greater  than 20 amperes  . . . . . . . . . . . . . .  140% 

If 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 
shall be so arranged that the opening of the control circuit will result in 
interruption of current  to the motor. 

(3)" A protective device integral with a motor  that will protect the motor  
against damage due to failure to start shall ,be permitted if the m o t o r  is part 
of an approved assembly that  does not normally subject t h e  motor  to 
overloads. 

(4) For motors  larger than 1500 horsepower,  a protective device having 
embedded temperature  detectors that cause current  to t h e m o t o r  to be 
interrupted when the motor  attains a temperature  rise greater  than marked on 
the nameplate in  an ambient  of 40°C. 

(b) One Horsepower or Less, Nonautomatically Started. 
(1) Each continuous-duty motor  rated at 1 horsepower  or less that is not 

permanent ly  installed, is nonautomatical ly started, and is wi th ins igh t  from 
the controller  location shall be permitted tobepro tec ted .aga ins t  overload by 
the branch-circuit  short-circuit  and ground-fault protective device. This 
branch-circuit protective device shall not. be larger than that specified in Part D 
of Article 430. 

Exception: Any such motor shall be permitted on a nominal 120-volt 
branch circuit protected at not over 20 amperes. 

(2) Any such motor  that is not in sight from the controller  location shall 
be protected as specified in Section 430-32(c). Any motor rated at 1 horse- 
power or less that is permanentlyinstalled shall be protected in accordance with ~ 
Section 430-32(c). 

(c) One Horsepower or Less, Automatically.Started. Any,motor of 1 horse- 
power or less that is started automatically shall be protected against overload by 
one of the following means: 

(1). A'separate  overload device that  is responsive to motorcur ren t .  This .  
device shall be selected to trip or rated at no more than the.  following 
percentage of the motor  nameplate full-load current  rating. 
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Motors With a marked service factor not less than 1.15 . . . . . . .  125% 
Motors with a marked temperature rise not over 40°C . . . . . . . .  125% 
All other motors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  115% 

For a multispeed motor, each winding connection shall be considered 
separately. Modification of this value shall be permitted as provided in 
Section 430-34. % 

(2) A thermal protector integral with the motor, approved for use with 
the motor which 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 shall be 
so arranged that the opening o f  the control circuit will result in interruption 
of current to the motor. 
- (3) A protective device integral with a motor that will protect 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) I n  case the impedance of the motor windings is sufficient to prevent 
overheating due to failure to start, the motor shall  be permitted to b e  
protected as specified in Section 430-32(b)(1) 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. 

(FPN): Many alternating-current motors of less than Y2o horsepower, such as 
clock motors, series motors, etc., 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. 

(d) Wound-Rotor Secondaries. The secondary circuits of wound-rotor 
alternating-current motors, including conductors, controllers, resistors, etc., 
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(a) Exception, shall be permitted to be protected 
against overload by the branch-circuit short-circuit and ground-fault protec- 
tive device, p'rovi.ded the protective device rating or setting does not exceed 
that specified in Table 430-152. 

Any motor application shall be considered to be for continuous duty unless 
the nature of the apparatus it drives is such tha t the  motor cannot operate 
continuously with load under any condition of use. 

430-34. Selection of Overload Relay. Where the overload relay selected in 
accordance with Section 430-32(a)(1) and (c)(l) is not sufficient to start the 
motor or to carry the load, the next higher size overload relay shall be 
permitted to be used provided the trip current of the overload relay does not 
exceed the following percentage of motor full-load current rating. 
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Motors with marked service factor not less than 1.15 . . . . . . . . .  140% 
Motors with a marked  tempera ture  rise not over 40°C . . . . . . .  140% 
All other  motors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  130% 

I f  not shunted during the starting period of the motor  as provided in 
Section 430-35, the overload device shall.have sufficient time delay to permit  
the motor  t o s t a r t  and accelerate its load. 

430-35. Shunting During Starting Period. 
(a):Nonautomatical ly 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 so located in the circuit as to be 
operat ive during the starting period of the motor. 

(b) Automatically Started. The motor  overload protection shall not be 
shunted or cut out during the. start ing.period if the motor  is automatically 
started. 

Exceptioiz: The motor overload protection, shall be permi t ted  to be 
shunted  or cut out during the starting period on an automatically s tarted 
motor  where: 

(1) The motor starting period exceeds the time delay o f  available motor 
overload protective devices, and 

(2) Lis ted means are provided to: 
a. Sense  motor rotation and to~ automatically prevent  the shunting o.r 

cutout in the event that the motor fai ls  to start, and 
b. Limit  the t ime o f  overload protection shunting or cutout to less than 

the locked rotor time rating o f  the protec ted  motor, and 
c. Provide for  shutdown and manual  restart i f  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 .  

A fuse shall also be inser ted 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 protect ion,  Table 430-37 shall 
govern the minimum allowable number  and location of overload units such as 
trip coils, relays, or thermal cutouts. 

430-38. Number of Conductors Opened by Overload Device. Motor  over- 
load devices other  than fuses, thermal cutouts,  o r  thermal protectors  shall 
simultaneously open a sufficient number  of ungrounded conductors  to 
interrupt  current  flow to the motor.  , - 

430-39 .  Motor Controller as Overload Protection. A motor  controi ler  shall 
also be permitted to. serve as a n  overload device if the n u m b e r ' o f  overload " 
uni t s  complies with Table 430-37 and i f  these units are operative in both  t h e  
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T a b l e  4 3 0 - 3 7 .  O v e r l o a d  Uni ts  

Number and location of 
overload units, such 

Kind of Motor Supply System " ' as trip coils, relays, or 
thermal cutouts 

I-phase ac 1 in either conductor 
or dc 

I-phase ac 
or dc 

I-phase'ac 
or dc 

2-phase ac 

l in ungrounded conduc- 
tor 

'1 in either ungrounded 
conductor 

2, one in each phase 

2-phase ac 2 in ungrounded conduc- 
tors 

2-phase ac 

2-wire,'~ l-phase ac or 
dc ungrounded 

2-wire, I-phase ac or dc, 
one conductor grounded 

3-wire, I-phase ac or 
dc, grounded-neutral 

3-wire, 2-phase ac, 
ungrounded 

3-wire, 2-phase ac, one 
conductor grounded 

4-wire, 2-phase ac, 
grounded or ungrounded , 

5-wire, 2-phase ac, 
grounded neutral or 
ungrounded 

2, one per phase in un- 
grounded conductors 

2-phase ac 2, one per phase in any 
ungrounded phase wire 

3-phase ac Any 3-phase *3, one in each phase 

* Exception: Where protected by other approved means. 

s ta r t ing  and  runn ing  pos i t ion  in the  case  o f  a d i r ec t - cu r ren t  mo to r ,  and  in the  
runn ing  pos i t ion  i n  the  ca se  o f  an  a l t e rna t ing -cu r ren t  mo to r .  

430-40. Thermal Cutouts and  Over load Relays.  Thermal cutouts, overload 
re lays ,  and  o the r  dev i ce s  for  m o t o r  ove r load  p ro t ec t i on  tha t  a re  not  capab le  
o f o p e n i n g  shor t  c i rcui t s  shall  b e p r o t e c t e d  by  f u s e s o r  c i rcui t  b r e a k e r s  wi th  
ra t ings  or  se t t ings  in a c c o r d a n c e  wi th  .Sect ion 430-52 or  by  a m o t o r  shor t -  
c ircui t  p r o t e c t o r  in a c c o r d a n c e  wi th  Sec t ion  430-52. 

Exception No. 1: Where~approved for group insttillation and marked to 
indicate the maximum size of  fuse or inverse time circuit breaker by which 
they' must be protected. 

Exception No. 2: The fuse or circuit breaker ampere rating shall be 
permitted to be marked on the nameplate of  approved equipment in which 
the thermal cutout or overload relay is used. 

(FPN): For ins tantaneous  trip circuitrbreakers or motor  short-circuit  protec- 
tors,  see Section 430-52. 

4 3 0 - 4 2 .  Motors on General-Purpose Branch Circuits .  Ove r load  p ro t ec t i on  
for  m o t o r s  u s e d  on  g e n e r a l - p u r p o s e  b r a n c h  cfrcui ts  a s  p e r m i t t e d . i n  Ar t ic le  
210 shall  be p rov ided  as  specif ied in (a), .(b),  (c), or  (d) be low.  

(a) Not Over 1 Horsepower.  O n e  or  m o r e  m o t o r s  w i thou t  ind iv idua l  
o v e r l o a d  p ro tec t ion  shall  be  pe rmi t t ed  to be  c o n n e c t e d  to a g e n e r a l - p u r p o s e  
b r a n c h  circui t  on ly  w h e r e  the  ins ta l la t ion  ' compl ies  With the  l imit ing condi -  
t !ons specif ied in Sec t ion  430-32(b) and  (c) and  Sec t ion  430-53(a)(1) a n d  (a)(2). 
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(b) Over 1 Horsepower. Motors of larger ratings than specified in Section 
430-53(a) shall be permitted to be' connected to genera l -pu~ose  branch 
circuits only where each motor  is protected by overload protection selected 
to protect  the motor  as specified in Section 430-32. Both the contro!ler and 
the motor  overload device, shall be approved for group installation with the • 
shor t -c i rcu i tand  ground-fault protective device selected in accordance with 
Section 430-53. 

(c) Cord- and Plug-Connected: Where a motor is connected to a b r a n c h  
circuit by means of an a t tachment  plug and receptacle and individual~ 
overload protection is omitied as provided in (a) above,  the rating of the 
a t tachment  plug~and receptacle shall not exceed-15 amperes  at 125 volts or 
l0 amperes at 250 volts. Where individual overload protection is required as 
provided in (b) above for a motor  or motor-operated appliance that  is 
at tached to the branch circuit through an a t tachment  plug and receptacle,  the 
overload device shall be an integral part of the motor  or of the appliance. The 
rating of the a t tachment  plug and receptacle shall determine the rating of the.  
circuit to which the motor  may be connected,  a s p r o v i d e d  in Article 210. 
• (d) Time Delay. The branch-circuit  short-circuit  and ground-fault protec- 

tive device protecting a circuit to which a motor  o r  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  that  can restart  
automatically after shutdown shall not be installed if its automatic  restarting 
can result in injury to persons. 

430-44. Orderly Shutdown. If  immediate automatic shutdown of a motoi" 
by a motor  overload protective device(s) would introduce additional or 
increased hazard(s) to a person(s) and con t inued  motor-operat ion is neces- 
sary for safe shutdown of equ ipment 'o r  process, a motor  overload_sensing 
device(s) conforming with the provisions of Part C of this article shall 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. 

D. Motor Branch-Circuit Short-Circuit and 
Ground-Fault Protection 

430-51 .  General. Part D specifies devices intended to protect  the motor  
branch-circuit  conductors ,  the motor  control apparatus,  and the motors  
against overcurrent  due to short circuits or grounds.  They add to or amend 
the provisions of Article 240. The devices specified in Part  D do not include 
the types of devices required by Sections 210-8, 230-95, and 305-6. 

The provisions of Part D do not apply to motor  circuits rated over  600 
volts, nominal.  See Part J. 

(FPN): See Example No. 8, Chapter 9. 

430-52. Rating or Setting for Individual Motor Circuit. The motor 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 
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or setting not exceeding the valuecalculated according to the values given.in 
Table 430-152 shall be used. 

Excep t ion  N o .  1: Where ihe values for branch-circuit short-.circuit and 
ground-fault protective devices determined by Table 430-152 do not corre-. 
spond to the standard sizes or ratings o f  fuses, nonadjustable circuit 
breakers, thermal protective devices, or possible settings o f  adjustable 
circuit breakers, any o f  which are adequate to carry the load, the next higher 
size, rating, or setting shall be permitted. 

Exception No. 2: Where the rating specified in Table 430-152 is  not 
sufficient for  the starting current o f  the tnbtor: " ." 

a. 7"he ra-ting o f  a nontime- delay fuse not exceeding'600 amperes shall 
be permitted to be increased but shall in no case exceed 400 percent o f  the 
fulLload current. 

b. The rating o f  a time-delay (dual element)fuse shall be permitted to be 
increased but shall in no  ~case exceed 225 percent o f  the full-load current. 

c. The rating o f  an inverse time circuit breaker shall be permitted to be 
increased but shall in no case exceed (1) 400 percent for  full-load currents o f  

• I00 amperes or less, or (2) 300 percentforf ,  ull-load currents greater than 100 
amperes.~ 

d. The rating o f  a f u s e  o f  601-6000 .ampere classificatibn shall be 
permitted to be increased but shall in no case exceed 300 percent o f  the fidl- 
load current. 

Exception No. 3: Torque motor branch circuits shdll be protected at the 
motor nameplate current rating in accordance with Section 240-3, .Exception 
No. 1. 

(FPN): See Section 240-6 for. standard, ratings of fuses and circuit breakers. 
An instantaneous trip circuit breaker shall be used only if adjustable, a n d  

i fpa r t  of a combination controller having motor overload- and also short- 
circuit and ground-fault protection in each conductor. A motor short-circuit 
protector shall be permitted in lieu of devices listed in Table 430-152 if the 
motor short-circuit protector is part of  a combination controller having both 
motor overload protection and short-circuit and ground-fault protection in 
each conductor and i f i twil l  operate at not more than 1300 percent of full-19ad 
motor c.urrent. An instantaneous tr_ip circuit breaker or motor short-circuit 
protector shall beused  only a s part of a combinat ionmotor  controller which 
provides coordinated .motor branch-circuit overload and short-circuit and 
ground-fault protection. 

Exception:- Where the setting specified in Table 430-152 is not sufficient for  
the starting current o f  the motor, the setting o f  an 4nstantaneous. trip circuit 
breaker shall be permitted to be increased but shall in no case exceed 1300 
percent o f  the motor full-load current. 

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 t h e  smallest winding protected. 

Where maximum branch-circuit short-circuit and ground-fault protective 
device ratings are shown in the manufacturer's overload relay 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. 
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(FPN): See Example No. 8'in Chapter 9 and Diagram 430-1. 
Suitable fuses shall be permitted in lieu of devices listed in Tabie 430-152 

for an adjustable speed drive system provided.that the marking for.replace- 
ment fuses is provided adjacent to the fuses. 

430-53.  Several Motors or Loads on One Branch Circuit. T w o  o r  more  
motors or one or more motors and other loads shall be pel'mitted to be 
connected to the same branch circuit under the conditions specified in (a), 
(b), or (c) below. • 

(a) Not Over 1 Horsepower. Several motors each not exceeding l horse- 
power in rating shall be permitted on a nominal 120 volt branch circuit 
protected at not over  20 amperes or  a branch cii'cuit 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 pro- 

tective device markedon  any of the controllers is not exceeded. 
(3) Individual overload protection conforms to Section 430-32. 

(b) If Smallest Motor Protected, If the  branch-circuit short-circuit and  
ground-fault protective device is selected not to exceed that allowed by 
Section 430-52 for the motor of  the smallest rating, 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 motor controller(s) and overload device(s) are (l) installed as a listed 
factory assembly and the motor branch-circuit short-circuit and ground-fault 
protective device is either 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 de- 
vice(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 dev i ce  is listed for group installation with a 
specified maximum rating of fuse and/or inverse time circuit breaker. 

(2) Each motor controller is listed for group installation with a specified 
maximum rating of fuse and/or circuit breaker. 

"(3) Each circuit breaker is one o f  the inverse time type and listed for 
group installation. 

• (4) .The branch circuit shall be protected by fuses or inverse time circuit 
breakers having a rating not exceeding that specified in Section 430~52 for the 
largest motor connected to the branch circuit 'plus an amount equal to the 
sum of the'full-loadcurrent ratings of  all other motors and tile 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 permit ted to increase 
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the maximum rating of  the fuses or circuit breaker to a value not exceeding 
that permitted by Section 240-3, Exception No. 1. 

(5) The branch-circuit fuses or inverse time circuit breakers are not 
larger than allowed by Section 430-40 for the thermal cutout or overload relay 
protecting the smallest motor of the group . . .  

(FPN): See Section 110-10. I 
(d) Single Motor Taps. F o r g r o u p  installations described above, the 

conductors of any. tap,supplyinga single motor shall no tbe  required to have 
an individual, branch-circuit short-circuit and ground-fault protective device,. 
provided they comply with either of  the following: (1) no conductor to the 
motor shall have an ampacity less than that.of the branch-circuit conductors, 
or (2) no conductor to the motor shall have an ampacity less than one-third 
that of the branch-circfiit conductors, with a minimum m accordance with 
Section 430-22: the conductors to the motor overload device being not more" 
than 25 feet (7.62 m) long and being protected from physical damage.  

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 Section 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 combilied in a single protective device where the rating or setting of the 
device provides the overload protection specified in Section.430-32. 

4 3 0 - 5 6 .  Branch-Circuit Protective Dev ices - -  In Which Conductor. Branch-  
circuit protective devices shall comply with the provisions of Section 240-20. 

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 t o  accommodate the fuses specified by Table 
430-152.. ' 

Exception: Where fuses having time delay appropriate for the starting 
characteristics "of the motor are used, fuseholders of  smaller size than 
specified in Table 430-152 shall be permitted. 

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 Sections 430-52 and 430-110. 

E.- Motor Feeder Short-Circuit and 
- Ground-Fault,Protection 

430-61.  General. Part E specifies protective devices intended to protect 
feeder conductors supplying motors against overcurrents due to short 
circuits or grounds. 

(FPN): See Example No. 8, Chapter 9. 

4 3 0 - 6 2 .  Rating or Setting - -  Motor Load. 
(a) Specific Load. A feeder supplying a specific fixed motor load(s) and 

consisting of conductor sizes based on Section 430-24 shall be provided with 
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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 protec- 

I tive device for any motor of the group (based on Table 430-152, or Section 
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 
of the group, one of the protective devices shall be considered the largest for 
the above calculations. 

(FPN): See Example No. 8,'Chapter 9. 
(b) Future Additions. For large-capacity installations, where heavy- 

capacity feeders are installed to provide for future additions or changes, the 
rating or setting of the feeder protective devices shall be permitted to be 
based on the ampacity of the feeder conductors. 

4 3 0 - 6 3 .  Rating or Setting - -  Power and Light Loads. Where a feeder 
supplies a motor load, and in addition a lighting or a lighting and appliance 
load,  the feeder protective device shall be permitted to have a rating or 
setting sufficient to carry the lighting or the lighting and appliance load as 
determined in accordance with Articles 210 and 220, plus for a single motor, 
the rating permitted by Section 430-52, and for  two or more motors, the rating 
permitted by Section 430-62. 

F. Motor Control Circuits 

430-71.  General. Part F contains.modifications of , the general require- 
ments and applies to the particular conditions of motor control circuits. 

(FPN): See Section 430-9(b). 

Definition of 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. 

430-72 .  Overcurrent Protection. 
(a) General. A motor controtcircuit  tapped from the load side of a.motor 

branch-circuit short-circuit and ground-fault protective device(s) and func- 
tioning to control the motor(s) connected to that branch circuit shall be 
protected against overcurrent in accordance with Section 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 shal! be protected against oVercurrent in accordance 
with Section 725-12 or 725-35, as applicable. 

(b) Conductor Protection. The overcurrent p r o t e c t i o n f o r  conductors 
shall not exceed the values specified in Column A of Table 430-72(b). 

Exception No. 1: Conductors which do not extend beyond the motor 
control equipment enclosure 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) where the rating of  the 

[, protective device(s) is not over the value specified in Column B of  Table 
430-72(b). 
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Exception NO. 2: Conductors..which extend beyond the motor control 
equipment enclosure shall require only short-circuit and ground-fault pro- 
tection and shall be permitted to be.protected by the motor branch-circuit 
short-circuit and ground-fault protective device(s) where the rating of  the 
protebtive device(s) is not over the. value specified in Column C of  Table 
430-72(b). 

Exception No. 3: 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) are not considered to be protected by the primary 
overcurrent protection. 

Exception No. 4: Conductors of  control circuits shall require only short- 
circuit and ground-fault protection and shall be permitted to beprotected by 
the motor branch-circuit short-circuit and ground-fault protective device(s) 
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. 

Table 430-72(b). Maximum Rating of Overcurrent 
Protective Device-Amperes 

Column A Column B Column C 
Basic Rule Exception No. 1. Exception No. 2 

Control Circuit Copper Alum. or Copper Alum. or Copper. Alum..or 
Conductor Copper-Clad Copper-Clad Copper-Clad 
Size, AWG Alum. - Alum. Alum. 

18 
16 
14 
12 
10 

larger 
than 10 

7 m 

10 
Note 1 
Note 1 Note 1 
Note 1 Note 1 
Note 1 Note 1 

25 
40 

100 
120 .  100 
160 140 

Note 2 Note 2 

7 
10 
45 ~ -  
60 45 
90 75 

Note 3. Note 3 

Note I : Value specified in Tables 310-1"6 through 310-31, as applicable.. 
Note 2:400 percent of value specified in Table 310-17 for 60°C conductors. 
Note 3:300 percent of value specified in Table 310-16 for 60°C conductors: 

(¢) Control Circuit Transformer. W h e r e  a m o t o r  co n t ro l  c i rcu i t  t r an s -  
f o r m e r  is p r o v i d e d ,  the  t r a n s f o r m e r  shal l '  be  p r o t e c t e d . i n  a c c o r d a n c e  w i t h  
Ar t ic le  450. 

Exception No. 1: Control circuit transformers rated less than 50 VA and 
an integral part of  the motor controller and located within the motor 
controller enclosure. 

'Exception No. 2: Where the control circuit.transformer rated primary 
current is less than 2 amperes, an overcurrent device rated or set at notmore 
than 500 percent of the rated, primary current shall be permitted in the 
primary circuit.. 
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Exception No. 3: Where the transformer SUlkplies a Class I power-limited, 
circuit [see Section 725-11(a)] Class 2, or Class 3 remote control circuit 
conforming with the requirements o f  Article 725 (see Article 725 Part C). 

Exception No. 4: Where protection is provided by other approved means. 

Exception No. 5: Overcurrent protection shall be omitted where the 
opening o f  the control circuit would create a hazard, as, for  example, the 
control circuit o f  a fire pump motor and the like: 

430-73. Mechanical Protection of Conductor. 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 shal l  be 
installed in a raceway or be otherwise suitably protected from physical 
damage. 

.Where one side of the motor  control circuit is grounded,  the motor  control  
circuit shall I~e so arranged that  an accidental  ground in .the remote-control  
devices will not start the motor.  

430-74. Disconnection. 

(a) General. Motor control circuits shall be so arranged t ha t  they wili 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 .one to each other. 

Exception No. 1: Where more than twelve motor control circuit conduc- 
tors are required to be disconnected, the disconnecting means shall be 
permitted to be located other than immediately adjacent one to each other 
where all o f  the following conditions are complied with: 

a. -Access to live parts is limited to qualified persons in accordance with 
Part K of.this article. 

b. A .warning  sfgn is permanently located on the outside o f  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 specifying the location and identification o f  
each disconnect. Where live parts are not in an .equipment enclosure as 
permitted by Sections 430-132 and 430-133, an additional warning sign(s) 
shall be located where viMble to persons who may be working in the are a. o f  
.the live parts. 

.Exception No. 2:- Where the Opening o f  one or more motor control circuit 
disconnect means may result in potetitially unsafe conditions for  personnel 
or property and the conditions a. and b. o f  Exception N o . l  above are 
complied with. 

(b) Control ,Transformer in Controller. Where  a t ransformer or o ther  
device is used to obtain a .reduced voltage for the motor  control  circuit and 
is located in the .controller,  such t ransformer or other  device, shall be 
connected to the load side of the disconnecting means for the motor  control  
circuit. 
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• G. Motor Controllers 

430-81 .  General; Par t  G is intended to require suitable controllers for all 
motors.  

(a )  Definition. For definition of " 'Control ler ,"  see Article 100. For  the 
purpose of this article, a controller is any switch or device normally used to 
sta(t and stop a motor  by making and breaking the motor  circuit current.  

(b) Stationary Motor of Va Horsepower or Less. Fo~ a stationary motor  
rated at 1/8 horsepower  or less that is normally left running and is" so 
constructed that it c anno t  be damaged by overload or failure to start, such as 
clock motors and  .the like, the branch-circuit  protective device shall be 
permitted to serve as the controller. : "- • 

(c) Portable Motor of 1/3 Horsepower or Less. For  a portable moto r  r a t e d  
at V3 horsepower-or less, the controller shall be permitted to be an a t tachment  
PlUg and receptacle. 

430-82. Controller Design. 
(a) Start ing and Stopping. Each controller shall be capable of starting 

and stopping the motor  it controls,  and shall be capable of interrupting the 
stalled-rotor current of the motor. 
• (b) Autotransformer. An autotransformer starter shall provide an "o f f "  

position, a running position, and at least one starting position. It shall be so 
designed:that it cannot  rest in the starting position or in any position that will 
render  the overload device in the circuit inoperative. 

• (¢) Rheostats. Rheostats  shall be in compliance with the following: 
(1) Motor-start ing rheostats  shall be so  designed that the contact  arm 

cannot  be left on intermediate segments .  The point or plate on which the arm 
rests when in the sta.rting position shall have no electrical connect ion with the 
resistor. 

(2) Motor-starting rheosta ts  for direct-current 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 value. 

430 -83 .  Rating. The controller shall have a horsepower  rating not lower 
than the horsepower  rating of the motor. 

Exception No. 1: For a stationary motor rated at 2 horsepower or less, 
and 300 volts or less, the controller shall be permitted.to be a general-use 
switch having an ampere rating not less than twice the full-load-current 
rating o f  the motor• . . 

On ac circuits,.general-use snap switches suitable only for  use on ac (not 
general-use ac-dc snap switches) shall be permitted to control a motor rated 
at 2 horsepower or.less and 300 volts or less having a full-load current rating 

- not more than 80 percent o f  the ampere rating o f  the switch. 

Exception No. 2: A branch-circuit inverse time circuit breaker rated in 
amperes only shall be permitted as a controller. Where this circuit breaker is 
also used for  overload protection, it shall conform to the appropriate 
provisions o f  this article governing overload protection• 

Exception No. 3." The motor controller for  a torque motor shal lhave  a 
continuous-duty, full-load current rating not less than the nameplate ~urrent 
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rating o f  the motor. For a motor controller rated in horsepower but not 
marked with the foregoing  current rating, the equivalent current rating shall 
be determined f rom  the horsepower rating by using Tables 430-147, 430-148, 
430-149, or 430-150. 

430-84. Need Not Open All Conductors. The controller  shall not b e  re- 
quired 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 Section 
430-111. 

430-85 .  In Grounded Conductors. One pole of the controller  shall be 
pe/'mitted to be placed in a permanent ly  grounded conductor ,  provided the 
controller  is so designed that the pole in the grounded conductor  cannot  be 
opened without s imul taneously  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: For motors rated 600 volts or less, a single controller rated at 

not less than the sum o f  the horsepower ratings o f  all o f  the motors o f  the 
group shall.be permi t ted  to serve the group o f  motors under any one o f  the 
fo l lowing conditions: 

a. Where a number  o f  motors drive several parts o f  a single machine or 
piece "o fappara tus ,  such as metal  a n d  woodworking machines,  cranes, 
hoists, and similar apparatus.  

b. Where a group o f  motors is under the protection o f  one overcurrent 
device "as permi t ted  in Section 430-53(a). 

" c. Where a group o f  motors is located in a single room within sight f rom  
the controller location. 

430-88 .  Adjustable-Speed Motors. Adjustable-speed motors  that are con- 
trolled by means of field regulation shall be so equipped and connected that  

• they cannot  be started under  weakened field. 
Exception: Where the motor is designed f o r  such starting. 

430-89 .  Speed Limitation. Machines of the following types slaall be pro- 
vided with speed limiting devices or other  speed limiting means: 
: (a) Separately Excited DC Motors. Separately excited direct-current  mo- 

tors. 
(b) Series Motors. Series motors.  
(c) Motor-Generators and Converters. Motor-generators  and conver ters  

that  can be driven at excessive speed from the direct-curret/t  end, as by a 
reversal  of current  or decrease in load. 

Exception No.  1: When the inherent characteristics o f  the machines,  the 
.system, or the load and the mechanical  connection thereto are such as to 
safely limit the speed. 

Exception No.  2: When the machine is always under the manual  control o f  
a qualified operator. 

430-90. Combination Fuseholder and Switch as Controller. The rating of a 
combinat ion fuseholder and switch used 'as  a motor  controller  shall be such 
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that the fuseholder  will a ccommoda te  the size of  the fuse specified in Part C 
• of  this article for moto r  over load protect ion.  

Exception: Where fuses having time delay appropriate for the starting 
characteristics o f  the motor are used, fuseholders o f  smaller size than 
specified in Part C o f  this article shall be permitted. 

430-91. M o t o r  Contro l ler  Enc losure  Types. Table.4~30-91 provides the basis 
for selecting enc losures  for  use in specific nonhaza.rdous locations.  The 
:enclosures are not intended t o p r o t e c t  against  condi t ions such as condensa-  
tion¢ icing, corros ion or  contaminat ion which may  occur  within the enclosure .  
or  enter  via the conduit  or  unsealed openings.  These  internal .condit ions 
require special considerat ion by the installer and/or  user.  

T a b l e  4 3 0 - 9 1 .  M o t o r  C o n t r o l l e r  E n c l o s u r e  S e l e c t i o n  T a b l e  

For Outdoor Use 
Provides a Degree of Protection Enclosure Type Number'~ 

Against the Following 
Environmental Conditions 3 3R 3S 4 • 4X 6 6P 

Incidental contact with the enclosed X X X X X X X 
equipment 

Rain, snow and sleet X X X X X X X 
Sleet* X . . . .  
Windblown dust X - -  X X X x x 
Hosedown - -  X X X X 
Corrosive agents . . . .  X - -  X 
Occasional temporary submersion . . . .  X X 
Occasional prolonged submersion . . . . . .  X 

* Mechanism shall be operable when ice covered. 

For Indoor Use 
f 

Provides a Degree of Protection Enclosure Type Number~" 
Against the Following 

Environmental Conditions 1 2 4 4X 5 6 6P 11 12 12K 13 

Incidental contact .with the en- X 
closed 

equipment 
Falling dirt X 
Falling liquids and light splashing - -  
Dust, lint, fibers and flyings 
Hosedown and splashing water 
Oil and coolant seepage 
Oil or coolant spraying and 

splashing 
Corrosive agents 
Occasional temporary submersion 
Occasional prolonged submersion 

X X X X X X X X X X 

X' X X X X X X X X X 
X X X - -  X X .X X X X 

X X X X X - -  X X X 
X X - -  X X 

X X X 
X X 

X 

X X X 
X 

f Enclosure type number, except type nfimber I, shall be marked on the motor controller. 
enclosure. 
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H. Disconnecting Means 

430-101.  General. Part H is intended to require, disconnecting means 
capable of disconnecting motors and controllers from the circuit. 

(FPN): See Diagram430-1. 
(FPN): See Section 110-22 for identification of disconnecting means. 

430-102.  Location. 
(a) Controller. A disconnecting means shall be located in sighi from the 

controller location. 
Exception No. I: For motor circuits over 600 volts, nominal, the controller 

disconnecting means shall be permitted to be out o f  sight o f  the controller, 
provided the controller is marked with a warning label giving the location 
and identification o f  the disconnecting means to be locked in the open 
position. 

Exception No. 2: A single disconnecting means shall be permitted to.be. 
located'adjacent to a group o f  coordinated controllers mounted adjacent one 
to each other on a multimotor continuous process machine." 

(b) Motor. A disconnecting means shall be loca ted  in sight from the 
motor location and the driven machinery location. 

Exception: Where the disconnecting means provided in accordance with 
Section 430-102(a) is capable o f  being locked in the open position. 

430-103. To Disconnect Both Motor and Controller. 'The disconnecting 
means shall disconnect the motor and the controller from all ungrounded 
supply conductors and shall be so designe~-that no pole can be operated 
independently. The disconnecting means shall be permitted in the ;same 
enclosure with the controller. 

(FPN): See Section 430-113 for equipment receiving energy from more than 
one source. 

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, pro- 
vided the disconnecting means is so designed that the pole in the grounded 
conductor cannot be opened without simultaneously disconnecting all con- 
ductors of the circuit. 

430-106.  Service Switch as Disconnecting Means. Where an installation 
consists of a single motor, the service switch may serve as the disconnecting 
means if it complies with this article and is within sight from the controller 
location. 

430-107.  ":Readily Accessible. One of the :disconnecting means shall be 
readily accessible. 

430-108.  Every Switch. Every disconnecting means in the motor Circuit 
between the point of attachment to the feeder and the point of connection to 
the motor shall comply with the requirements of Sections 430-109 and 
430-110. 
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.430-109.  Type. The disconnecting means shall be a motor-circuit switch 
r a t e d i n  horsepower,  a circuit breaker, or a molded case switch 
(nonautomatic circuit interrupter). 

Exception No.  1: For stationary m o t o r s  o f  Ys horsepower or less, the 
branch-circuit overcurrent device sha l lbe  permi t ted  to serve as the discon- 
necting means. 

Exception No.  2: For stationary motors rated at 2 horsepower or less and 
300 volts or less; the disconnecting means shall be permi t ted  t o b e  a general- 
use switch having an ampere i'ating not less than twice the ful l- load current 
rating o f  the motor. 

On ac circuits, general-ude snap switches suiiable only f o r  use oh ac (not 
general-use ac-dc snap switches) shall be permi t ted  t od i s connec t  a motor 
rated 2 horsepower or less and 300 volts or less having a full-load, current 
rating not more than 80 percen t ' o f  t h e a m p e r e  rating o f  the switch. 

Exception No.  3: For motors o f  over Z horsepower to and including 100 
horsepower, .the "separate.disconnecting means required f o r  a motor with an 
autotransformer-type controller shall, be permi t ted  to be a general-use switch 
.where all o f  the fol lowing provisions are met:  

a. The motor dr ivesa  generator that is provided with overload protec- 
tion. 

b. The controller (1) is capable 'o f  interrupting the locked-rotor current 
o f  the motor; (2) is provided with "a no-voltage release; and (3) is provided 
with running over load protection not exceeding 125 percent  o f  the motor full-  
load current rating. 

c. Separate fuses  or an inverse time circuit breaker rated or set at not 
more than 150 percent  o f  the motor ful l - load current .are provided in the 
motor branch circuit. 

Exception No.  4: For stationary motors rated armore  than 40 horsepower 
direct-current or 100  horsepower alternating-current, the disconnect ing 
means sha!l be permi t ted  to be a general-use or isolating switch when plainly 
marked "Do not operate under load."  

Exception No.  5: For a cord- an(l p lug-connected motor, a horsepower- 
.rated at tachment  plug and.receptacle hatJing ratings no less than the motor  
ratings shall be permi t ted  to serve as the disconnecting means.  A h o r s e p o w e r  
rated at tachment  plug and receptacle shall not be req.uired for  a cord- and 
plug-connected appliance in accordance with Section 422-22 or a" room .air 

• •conditioner in accordance with Section 440:63. 

" ,Exception No.  6: For torque motors the disconnecting means  shall be 
permi t ted  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, o r  less, shall have an ampere rating of at least 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) ForCombination 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 

/ 
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a single disconnecting means,  the ampere and horsepower  ratings of the 
combined load shall be determined as follows: 

(1) The rating of the disconnecting means shall be determined from the 
summation of all currents ,  including resistance loads, at the full-load condi~ 
tion 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 o f e a c h  motor  
shall be selected from Table 430-148, 430-149, or 430-150. These full-load 
currents  shal l  be added to the rating .in amperes of o ther  loads to obtain an 
equivalent full-load current  for the combined load.. 

The locked-rotor  current  equivalent to t h e  horsepower  rating of e a c h  
motor  shall be se lected from Table 430-151. 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  and/ 
or o ther  loads cannot  be started simultaneousl3), appropriate combinat ions  of 
locked-rotor and full-load current  shall be. permitted to be used to determine. 
the equivalent locked-rotor current  for the simiJltaneous combined loads.  

Exception: Where part o f  the concurrent load is resistance load, a n d :  
where the disconnecting means is a switch rated in horsepowerand  amperes,  
the switch used shall be permit ted to have a horsepower rating not less than 
the combined load o f  the motor(s), i f  the ampere rat ing o f  the switch i s n o t  . 
less than the locked-rotor current o f  the motor(s)p lus  the resistdnce load.. .  

(2) The ampere rating of the disconnecting means shall not be less than 
115 percent  of the summation, of all currents  at the fullAoad condition 
determined in accordance with (c)(l) above.  

(3) For  small motors  not covered by Tables 4301147, 430-148,430-149, 
or 430-150, the locked-rotor current  shall be assumed to.be six t imes the full- 
load current.  

4 3 0 - 1 1 1 .  ~ Switch or Circuit Breaker as Both C o n t r o l l e r  a n d  Disconnecting ~ 
Means. A switch or c i rcui t 'breaker  complying wi thSec t ion  430-83 shall be. 
permitted to serve as both controller  and disconnecting means if it opens all 
ungrounded conductors  to the motor ,  if it is protected by an overcur ren t '  
device (which shall be permitted to be the branch-circuit  fuses).that, opens all 
ungrounded conductors  to the switch or circuit breaker,  and if it is of one of 
the following types:  

(a) Air-Break Switch. An air-break switc h, operable directly by applying 
the hand to a lever or handle. 

(b) Inverse Time Circuit Breaker. An inverse t ime circuit breaker  ope ra - .  
ble directly by app ly ing the  hand to a lever or handle. , 

(c) Oil Switch. An oil switch used on a circuit whose ra t ing ,does  not 
exceed 600 volts or 100 amperes,  or by special, permission on. a circuit 
exceeding this capaci tYwhere  under  expert  supervision. 

The oil switch or circuit breaker  specified above shall be permitted to  be 
both power and manually operable:  

The overcurrent  device protecting the controller  shal l  be permi t ted  to be 
part of the controller  assembly or shall b e  permitted to b e  separate.  

An autotransformer-type controller  shall .be provided wi th  a separate.  
disconnecting means .  
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430-112. Motors Served by Single Disconnecting Means. Each motor shall 
be provided with an individual disconnecting means. 

Exception: A single disconnecting means shall be permi t ted  to serve a 
group o f  m'otors under any one o f  the fol lowing conditions: 

a. Where a number o f  motors drive several parts o f  a single machine or 
piece o f  apparatus, such as metal  and woodworking machines,  cranes, and 
hoists. 

b. Where q g, ro~p o f  motors is under the protection o f  one set o f  branch- - 
c ircui tprotect ive  devices as permit ted by Section 430-53(a). 

c. Where a group o f  motors is in a ~ sihgle room within sight f rom  the 
location o f  the disconnecting means. 

The single disconnecting means shall have a rating not less than is required 
by Section 430-1 l0 for a single motor, the rating of which equals the sum of 
the horsepowers or currents of all the motors of the group. 

430-113 .  Energy from More than One Source. Motor 'and.motor-operated 
equipment receiving electrical energy from more than one source shall b e  
provided with disconnecting means from each source of electrical energy 
immediately adjacent to the equipme_nt served. Each source shall be permit- 
ted.to have a separate disconnecting means. 

Exception No.  1: Where a motor receives electrical energy f rom  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 o f  being locked in the open 
position. 

Exception N o .  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 which is isolated and ungrounded. 

• J. Over 600  Volts, Nominal 

430-121.  General. Part J recognizes the additional hazard due to the use of 
higher voltages• It adds to or amends the other provisions of this article. I 
Other requirements fo r  circuits and equipment operating at over  600 volts, 
nominal, are in Article 710. 

430-122.  Marking on Controllers. In addition" to the marking'required by 
Section 430-8, a controller shall be marked with the control voltage. 

430-123 .  Conductor Enclosures Adjacent to Motors. Flexible metal conduit 
or liquidtight flexible metal conduit not exceeding 6 feet (1.83 m) in length 
.shall be permitted to be employed for raceway connection to a motor 
terminal enclosure. 

430-124.  Size of Conductors. Conductors supplying motors shall have an 
ampacity not less than the current at Which the,motor overload protective 

• device(s) is selected to trip. 

430:125 .  Motor Circuit Overcurrent Protection. 
(a) General. The high-voltage circuit .for each motor shall include co- 

ordinated protection to automatically interrupt overload and fault currents in 
the motor, the motor circuit conductors, and the motor control apparatus. 
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Exception: Where a motor is vital to operation o f  the plant and the motor 
should operate to failure i f  necessary to prevent a greater hazard to persons, 
the sensing device(s) is permitted to be connected to a supervised annunci- 
ator or alarm instead o f  interrupting the motor circuit. 

(b) Overload Protection. 
(1) 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. 

(2) The secondary circuits of  wound-rotor alternating-current 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 of the overload interrupting device  shall simultaneously 
disconnect all ungrounded conductors. 

(4) 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) Fault-current protection shall be provided in each motorcircui t  by 

one of the following means: 
a. A circuit breaker of  suitable type and rating so arranged that it can 

be serviced without, hazard. The circuit breaker shall simultaneously discon- 
nect 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 so arranged that they cannot be serviced while they are energized. 

(2) Fault-current interrupting devices shall not i'eclose the circuit auto- 
matically. 

Exception: Where circuits are exposed to transient faults and where 
automatic reclosing o f  the circuit does not create a hazard to persons. 

(3) Overload protection and fault-current protection shall be permitted 
to be provided by the same device. 

430-126.  Rating of Motor Control Apparatus. Motor controllers and motor 
branch-circuit 'disconnecting means shall have a continuous ampere rating 
not less than the current at which the overload protective device(s) is 
selected to trip. 

430=127. Disconnecting Means. The controller disconnecting means shall 
be capable of being locked in the open lSosition. 

K. Protection of Live Parts - -  All Voltages 

430-13 I .  General. Part K specifies that live parts shall be protected in a 
manner judged adequate to the .hazard involved. 
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430-132.  Where Required. Exposed live,parts of motors and controllers 
operating at 50 volts or more  between terminals shall be guarded against 
accidental contacl~ by enclosure or bylocat ion as follows: 

(a) In a Room or Enclosure. By installation in a room Or:enclosure that is 
accessible only ,to qualified persons. 

(b) On a Suitable Balcony. By installation on a suitable balcony, gallery, 
or platform, so elevated and arranged as to exclude unqualified persons. 

(c) Elevation. By elevation 8 feet (2.44 m) or more above the floor. 
Exception: Stationary motors having commutators, collectors, and brush 

rigging located inside of  motor-end brackets and not conductively connected 
to supply circuits operating at more than 150 volts to ground. 

430-133.  Guards for Attendants. Where live parts of motors or controllers 
operating at over 150 volts to ground are guarded against accidental cofitact 
only by location as specified in Section 430-132, 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 l ive parts unless standing on the mats or platforms. 

(FPN): For working space, see Sections ll0-16 and 110-34. 

L. Grounding All Voltages 

430-141.  'General. Part L specifies the grounding of motor and controller 
frames to prevent a voltage above ground in the event o f  accidental contact 
between live parts and frames. Insulation, isolation, or guarding are suitable 
alternatives to grounding of motors under certain conditions. 

430-142.  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 as covered in Articles 500 through 517; 
(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 permanentlyand 
effectively insulated from the ground. 

430-143.  Portable Motors. The frames of portable motors that operate at 
over  150 volts to ground shall be guarded or grounded. 

(FPN): See Section 250-45(d) for grounding of portable appliances in other than 
residential occupancies. 

(FPN): See Section 250-59(b) for coior of grounding conductor. 

430-144.  Controllers. (~ontroller enclosures shall be 'grounded regardless 
of voltage. Controller enclosures shall have means for attachment of. an 
equipment grounding conductor termination in accordance with Section 
250-113. 

Exception No. 1: Enclosures attached to ungrounded lJortable equipment. 
Exception No. 2: Lined covers of  snap switches. 

4 3 0 - 1 4 5 .  Method of Grounding. Where required, grounding shall be done 
in the manner specified in Article 250. 

(a) Grounding Through Terminal Housings. Where the wiring to fixed 
motors is metal-enclosed cable or in metal raceways, junction boxes to house 
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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 Article 250. 

(FPN): See Section 430-12(e)" for grounding connection means required at 
motor terminal housings. 

(b) Separation of Junction Box from Motor. The junction box required by 
(a) above shall be permitted to be separated from the mol(or not more than 
6 feet (1.83 m), provided the leads to the motor are Type AC cable or armored 
cord or are stranded leads enclosed in liquidtight flexible metal conduit, 
liquidtight flexible nonmetallic conduit, flexible metal conduit, intermediate 
metal conduit, rigid metal conduit or electrical metallic tubing not smaller 
than 3A-inch electrical trade size, the armor or raceway being connected both 
to the motor and to the box. Where stranded leads are used, protected as 
specified above, they shall not be larger than No. 10, 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 noncurrent-carrying metal or other conductive 
parts or cases of instrument transformers, meters, instruments, and relays. 
shall be gi-ounded as specified in Sections 250~.121 through 250-125.. 

M. Tables 

Table 430-147.  Full-Load Current in Amperes, 
Direct-Current Motors 

The following values of full-load currents* are for motors running at base 
speed. 

Armature Voltage Rating*" 
HP . 90V 120V 180V 240V 50OV 550V 

IA 
t/3 
V2 
a• 

1 
IVz 
2 
3 
5 
7V2 

10 
15 
20 
25 
30 
40 
50 
60 
75 

100 
125 
150 
200 

4.0 3.1 
5.2 4.1 
6.8 5.4 " 
9.6 7.6 

12.2 9.5 
13.2 
17 
25 
40 
58 
76 

2.0 
2.6 
3.4 
4.8" 
6.1 
8.3 

10.8 
16 
27 

1.6 
2.0 
2.7 
3.8 
4.7 
6 . 6  
8.5 

12.2 
20 
29 
38 
55 
72 
89 

106 
140 
173 
206 
255 
341 
425 
506 
675 

13.6 
18 
27 
34 
43 
51 
67 
83 
99 

123 
164 
205 
246" 

3 3 0  

12.2 
16 
24 
31 
38 
46 

"61 
75 
90 

111 
148 
185 
222 
294 

* These are average direct-current quantities. 
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Table 430 -148 .  Full-Load Currents in Amperes ,  
• Single-Phase Al ternat ing-Current  Motors 

The  following values of  full- load cur ren t s  are  for motors  runn ing  at usual 
speeds and motors  with, no rmal  to rque  charac ter i s t ics .  Motors  built  f o r  
especial ly low speeds  or high torques  may  have h i g h e r  full- load currents ,  
and  mul t i speed  motors  will have- fu l l - load  cur ren t  vffrying with speed,  in 
which case the  namep la t e  cu r r en t  ra t ings  shall be used. 

To obta in  full- load cur ren t s  o f  208- .  and 200,volt  motors ,  increase 
cor responding  230-volt motor  full- load cur ren t s  by :10 and 15 percent ,  
respectively.  - 
.. The  voltages listed are  ra ted  moto r  voltages.  The  cur ren t s  l isted shall .be 

p e r m i t t e d  for sys tem vol tage ranges  of  110 t o 1 2 0  and 220 to -240. 

HP 115V" 230V 

1/6 4.4 2.2 
¼ " " 5.8 2.9 
]/3 " . 7.2 3.6 
V2 9.8 4.9 
3A 13.8 6.9 

1 16 8 
IV2 20 10. 
2 24 12 
3 34 1-7 

5 ' 56 r 28 
7V2 , 80 40 

10 100 50 
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Table 430-149.  Full-Load Current 
Two-Phase Alternating-Current Motors (4-Wire) 

The following values of full-load current are for motors running at speeds 
usual for belted motors and motors with normal torque characteristics. 
Motors built for especially low speeds or high torques may require more 
running current,  and multispeed motors wil !have full-load current varying 
with speed, in which case the nameplate  current rating shall be used. 
Current  in the common conductor of a 2-phase, 3-wire system will be 1.41.. 
.times the value given. ' 

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. 

H P  

V2 
3~ 

I 

IV2 " 

2 
3 

5 
7~h 

10 

1 1 5 V  

4 
4.8 
6.4 

9 " 

11.8 

-Induction Type 
Squirrel-Cage and Wound-Rotor 

Amperes 

230V 

2 
2.4 
3.2 

4.5 
5.9 
8.3 

13.2 
19 
24 

'460V 

1 
1.2 
1.6 

2.3 
3 
4.2 

6.6 
9 

12 

575V 

.8 
1.0 

- 1.3 

1.8 
2.4 
3.3 

5.3 
8 

10 

15 36 18 14 
20 47 23 19 
25 59 29 24 

30 
40 
50 

69 
90 

113 

35 
45 
56 

67 
83 

109 

135 
156 
208 

133 
166 
218 

"60 
75 

100 

125 
150 
200 

270 
312 
416 

28 
36 
45 

53 
/ 66 

87 

14 
18 
23 

2300V 

108 28 
125 32 
167 43 
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Table  430 -150 . •  Full-Load Current *  
Three-Phase  Al ternat ing-Current  Motors 

HP 115V 230V 46OV- 575V 2300V 

V2 4 " 2 1 ' . 8  
3fi" 5.6 " 2.8 1.4 I. 1 

I 7.2 3.6 1 . 8  1 . 4  
i 

11/2 10.4 5.2 2.6 2.1 
2 13.6 6.8 3.4 2.7- 

- 3 9.6 4.8 3.9 

5 ' 15.2 7.6 6.1 
71A 22 11 9 

10 28 14 I 1 

15 42 21 17 
20 .54 27 22 
25 " 68 34 27 

30 - 80 40 32 
40 104 52 41 
50 130 65 52 

60 154" 77 62 16 
75 192 96 77 20 

100 248 124 99 26 

125 312 156 125 31 
150 360 180 144 37 
200 480 240 192 ~ 4 9 ~  

Induction Type Synchronous Type. 
Squirrel-Cage and Wound-Rotor tUnity PowerFactor 

Amperes 'Amperes 

230V 460V 575V '2300V 

53 " 26 21 

63 32 26 
83 41" 33 

104 52 42 

123 61 49 
155 78 62 
202 I01 81 

253 126 I01 
302 151 121 
400• 201 161 

12 
1 5 -  
20 

25 
30" 
40 

For full-load currents of 208- ahd 200-volt motors, increase the corresponding 230-volt 
motor full-load current by I 0 and 15 percent; respectively• 

* These values of full-load current are for motors running at speeds usual for belted 
motors and motors with normal torque characteristics. Motors built for especially low 
speeds or high torques may'r~quire more rurining current, and multispeed motors will have 
full-load current varying with speed, in which case the nameplate current rating shall be 
used. 

~" For 90 and 80 percent power factor the above figures shali be mtiltipled by 1.1 and 
1.25 respectively• 

The voltages listed are rated motor voltages. The currents listed shall be permitted for 
system voltage ranges of I I0  to 120, 220 to 240, 440.to 480, and 550 to 600 volts. 
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Table  4 3 0 - 1 5 1 .  ,Conversion Table  of Locked-Rotor  Currents  
for Se lect ion of D isconnect ing  Means  and Control lers  
as De te rmined  fro, m H o r s e p o w e r  and Vol tage  Rating 

For  use  o n l y  w i t h  S e c t i o n s  4 3 0 - 1 1 0 ,  4 4 0 - 1 2  a n d  4 4 0 - 4 1 .  

Motor Locked-Rotor Current Amperes* 

Single Phase Two or Three Phase 
115V 230V "115V 200V . 2 3 0 V  460V 575V 

58.8 4.8 
82.8 6.6 
96 8.4 

120 ~ 
144 I ~ 6 . 9  I' 4 0 " 8 1  20.4 I 16.2 
204 1.10__2 ] - -  [ 66. ] 58 ] 26.8 ] 23.4 
336 . ] 168 I - -  ] 105 ] 91 ] 45.6 ] 36.6 

600480__ ~)0  ~ i i i  i i i  1 i i  I ii66 

- -  I ~ I - - 1 3 7 _ _  3 ] 324 1 1 6 2  1 1 3 2  
- -  ] - -  ] - -  ] 469 ] 408 ] 204 ] .162 
- -  ] - -  I - -  1 5 5 2  I.  480 1 2 4 0  I 1 9 2  
- -  ] - -  I - -  1 7 1 8  1 6 2 4 .  ] 312 1 2 4 6  
- -  I - -  I - -  1 8 9 7  ] 780 ] 390 1 3 1 2  
- -  [ - -  I - -  1 1 0 6 3  1 9 2 4  1 4 6 2  1 3 7 2  
- -  I - -  I - -  1 1 3 2 5  1 1 1 5 2 1 5 7 6  ] 462 
- -  I - -  I - -  11711 1 1 4 8 8  ] 744 1 . 5 9 4  
- -  I - -  I - -  1 2 1 5 3  1 1 8 7 2  1 9 3 6  1 7 5 0  
- -  I - -  I - -  1_248_ 4 1 2 ! _  60 1 1 0 8 0  ] 864 
- -  - -  - -  3312 2880 1440 1152 

Max. HP 
Rating 

3A 
1 
llA 
2 
3 

' 5  
71/2 

10 
15 
20 
25 
30 
40 
50 
60 
75 

100 
125 
150 
200 

* These values of motor locked-rotor current are approximately six times the full-load 
current values given in Tables 430-148 and 430-150. 
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Table 4 3 0 - 1 5 2 . .  Maximum Rating or Sett ing of Motor Branch-Circuit  
Short-Circuit  and Ground-Fault  Protect ive Devices 

Percent of Full-Load Current 

. Type of Motor 

Sing le -phase ,  all types  
N o  code  le t ter  . . . . . . . . . . .  ' 

All ac  s ing le -phase  and  
po lyphase  squ i r r e l - cage  a n d  
s y n c h r o n o u s  motors'~ with 
ful l -vol tage,  res is tor  or r e ac to r  
s ta r t ing :  

N o  code le t ter  . . . . . . . . . . .  
Code  le t ter  F to V . . . . . . .  
Code  let ter  B to E . . . . . . .  
Code  let ter  A . . . . . . . . . . .  

All ac  squ i r r e l - cage  and  
s y n c h r o n o u s  m o t o r s t  with 
a u t o t r a n s f o r m e r  s ta r t ing :  

N o t  more  than  30 a m p s  
N o  code let ter  . . . . . . . . . . .  

More  t han  30 a m p s  
N o  code  le t ter  . . . . . . . . . . .  
Code  le t ter  F to V . . . . . . .  
Code  le t ter  B to E . . . . . . . .  
Code  le t ter  A . . . . . . . . . . .  

H i g h - r e a c t a n c e  squ i r r e l - cage  
N o t  m o r e ' t h a n  30 a m p s  

N o  code  le t ter  . . . . . . . . . . .  
More  t han  30 amps" 

N o  code  le t ter  .. . . . . . . . . . . .  
W o u n d - r o t o r  - -  

N o  code  le t ter  . . . . . . . . . . . .  
D i r ec t - cu r r en t  ( cons t an t  vol tage)  

N o  more  t han  50 hp 
N o  code  le t ter  . . . . . . . . . . .  

More  t han  50 hp 
N q  code  le t ter  . . . . . . . . . . .  

Nontime 
Delay 
Fuse 

300 

300 
300 
250  
150 

250  

200  
250  
200  
150 

250 

200 

150 

150 

150 

Dual 
Element 
(Time~ 
Delay) 
Fuse" 

175 

175 
175 
175 
150 

175 

175 
175 
175 
150 

175 

175 

' 150 

150 " 

150 

Instan- 
taneous 
'Trip 

Breaker 

700 

700  
700  
700 
700  

700  

700  
700  
700  
700  

700 

700  

700  - 

"" 2 5 0 ~  

175 

x 

* Inverse 
Time 

Breaker 

250 

250 
250 
200  
150 

' 200  

200 
200  
200  
150 

250  

200  

150 

150 

150 

For explanation & C o d e  Letter Marking~ see Table 430-7(b).  
For certain exceptions to the,values specified, see Sections 430-52 through 430-'54.. 
* The values given in the last column also cover ' the ratings of nonadjustable  inverse t ime 

t),pes.of circuit  breakers that  may  be modified as in Section 430-52. 
1" Synchronous motors of the low-torque, low-speed type" (usually 450 rpm or lower), 

such as are.used to drive reciprocating compressors,  pumps,  etc. that  s tar t  unloaded, do not 
require a fuse rat ing or c ircui t -breaker  setting in excess of 200 perce m of ful l4oad 
current .  

L 

2 
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A R T I C L E  440 m A I R - C O N D I T I O N I N G  AND 
R E F R I G E R A T I N G  E Q U I P M E N T  

' A. General 

440-1. -Scope. The provisions ofthis article apply to electric motor-driven 
air-conditioning and refrigerating equipment, and to .the branch circuits and 
controllers foi" such equipment. It provides for the special considerations 
necessary for circuits supplying hermetic refrigerant motor-compressors and 
for any air-conditioning and/or refrigerating equipment which is supplied 
from an individual branch circuit which supplies a hermetic refrigerant 
motor-compressor. 

.440-2. Definitions. 
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. 

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) Article 422, 424, o r  4 3 0 .  The rules of Article 422, 424, or 430, as 
applicable, shall apply toair-conditioning and refrigeratirig equipment which 
does not incorporate a hermetic refrigerant motor-compressor. Examples of 
such equipment are .devices which-employ refrigeration compressors driven 
by conventional motors, furnaces with air-conditioning evaporator coils 
installed, fan-coil units, remote forced air-cooled condensers, remote com- 
mercial refrigerators, etc. 

(c) Article 422. Devices.such as room air conditioners, household refrig- 
erators 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 the following: 

Capacitors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Section 460-9 
Garages, Aircraft Hangars, Gasoline Dispensing and 

.Service Stations, Bulk Storage Plants, Spray Application,. 
Dipping and Coating Processes, Inhalation Anesthetizing 
Locations . . . . . . . . . . . . . . . .  Articles 511,513, 514, 515, 516, and 517-G 

Hazardous (Classified) Locations . . . . . .  : . . .  Articles 500 through 503 
Motion-Picture and Television Studios . . . . . . . . . . . . . . . . . . . . . . . .  Article 530 
.Resistors and .Reactors ..: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Article 470 

440-4 .  Marking on Hermetic Refrigerant Motor-Compressors and Equipment. 
. (a) Hermetic Refrigerant Motor-Compressor Nameplate. A hermetic re- 

frigerant motor-compressor shall~be provided with a nameplate which shall 
give 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 
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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 mo]-e than 
9 amperes at l l5  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 complyingwith Section 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 Section 440-52(a)(/L) 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 Section 440-52(a)(4) and (b)(4) is specified, .the 
equipment nameplate shall be appropriately marked. 

(FPN): Definition: 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. 

(b) Multimotor and Combination-Load Equipment. M u h i m o t o r  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, and the m~iximum 
rating of the branch-circuit Short-circuit and ground-fault protecti,ve device. 
The ampacity shall be calculated by using Part D and counting all the motors 
and other loads which will be operated at the same time. The branch-circuit 

'short-circuit and ground-fault protective device rating shall not exceed  the 
value calculatedby using Part C. 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: Mult imotor and combination-load equipment  which is 
suitable under the provisions o f  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  permit ted to be marked as a single load. 

Exception No.  2: Room air conditioners as provided in Part G o f  Article 
440. 

(c) Branch-Circuit Selection Current. Hermetic refrigerant motor-com- 
pressors or equipment containing such compressor(s) in which the protection 
system, approved for use with the motor-compressor which it protects ,  
permitscontinuous current in excess of the specified percentage of nameplate 
rated-load current given in Section 440-52(b)(2) or (b)(4) shall also be marked 
with a branch-circuit selection current that compli.es with Section 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. 
• (FPN): Definition: Branch-circuit selection current is 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 w he~:ever 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. 

440-5. Marking on Controllers. A controller shall be marked with . the  
maker 's  name, trademark, or symbol; identifying.designatiofi; the voltage; 
phase; full-load and locked-rotor current (or horsepower)_ rating; and such 
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other data as may. be needed  to properly indicate the motor-c0mpressor for 
which it is suitable. 

440-6.  Ampacity and Rating.. Conductors fo requ ipment  covered by this 
article shall be selectedfrom Tables 310-16 through 310-31 as applicable. The 
required ampacity of conductors and rating of equipment shall be determined 
as follows. 

(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. For  disconnecting 
• means and controllers, see also Sections 440-12 and 440-41. 

Exception No. 1: When 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: As permitted in .Section 440-22(b)for branch-circuit 
short-circuit and ground-fault protection of  cord- and pldg-connected equip- 
ment. 
. (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, t h e  branch-circuit 
short;circuit and ground-fault protection, and the separate overload protec- 

.tion. This marking on the equipment nameplate shall not be less than the 
current marked on the fan or blower motor nameplate. 

440-7. HighestRated (Largest) Motor. In determining compliance with this 
article and with Sections 430-24, 430-53(b) and (c), and 430-62(a), the highest 
rated (largest) motor shall be considered to be that moto r  which has the 
highest rated-load current. Where two or more motors have the same r a t e d -  
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 Section 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 Tables 430-148, 
430-149, or 430-150. 

Exception: When so marked,_the.branch-circuit selection current shall be 
used instead of  the rated-load current in determining the highest rated 
(largest) motor-compressor. 

440-8. Single Machine. An. air-conditioning or refrigerating system shall 
be considered to be a single machine under the provisions Of Section 430-87,' 
Exception and Section 430-112, Exception. The motors shall be permitted to 
be located remotely from each other. 
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B. Disconnecting Means. 

440-11 .  General. The provisions of P a r t B  are intended to require discon-. 
necting means capable of d isconnect ingai r -condi t ioning  and refrigerating 
equipment including motor-compressors ,  and control lers , - f rom.the  circuit 
feeder• See Diagram 430-1. 

440-12 .  Rating and Interrupting Capacity.. 
'(a) Hermetic Refrigerant Motor-Compress0r. A disc0nnecting means serv- 

ing a hermetic refrigerant motor-compressor  shall be selected on the basis of 
the nameplate rated-load current or branch-circuit  selection current ,  which- 
ever is greater,  and locked-rotor current ,  respectively, of the motor-com- 
pressor as follows: 

(1) The ampere rating shall be at least l l5  percent  of the. nameplate 
rated-load current or branch-circuit  selection current,  whichever  is greater.  

(2) To determine the equivalent ,  horsepower  in complying with the 
requirements of Section 430-109, the horsepower rating shall be selected 
from Tables 430-148, 430-149, or 430-150 corresponding to the rated-load 
current  or branch;ci rcuh selection current,  whichever  is greater,  and also the 

• horsepower  rating from Table 430-151 corresponding to the locked-rotor 
current.  In case the nameplate rated-load current .or  b ranch-0rcu i t  selection 
current  and locked-rotor current  do not correspond to the currents  shown in 
Tables 430-148, 430-149~ 430-150, or 430-151, the horsepower  rating corre- 
sponding 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 one or more hermetic•refrigerant motor- 
compressors  are used together or are used in combinat ion with other  motors  
and/or loads such as resistance heaters and where the combined load may be • 
simultaneous on a single disconnecting means,  the rating for the combined  
load shall be determined as follows: , . 

(1) The horsel~ower rating of the disconnecting means shall be deter- 
mined from the.summation of all currents,  including resistance loads, at the 
rated-load 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 o f  this requirement  as 
follows: 

a. The full-load current equivalent  to the horsepower rating of each 
motor,  other  than a hermetic refrigerant motor-compressor ,  a.nd fan or 
blower motors as covered in Section 440-6(b). shall be selected f rom Tables 
430-148, 430-149, or 430-150. These full-load currents  shall be added to the • 
motor-compressor  rated-load current(s) or" branch-circuit  selection cur-. 
rent(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 430-151, 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 '  
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l o a d .  Where two or -more  motor s . and /o r  other  loads 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 
simultafieous combined load. 

Exception: Where part  o f t h e  concurrent load is a resistance load and the 
-.. disconnecting means is a switch rated in horsepower and amperes,  the 

switch used shall be permi t ted  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, i f  the ampere rating o f  th'e switch is not less than this locked- 
rotor load plus the resistance load. 

(2) The ampere rating of the disconnecting means shali be at leas t  115 
percent  of  the summation of all currents  at the rated-load condition deter- 

: mined in .accordance with Section 440-12(b)(1). 
• , ~(c) Smal l  Motor-Compressors. For small motor-compressors  not having 

the locked-rotor current  marked on the nameplate,  or for small motors  not 
covered by Tables- 430-147, 430-148, 430-149, or-430-150, the locked-rotor  
current  shall be a s sumed  to be six times the rated-load current.  See Section 
440-3(a). 

(d) Every Switch. Every disconnecting means in . the refrigerant motor- 
compressor  circuit between the point of a t tachment  to the feeder and the 
point of connect ion to the refrigerant motor-compressor  shall comply with 
the requirements  of Section 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 horsepower,  the provisions of 
Section 430-109; Exception No. 4 shall apply. 

440-13 .  Cord,Connected Equipment. For cord-connected,equipment  such 
as room air condit ioners,  household refrigerators and freezers,  drinking 
water  coolers, and beverage dispensers,  a separable connector  or an attach- 
ment plug and receptacle shall be permit ted. to  serve as the disconnect ing 
means.  See also Section 440-63. 

] 440-14 .  _ Location. ,,,Disconnecting means shall be located within sight from 
and readily accessible from the air-condit ioning'or  refrigerating equipment.  
The disconnect ing means shall be permitted to be installed on.or  within the 
air-conditioning or refrigerating e q u i p m e n t . .  

Exception:  Cord- and plug-connected appliances. 
(FPN): See Parts G and H of Article 430 for additional requirements. 

C. Branch-Circuit Short-Circuit 
and Ground-Fault Protection 

440-21 .  General. The provisions of Part C specify devices intended to 
protect  the branch-circuit  conductors ,  control apparatus  and motors in . 
circuits supplying hermetic refrigerant motor-compressors  against overcur- 
rent  due to short circuits and grounds. They a r e i n  addition to or amendatory  
of the provisions of Article 240. 
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440-22. Application and Selection. 
(a) Rating or Setting for Individual Motor-Compressor. The  m o t o r - c o m -  

pressor  branch-circuit short-circuit and ground-fault protective device shall 
be capable of carrying the starting current of the motor. A protective d e v i c e  
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:rat!ng or setting .shall be 
permitted to be increased, but shall,not exceed225 percent of the motor. 
rated-load current or branch-circuit selection current~ whichever is greater. 

Exception: The rating o f  the branch-circldt short-circuit and ground-fault 
protective device shall not be required to be less than 13 amperes: 

(b) Rat ing 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 conformwith 
Section 440-22(a). Where.the equipment incorporates more than one her- 
metic refrigerant motor-compressor or a hermetic refrigerant motor-com- 
pressorand  other motors or other loads, the equipment short-circuit and 
ground-fault protection shall conform with Section 430-53 and the following: 

(1) 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 Section 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) 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, which- 
ever is greater, rating(s) for the motor:compressor(s) plus the value specified 
in Section 430-53(c)(4) where other motor loads are.supplied, or the value 
specified in Section 240-3 where onlY, nonmotor loads are supplied in addition 
to the motor-compressor(s). 

Exception No. 1: Equipment which will start?and operate 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 i f  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:..-Th'e 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 M~inufacturer's V~liJes:. -~- 
Where maximum protective device ratings shown on a manufiicturer's heater. • 
table foi" use  with a motor-controller are less than .the rating or setting 
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• selected in accordance with Section 440-22(a) and (b), the protective device 
rating shall not exceed the manufacturer 's values marked on the equipment. 

D. Branch-Circuit Conductors 

"440-311 General. The provisions o f  Part D and Articles 300 and 310 
specify sizes of conductors required to carry the motor current without 
overheating under the conditions specified, except as modified in Section 
440-6(a), Exception No. 1. 

The provisions of these articles shall not apply to integral conductors of 
motors, motor controllers and the like, or to conductors which form an 
integral part of  approved equipment. 

(FPN): See Sections 300-1(b) and 310-1 for similar requirements. 

4 4 0 - 3 2 .  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 selec- 
tion current, whichever is greater. 

440-33. Motor-Compressor(s) With or Without Additional Motor Loads. Con- 
ductors supplying one or more motor-compressor(s) with or without addi- 
tional load(s) shallhave an ampacity not less than the sum of the rated-load 
or branch-circuit selection current ratings, whichever is larger, o f  all the 
motor-compressor(s) plus the full-load currents of the other motor(s), plus 25 
percent of the highest motor or motor-compressor rating in the group. 

Exception No. 1: When the circuitry is so interlocked as  to prevent the 
starting and running o f  a second motor-compressor or group o f  motor- 
compressors; the conductor size shall be determined from the largest motor- 
compressor or group o f  motor-compressors that is to'be operated at a given 
time. 

Exception No. 2: Room air conditioners as.provided in Part G o f  Article 
440. 

4 4 0 - 3 4 .  • Combination Load. Conductors supplying a motor-compressor 
load in addition to a lighting or appliance load as computed from Article 220 
and other applicable articles shall have an ampacity-sufficient for the lighting 
or appliance load plus the required ampacity for the motor~compressorJoad 
determined in accordance with Section 440-33, or, for a single motor- 
compressor, in accordance with Section 440-32. 

Exception: When the circuitry is so interlocked as to prevent simultaneous 
operation o f  the motor-compressor(s) 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. Multimotor and Combination-Load Equipment. The ampacity of 
the conductors supplying multimotor and combination-load equipment shall 
not be less than the minimum circuit ampacity marked on the equipment in 
accordance with Sect ion 440-4(b). 
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E. Controllers for Motor-Compressors 

440-41. Rating. • 
(a) Motor-Compressor Controller. A motor-compressor controller shall 

have both a continuotis-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-~otor current, 
respectively (see Sections 440-6 and440-7) of the compressor. In case the 
motor controller is rated in horsepower, but ' is  withou~t one or both of the 
foregoing current ratings, equivalent currents shall be determined from the 
ratings as follows: use Tables 430-148,430-149, or 430-150 to-determine the 
equivalent full.load "current rating. Use Table 430-151 to determine the 
equivalent locked-rotor current ratings. 

(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 full-load current rating, and a locked-rotor current 
rating not less than the combined ,load as determined in accordance with 
Section 440-12(b). 

F. Motor-Compressor and Branch-Circuit 
Overload Protection 

440-51.  General. The  provisions of Part F specify devices intended to 
protect the motor-compressor, the motor-control apparatus, and the branch- 
circuit conductors against excessive heating due to motor overload find 
failure to start. See Section 240-3, Exception No. 3. 

(FPN): Note: Overload in electrically driven apparatus is an operating overcur- 
rent which, when it persists for a sufficient length of time, would cause damage or 
dangerous ox~erheating. It does not include short circuits or ground faults. 

440-52. Application and Selection. 
(a) Protection of Motor-Compressor. Each  motor-compressor shall be 

protected against overload an d failure to start by one of the following means: 
(1) A separate overload relay which 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 which it pi'otects 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 so arranged 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-circtiit 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. 
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(4) A protective system, furnished or specified and approved for use 
with the motor-compressor which 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 which is 
not integral with the ~:urrent-interrupting device, it shall be so arranged that 
the opening of the control circuit will result in interruption of current to the 
motor-compressor. 

(b) Protection of Motor-Compressor Control Apl~aratus and Branch-Circuit 
Conductors. The motor-compressor controller(s), the disconnecting means 
and 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 Section 440-52(a). 

Exception: For motor-compressors and equipment on 15- or 20-ampere 
single-phase branch circuits as provided in Sections 440-54 and 440-55. 

• (1) An overload relay selected in accordance with Section 440-52(a)(1). 

(2) A thermal protector applied in accordance with Section 440-52(a)(2) 
and which will not permit a continuous current in excess of 156 percent of the 
marked rated-load current or bra0ch-circuit selection current. 

(3) A fuse or inverse time circuit breaker selected in accordance with 
' t Section 440-52(a)(3). ,~ 

(4) A protective system in accordance with Section 440-52(a)(4) and 
which 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. O v e r l o a d  relays and other devices for motor 
overload protection, which are not capable of opening short circuits, shall be 
protected by fuses or inverse time circuit breakers with ratings or settings in 
accordance with Part C unless approved for group installation or for part- 
winding motors and marked to indicate the maximum size of fuse or inve r se  
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  approved 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 
15-ampere 208- or 240-volt 'single-phase branch circuits as permitted in 
Article 210 shall be permitted as indicated in (a) and (b) I~elow. 

(a) Overload Protection. The motor-Compressor shall be provided with 
overload protection selected as specified in Section 440-52(a). Both the 
controller and motor overload protective device shall be approved for 
installation with the short-circuit and ground-fault pl:otective 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. 
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440-55. Cord-and-Attachment Plug-Connected Motor-Compressors and Equip- 
ment on 15- or 20-Ampere Branch Circuits. Overload protect ion for motor-  
compressors and equipment that are cord-and-attachment plug-connected 
and used on 15- or 20-ampere 120-volt, or 15-ampere 208: or 240-volt single- 
phase branch circuits as permitted in Article 210 shall be permitted as 
indicated in (a), (b), and (c) below. 

(a) Overload Protection. The motor-compressor shall be provided with 
overload protectio n as specified in Section 440-52(a). Both. the controller and 
the motor over!oad iarotective device shall be appr6ved 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 Rating. The rating of the attachment" 
plug and receptacle shall not exceed 20 amperes at 125 volts or 15 amperes 
at 250 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. 

G. Provisions for Room Air Conditioners 

440-60.  General~ The provisions of Part G shall apply to electrically 
energized room air conditioners that control temperature and humidity. For 
the purpose of Part G, a room air conditioner (with or without provisions for 
heating) shall be considered as an alternating-current appliance of the air- 
cooled window, console,  or.in-wall type that is installed in the conditioned 
room and which incorporates a hermetic refrigerant motor-compressor(s): 
The provisions of Part G cover equipment rated not o,zer 250 volts, single 
phase, and such equipment shall be permitted .to be cord-and-attachment 
plug-connected. 

A room air conditioner that is rated three" phase or rated over  250 volts 
shall be directly connected to a wiring method recognized in Chapter 3, and 
provisions of Part G shall not apply. 

440-61.  Grounding. Room air conditioners shall be grounded in accor- 
dance with Sections 250-42, 250-43, and 250-45. 

440-62. Branch-Circuit Requirements. 
(a) Room AirConditioner as a Single Motor Unit.' A room air conditioner 

shall be considered as a single motor unit in determining its branch-circuit 
requirements when all the following conditions ~tre met: 

(1) It is cord-and-atl(achmeht plug-connected. 
(2) Its rating is not more than 40 amperes and 250 volts, single phase. 
(3) Total rated-load current is shown on the room air-conditioner 

nameplate rather .than individual motor currents, and 
(4) The rating of the branch-circuit short-circuit and ground-fault pro- 

tective device does not exceed the ampac.~ty of the branch-circuit conductors 
or the rating o f  the receptacle, whicheve"~ is less_ 

(b) Where No Other Loads AreSupplied. The total marked rating, of  a' 
cord-and-attachment plug-connected room air c6nditioner shall not exceed 
80 percent of therating of a branch circuit where no other loads are supplied. 
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(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 50 percent of the rating of a branch circuit where lighting 
units or other appliances are also supplied. 

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 250 volts or less if: (1) the manual controls on the room air 
conditioner are readily accessible and located within 6 feet (1.83 m) of the 
floor, or (2) an approved menu/ally operable switch is installed in a read!ly 
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: (l) 10 feet (3.05 m) for 
a nominal, 120-volt rating, or (2) 6 feet (1.83 m) for a nominal 208- or 240-volt 
rating. 

A R T I C L E  445 m G E N E R A T O R S  

445-1. General. Generators and their associated wiring and equipment 
shall also comply with the applicable pr0vjsions of Articles 230, - 250, 700, 
701, and 702. 

445-2. 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 
Section 430-14. Generators installed in hazardous (classified) locations as 
described in Articles 500 through 503, or in other  locations as described in 
Articles 510 throug h 517, and in Articles 520,530, and 665 shall also comply 
with the applicable provisions of those articles. 

445-3. Marking. Each generator shall be provided with a nameplate giving 
the maker 's  name, the rated frequency, power factor, number of phases if of 
alternating current, 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 fated temperature 
rise, and time rating. 

445-4. Overcurrent Protection. 
(a) Constant-Voltage Generators. Constant-voltage generators, except 

alternating-current generator exciters, shall be protected from overloads by 
inherent design, circuit breakers, fuses, or other acceptable overcurrent 
protective means, suitable for the conditions of use. 

(b) Two-Wire Generators. Two-wire, direct-current genei 'ators 'shall be 
permitted to have overcurrent protection iri one cbnductor only if the 
overcurrent device is actuated by the entire current genera.ted other:than the 
current in the shunt field. The ox;ercurrent device shall not open' the shunt 
field..  : -. 

(c)" 65 Volts or Less. Generators operating at 65 volts or less and drivefi 
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 currentl 
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(d) Balancer Sets. Two-wire, direct-current generators used in conjunc- 
tion with balancer sets to obtain neutrals for 3-wire systems shall be equipped 
with overcurrent  devices that will disconnect  the 3-wire system in case of 
excessive unbalancing of voltages or currents.  

(e) 3-Wire, Direct-Current Generators. Three-wire,  direct-current genera- 
tors, whether  compound or shunt wound, shall be equipped with overcurrent  
devices, one in each armature lead, and so connected as to be actua~ie d 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 b y - t w o  
overcurrent  devices, one in each armature lead. Such protective devices shall 
be so in ter locked ' tha t  no one pole can be opened without simultaneously 
disconnecting both leads of the armature from the system. 

Exception to (a) through (e): Where deemed by the authority having 
jurisdiction, a generator is vital to the operation o f  an electrical system and 
the generator should operate to failure to prevent a greater hazard to 
persons, the overload sensing device(s) shall be permitted to be connected to ] 
an annunciator or alarm supervised by authorized personnel instead .of 
interrupting the generator circuit. 

445-5 .  Ampacity of Conductors. " The ampacity of the phase conductors  
from the generator  t erniinals to the first overcurrent  device 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 Section 220-22. 
Conductors  which must carry ground-fault currents  shall not be smailer than 
required by Section 250-23(b). 

Exception No. l :  Where the design and operation o f  the generator prevent 
overloading, the ampacity, o f  the conductor's shall not ,be less than 100 
percent o f  the nameplate current rating o f  the generator. 

Exception No. 2: Where the generator'manufacturer;s leads are con- 
nected directly to an oyercu.rrent device that is an integral par t . o f  the 
generator set assembly. 

445-6 .  Protection of Live PaRs. Live parts of generators operated at mope 
than 50 volts to ground shall not be exposed to accidental contact  where 
accessible t 9 unqualified persons. • 

445-7. Guards for Attendants. Where necessary for the safety of atten- 
dants,  the requirements of Section 430-133 shall apply. 

445-8. Bushings. 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 an opening having sharp edges. The bushing shall have 
smooth,  well-rounded surfaces where it may be in contact  with the conduc- 
tors. If used where 0ils, grease, or other  contaminants  m a y b e  present,  the 
bushing shall b e m a d e  of a material not deleteriously affected. 
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ARTICLE 4 5 0 .  TRANSFORMERS AND 
T R A N S F O R M E R  V A U L T S  

(Including Secondary Ties) 

450-1 .  Scope. This article covers  the installation of all t ransformers.  . 
Exception No. 1: Current transformers. 
Exception No. 2: Dry-type transformers that constitute a component part 

of  other apparatus and comply with the requirements for such apparatus. 
Exception No. 3: Transformers which 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 

comply with Article. 725. 
Exception No. 5: Transformers for sigti 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 protective 

signaling circuits that comply with Part C of  Article 760. 
Exception No. 8: Liquid-filled or dry-type transformers used for research, 

development, .or  testing, where effective arrangements are provided to 
safeguard unqualified persons from contacting high-voltage terminals or 
energized conductors. 

This article also covers  the installation of t ransformers in hazardous 
(classified) locations as modified by Articles 501 through 503. 

, A. General Provisions 

450-2. Definitions. For  the purpose of this article: 

Transformer: The word transformer is intended to mean an individual 
t ransformer,  single- or polyphase,  identified by a singie nameplate ,  unless • 
otherwise indicated in this article. 

450-3 .  Overcurrent Protection. Overcurrent  protection shall comply with 
(a), (b), or (c) below. As used in this section, the word " t r a n s f o r m e r "  shall 
mean a t ransformer  or polyphase bank of two or three single-phase trans- 
formers operating as a unit. 

(a) Transformers Over 600 Volts, Nominal. 
(1) Primary and Secondary. Each transformer over  600 volts,  nominal ,  

shall have primary and secondary protective devices rated or set to open at 
no more than the values noted in Table 450-3(a)(1). 

Exception No. 1: Where the required fuse rating or circuit breaker setting 
does not correspond to a standard rating or setting, the next higher standard 
rating or setting shall be permitted. 

Exception No. 2: As provided in (a)(2) below. 
(2) Supervised Installations. Where conditions of maintenance and 

supervision assure that only qualified persons wi l l  monitor and service the 
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Table 450-3(a)(1) 
Transformers Over 600 Volts 

M a x i m u m  Rating or Setting for Overcurrent Device 

Primary Secondary 

600 Volts or B e l o w  Over 600 Volts 

Transformer , Circuit 
Rated Breaker Fuse 

Impedance Setting Rating 

Not more 
:han 6% 600% 300% 
More than 6% 
~nd not more 
Lhan 10% 400% 300% 

Over 600 Volts 

Circuit 
Breaker . F u ~ e  
Setting Rating 

300% 250% 

250% 225% 
I 

Circuit Breaker 
Setting or 

F u s e  Rating 

125% 

125% 

transformer installation, overcurrent protection as provided in (a)(2) shall be 
permitted. 

a. Primary. Each transformer over 600 volts, nominal, shall be pro- 
iected by an individual overcurrent device on the primary side. Where fuses 
are used, their continuous current rating shall not exceed 250 percent of the 
rated primary current of  the transformer. Where circuit breakers are used, 
they shall be set at not more than 300 percent of the rated primary current of 
the transformer. 

Exception No. 1: Where the required fuse  rating or circuit breaker sett ing ] 
does not correspond to a standard rating or setting, the next higher s tandard 
rating or setting shall be permitted. 

Exception No.. 2: An individual overcurrent device shall not be required 
where the primao'  circuit overcurrent device provides the protection speci- 

f i ed  in this section. 
Exception No.  3: As provided'in (a)(2)b..below: 

b. Primary and Secondary. A transformer over 600 volts, nominal, 
having an overcurrentdevice on the secondary side rated or set to open at not 
more than the values noted in Table 450-3(a)(2)b., or a transformer equipped 
with a coordinated thermal overload protection by the manufa{ztur.er, shall 
not be required to have an individual overcurrent de'vice in the primary 
connection provided the primary feeder overcurrent device is rated or set to 
open at not more than the 'values noted in Table 450-3(a)(2)b. 

(b) Transformers 600 Volts, Nominal, or Less. 
(:1) Primary. Each transformer 600 volts, nominal, or less, shall be 

pro tec ted  by an individual overcurrent device on the.primary side, rated or 
set at not more than 125 percent of the rated primary current of the 
transformer. 

Exception No. 1: Where the rated primary current o f  a transformer is 
9 amperes or mope and 125 percent o f  this current does not correspond, to a 
standard rating o f  a fuse  or nonadjustable circuit breaker, the next higher 
standard rating described in Section 240-6 shall be permitted.  Where the 
rated primary current is less than 9 amperes, an overcurrent device rated or 
set at not more than 167 percent o f  the primary current shall be.permitted.  
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Table  450. .3(a)(2)b.  
T ransformers  Over  6 0 0  Volts in Superv ised Locat ions 

Maximum Ratin or Setting for Overcurrent Device 

/ Primary , Secondary 

600 Volts or Below 

Transformer 
Rated 

Impedance 

Not more 
Lhan 6% 
More than 6% 
tnd not more 
Lhan 10% 

Over 600 Volts 

Circuit 
Breaker Fuse 
Setting Rating 

600% 300% 

400% 300% 

Over 600 Volts 

Circuit Circuit Breaker 
Breaker Fuse Setting or 
Setting Rating Fuse Rating 

300% 250% 250% 

250% 225% 250% 

Where the rated primary current is less than 2 amperes,  an overcurrent  
device rated or set at not more than 300 percent  shall be permit ted.  

Exception No.  2: An individual overcurrent device shall not be required 
wh'ere the primary circuit overcurrent device provides the protection speci- 
f i ed  in this section. 

Exception No.  3: As  provided in (b)(2) below. 
(2) Primary and Secondary.  A transformer 600 volts, nominal,  or less, 

having an overcurrent  device on the secondary side rated or set at not more 
than 125 percent  of the rated secondary current  of the t ransformer  shall not 
be required to have an individual overcurrent  device on the primary side if 
the primary feeder overcurrent  device is rated or set at a current  value not 
more than 250 percent  of the rated primary current  of the transformer.  

A t ransformer 600 volts, nominal,  or less, equipped with coordinated 
thermal  overload protection by the manufacturer  a n d  arranged to interrupt  
the primary current,  shall not be required to have an indivi~lual overcurrent  
device on the primary side if the primary feeder overcurrent  device is rated 
or set at a current  value not '  more than six t imes the rated cun 'ent  of the 
t ransformer  for t ransformers  having not more than 6 percent  impedance,  and 
not more than four t imes the rated current  of the transformei- for t ransformers  
having more than 6 but  not more than l0 percent  impedance.  

Exception: Where the rate d secondary current o f  a transformer is 9 amperes 
or more and 125 percent o f  this current does not correspond to a standard rating 
o f  a fuse  or nonadjustable circuit breaker, the next higher standard rating 
described in Section 240-6 shall be permitted. 

Where the rated secondary current is less than 9 amperes,  an overcurrent  
device rated or set at  not more than 167 percent  o f  the rated secondary 
current shall be permitted.  \ 

(c) Potential (Voltage) Transformers. Potential t ransformers  installed in- 
doors or enclosed shall be protected with primary fuses. 

(FPN): See also Section 384-22. 

4 5 0 - 4 .  Autotransformers 6 0 0  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 
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with each ungrounded .input conductor . .Such  overcurrent  device, shall be 
rated or set at not more than_ 125 percent  o f  the rated full-load input current  
of.the autotransformer.  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 Diagram 
450-4. 

SHUNT 
WINDING(S) 

t~ 

Diagram 450-4 

• Exception: W h e r e t h e l  rated inputlcurrent o f  an autotransformer is 9.am- 
peres or more. and 125 percent  .of  this current does not correspond to a 
standard rating o f  a fuse  or nonadjustable circuit breaker, the next higher 
standard rating described in Section 240-6 shall be permitted.  Where the 
rated input current is less than 9 amperes,  an overcurrent device rated or set 
.at not more .than 167 percent  o f  the input current shall be permitted..  

(b) . Transformer Field-Connected as an Autotransformer. A transformer 
field-connected a s a n  autotransformer shall be idefitified for use at elevated 

• voltage. 

.(FPN): For information on permitted uses of autotransformers, see Section I 
210-9. I 

450-5. Gr0undingAutotransformers. Grounding autotransformers  covered 
in this secti9n are zig-zag or T-connected transformers connected to 3-phase, 
3-wire ungrounded systems for the purpose of creating a 3-phase, 4-wire 
distribution s y s t e m o r  to provide a neutral  reference for grounding purposes.  
Such transformers shall have a c o n t i n u o u s  per phase current  rating and a 
cont inuous:neutral  current rating. 

(FPN) :  The pfiase.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 the following: 
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(1) Connections. The t ransformer shall be directly connected tO the 
ungrounded phase conductors  and shall not be switched or provided with 
overcurrent  protection which is independent  of the main s w i t c h - a n d  
common-tr ip  oyercurrent  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-tr ip overcurrent  
protection referred to in (a)(l) above 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 will cause 
the opening of a main switch or common-tr ip overcurrent  device for the 
3-phase, 4-wire system shall be provided to guard against single-phasing or  
internal faults. 

(FPN): This can be accomplished by the use of two,subtractive-connected 
donut-t.ype current transformers installed to sense and signal when an unbalance 
occurs m the line current to the autotransformer of 50 percent or more of rated • 
current. 

(4) Rating. The autotransformer shall have a continuous neutral  cur- 
rent rating 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 the following requirements : ,  

(1) Rating. The autotransformer shall have a cont inuous neutral  cur- 
rent rating sufficient for the specifie d ground-fault current.  ' 

(2) Overcurrent Protection. An overcurrent  protective de~cice of ade- 
quate short-circuit  rating that will open simultaneously all ungrounded 
conductors  • when it operates ,  shall be applied in the grounding 
autotransformer  branch circuit and rated or set at a current  not exceeding 125 
percent  of the autotransformer continuous per phase current  rating o r 4 2  
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 
which would be more than the short-t ime current  rating of the grounding 
autotransformer or any series connected devices, in the neutral  connect ion 
thereto.  

(c) Ground Reference for Damping Transitory,Overvoltages. A grounding 
autotransformer,  used to limit transitory overvoltages shall be of suitable 
rating and connected in accordance with (a)(l) above.  ,. 

450-6 .  Secondary Ties. 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 t ransformers . :The tie shall be 
permitted .to consist, of one or more  conductors  per-phase. 

As used in.this section, the word " t r ans fo rmer"  means a t ransformer or a 
bank of ' t tansf0rmers  operating as a 'unit :  
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(a) .Tie Circuits. Tie circuits shall be provided with overcurrent protec- 
tion at each end as required in Article 240. 

. Exception: Under the conditions described in (a)(1,) and (a)(2) below, the 
"overcurrent protection shall be permitted to be in accordance with (a)(3) 
below. 

(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 Article 240, the 
rated, ampacity of the tie shall not be less than" 67 percent of the rated 
secondary current of the largest transformer connected to the secondary tie 
system. 

(2), toads Connected Between Transformer Supply Points. Where load is 
connected ,to the tie at any. point  between transformer supply points and 
overcurrent protect ionis  not provided in accordance With Article 240, the 
rated ampacity of the tie shall not be less than 100 percent of. the ra ted  
.secondary current of the largest, transformer connected to the secondary tie 
system. ' 

Exception: As otherwise provided in (a)(4) below. 

(3) Tie Circuit Protection. Under the conditions described in (a)(1) and 
(a)(2) above,, both ends of each tie conductor shall be equipped with a 
protective dev ice tha t  will open 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 current- 
time characteristics. 

(4) Interconnection of Phase Conductors.Between Transformer Supply 
Points.-Where the-tie consists o fmore . than  one conductor per phase, the 
conductors of each phase shall be interconnected in order to establish a load 
supply point, and the protection specified in (a)(3) above shall be provided in 
each tie conductorat . this  point• 

Exception:" Loi~ds shdll be permitted to be connected to-the individual 
conductors of  a paralleled conductor tie without interconnecting the conduc- 
tors of  each phase and without the protection specified in (a)(3) above at load 
connection points provided the iie conductor's of  each phase have a com- 
bined capacity of not less.-than 133 percent of  the rated secondary current o f  
the largest transformer connected tothe secondary tie system;.the total.load 
of"such taps does not exceed the rated secondary current of  the largest 
transformer; and the loads .are 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,- will de-energize the associated t ie  conductors and 
limiters. "The current rating of the .switch shall not be less than the rated 
current of the conductors connected to the switch. It shall be capable of 
opening its ratedcurrent ,  and.it shall be constructed so_that it will not open 
under the  magnetic forces resulting from short-circuit  current: 
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(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:In addition, an automatic circuit 
breaker actuated by a reverse-current relay set toopen  the circuit at not more 
than the rated secondarycurrent  of l~he transformer, shall be  provided in the 
secondary connection of each t ransformer .  

450-7. Parallel Operation. Transformers shall be permitted to  be operated 
in parallel and switched as a unit provided that the overcurrent protection for 
each transformer mee ts the  requirements of Section 450-3 (a)(l) or (b)(2). 

450-8,  Guarding. Transformers.shall be guarded as specified in (a) through 
(d) b e l o w .  

(a) Mechanical Protection. Appropriate provisions sha l l , be  made to 
minimize the possibility of damage to transformers from externaF causes 
where the transformers ~ are exposed to physical damage. .  

(b) Case or Enclosure: Dry-type transformers shall be provided with a 
noncombustible moisture-resistant case or enclosure that will provide rea- 
sonable protection against the accidental insertion of foreign objects. , 

(c) Exposed Live Parts. Transformers shall be so inst/~lled that live parts 
are guarded in accordance with Sections l l0-17 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 temperature rise which is in" 
excess of the transformer rating. 

(FPN): See ANSI/ IEEE C57.12.00-1980, General. Requirements for Liquid- 
Immersed Distribution, Power, and Regulating Transformers and ANSI/IEEE 
C57.12.01-1979, General Requirements for Dry-Type Distribution and Power 
Transformers. 

450-10.  Grounding. Exposed noncurrent-carrying metal parts of trans- 
former installations, including fences, guards, etc., shall be grounded where 
required under the conditions and in the manner specified for electric 
equipment and other exposed metal parts in Article 250. 

450-11.  Marking.. Each transformer sh'all be provided with,a  nameplate 
giving the name of the manufacturer; rated kilovolt-amperes; '  frequency; 
primary and secondary voltage; impedance of transformei's 25 kVA and 
larger; and the amount and k indof  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 volts and below terminals of transformer line and load connections shall 
be as required in Section 373-6. Wiring space for pigtail connections shall 
conform to Table 370-6(b). 

450-13.  Location. Transformers and transformer vaults shall be readily 
accessible to qualified personfiel for inspection and maintenance. 
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Exception No. 1: 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. 

Exception No. 2: 'Dry-type transformers not exceeding 600 volts, nominal, 
and 50 kVA shall be permitted in fire-resistant hollow spaces of  buildings not 
permanently closed in by structure and provided they meet the ventilation 
requirements of  Section 450-9. 

Unless specified otherwise.in this article, the term "f ire  res is tant"  means 
a construct ion hffvirig a minimum fire rating of 1 )iour'. .- 

(FPN): See ANSI/ASTM El 19-83, and Fire Tests of.Building Construction and .. 
Materials, N FPA 251-1985. 

(FPN): The location of different types of transformers'is covered in Part B of 
Article 450. The location of transformer vaults, is covered in. Section 450-41. 

B. Specific Provisions Applicableto Different 
Types of Transformers 

450-21. Dry-type Transformers Installed Indoors. 
(a) Not Over 1121/2 kVA. Dry-type transformers installed indoors and I 

rated 112V2 kVA or less shall have a separation of at least 12 inches.(305 mm) 
'from combustible material-unless separated therefrom by a fire-resistant, 
heat-insulating barrier, or unless of a rating not over  600 volts and completely 
enclosed except for ventilating ,openings., 

(b) Over 112x/2 kVA. Individual dry-type transformers of more than ! 12V2 ] 
kVA rating shall be installed in a t ransformer room of fire-resistant construc- 
tion. 

Exception No. 1 to (b): Transformers with 80°C rise or higher ratings and-. I 
separated from combustible material by a. fir¢-resistant, heat-insulating • 
barrier or by not less than 6 feet (1.83 m) horizontally and 12 feet (3.66 m) 
vertically. 

Exception No. 2 to (b): Transformers with 80°C rise or-higher ratings and 
of completely enclosed,and ventilated-type construction. 

(c) Over 35,000 Volts. Dry-type transformers r a t ed  over  35,000 volts 
shall be installed in a vault complying with Part C of this article. 

450-22. Dry-type Transformers. Installed Outdoors. Dry- type  t ransformers  
installed' outdoors shall have a weatherproof  enclosure.  

Transformers  exceeding .11272 kVA shall not be located within 12 inches 
(305 mm) of combustible materials of buildings. 

450-23. Less-Flammable Liquid-Insulated Transformers. Transformers in- 
sulated with listed less-flammable liquids shall be permitted to be installed 
without a vault in Type I and Type II buildings in areas in .which no 
combustible 'materials  are stored, provided there is a liquid confinement  area, 
the liquid has a fire point of not less than 300°C, and the ins ta l la t ion  complies 
with all restrictions p rov ided  for in the listing of the liquid. Such indoor  
t ransformer installations not meeting the restrictions of the liquid listing, or 
installed in other  than Type I or. Type II buildings, or in areas where 
combustible materials are stored, shall (1) be p rov idedwi th  an automatic  fire 
extinguishing system and a liquid confinement area, or (2) be inst/tlled in a 
vault complying with Part C of.this article. 
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Transformers instal led indoor s  and rated over 35,000 volts shall be 
installed in a vault. 

Transformers installed outdoors shall comply with the safeguards of 
Section 450-27. 
-.(FPN): Asused in this section, "noncombustible" refers to Type I and Type II 

building construction and ,noncombustible materials as defined in Types of 
Building.Construction, NFPA 220-1985 (ANSI). 

(FPN): See-definition of "listed" in- Article 100. 

450-24.-  Nonflammable Fluid-Insulated Transformers. Transformers insu- 
lated with a dielectr ic f luid ident i f ied as nonf lammable shall be permit ted to 
be - installed .indoors o r  outdoors. Such transformers installed indoors and 
rated over 35,000 vol~s shall be installed in a vault. 

For the:purposes  of this. section, a nonflammable dielectric fluid is one 
which does not have a flash point or fire point, and.is not flammable in air. 

450-25 .  Askarel-lnsulated Transformers "lnstalled .. Indoors. Askarel-insu- 
lated 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 will carry such  gases outside the building. Askarel-insulated 
transformers rated over  35,000 volts shall be installed in a vault. 

4 5 0 - 2 6 .  Oil-Insulated Transformers Installed Indoors. Oil-insulated trans- 
formers installed indoors shall be installed in a vault constructed as specified 

• in Part C of this article. 
Exception No. 1: Where the total capacity does not exceed 112¥2 kVA, the 

vault specified in Part C o f  this article shall be permitted to be constructed o f  
reinforced concrete not less than 4 inches (102 rnm) thick. 

Exception No. 2: Where the nominal voltage does not exceed 600, a vault 
shah not be required i f  suitable arrangements are made to prevent a 
transformer 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 furnace transformers having a total rating not 
exceeding 75 kVA shall  be permitted to be installed without a vault in a 
building or room o f  fire-resistant construction, provided suitable arrange- 
ments are thade.to prevent a transformer oil fire from spreading to other 
combustible material. 

Exception No. 4: Transformers shall be permitted to be installed in a 
detached building that does not comply with Part C o f  this art ic le i f  neither 
the building nor its contents presents a fire hazard to any other building or 
property, and if  the building is used only-in supplying electric ser'vice and the 
interior is accessible only to qualified persons. 
~. Exception No. 5: Oil-insulated transformers shall be permitted to be used 

without a vault in portable and mobile surface mining equipment (such as 
electric excavators) i f  each o f  the following conditions is met: 

a. Provision is made for draining leaking fluid to the ground. 
b. Safe egress is provided for personnel. 
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c. A minimum V4-inch (6.35-mm) steel barrier is provided for personnel 
protection. 

450-27 .  Oil-lns'ulated Transformers Installed Outdoors. Combustible mate- 
rial, combustible buildings, and parts of buildings, fire escapes,  and door  and 
window openings shall be safeguarded from fires originating in oil-insulated 
transformers installed on roofs, at tached to, or adjacent to a building or 
combustible material. 

Space separations,  fire-resistant barriers,  automatic water spray systems,  
and enclosures that c6nfine the oil of a ruptured i ransformer tank are 
recognized safeguards. On.e or more of these safeguards shall be applied 
according to the degree of hazard involved in cases where the t ransformer  
installation presents a fire hazard. 

Oil enclosures shall be permitted to consist  of fire-resistant dikes, curbed 
areas or basins, or t renches filled with coarse-crushed stone. Oil enclosures 
shall be provided with trapped drains where the exposure and the quanti ty of 
oil involved are such that removal of oil is important.  

(FPN): For additional information on transformers installed on poles or struc- I 
tures or underground, see National Electrical Safety Code, ANSI C2-1984. I 

450-28 .  Modification of Transformers. When modifications are made to a 
t ransformer in an existing installatiori which changes the type of the trans- 
former with respect to Part B of this article, such t ransformer shall be marked 
to show the type of insulating liquid installed and the modified t ransformer 
installation shall comply with the applicable requirements  for t h a t  type of 
transformer.  

C. Transformer Vaults 

450-41 .  Location. Vaults shall be located where they can be vent i lated to 
the outside air without using flues or ducts wherever  such an arrangement  is 
practicable. 

450-42 .  Walls, Roof and Floor. The walls and roofs of vaults shall be 
constructed of materials which 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 not less than 4 inches (102 mm) 
thick, but when the vault is constructed with a vacant  space or o ther  stories 
below it, the floor shall have. adequate structural strength for the load 
imposed thereon and a minimum fire resistance of 3 hours.- 

(FPN)- For additional information, see ANSI/ASTM El 19-83, and Fire Tests 
of Building Construction and Materials, NFPA 251-1985. 

(FPN): Six-inch (152-ram) thick reinforced concrete is a typical 3-hour con- 
struction. 

Exception: Where transformers are protected with aatomatic sprinkler, 
water spray, carbon dioxide, or halon, construction of  l-hour rating shall be 
permitted. 

450-43 .  Doorways. Vault doorwayssha l l  be protected as follows: 
(a) Type of Door. Each doorway leading into a vault from the bu i ld ing '  

interior shall  be provided,with a tight-fitting door having a minimum fire 
rating of 3 hours. The authority having jurisdiction shall' be permit ted to [ 
require such . a  door for an exterior wall-opening where conditions warrant . -  
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Exception: Where transformers are protected with automatic sprinkler, 
water spray, carbon dioxide, or halon, construction of  1-hour rating shall be 
permitted. 

I (FPN): For additional information, see Standard for Fire Doors and Windows, 
NFPA 80-1983 (ANSI). 

(b) Sills. A door sill or curb oi'sufficient height to confine within the vault 
the oil from the largest transformer shall be provided, and in no case shall the 
height be less than 4 inches (102 mm). 

(c) Locks. Entrance doors shall be equipped with locks, and doors shall 
be kept locked, access being allowed only to qualified persons. Locks  .and 
latches shall be so arranged that the door can be readily and quickly opened 
from the inside. 

4 5 0 - 4 5 .  Ventilation Openings. Where required by Section 450-9, openings 
for ventilation shall be provided in accordance with (a) through (f) below. 

(a) Location. Ventilation openings shall be located as far away as possi- 
ble 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. Eor 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 3 square 
inches (1936 sq mm) per kVA of-transformer capacity in service, and in no 
case shall the ne tarea  be less than l square foot (0.093 sq m) for any capacity 
under 50 kVA. 

(d).Covering. Ventilation openings shall b e  covered with durable grat- 
ings, 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. 
Suchdampers  shall possess a standard fire rating of not less than ! Y2 hours. 

(FPN): See Standard for Fire Dampers, ANSI/UL 555-1972. 

(f) Ducts. Ventilating ducts shall be constructed of fire-resistant mate- 
rial. 

450-46.  Drainage. Where practicable, vaults containingmore than 100 kVA 
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 fireprotection, or for transformer 
cooling, shall not be considered foreign to the  electrical installation. 
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450-48 .  Storage in Vaults, Materials shall not be stored in t ransformer 
vaults. -. 

A R T I C L E  460  m C A P A C I T O R S  

460-1 .  Scope. This article covers  the installation of capacitors on electric 
circuits. : " " " 

Surge capacitors or capacitors included as a component  part  of o ther  
apparatus and conforming with the requirements  of such apparatus are 
excluded from these requirements.  

This article also covers  the installation of capacitors in hazardous (classi- 
fied) locations as modified by Articles 501 through 503. 

460-2. Enclosing and Guarding. 
(a) Containing More than 3 Gallons (11.36 L) of Flammable Liquid. 

Capacitors containing more than 3 gallons (11.36 L) of flammable liquid shall 
be enclosed in vaults or outdoor  fenced enclosures complying with Article 
710. 

(b) Accidental Contact. Capacitors shall be enclosed, located, or guarded 
so that  persons cannot  come into accidental contact  or bring conduct ing 
materials into accidental contact  with exposed energized parts,  terminals,  or" 
buses associated wi th  them. 

Exception: No additional g.uarding is required for enclosures accessible 
only to authorized and qualified persons. 

A. 600 Volts, Nominal, and Under 

460-6. Drainage of Stored Charge. Capacitors shall be provided with a 
means of draining the stored charge. 

(a) Time of Discharge. The residual voltage of a capaci tor  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 ei ther  permanent ly  
connected to the terminals of  the capacitor  or capacitor  bank,  or provided 
with automatic means of connect ing it to the terminals of the capacitor  bank 
on removal  of voltage from the line. Manual  means of switching or connect-  
ing 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.ampa~:ity of the motor  
circuit conductors  and in no case less than 135 percent  of the rated current  of 
the capacitor . ,  

(b) Overcurrent Protection. 
• r 

(1), An overcurrent  device shall be provided in each ungrounded con- 
ductor  for each capacitor bank. 
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Exception: A separate overcurrent device shall not be required f o r  a 
capacitor connected on the load side o f  a motor overload protective device. .  

(2) The rating or setting of the overcurrent device shall be as low as 
practicable. 

(c) Disconnecting Means. 
(1) A disconnecting means shall be provided in each ungrounded 

conductor for erich capacitor bank. 

Exception: Where a capacitor is connected on the load side o f  a motor  
overload protec_tive device. 

(2) The disconnecting means shall open all ungrounded conductors 
simultaneously. 

(3) The disconnecting means shall be permitted to disconnect the 
capacitor from the line as a regular operating procedure. 

(4) The rating of the disconnecting means shall not be less than 135 
percent of the rated current of the capacitor. 

460-9. Rating or Setting of Motor Overload Device. Where a moto r  instal- 
lat ion includes a capacitor connected on the load side of the motor overload 
device, the rating or setting of the motor overload device shall be determined 
in accordance with Section 430-32. 

Exception: Ins tead o f  using the ful l - load rated current o f  the motor as 
provided in Section 430-32, a lower value corresponding with the improved 
power  fac tor  o f  the motor circuit shall be used. Section 430-22 applies with 
respect to the rating o f  the motor circuit, conductors.  

460-10 .  Grounding. Capacitor cases shall be grounded in accordance with 
Article 250. 

Exception: Where the capacitor units are supported on a structure Which 
is designed to operate at other than ground potential.  

460-12.  Marking. Each capacitor shall be provided with a nameplate 
givifig the name of the manufacturer, rated voltage, frequency, kilovar or 
amperes, number of phases, and, if filled with a combustible liquid, the 
amount of liquid in gallons. When filled with a nonflammable liquid, the 
nameplate shall so state. The nameplate shall also indicate if a capacitor has 
a discharge device inside the case. 

B. Over 600 Volts, Nominal 

460-24. Switching. 
(a) Load Current. Group-operated switches shall be used for capacitor 

switching and shall be capable of (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. 
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(b) Isolation. 
• (1) A means shall be installed to isolate from all sources of voltage each 

cap~tcitor, capacitor bank, or capacitor installation that will be removed from 
service as a unit. 

(2) The isolating means shall provide a visible gap in the electrical 
circuit adequate for the operating voltage. 

(3) Isolating or disconnecting switches (with no interrupting rating) 
shall be interlocked with the load interrupting device or shall be provided 
with prominently disialayed caution signs in accordance with Section 710-22 
to prevent Switching load current. 

(c) Additional Requirements for Series Capacitors. The proper  switching 
sequence shall be assured by use of one of the following: (l) mechanically 
sequenced isolating and bypass switches; (2) interlocks; or (3) switching 
procedure prominently displayed at the switching location. 

460-25. Overcurrent Protection. 
(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-Phase or Multiphase Devices. Single-phase or multiphase de- 
vices shall be permitted for this purpose. 

(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 capaci- 
tors or capacitor equipment shall be rated or adjusted to operate within the 
limits of the Safe Zone for individual capacitors. 

Exception: I f  the protective devices are rated or adjuste d to operate within 
the l#nits for Zone 1 or Zone 2, the capaciibrs shallbe enclosed or isolated. 

In no event shall the rating oradjustment of the p.rotective devices exceed 
the maximum limit of Zone 2. 

(FPN): For definitions of the Safe Zone, Zone 1, and Zone 2, see the Standard 
for Shunt Power Capacitors, ANSI/IEEE 18-1980. 

460-26. Identification. Eacla capacitor shall be provided with a permanent 
nameplate giving the maker's name, rated voltage, frequency, kilovar or 
amperes, number of phases, and the amount of liquid in gallons identified as 
flammable, if such is the case. 

460-27. Grounding. Capacitor neutrals and cases, if grounded, shall be 
grounded in accordance with Article 250: 

Exception: Where the capacitor units are supported on a structure which 
is designed to operate at other than ground potential. 

460-28. Means for Discharge r 
(a) Means to Reduce the Residual Voltage. A means shall be providedto 

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 perma- 
nently connected to the terminals of the capacitor or provided with automatic 
means of connecting it to the terminals of the capacitor b~ink after discon- 
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nection of the capacitor from the source of supply• The windings of motors, 
or transformers, or of other equipment directly connected to capacitors. 
without a switch or overcurrent device interposed shall meet the require- 
ments of (a) above. 

A R T I C L E  470 m R E S I S T O R S  A N D  R E A C T O R S  

For Rheostats, see Section 430-82. 

A• 600 Volts, Nominal, and Under 

470-1• Scope. This article covers the installation of separate resistors and 
reactors on electric circuits. 

Exception: Resistors and reactors, that are componen!  parts  o f  other 
apparatus.  . 

This article also covers the installation of resistors and reactors i n  
hazardous (classified) locations as modified by Articles 501 through 503.. 

470-2. Location. Resistors and reactors shall not be piaced 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 
12 inches (305 mm). . .: 

470-4.  Conductor Insulation. Insulated conductors used for connections 
between resis.tance elements and controllers shall be suitable for an operating 
temperature of not less than 90°C (194°F). 

Exception: Other conductor insulations shal l  be permi t ted  for  motor 
starting sei+ice. ' " 

B• Over 600 Volts, Nominal -. 

470-18• General. - -. 
(a) Protected Against Physical Damage. Resistors and reactors shall be 

protected against physical damage• 
(b) Isolated by Enclosure or Elevation. Resistois and reactors shall be 

isolated by enclosure or elevation to protect personnel from accidental 
contact with energized parts. 

(c) Combustible Materials. Resistors and reactorsshall  not be installed in 
close enough proximity to combustible materials to constitute a fire hazard 
and in no case closer, than within 1 foot (305 mm) of combustible materials. 

(d) Clearances. Clearances from resistors and reactors to grounded 
surfaces shall be adequate for the voltage involved. 

(FPN): See Article 710. 
(e) Temperature Rise from Induced Circulating Currents. Metallic enclo- 

sures of reactors and adjacent metal parts shall be installed so that the 
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temperature rise from induced c i rcula t ingcurrents  will not be hazardous to 
personnel  or consti tute a fire hazard. 

470-19 .  Grounding. Resistor and reactor  cases or enclosures shall be 
grounded in accordance with Article 250. 

470-20 .  Oil-Filled Reac to r s . .  Installation of oil-filled reactors,  in addition to 
the above requirements,  shall comply with applicable requirements  of Article 
450. .. 

A R T I C L E  480 m S T O R A G E  B A T T E R I E S  

4 8 0 ~ 1 .  Scope. The provisions of this article shall apply to all stat ionary 
installations of storage batteries. 

480-2. Definitions. 
Storage Batteo:  A battery comprised of one or more rechargeable cells of 

the lead-acid, nickel-cadmium, or other  rechargeable electrochemical  types. 

Sealed Cell or Battery: A sealed.cell  or battery is one which has n o  
provision for the addition of water or electrolyte or for external measurement  
of. electrolyte specific gravity. The individual ce[ls shall be permitted to 
contain a venting arrangement  as described in Section480-9(b).  

Nominal .Battery Voltage: The voltage computed on the basis of 2.0 volts 
per cell for the lead-acid type and 1.2 volts per cell-for the alkali type. 

480-3 .  Wiring and Equipment Supplied from Bakeries. Wiring and equip-. 
ment supplied from storage batteries shall be subject to the requirements  of 
this Code applying to wiriiag and equipment operating at the same voltage. 

Exception: As otherwise provided for communication systems in Article 
800. 

480-4.  Grounding. The requirements of Article 250 shall apply. 

480-5 .  Insulation of Batteries of Not Over 250 Volts. This se~:tion shall 
apply to storage batteries having cells so connected as to ope ra t ea t  a nominal 
battery voltage of not over  250 volts. 

(a) 'Vented Lead-Acid Batteries. Cells and mult icompartment  batteries 
with covers  sealed to containers of nonconduct ive,  heat-resistant  material 
shall not require additional-insulating support. 

(b) Vented Alkaline~type Batteries. Cells with covers  sealed to jars  of 
nonconduct ive,  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 any one tray. 

• ( c )  Rubber Jars. Cells in rubber  or composit ion 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 shah be sectionalized into groups of 1-50 volts or less and each group 
shall have the individual cells installed in trays or on racks. 

-: 



70-422 NATIONAL ELECTRICAL CODE 

(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. 

480-6. Insulation of Batteries of Over 250 Volts. The provisions of Section 
480-5 shall apply to storage batteries having the cells so connected 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 on any 
one rack. Insulation, which can be air, shall be provided between racks and 
shall have a minimum separation between live battery parts of opposite 
polarity of 2 inches (50.8 mm) for battery voltages not exceeding 600 volts. 
Maximum protection can be secured by sectionalizing high-voltage batteries 
into groups. 

480~7. Racks and Trays. Racks and trays shall compl3/ with (a) and (b) 
below. 

(a) Racks. Racks, as required in this article, are rigid frames designed to 
support cells or trays. They shall be substantial and made of: 

(1) Metal, so treated 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 or Conducting 
members; or '  

(2) Other construction such as fiberglass or other suitable nonconduc- 
tive materials. 

(b) Trays. Trays are' frames, sfich as crates or shallow boxes usually of 
wood or other nonc0nductive material, so constructed or ti'eated as to be 
resistant to deteriorating action b~' the electrolyte. 

480-8. Battery Locations. Battery locations shall conform to (a) and (b) 
below. 

(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 Section ll0-17. 

480-9. Vents. 
(a) Vented Cells. Each vented cell shal} be equipped with a flame arrestor 

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/cells shall be equipped with a pressure- 
release vent to prevent excessive accumulation of gas pressure or the battery/ 
cell shall be designed to prevent scatter of cell parts in event of a cell 
explosion. 
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Chapter 5. Special Occupancies 

A R T I C L E  500 m H A Z A R D O U S  ( C L A S S I F I E D )  L O C A T I O N S  

500-1.  S c o p e - -  Articles 500  Through 503.  Articles 500 through 503 cover  
the requirements for electrical equ ipment . and  wiring for all yoltages in 
locations where fire or explosion hazards may ex i s tdue  to flammable gases 
or vapors,  flammable liquids, combustible dust ,  or ignitible fibers or flyings. 

500-2.  Location and General Requirements. L o c a t i o n s  are classified de- 
pending on the properties of the flammable vapors,  liquids or gases, or 
combustible dusts or fibers which m~iy be.pre~ent and the likelihood that a 
flammable or combustible concentrat ion 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. 

Exception: Except as modified in Articles 500 through 503, all.other 
applicable rules contained in this Code shall apply toelectric equipment and 
wiring installed in hazardous (classified) locations. 

(FPN No. 1): For definitions of "'approved" and "explosionproof" as used in 
these articles, see Article 100; "dust-ignition-proof'  is defined in Section 502-1• 

Equipment  and associated wiring approved as intrinsically safe shall be 
permitted in any hazardous (classified) location for which it is approved,  and 
the provisions of Articles 500 through 517 shall not be considered applicable 
to such installations. Wiring of intrinsically safe circuits shall be physically 
separated from wiring of all other circuits that are not intrinsically .safe. 
Means shall be provided to prevent the passage of gases and vapors. 
Intrinsically safe equipment  and wiring shall not be capable of releasing 
sufficient electrical or thermal energy Under normal or abnormal  conditions to 
cause ignition of a specific flammable or combu~{ible atmospheric  mixture in 
its most easily ignitible concentrat ion.  

Abnormal  condi t ions  shall include accidental damage to any field-installed 
wiring, failure of electrical components ,  application of overvoltage,  adjust- 
ment and maintenance operations,  and other similar conditions. 

• (FPN No. 2): For further information, see Intrinsically Safe Apparatus and 
Associated Apparatus for Use in Class I. II, and Ill, Division I Hazardous 
Locations, NFPA 493-1978 (ANSI) and Installation of Intrinsically Safe Instru- 
ment Systems in Class I Hazardous Locations (ANSI/ISA RP 12.6-1976). 

-(FPN No. 3): 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 less hazardous or in nonhazardous locations and thus to 
reduce the amount of special equipment required. In some cases, hazards may be 
reduced or hazardous (classified) locations limited or  elimin~ited by adequate 
positive-pressure ventilation from a source of clean air in conjunction with 
effective safeguards against ventilation failure. For further information, see 
Purged and Pressurized Enclosures for Electrical Equipment in Hazardous 
Locations, NFPA 496-1982 (ANSI). 
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(FPN No. 4): It is important that the authority having jurisdiction be familiar 
with such recorded industrial experience as well as with such standards of the 
National Fire Protection Association as may be of use in the classification of 
various areas with respect to hazard. 

(FPN No. 5): For further information, see Flammable and Combustible Liq- 
uids Code, NFPA 30-1984; Drycleaning Plants, NFPA 32-1985; Manufacture of 
Organic Coatings, NFPA 35-1982 (ANSI); Solvent Extraction Plants, NFPA 
36-1985 (ANSI); Storage and Handling of Liquefied Petroleum Gases, NFPA . 
58-1986; Storage and Handling of Liquefied Petroleum Gases at Utility Gas Plants, 
NFPA 59-1984; and Classification of Class I Hazardous Locations for Electrical 
Installations in Chemical Plants, NFPA 497A-1986 (ANSI). 

(FPN No. 6): For protection against static electricity hazards, see Recom- 
I mended Practice on Static Electricity, NFPA 77-1983 (ANSI). 

. (FPN No. 7): For electrical classification of laboratory areas, see Standard for 
"Fire Protection of Laboratories Using Chemicals, NFPA 45-1982. 

All conduit  i 'eferred to herein shall be threaded with a NPT standard 
conduit  cutting die that  provides ¥,-inch taper per  foot. Such conduit  shall be 
made up wrenchtight  to minimize sparking when fault current  flows through 
the conduit  system. Where  it is impractical to make a threaded joint  tight, a 
bonding jumper  shall be utilized. 

500-3. Special Precaution~ Articles 500 through 503 require equipment  
construct ion and installation that  will ensure safe performance under  condi- 
tions of  proper  use and maintenance.  

(FPN No. I): It is important that inspection authorities and users exercise more 
than ordinary care with regard to installation and maintenance. 

(FPN No. 2): The explosion characteristics of air mixtures of gases, vapors, or 
dusts vary with the specific material involved. For Class I locations, Groups A, B, 
C, and D, the classification involves determinations of maximum explosion 
pressure, maximum safe clearance between parts of a clamped joint in an 
enclosure, and the minimum ignition temperature of the atmospheric mixture. For 

I Class II locations, Groups E, F, and G, the classification involves the tightness of 
the joints of assembly and shaft openings, to prevent entrance of dust in the dust- 
ignition-proof enclosure, the blanketing effect of layers of dust on the equipment 
that may cause overheating, electrical conductivity of the dust, and the ignition 
temperature of the dust. It is necessary, therefore, that equipment be approved 
not only for the class ;but  also for the specific group of the gas, vapor,  or dust that 
will be present. 

(FPN No. 3): Low ambient conditions require special c()nsideration. Explo- 
sionproof or dust-ignition-proof equipment may not be suitable for use at 
temperatures lower than -25°C (-13°F) unless they are approved for low-temper- 
ature service. However at low ambient temperatures flammable concentrations of 
vapors may not exist in a location classified Class I, Division l at normal ambient 
temperature. 

(FPN No. 4): For purposes of testing, approval, and area classification, various 
air mixtures (not oxygen-enriched) have been grouped on the basis of their 
characteristics and facilities have been made available for testing and approving 
equipment for use in the following atmospheric groups: 

(FPN No. 5): Group A: Atmospheres containing acetylene. 
(FPN No. 6): Group B: Atmospheres such as butadiene,* ethylene oxide,** 

propylene oxide,** acrolein,** or hydrogen (or gases or yapors equivalent in 
hazard to hydrogen, such as manufactured gas). 

(FPN No. 7): Group C: Atmospheres such as cyclopropane, ethyl ether, 
ethylene, or gases or vapors of equivalent hazard. 
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~FPN No. 8): Group D: Atmospheres such as acetone, alcohol, ammonia,*** 
benzene, benzol, butane, gasoline, hexane, lacquer solvent vapors, naphtha, 
natural gas, propane, or.gases or vapors of equivalent hazard. 

(FPN No. 9): *Group D equipment may be used for this atmosphere i f such  
equipment is ~isolated in accordance with Section 501-5(a) by sealing all conduit 
Vz-inch size or larger. 

.(FPN NO. 10): **Group C equipment may be used for this atmosphere if such 
equipment is isolated in accordance with Section 501-5(a) by sealing all conduit 
Vz-inch size or larger.. . . -  

(FPN No. l 1): ***For classification of areas involving ammonia atmosphere, 
see Safety Code for Mechanical Refrigeration (ANSI/ASHRAE 15-1978) and 
Safety-Requirements for the Storage and Handling of Anhydrous Ammonia 
(ANSI/CGA G2.1-1981 ). • • 

(FPN No. 12): For properties of .flammable liquids, gases, and solids, see 
Classification of Gases, Vapors and Dusts for Electrical Equipment in Hazardous 
(Classified) Locations, NFPA 497M-1986, and Fire Hazard Properties of Flam- 
mable Liquids, Gases, and Volatile Solids, NFPA 325M-1984. 

(FPN No. 13): Group E: Atmospheres containing combustible metal dusts 
regardless of resistivity, or other combustible dusts of similarly hazardous 
characteristics having resistivity of less than 105 ohm-centimeter. 

(FPN No. 14): Group F: Atmospheres containing carbon black, charcoal, coal 
or coke dusts which have more than 8 percent total volatile material (carbonblack 
per  ASTM D1620; charcoal, coal and coke dusts per ASTM D271) or atmospheres 

• containing these ~dusts sens i t ized 'by other materials so that they present an 
2 - explosion hazard, and having resistivity greater than 10 ohm-centimeter but equal 

to or less than 108 ohm-centimeter. 

(FPN No. 15): Group G:~Atmospheres containing combustible dusts fiaving 
• resistivity of 10 ~ ohm-centimeter or greater. 

(FPN No. 16): Certain chemical atinospheres may have characteristics that T 
_ require safeguards beyond those.required" for any of the above groups. Carbon 
disulfide is one of these chemicals because of its low ignition temperature, 100°C 
(212°F), and the small joint clearance to arrest its flame. 

(FPN No. 17): 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 ignitionenergies lower than any material classified in 
a n y o f  the Class I or Class II Groups. 

(FPN No. 18): Certain dusts may require additional precautions due to 
chemical phenomena that can result in the generation of ignitible gases. See 
National Electrical Safety Code (ANSI C2-1984), Section 127A-Coal Handling 
Areas. 

(a) Approval for Class and Properties. Equipment  shall be approved not 
o n l y  for the class of . locat ion-but  also for the explosive, combustible,  or 
ignitible properties of the specific gas, vapor, dust,  fiber, or flyings 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 tlae 
specific gas or vapor. Class II equipment  shall not have an external  
tempera ture  higher than that specified in Section 500-3(d). Class lII equip- 
m e n t  shal l  not exceed the maximum surface  temperatures  specified in 
Section503-1.  

Equipment  that has been approved for a Division 1 location shall be 
permitted in a Division 2 location of the same class and group. 
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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 consti tute a 
source of ignition under  normal operating conditions. 

Unless otherwise specified, normal operating conditions for motors shall 
be assumed to be rated full-load steady conditions.  

Where  flammable gases or combustible dusts are or may be present at t h e  
same time, the simultaneous presence of both shall be considered, when 
determining the safe operating temperature of the electrical equipment.  

(FPN): The characteristics of various atmospheric mixtures of gases, vapors, 
and dusts depend on the specific material involved. 

(b) Marking. Approved equipment shall be marked to show the.Class ,  
Group, and operating temperature  or temperature  range referenced to a 40°C 
ambient .  

The temperature  range, if. provided, shall be indicated in identification 
numbers ,  as shown in Table 500-3(b). 

Identification numbers  marked on equipment nameplates  shall be in 
accordance with Table 500-3(b). .. 

Equipment  which is approved for Class I and Class I1 shall be marked with 
the maximum safe operating temperature,  as determined by simultaneous 
exposure to the combinat ions of Class I and Class II conditions.  

Exception No. 1: Equipment o f  the nonheat-producing type, such as 
junction boxes, conduit, and fittings and equipment o f  the heat-producing 
type having a maximum temperature not more than IO0°C (212°F), shall not 
be required to have a marked operating temperature or temperature range. 

Exception No. 2: Fixed lighting fixtures marked for  use in Class I, Division 
2 or Class H, Division 2 locations only shall not be required to be marked to 
indicate the group. 

Exception No. 3: Fixed general-purpose equipment in Class I locations, . 
other than fixed lighting fixtures, which is acceptable for  use in Class I, 
Division 2 locations shall not be required to be marked with the Class, 
Group, Division or operating temperature. 

Exception No. 4: Fixed dusttight equipment other than f x e d  lighting 
fixtures which are acceptable for use in Class H, Division 2 and Class I l l  
locations shall not be required to be marked with the,Class, Group, Division 
or operating temperature. 

(FPN): For purposes of testing, and approval, various atmospheric mixtures 
(not oxygen-enriched) have been grouped on the basis.of their characteristics, and 
facilities have been made available for testing and approving equipment for use in 
the atmospheric groups listed in Classification of Gases, Vapors, and Dusts for 
Electrical Equipment in Hazardous (Classified) Locations, NFPA 497M-1986. 
Since there is no consistent relationship between explosion properties and ignition 
temperature, the two are.independent.requirements. 

"(c) Class I Temperature. The temperature  marking.specified ira(b) above 
shall not exceed .the ignition temperature  of the specific gas or vapor  to be. 
encountered.  

(FPN): For information .regarding ignition temperatures.:of gases and vapors~ .. 
see Classification of Gases, Vapors, and Dusts for Electrical Equipment i n  
H~izardous (Classified) Locations, NFPA 497M:1986, and Fire Hazard Properties 
of Flammable Liquids, G-rises, and Volatile Solids, NFPA'325M-1984? 
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Table 500-3(b) .  Identif ication Numbers 

Maximum 
Temperature Identification 

Degrees C Degrees F Number 

450 842 TI 
300 572 T2 
280 536 T2A 
260 500 T2B 
230 446 T2C 
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 

Formerly the temperature limit of each Group was assumecl to be the 
lowest ignition temperature of any material in the Group, i.e~, 280°C for 
Group D, 180°C for Group C. 

(FPN): To avoid revising this limit as new gases are added (see hexane in 
Group D and acetaldehyde in Group C), temperature will be specified in future 
markings. 

The ignition temperature for which equipment was approved prior to this 
requirement shall be assumed to be as follows: 

Group A - - 2 8 0 ° C  (536°F) Group C - -  180°C (356°F) 
Group B- -280°C (536°F) Group D- -280°C (536°F) 

.(d) Class II Temperature.. The surface temperature marking specified, in 
(b) above shall be less than the ignition temperature of the specific dust and 

.in no case shall it be greater than the temperature given below for Groups E, 
F, and G. (See Classification of Gases, Vapors, and Dusts for Electrical 
Equipment in Hazardous (Classified) Locations, NFPA 497M-1986 for min- 
imum ignition temperatures of specific dusts.) 

Exception: ,Equipment subject  to overloads shall not exceed 150°C (302°F) 
in normal operation and shall not exceed the ignition temperature o f  the 
specific dust or 200°C (392°F), whichever is Iower/.~vhen installed in locations 
which are classified due to carbonaceous dusts. 

The maximum surface t empera tu re fo r  ,which equipment  was approved 
pri6r to this requirement shall be assumed to be as follows: 

• Equipment that 
Is Not Subject 
to Overloading 

Classl l  Degrees Degrees 
Group C F 

E 200 392 
F 200 392 
G 165 329 

Equipment (such as Motors or Power 
- Transformers) that May Be Overloaded 

Normal Operation Abnormal Operation 

Degrees Degrees • Degrees Degrees 
1 C F C F 

200 392 200 392 
150 302 200 392 
120 248 165 329 
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500-4. Specific Occupancies. Articles 510. through 517 cover  garages, 
aircraft hangars,  gasoline dispensing and service stations, bulk storage 
plants, spray application, dipping .and coating processes,  and health care 
facilities. 

500-5 .  Class I Locations. Class 1 locations are those in which flammable 
gases or vapors are or may be present in the air in quantit ies sufficient to 
produce explosive or ignitible mixtures. Class I locations shall include those 
specified in (a) and (b) below. 

(a) Class I, Division 1. A Class 1, Division 1 location is a location: (1) in . 
which ignitible concentrat ions of.flammable gases or vapors can exist under  
normal operating conditions;  or (2) in which ignitible concentra t ions  of such" 

g a s e s  or vapors may exist frequently because o f  repair or maintenance 
operations or because of- leakage;  or (3) in which breakdown or faulty 
operation of equipment or processes might release ignitible concentra t ions  of 
flammable gases or vapors,  and might also cause simultaneous failure of'  
electric equipment.  

(FPN): This classification usually includes locations where volatile flammable 
liquids or liquefied flammable gases are transferred from one container to another; 
inte.riors of spray booths and areas in the vicinity, of spraying and painting 
operations where volatile flammable solvents are used; locations containing open 
tanks or vats of volatile flammable liquids: drying rooms or compartments for the 
evaporation of flammable solvents; locations containing f a t a h d  oil extraction 
equipment using volatile flammable solvents; portions of cleaning and dyeing. 
plants where flammable liquids are used; 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 open, lightly stoppered, or easily ruptured containers; and all other 
locations where ignitible concentrations of flammable vapors or gases are likely to 
occur in the course of normal operations. 

(b) Class I, Division 2. A Class l; Division 2 location is a location: (1) in 
which volatile flammable liquids or flammable gases 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 on!y 
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 
concentra t ions  of gases or 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 1, Division l location, an d to which ignitible concentra t ions  of gases 
or vapors might occasionally be communicated unless such communicat ion is 
prevented by adequate positive-pressure ventilation from a source of clean 
air, and effective safeguards against ventilation failure are provided. 

(FPN): This classification usually includes locations where volatile flammable 
liquids or flammable gases or vapors are used, but which, 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. 

(FPN): Piping without valves, checks, meters, and similar devices would not • 
ordinarily introduce a hazardous conditioneven though used for flammable liquids 
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• or gases. Locations used for the storage of flammable liquids or of liquefied or 
compressed gases in sealed containers would liOt normally be considered hazard-, 
ous unless subject to other hazardous conditions also. 

Electrical conduits and their associated enclosures' separated from process 
fluids by a single seal or barrier.shall be classed as a Division 2 location if the 
outside of the conduit and enclosures is a nonhazardous location. 

500-6.  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 (a) a n d  (b) below. 

(a) Class II, Division 1. A Class II, Division l location, is a location: (l)  in 
which combustible dust is in the air under  normal operating conditions in 
quantit ies 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 migh t . a l so  
provide a source of ignition through simultaneous failure of electric equip- 
ment,  operation of protection devices, or from other  causes;  or (3) in which 
combustible dusts of a n  electrically conductive nature may be present  in 
hazardous quantities. 

(FPN): Combustible dusts which are electrically nonconductive include dusts 
produced in the handling and processing of grain and grain products, pulverized 
sugar and cocoa, dried egg and milk powders~ pulverized spices, starch and 
pastes, potato and woodflour, oil meal from beans and seed, dried hay, and other 
organic materials which may produce combustible.dusts when processed or 
handled. Electrically conductive dusts are dusts with a resistivity less than .10 5, 
ohm-centimeter. Dusts containing magnesium or aluminum are.particularly haz- 
ardous and the use of extreme precaution will be necessary to avoid ignition and 
explosion. 

(b) Class II, Division 2." A Class II Division 2 location is a location where 
combustible dust is not normally in the air in quantit ies sufficient to produce 
explosive or ignitible mixtures, and dust accumulat ions are normally insuf- 
ficient to interfere with the normal operation .of electrical equipment  or o t h e r  
apparatus,  but combustible d u s t m a y  be in suspension in the air as a result of• 
infrequent malfunctioning of handling or processing equipment,  and where 
combustible dust accumulations on, in, or . in  the vicinity of the electrical 
equipment may be sufficient to interfere with the safe dissipation of heat from 
electrical equipment or may be ignitible by abnormal  operation or failure of 
electrical equipment.  

(FPN): 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. 
(FPN): Where products such as seed are handled in a manner which, produces 

low.quantities of dust, th e amount of dust deposited may not warrant classifica- . 
tion. 

5 0 0 - 7 .  Class III Loca t i ons .  Class III locations are those that are hazardous 
because of the presence of easily ignitible fibers or flyings, but in which such 
fibers or flyings are 'not likely to be in suspension in the air in quan t i t i e s  
sufficient to produce ignit iblemixtures.  Class III locations shall include those 
specified in (a) and (b) below• 

(a) Class Ill,. Division 1. A Class Il l ,  Division l location is a location in 
which easily ignitible fibers or materials producing combust ible  flyings are 
handled, manufactured,  or used. 
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(FPN): Such locations usually include ~ some pfirts of rayon, cotton~ and other 
textile mills; combustible fiber manufacturing and processing plants; cotton gins 
and cotton-seed mills; flax-processing plants; clothing manufacturing plants; 
woodworking plants; and establishments and industries involving similar hazard- 
ous processes or conditions. .. 

(FPN): Easily ignitible fibers and flyings 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. 

(b) Class  III, Division 2. A Class I I I ,Divis ion 2 location is a location in 
which easily, ignitible fibers are stored or handled. 

Exception: In process of manufacture. 

A R T I C L E  501 ' . C L A S S  I L O C A T I O N S  

.. 5 0 1 - 1 J  Genera l .  T h e  generalrules  of this Code shall apply to the electric 
wiring and equipment inlocations classified as.Class I in Section 500-5. 

Exception: As modified by this article. 

:' 501-2..Transformers and Capacitors. 
(a) -Class I, Division 1. I n  Class I, .Division 1 locations,transformers and 

~ capacitors shall comply with the following: 
(,1) .Containing Liquid that.Will. Burn..Transformers and capacitors 

containing a liquid that will burn shall be. installed only in approved vaults 
.that.comply with Sections 450-41 through 450-48, and in addition: (1) there 
shall be no door or other communicating opening between the vault and the 
Division 1 location; and (2) ample ventilation .shall be provided for the 
continuous removal of  flammable gases or vapors; and (3) vent openings or 
ducts shall lead to a safe location outside of buildings; and (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 reinforJced 
concrete construction. 

- (2)' NotContaining Eiquid that Will Burn. Transformers and capacitors 
that do not contain a liquid that will burn shall: (1) be installed in vaults 
complying with (a)(1) above, or (2) be approved for Class I locations. 

(b) Class I, Division 2. In Class I,.Division 2 locations, transformers and 
capacitors shall comply with Sections 450-21 through 450-27. 

50-1-3. Meters, Instruments, and Relays. 
(a).Class I, Division 1. In Class I, Division 1-locations, meters, instru- 

.ments ,  and relays, including kilowatt-hour meters, instrument transformers, 
-resistors, rectifiers, and thermionic tubes, shall be provided with enclosures 

: approved for Class I, Division.1 locations. 
Enclosures approved for  Class I, Division 1 locations include: (1) 

explosionproof enclosures, and.(2).purged and .pressurized enclosures. 
(FPN): See NFPA 496-1982 (ANSI), Purged and Pressurized Enclosures for 

: . Electrical Equil~ment in "Hazardous Locations. 
(b) Class I, Division 2. In Class I,. Division 2 locations, meters, instru- 

.ments, and relays shall comply with the following: 
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('i) Contacts. Switches, circuit'breakers, and make-and-break contacts 
of pushbuttons, relays, alarm bells, and horns shall have enclosures ap- " 
proved for Class I, Division 1 locations in accordance with (a) above. 

Exception: General-purpose enclosures shall be permitted, i f  current- 
interrupting contacts are: 

a. Immersed in oil; or, 

b. Enclosed within a chamber hermetically sealed against the entrance 
of  gases or vapors;or, 

c. In circuits that under normal conditions do not .release sufficient 
energy to ignite a specific ignitible atmospheric mixture; i.e., are nonincen- 
dive. 

(2) Resistors and Similar Equipment. Resistors, resistance devices, 
thermionic tubes, rectifiers, and similar equipment that is tlsed in or in 
connection with meters, instruments, and relays.shall comply with (a) above. 

Exception: General-purpose-type enclosures shall be permitted if  such 
equipment is without make-and-break or sliding contacts (other than as 
provided in (b)(1) above) and i f  the maximum operating temperature o f  any 
exposed surface will not exceed 80 percent o f  the ignition temperature in 
degrees Celsius o f  the gas or vapor involved or has been tested and f ound  
incapable o f  ignitlhg the gas or vapor. 

(3) Without Make-or-Break Contacts. Transfoi'mer windings,, impedance 
• coils, solenoids, and other windings that do not incorporate 'sliding or make- 

or-break contacts shall be provided with enclosures• Genera!-purpose type I 
enclosures shall be permitted. 

(4) General-Purpose Assemblies. Where.an assembly is made up of 
components for which general-purpose enclosures are acceptable as pro- 
vided in (b)(l), (b)(2), and (b)(3) above, a single general-purpose enclosure 
shall be acceptable for the assembly. Where such an assembly includes any 
of theequipment described in (b)(2)above, the maximum obtainable surface 
temperature of any component of the assembly shall .be clearly and perma- 
nently indicated on the outside of the enclosure. Alternatively, approved 
equipment shall be permitted to be marked to indicate the .temperature range 
for which it is suitable, using the identification numbers .of Table 500-3(b). 

(5 )Fuses .  Where general-purpose enclosures arepermit ted in (b)(1), 
(b)(2), (b)(3) and (b)(4) above, 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 (b)('l) above. 

(6) Connections. To facilitate replacements,  process control  instru- 
ments shall be permitted to be connected through flexible cord, attachment. 
plug, and receptacle, provided: (1) a switch complying with (b)(1)above is 
provided so that theattachment, plug is.not depended on to interrupt.current; 
and(2) the current does.not exceed 3 amperes at 120 volts, nominal; and (3) .  
the p.gwer-supp!y, cord does not exceed3 feet (914 mm),is  of'a type approved. 
for extra-hard usage or fog h~trd usage if ifrotected by location;-andis suppl ied°-  
through an attachment, plug and receptacle of the lbcl(ing and grounding type; 
and (4)" only necessary receptacles are provided, and (5)'the receptacle 
carries-.ala.b'el'warning against unpluggingunder toad.--- ' " " " 
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501-4. Wiring Methods. Wiring methods shall comply with (a) and (b) 
below. 

(a) Class I, Division 1. In Class 1, Division 1 locations, threaded rigid 
metal conduit, threaded steel intermediate metal conduit, or Type MI cable 
with termination fittings approved for the location shall be the wiring method 
employed. All boxes, fittings, and joints shall be threaded for connection to 
conduit or cable terminations, and shall be explosionproof. Threaded joints 
.shall be made up with at least five threads fully engaged. Type MI cable shall 
b e  installed and supported in a manner to avoid tensile stress at the 
termination fittings. Where necessary to employ flexible connections, as at 
-motor terminals, flexible fittings approved for Class I locations shall be used. 

(b) Class I, Division 2. In Class I, Division 2 locations, threaded rigid 
metal conduit, threaded steel intermediate metal conduit, enclosed gasketed 
busways, enclosed gasketed wireways, or Type PLTC cable in accordance 
with the p rov is ionsof  Article 725, Type MI, MC, MV, TC, or SNM cable 
with approved termination fittings shall be the wiring method employed. 
Type. PLTC, MI, MC, MV, TC, or S N M  cable shall bepe rmi t t ed  to be 
installed in cable t ray systems and shall be installed in a manner to avoid 
tensile stress at the termination fittings. Boxes, fittings, and joints shall not be 
required t o b e  explosionproof except as required by Sections 501-3(b)(1), 
501-6(b)(1), and 501-14(b)(1). Where provision must be ,made  for limited 
flexibility, as at motor terminals, flexible metal fittings, flexible metal conduit 
with approved fittings,.liquidtight flexible .metal conduit with approved 

• fittings, or flexible cord approved for extra-hard usage and'provided with 
approved bushed fittings shal lbe used. An,additional conductor for ground- 
ing shall be  included in the flexible cord unless other acceptable means of 
grounding are provided. 

Exception: Wiring, which under normal,condit ions cannotre lease ,  suffi- 
tgnmble a tmospherw mixture by opening, cient, energy t o i g n i t e  a specific " " " / 

shorting or grounding, shall be permi t ted  using:any o f  the methods  suitable 
for  wiring in ordinary locations. 

501-5.- Sealing and .Drainage. Seals in conduit and cable systems shall 
comply with,(a) through (f) below. Sealing compound .shall be of a type 
approved for the conditions and use. Seali0g compound shall beused  in Type 
MI cable termination fittings to exclude moisture and other fluids from the 
cable insulation. 

"- . (FPN):  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 byconstruction 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 
Section 501-5(e)(2). Temperature extremes and highly corrosive liquids and 
vapors can affect the ability of seals to perform their intended function• See 
Section 501-5(c)(2). 

(a) Conduit Seals, Class I, Division 1. In Class I, Division 1 locations, 
• conduit seals shall be located as follows: 
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' (1) In eac.h conduit run entering an enclosure for  .switches, circuit 
breakers, fuses, re.lays, resistors, or other apparatus which .may produce 
arcs, sparks, or high temperatures. Seals shall be placed as close as 
practicable and in no case more than 18 inches (457 mm) from such 
enclosures. Explosionproof unions, couplings, elbows, capped elbows and 
conduit bodies similar to " L , "  " T , "  and "Cross"  type shall be the only 
enclosures or fittings permitted betw.een the sealing fitting and the enclosure. 
.The conduit bodies shall, not be larger than the largest trade size Of the 
conduits. 

Exception: Conduii 11/2 inches and smaller entering an expiosionproof 
enclosure for  switches,-circuit breakers~ fuses, relays', or other qppai'atus 
"which may produce arcs or sparks shall hot 'be required to be scaled i f  the 
current-interrupting-contacts are: . . 

a. Enclosed within a chamber hermgiically sealed against the entrance 
of  gases oF vapors, or, ". " : " 

: b. Immersed'in oil in accordance with Section 501-6(b)(1)(2)." 
• (2) In each"conduit of 2-inchlsize or larger.eiltering the enclosure or 

fitting housing terminals, splices, or taps and ~'ithin 18 inches (457 mm) Of 
such enclosure or fitting. " " 

(F.PN): See notes under Groufo'B in sixth Fine Print Note to'Section 500-3. 
'(3) Where two or more'enclosures for which seals .are required under 

(a)(l) and (a)(2) above are connected by nipples or by runs  of conduit not 
more than 36 inches (914 mm) long, a single seal in. each such .nipple 
connection or run of conduit shall be considered sufficient if located not more 
than 18 inches (457 mm) from either enclosure. : " • 

(4) In each conduit .run leaving the Class I, Division 1 locatiom The 
sealing fitting shall be permitted on either side of the boundary of such 
location but shall be so designed and installed to minimize the amount of gas 
or vapor which may have entered the conduit system within the Division 1 
location from being communicated to the conduit beyond the seal. There 
shall be no. union, coupling, box, or fitting in theconduit, between the sealing 
fitting and the point at which the conduit leaves the Division 1 location. '  

Exception: Metal conduit containing no unions, couplings, boxes, or 
fittings that passes completely through a Class L Division 1 location with. no 
fittings less .than .12-inches (305 mm) beyond.each boundary shall not be 
required to be sealed i f  the termination points.of the unbroken, conduit are in 
nonhazardous locations. 

(b) Conduit Seals, Class I, Division 2. In Class I, Division 2 locations, 
conduit seals shall be located as follows: 

(1) Foi" connections to explosionproof enclosures that are required to be 
approved for Class. I locations, seals shall be provided in accordance with 
(a)(1), (a)(2) and (a)(3) above. All. portions: oLthe  conduit r u n o r  nipple 
between the seal and siach enclosure shall comply with Section .501-4(a). 

(2) In each conduit runpassing from a.Class I, Division 2 location into 
a nonhazardous location..The sealing fitting shall be permitted on either side 
of  the boundary of such location but shall be so designed and installed to 
minimize the amount of gas or vapor which may have: entered the conduit 
system within the Division 2 location from being communicated to the 
conduit beyond the seal. Rigidmetal  conduit or threaded steel intermediate 
metal Conduit shall be used between the sealing fitting and the point at which 
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the conduit leaves the Division 2 location, and a threaded connection shall be 
used at the sealing fitting. There shall be no union, coupling, box, or fitting in 
the conduit between the 'sealing fitting and the point at which the conduit 
leaves-the Division'2 location. 

Exception: Mete[ conduit containing no unions, couplings, boxes o'r 
fittings that passes completely through.a Class I,. Division 2 location with no 
fittings less than 12 inches (305 mm). beyond each boundary shall not be 
required to be sealed if'the termination points o f  the unbroken conduit are in 
nonhazardous locations. ~... 

(c) Class I, Divisions 1 .and 2. Where.required,se~ls in Class'I, Di;vision 
l and 2 locations sha!l comply.with the following: 

(1) Fittings. Enclosures for connections or equipmeiit shall be provided 
with an approved integral means for sealing, or sealing fittings approve d for 
Class I locations shall be used. Sealing fittings shall be accessible. 

( 2 )  Compound. Sealing compound shall be approved and shall p rov ide  
a seal against passage-of gas or vapors through the seal fitting, shall not be 
affected by the surrffunding atmosphere or liquids,:and shall n'ot have a. 
melting po!nt of less than 93°C (200°F). 

(3) Thickness of Compounds. In a completed seal, the.minimum thick- 
ness of the sealing compound shall not be less.than the t rades ize  of the- 
conduit, and in no case less than 5/s.inch (16 mm). " 

(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 compartment separate from 
the compartment containing splices or taps, and an integral seal is provided 
where-conductors pass from one compartment to the other, the entire 
assembly shall be approved for Class I locations. Seals in conduit connec- 
tions to the compartment containing splices or taps shall be. provided in 
Class I, Division 1 locations where required.by (a)(2) above. 

(d)" Cable Seals, Class I, Division 1. In Class 1, Division 1 "locations 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 (a) above. 

Cables with a gas/vapor-tight continuous sheath capable of transmitting 
gases or vapors through the cable core shall be sealed in the Division l 
location after removing the jacket and any other coverings so that the sealing 
compound will surround each individual insulated conductor and the outer 
jacket. . , 

(e) Cable Seals, Class I, Division 2. In Class I, Division 2 locations, cable 
seals shall be located as follows: 

(1) Cables entering enclosures which are required to be approved for 
Class l locations shall be sealed at the point of entrance. The sealing fitting 
shall comply with (b)(1) above. Multiconductor cables with a gas/vapor-tight 
continuous sheath capable of transmitting gases or vapors through the cable 
core shall be sealed in an approved fitting in the. Division 2 location after 
removing the jacket and any other coverings so that the sealitig compound 
will surround each individual insulated conductor in such a manner as to 
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minimize the passage of gases and vapors. Mult iconductor  cables in conduit  
shall be sealed as described in (d) above.  

(2) .Cables with a gas/vapor-tight continuous sheath •and which will not. 
t ransmit  gases  or vapors through the cable core" in excess of the quan t i t y  
permitted for seal fittings shall not be required to be sealed except  as required 
in (e)(l) above.  The minimum length of such cable run shall not be less than 
that  length which limits gas or vapor flow through the cable core to the rate 
permitted for seal  fittings [0.007 cubic feet per hour  (198 cubic cent imeters  
per hour) of air at a pi"essure of 6 inches of water  0 4 9 3  pascals)]: 

(FPN): See Outlet Boxes and-Fittings for Use in Hazardous Locations, ANSI/ 
UL 886-1980~ 

(FPN): The cable core-does not include the interstices of the conductor 
strands. 

(3) Cables with a gas/vapor-tight continuous sheath capable of  trans- 
mitting gases or vapors through the cable core shall not be required to be 
sealed except as required in (e)(1) above; unless the cable is a t tached to 
process equipment or devices  that may cause a pressure in excess of  6 inches 
(1493 pascals) of water  to be exerted at a cable end, in which Case a seal, 
barrier  or other  means shall be provided to prevent  migi'ation 6f  f lammables 
into an unclassified area. 

Exception: Cables with an unbroken gas~vapor-tight continuous sheath 
shall be permitted to  pass through a Class I, Division 2 location, without 
seals. 

(4) Cables which do not have gas/vapor-tight Continuous sheath shall b e  
sealed at the-boundary of the Division 2 and nonhazardous  location in Such 
a manner  as to minimize the passage of gases or vapors into a nonhazardous  
'location. : 

(FPN): The sheath mentioned in (d) and (e) above may be either metal or a 
nonmetallic material. 

(f) Drainage. 
(1) Control Equipment. Where there is a probabiliW that liquid or o ther  

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  accumulat ion or to permit periodic draining of such liquid or 
condensed vapor. 

(2) Motors and Generators. Where the authority .having jurisdict ion 
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  accumulat ion or 
to permit  periodic draining are judged necessary,  such. means shall be 
provided at the time of manufacture and shall be cons idered  an integral part  
of the, machine.  " " " 

(3) Canned Pumps, Process Connections, Etc. F o r  canned pumps, 
process connect ions for flow, pressure,  or analysis measurement ,  etc.,  that  
depend u p o n a  single seal diaphragm or tube to prevent  process fluids from 
entering the electrical conduit  system, an additional approved seal, barr ier  or 
o ther  means shall be provided to prevent  the processf luid  from entering the 
conduit  system • beyond the additional devices or means,  if the primary seal 

• fails . . . . .  • 
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The additional approved seal or barr ier  and the interconnect ing enclosure 
shall meet the temperature  and pressure conditions to which they will be 
subjected upon failure of the pi'imary seal unless other  approved means are 
provided to accomplish the purpose above.  

Drains, vents or other  devices shall be provided so that  primary seal 
leakage will be obvious. 

(FPN): See also the last paragraph of Section 500-5(b) and Fine Print Note to 
Section 501-5. 

501-6~ Switches, Circuit Breakers, Motor Controllers, and Fuses. 
(a) Class I, Division 1. In Class I, Division I locations, switches,  circuit 

breakers,  motor  controllers,  and fuses, including pushbut tons ,  relays, and 
similar devices, shall be provided with enclosures and the enclosure in each 
case, together with the enclosed apparatus,  shall be approved 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 the following: 

(1) TypeRequired.  Circuit breakers,  motor  controllers,  and switches 
intended to interrupt current  in the normal per formance  of the function for 
which they are installed shall be provided with enclosures approved for 
Class I, Division l locations in accordance wi th  Section 501-3(a), unless 
general-purpose enclosures are provided and ( l)  the interruption of current  
occurs within a chamber  hermetically sealed against the entrance of gases 
and.vapors,  or (2) the current  make-and-break contacts  are oil-immersed, and 
of the general-purpose type having a 2-inch (50.8-mm) minimum immersion 
for r power and a l-inch (25.4-mm) minimum immersion for control.  

(2) Isolating Switches. Fused or unfused disconnect  and isolating 
switches~for  t ransformers 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, o ther  
than as provided in (b)(4) below, standard plug or cartridge fuses shall be 
permitte d , provided they are placed within enclosures approved for the 
location; or fuses shall be permitted if they a r e  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. 

.(4) Fuses or Circuit Breakers for Overcurrent Protection. Where not 
more than ten sets of  approved enclosed fuses or not more than ten circuit 
breakers  that are not intended to be used as switches for the interruption of 
current  are installed for branch-circuit  or feeder protect ion in any one room,  
area, or section of the  Class I, Division 2 location, general-purpose-type 
enclosures for such fuses 0r circuit breakers shall be permitted if the fuses or 
circuit breakers are for the Protection of circuits or feeders supplying lamps 
in fixed positions only. ,. 

(FPN): A set of fuses is all the fuses required to protect all the ungrounded_ 
conductors of a circuit. For example, a group of three fuses protecting an 
ungrounded 3-ph-ase circuit and a single fuse protecting the ungrounded conductor 
of an identified 2-wire single-phase circuit is a set of fuses in each instance. 
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Fuses cofnplying with (b)(3) above shall not be required to be includ~/d in 
'counting the ten sets of fuses permitted in general-purp0se enclosures. 

(5) Fuses Internal to Lighting Fixtures. Approved:cartridge fuses shall 
be permitted as supplementary protection within lighting fixtures. 

501-7. 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 (a) and (b)-below. 

(a) Class I," Division 1. • In Class I, Division 1 locations, transformers, 
impedance coils,-and resistors, togethei" with anyswi tch ing  mechanism 
associated with them, shallbe provided with-enclosures approved for Class. 
I, Di;eision 1 locations in accordance:with Section 501-3(a): 

(b) Class i, Division" 2. "In Class I~ Division" 2 locations, control trans- 
formers and resistors shall comply with the following: 

(1) SwitchingMechanisms. Switchingmechanisms used in conjunction 
with transformers, imPedance coils, and  resistors shall comply with Section 
501-6(b). 

(2) Coils and Windings. Enclosures for windings of transformers, sole- 
noids , 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 approved for "Class 1 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 testedand found incapable of igniting the gasor  vapor .  

501-8. Motors and Generators. 
(a) .Class I, Division 1. In Ciass I i  Division 1 locations, motors, genera- 

tors, and other rotating electric machinery shal! be: (1) approvedfor Class I, 
Division 1 locations; or (2) of the totally enclosed type supplied with positive- 
pressureventilation 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; or (3) of the totally enclosed inert gas-filled type supplied with a 
suitable reliable source of inert gas for pressuring the enclosure, ~vith devices 
provided to ensure a positive pressure in the enclosure and ai'ranged to 
automatically de-energize the equipment when the gas supply fails; or (4) of 
a type designed to be submerged in a liquid which is flammable only when 
vaporized and mixed with:air, or in a gas or vapor at a pressure greater than 

atmospheric a n d  which 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 arranged to automatically de- 
energize the equipment when the supply of liqu!d, or gas or vapor fails or the 
pressure is reduced to atmospheric. 

Totally enclosed motors of.Types (2)or (3) shall have no external surface 
with an operating temperature in degrees Celsius in excess of 80percent  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 
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beyond designed limits. Auxiliary equipment shall be of a type approved for 
the location in which it is installed. 

(FPN): See ASTM Test Procedure (Designation D 2155-'69). 
(b) Class I, Division 2. In Class I, Division 2 locations, motors, genera- 

tors, and other rotating electric machinery in Which are employed sliding 
contacts, centrifugal or other types of switching mechanism (includiiag motor 
overcurrent, overloading and overtemperature devices), or integral resist- 
ance devices, either while starting or while running, shall be approved for 
Class I, Division 1 locations, unless such sliding contacts, switching mech- 
anisms, and resistance devices are provided with enclosures approved for. 
Class I, Division 2 locations in accordance with Section 501-3(b). When 
operated at rated voltage, the exposed surface of space heaters .used to 
prevent condensation of moisture during shut-down periods shall not exceed 
80 percent of the ign!tion temperature in degrees Celsius Of the gas or vapor 
involved. 

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 
shall be permitted. 

(FPN): It is import~int to consider the temperature of internal and external 
surfaces which may be exposed to the flammable atmosphere. 

501-9. Lighting Fixtures. Lighting fixtures shall comply with (a) or.(b) 
below. 

(a) Class I, Division 1. In Class I, Division 1 locations, lighting fixtures 
shall comply with the following:. 

(1) Approved Fixtures. Each fixture shall be approved as a complete 
assembly for the Class I, Division I .location and shall be clearly marked to 
indicate the maximum wattage of lamps-for which it is approved. Fixtures 
intended for portable use shall be specifically approved as a complete ~ 
assembly for that use. 

(2) Physical Damage. Each fixture shailbe protected against physical 
damage by a suitable guard or by location. 

(3) Pendant Fixtures. Pendant fixtures 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 
12 inches (305 mm), permanent and effective bracing against lateral displace- 
ment shall be provided at a level not more than 12 inches (305 mm) above the 
lower end of the stem, or flexibility in the form of a fitting or flexible 
connector approved for the Class I, Division 1 locatirn shall be provided not 
more than 12 inches (305 mm) from the point of attachment to the supporting 
box or fitting. 

(4) Supports. Boxes, box assemblies, or fittings used for the support of 
lighting fixtures shall be approved for Class I locations. 

(b) Class I, Division 2. In Class I, Division 2 locations, lighting fixtures 
shall comply with the following: -. 

(1) Portable Lighting Equipment. Portable lighting equipment shall 
comply with (a)(l) above: 
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EY¢ception: Where portable lighting equipment are mounted "on movable 
stands and are connected by flexible cords, as covered in Section 501-1.1, 
they shall be permitted, when mounted in any position, provided that they 
cdnform to Section 5.01-9(b)(2) below.. .. ._•. . . . .  

(2) Fixed Li~htit~g. Lighting fixtures for fixed lighting shall be protected 
from physical damage by suitable guards or by location. Where there is 
danger that falling sparks or hot metal from lamps oi" fixtures might ignite 
localized concentrations of flammable vapors or gases, suitable enclosures or 
Other effective protective means shall be provided. Where lamps are of a size 
or type that may, under normal operating conditions, reach surface temper- 
atures exceeding 80 perc6nt of the ignitioh temperattire indegrees  Celsius of 
the gas or Vapor involved, fixtures shall comply with (a)(I) above or shall be 
of a type which has been tested and found incapable 'of igniting the gas or 
vapor if the ignition temperature is not exceeded. 

(3 )  P e n d a n t  F ix tures .  Pendant fixtures shall be suspended by threaded 
rigid metal conduit stems, threaded steel intermediate metal conduit stems or 
by other approved means. For rigid stems longer than 12 inchesf (305 mm); 
permanent and effective bracing against lateral displacement shall  be pro- 
vided at a level not more than 12 inches (305 mm) above.the lower end of the 
stem, or flexibility in the form of an approved fitting or flexible connector  
shall be provided not more. than 12 inches (305 mm) from the point of 
attachment to the supporting box.or- fitting. 

(4) Switches. Switches that are a part of an assembled fixture'or of  an 
individual lampholder shall comply with Section 501-6(b)(1).~ " • 

(5) Starting Equipment. Starting and control equipment for electric~ 
discharge lamps shall comply with Section 501-7(b). :" " " 

. Exception: A thermal protector potted into a (hermally protectedfluore#'- 
cent lamp ballast i f  the lighting fixtu~'e is approved for locations o f  this'Class 
and Division. 

501-10. Utilization Equipment. . 

(a) Class I, •Division 1~ ~ In Class I, Division 1 locations, al l  utilization 
equipment shall be approved for Class I, Division l locatioris. 

(b) Class I, Division 2. • In Class I, Division. 2 locations, all utilization 
equipment shall comply with the following: " 

(1)-Heaters. Electrically heatedut i l iza t ion equipment shall conform 
with either.a, or b. below. , 

a:, The heater shallnot exceed 80 percent of the ighition temperature in 
degrees Celsius of the gas or-vaporinvolved on any surface which 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. 

• , , .  . 

Ex, cepiion: For motor-mounted anti-condensation space heaters see Sec- 
tion 501-8(b) . . . .  

b. The. heate1: shall be approved for Class I, Division 1 locations. 

(2i Motors. Motors of mot0r-driven utilization equipment shallcomply 
with Section 501-8(b) ~. 
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(3) Switches, Circuit Breakers, and Fuses. Switches, circuit breakers, 
and fuses shall comply with Section 501-6(b). 

501-11. Flexible Cords, Class I, Divisions 1 and 2. A flexible cord shall be 
permitted only for connection between portable lighting equipment or other 
portable utilization equipment and the fixed portion of its supply circuit; and 
where used shall: (1) be of a type approved for extra-hard usage; (2) contain, 
in addition to the conductors of the circuit, a grounding conductor complying 
with Section 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 will be no tension on the terminal connections; 
and (5) be provided with suitable seals where the flexible cord enters boxes, 
fittings, or enclosures of the explosionproof type. 

Exception: As  provided in Sections 501-3(b)(6) and 501-4(b). 
Electric submersible pumps with means for removal without entering the 

wet-pit shall be considered portable utilization equipment. 
(FPN): S.ee Section 501-13 for flexible cords exposed to liquids having a 

deleterious effect on the conductor insulation. . 

501-12. Receptacles and Attachment Plugs, Class I, Divisions 1 and 2. 
Receptacles and attachment plugs shall be of the type providing for connec- 
tion to the grounding conductor of a. flexible cord and shall be approved for 
Class I locations. 

Exception: As  provided in Section 501-3(b)(6). 

50i-]~31 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 approved for use under such 
conditions; or the insulation shall be protected by a Sheath of lead or by other 
approved means. 

501-14. Signaling, Alarm, Remote-Control, and Communication Systems. 
(a) Class I, Division 1. In Class I,  Division I locations, all apparatus and 

equipment of signaling, alarm, remote-control, and communication systems, 
regardless of voltage, shall be approved for Class I, Division 1 locations, and 
all wiring shall comply with Sections 501:4(a) and 501-5(a) and (c). 

(b) Class I, Division 2. In Class I, Division 2 locations, signaling, alarm, 
remote:control, and communication systems shall comply with the following: 

(1) Contacts. Switches, circuit breakers, andmake-and-break contacts 
of pushbuttons, relays, alarm bells, and horns shall have enclosures ap- 
proved for Class I, Division 1 locations in accordance with Section 501-3(a). 

Exception: General-purpose enclosures shall be permitted i f  current inter- 
rupting contacts are: 

a. Immersed in oil; or 
b. Enclosed within a chamber hermetically sealed against the entrance 

o f  gases or  vapors; or 
c. In circuits that under normal conditions do not release suj~cient 

energy to ignite a specific ignitible atmospheric mixture, i.e., are 
nonincendive. 
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(2) Resistors and Simi lar  Equipment. Resistors, resistance devices, 
thermionic tubes, rectifiers, and similar.equipment shall comply.with Section 
50]~3(b)(2). 

(3)-Protectors. Enclosures shall be provided'for..lightning protective 
devicesand for fuses. Such enclosures shall be permitted to be of the general- 
purpose type. 

(4) Wiring and Sealing. All wiring shall comply with Sections 501-4(b) 
and 501-5(b) and (c). 

5 0 1 - 1 5 .  Live Parts, Class I, Divisions 1 and 2. There shall be no exposed 
live parts. 

5 0 1 - 1 6 .  ,Grounding, 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 with the following additional requirements: 

(a) Bonding. The locknut~bushing and double-locknut types of contacts 
shall-not be.depended upon for bonding purposes but bonding jumpers with 
proper fittings o r  other approved means of bonding shall be used. Such means 
of bonding shall apply to all intervening raceways, fittings,, boxes, enclo- 
sures, etc.-.between Class I locations and the point of grounding for service 
equipment. 

(b) Types of Equipment Grounding Conductors. Where flexible metal 
condui tor  liquidtight flexible metalconduit  is used  as permitted in Section 
501-4(b), and. is to be relied upon to complete a sole equipment grounding 
path, it •shall be installed 'with internal or external bonding jumpers in parallel 
with each conduit and complying with Section 250-79. 

501-17. "Surge Protection, ;Class I, Divisions t and 2. Surge arresters, 
including their,installation and connection, shall comply with Article 280. In 
addition, surge arresters if installed in a Class I, Division 1 location shall be 
in suitable enclosures. 

A R T I C L E  502 m C L A S S  II  L O C A T I O N S  

502-1. General. The general rules of this Code shall apply to the electric 
wiring and equipment in locations classified as Class II locations in Section 
500-6. 

Exception:. As modified by this article. 
"Dust-ignitionproof," as used in this article, shall mean enclosed in a 

manner that will exclude ignitible amounts of dusts or  amounts tha t  might 
affect performance .or :rating and that, where installed and protected in 
accordance with this Code,  will not permitarcs ,  sparks, or heat otherwise 
generated or liberated inside of the enclosure to cause :ignition o f  exterior 
accumulations or  atmospheric suspensions of a specified, dust on or in the 
vicinity of the enclosure. 

Equipment installed in Class II :locations shall be able to function at full 
rating without developing surface temperatures high enough to cause exces- 
sive dehydration or,gradual carbonization of any  organic dust deposits that 
may occur. 
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(FPN): Dust that'is carbonized or. excessively.dry is highly susceptible to 
spontaneous ignition. 

Equipment and,wiring of the type defined in Article 100 as explosionproof " 
shall not be required and shall not be acceptable in Class II locations unless 
approved for such locations.. 

Where Class II, Groups E and F dusts having a resistivity less than l05 
ohm-centimeter.are present in hazardous quantities, there areonly  Division 1 
locations. 

502-2. Transformers and Capacitors.~:. 
(a) Class 11, Division 1. In Class II, Division 1 locations, transformers 

and capacitors shall comply with the following: 
(1) Containing Liquid that Will Burn. Transformers and capacitors 

containing a liquid that will burn shall be installed only in approved vaults 
complying with Sections 450-41 through 450-48, and in.addition: (1) doors or 
other openings communicating with the Division I 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; and (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: (l) be installed in vaults 
complying with Sections450-41 through 450-48, or (2) be approved as a 
complete assembly, including terminal connections for Class II locations. 

(3) Metal Dusts. No transformer or capacitor shall be installed in a 
location where dust from magnesium, aluminum, aluminum bronze powders, 
or other metals of similarly hazardous characteristics may be present. 

(b) Class II, Division 2 .  In Class II, Divisi'on 2 locations, transformers 
and capacitors shall comply with the following: 

(1) Containing Liquid that Will Burn. Transformers and capacitors 
containing a liquid that will burn shall be installed in vaults complying with 
Sections 450-41 through 450-48. 

(2) Containing Askarel. Transformers containing askarel and rated in 
excess of 25 kVA shall: (l) be provided with pressure-relief vents; (2) be 
provided with a means fol" absorbing any gases generated by arcing inside the 
case, or the pressure-relief vents shall be connectedto a chimney or flue that 
will carry such gases outside the building; and (3) have an air space of not less 
than 6 inches-052 mm) between the transformer cases and any adjacent 
combustible material. 

(3) Dry-type Transformers. Dry-type transformers shall ,be installed in 
vaults or shall: (1) have their windingsand terminal connections enclosed in 
tight metal housings without ventilating or other openings, and (2) operate at 
not over 600.volts, nominal. 

502--4. wiring Mi~thodsi-: Wii-iiig methods,, sh?alF.:comply-with (it)-and (15) .,- 
below: 

(a)" Class I1~ Divisi6n 1'. In Clhss II, Division ldocations, threaded rigid 
metal conduit, threaded steel intermediate,metal.; 'condiiitor ,T~;pe :MI 6abl~- 
with termination fittings approved:for the location, shall~b&the ~,wifing:method":, -- 



: . ARTICLE 5 0 2 - -  CLASS II LOCATIONS 7 0 - 4 4 3  

employed. Type MI cable shall be installed and supported in a manner to 
avoid.tensile stress at ' the:termination fittings. 

' (1)  Fittings and Boxes. Fittings and boxes shall, be. provided with 
threaded bosses for connection to conduit or cable terminations, shall have 
close-fitting covers, and shall have'no openings (such as holes for attachment 
screws) through ,which dust-might.enter or through which sparks orburning 
materialmight.escape. Fittings and, boxes in which taps, joints, or terminal 
connections are made, or that are used in locaiions where dusts .are of a 
combustible electrically conductive nature, shall be approved for Class I I  
locations. . 

(2) Flexible Connections. Where:necessary io employ flexible connec- 
tions, dusttight flexible connectors, liquidtight flexible metal conduit with 
approved fittings, or flexible cord. approved for. extra-hard usage and.pro- 
vided with bushed fittings shall be used. Where flexible cords are used and 
electricallyconducting dusts-are encountered, they shall-be-provided with 
dusttight seals at.both ends. An, additional conductor for grounding shall be 
providedin the  flexible cord unless other acceptable means of grounding is 
provide& Where flexible connections are subject to oil or other corrosive 
conditions,.the insulation of the conductors shall be of a type approved for 
the condition, or shall be protected by means of a suitable sheath. 

(b).Class II, Division 2. In Class I I ,  Division 2 locations, rigid metal 
conduit, intermediate metal conduit,, electrical metallic tubing, dusttight 
.wireways, .or Typi~ MI,.-MC;..or~SNM cable with approved, termination 
fittings,or Type PL.TC or TC cable installed in ventilated channel-type 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. 
Exception: Wiring, which under normal conditions cannot release suffi- 

cient energy to ignite a specific combustible dust mixture by opening, 
shorting or grounding, shall be permitted using any of  the methods suitable 
for wiring in ordinary locations. 

, (1)-Wireways, Fi t t ings ,  and Boxes. Wireways, fittings, and boxes in 
which taps, joints ,  or terminal, connections are made shall be. designed to 
minimize the entrance of dust, and: (1) sha l lbeprovided  With telescoping or 

, close;fitting cox, ers or other effective means,to prevent-the escape of sparks 
or burning material, rand (2) shall have no openings (such as holes for 
attachment screws) through which, after installation, sparks o r  burning 

• material might escape or through which adjacent combustible material might 
be ignited. 

(2) Flexible-Connections. Where flexible connections.are necessary, 
(a)(2) above shall apply. 

502~5. Sealing, Class II, Divisions 1 and 2. Where a raceway provides 
communication between an enclosure that is required to" be dust-ignition- 

:proof  and one that is not, suitable means shall be provided, to prevent the 
entrance of dust into.the dust-ignition-proof enclosure'through the raceway. 
One of the following means shall be permitted: (1) a-permanent and effective 
seal; (2)~ a horizontal raceway .not less than l0 feet (3;05 m) long; or (3) a 
vertical raceway not less than 5 feet (1.52 m)-long and extending downward 
from the dust-ignition-proof enclosure. . 

Where a raceway.provides communication between an ~nclosure that is 
-required to be dust-ignition-proof and an enclosure in anunclassified loca- 



70-444 NATIONAL ELECTRICAL CODE 

tion, seals will not be required. 
Sealing fittings shall be accessible. 

502-6. Switches, Circuit Breakers, Motor Controllers, and Fuses. 
(a) Class II, Division 1. In Class I I ,  Division 1 locations, switches, circuit 

breakers, motor controllers, and fuses shall comply with the following: 
(1) Type Required.. Switches; circuit breakers, motor controllers, and 

fuses, including pushbuttons, relays, and similar devices that are intended to 
interrupt current during normal operation or that are installed where com- 
bustible dusts of an electrically conductive nature may be present, shall be 
provided withdust-ignition-proof enclosures, which, together with the en- 
closed equipment in each case, shall be approved as a complete assembly for 
Class II locations. 

(2) Isolating Switches. Disconnecting and isolating switches containing 
no fuses and not intended to interrupt current and not installed wheredusts. 
may be of an electrically conductive nature shall be provided with tight metal 
enclosures that shall be designed to minimize the entrance of dust, and that 
shall: (l) be equipped with telescoping or.close-fitting covers or with other 
effective means to prevent the escape of sparks or burning material, and (2) 
have no openings (such as holes for attachment screws) through which, after 
installation, sparks or burning material might escape or through which 
exterior accumulations of dust or adjacent combustible material might be 
ignited. 

(3) Metal Dusts. In locations, where dust from magnesium, aluminum, 
aluminum bronze powders, or other metals of:similarly hazardous charac- 
teristics may be present, fuses, switches, motor controllers; and circuit 
breakers shall have enclosures specifically approved for such locations. 

(b) Class II, Divi-~ion 2., In Class II, Division-2 locations, enclosures for 
fuses, switches, circuit breakers, and motor controllers, including 
pushbuttons, relays, and similar devices, ,shall be dusttight. 

502-7. Control Transformers and Resistors. 
(a) Class II, Division 1... In Class II, Division 1 locations, control trans- 

formers, solenoids, impedance coils, resistors, and any overcurrent devices 
or switching mechanisms associated with them shall have dust-ignition-proof 
enclosures approved for Class II locations. No control transformer, imped- 
ance coil, or resistor shall be installed, in a location where dust from 
magnesium, .aluminum, aluminum bronze powders, 6r other metals of 
similarly hazardous characteristics may.be present unless provided with an 
enclosure approved for the specific location. 
. (b) Class Ill'Division 2. In Class II, Division 2.locations, transformers 
and resistors shall comply with the following: 

(1) Switching Mechanisms..Switching mechanisms (includingovercur- 
rent devices) associated withcontrol transformers, solenoids, impedance 
coils, and resistors shall be provided with dusttight enclosures. 

(2) Coils and Windings. Where not located in the same enclosur.e with 
switching mechanisms; control transformers, solenoids, and impedance coils 
shall be provided with.tight metal housings without ventilating openings. 

(3) Resistors. Resistors and resistance devices shall have" dust-ignition- 
proof enclosures approved for Class II locations. 
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Exception:-Where the maximum normal operating temperature, of  the 
resistor will not exceed 120°C (248°F), nonadjustable resistors-or resistors 
that are part of  an automatically timed starting sequence shall be permitted 
to have enclosures complying with (b)(2) above. 

502-8. Motorsand'Generators. 
(a) Class II, Division 1.. In Class IL Division 1 locations, motors; gener- 

ators, and other rotating electrical machinery shall be: 
(1) Approved for Class II, Division--I locations, or . 
(2) Totally enclosed pipe-ventilated, meeting temperature limitations in 

Section 502-1. 
(b) Class II, Division 2.' In Class II, Division 2 locations~ motors, gener-. 

ators, and other rotating, electrical equipment shall be totally enclosed 
nonventilated, totally enclosed pipe ventilated, .totally enclosed fan cooled or 
dust-ignition-proof for which maximum full-load external .temperature shall. 
be in accordance with Section 500-3(d) for normal Operation when operating I 
in free air (not dust blanketed) and shall haveno external openings. 

Exception: I f  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: 

a. Standard open-type machines without sliding contacts, centrifugal 
or other types of  switching mechanism (including motor overcurrent, over- 
loading and overtemperature devices), or integral resistance devices: 

b. Standard open-type machines with such contacts, switching mech- 
anisms, .or resistance devices enclosed within dusttighr housings without 
ventilating or other openings. 

c.. Self-cleaning .textile motors of  the squirrel-cage type. 

5 0 2 - 9 .  Ventilating Piping. Ventilating pipes for motors, generators; or 
other rotating electric machinery, or for enclosuresffor electric equipment, ~ 
shall be of metal not .lighter than No. 24 MSG, or of equally substantial 
noncombustible material, and shall comply with the following: (l) ' lead 
directly to a source of clean air outside of buildings; (2) be screened at the 
outer ends t o  prevent the entrance of small animals or birds; and,(3) be 
protected against physical damage and'against rusting.or other corrosive 
influences. 

Ventilating pipes shall also comply .with (a) and (b) below. 
(a) Class II, Division 1." In Class II, Division 1 locations, ventilating 

pipes, including their connections to motors or to the dust-ignltion-proof 
enclosures for other equipment, shall be  dusttight throughout their length. 
For metal pipes, seams and joints shallcomply with one of the following: (1) 
be riveted and soldered; (2) be bolted and soldered; (3) be welded; or (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 orweldedjoints shall be permitted;,and tight-fitting 
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slip joints shall be permitted where some flexibility is necessary, as at 
connections to motors• 

502-10. Utilization Equipment. 
.(a) Class II, Division 1. In Class II, Division 1 locations, all utilization 

.. equipment shall be-approved for Class. II. locations. Where dust from 
magnesium, aluminum, aluminum bronze powders, or other, metals of 
similarly hazardous characteristics may be presenWsuch equipment shall be 

..approved for the specific location. 
(b) Class II, Division 2. In Class IL Division 2 locations, .all utilization 

equipment shall comply with the following: 
(1 ° ) .Heaters. Electrically heated utilization equipment shall be ap- 

proved for Class IIAocations. 
• 'Exception: Metal-enclosed radiant, heating panel equipment shall be 

dusttight and marked in accordance with Section 500-3(d)~ 
- • (2) Motors. Motors of motor-driven utilization equipment shall comply 
with Section 502~8(b). 
.. (3) Switches ,  Circuit-Breakers,  and Fuses .  Enclosures for switches, 
circuit breakers, and fuses shall be dusttight. 

(4) ~Transformers,:lmpedance Coils, and Resistors. Transformers, sole- 
noids, impedance coils, and resistors shall comply with Section 502-7(b). 

502-11.~ Lighting Fixtures. -Lighting fixtures shall comply With (a) and (b) 
below. 

• (a ) -C las s  II, Division 1; .In Class I!, Division 1 locations, ilighting fixtures 
for fixed and portable .lighting shall comply with the following: 

. - (1 )  Approved.Fixtures. Each-fixture shall be approved for 'Class II 
locations and shall b'e clearly marked toindicate the maximum wattage of the 
lamp for which it is approved. In locations where dust from magnesium, 
aluminum, aluminum bronze powders, or other metals of similarly hazardous 
characteristics may be present, fixtures for fixed or portable lighting and all 
auxiliary equipment shall be approved forthe specific location. 

(2). Physical  Damage.  Each fixture shall be protected against physical 
damage by a suitable guard or. by location. 

(3) Pendant Fixtures. Pendant fixtures shall be suspended by threaded 
rigid metal conduit stems, threaded steel intermediate metal conduit stems, 
.by chains with approved fittings, or by other-approved means. For rigid 
stems longer than 12 inches (305 mm), permanent and effective bracing 
against lateral displacement ,shall be.provided, at a:level, not more than 12 
inches (305 mm)•above the lower end.of the-stem, or flexibility in the form of 

a fitting or.a flexible connector •approved for the location shall be provided 
not more than 12 inches (305 mm) 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 fixture is notenclosed in conduit, flexible 
cord approved for hard usage shall be  used, and suitable seals shall be 
provided where the cord enters the •fixture and the outlet box or fitting. 
Elexible cord shall not serve as the supporting means for a fixture. 

(4) Supports. Boxes, box assemblies, or fittings used for the supPort of 
:lighting:fixtures shall beapproved for.Class.II:locations. 
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(b) Class II, Division 2. In Class II, Division 2 locations, lighting fixtures 
shall comply with thefollowing: 

(1) Portable Lighting Equipment. Portable .lighting equipment shall be 
approved for Class II locations. They shall be clearly marked to indicate the 
maximum wattage of lamps for which they are approved. 

(2) Fixed Lighting.: Lighting fixtures for fixed lighting, where not of a 
type approved for Class II locations, shall provide enclosures for lamps and 
lampholders that shall be designed to minimize thedep0sit of dust on lamps 
and to prevent' the escape of sparks, burning material, or hot metal. Each 
fixture 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 Section 500-3(d) under normal conditions of u se . .  [ 

(3) Physical Damage. Lighting fixtures for fixed lighting shall be pro- 
tected from physical damage by suitable guards or by location. 

(4) Pendant Fixtures. Pendant fixtures shall be'suspended by threaded 
rigid metal conduit stems, threaded steel intermediate metal conduit stems, 
by chains with approved fittings, or by other approved means. For rigid 
stems longer than 12 inches (305 mm), permanent and,effective bracing 
against lateral displacement shall be provided at a level not mol'e than 12 
inches (305 ram) above the lower,end of the stem, or flexibility in the form of. 
an approved fitting or a flexible connector shall be provided not more than 12. 
inches (305 mm) from the point of attachment to the supporting box or fitting. 
Where wiring between an outlet box or fitting and a pendant fixture.is not 
enclosed in conduit, flexible cord approved for hard usage shall be used. 
Flexible cord shall not serve as the~ supporting means for a fixture. 

(5) Electric-Discharge Lamps; Starting .and control equipment for 
electric-discharge lamps shall comply with therequirements of SectionS02-7 
(b). 

502-12. Flexible Cords, Class II, Divisions '1 and 2. • Flexible cords tised in 
Class II locations shall comply with the following: (1) be of a type approved 
for extra-hard usage; (2) contain,.in addition to die condfictors of the circuit, 
a grounding conductor complying with Section 400-23; (3) be connected to 
terminals or to supply conductors in an approved manner; (4) be-supported 
by clamps or by other sfiitable means in such a manner that there will be no 
tension on the terminal connections; and (5) be provided with suitable seals 
to prevent the entrance of dust where the flexible cord enters boxes or fittings 
that are required.to be .dust-ignition-proof. 

502-13 .  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 
grounding conductor of the flexible cord and shall be approved for Class II 
locations. 

(b) Class II','Division2. ~ " InClass II, Di~,isibn 2 locations,'receptacles and 
attachment plugs shall be of the type providing: for, connection" to the 
grounding conductor-'of the fl~xilrle cord and shalI--be, so designed th'at 
connection to the suppl~, cii'cuit cannot be made or broken'while life parts 
are-exposed.~:- 
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502-14. Signaling, Alarm, Remote-Control, and Communication Systems, 
Meters, Instruments, and Relays. 

(FPN): See Article 800 for rules governing the-installation of communication 
circuits. 

(a). Class II, Division 1. In Class II, Division 1 locations, signaling, alarm, 
remote-control, and communication systems; and meters, instruments, and 

relays shall comply with the following: 
(1) WiringMethods. Where accidental damage or breakdown of insula- 

tion might cause arcs, sparks, or high temperatures, the wiring method shall 
be rigid metal conduit, intermediate metal conduit, electrical metallic tubing, 
.or Type MI cable with approved termination fittings. For rigid conduit, 
intermediate metal conduit, or electrical metallic tubing, the number of 
conductors shall be limited only by the requirement',that the cross-sectional 
area of all conductors shall not exceed40 percent of the area of the raceway. 
Where limited flexibility is desirable or where exposure to physical damage 
is not severe, flexible cord approved for extra-hard usage shall be permitted. 

(2) 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 
approved for a Class II location. 

Exception: Where current-breaking contacts are immersed in oil, or where 
the interruption o f  current occurs within a chamber sealed against the 
entrance o f  dust, enclosures shall be permitted to be o f  the general-purpose 
type. 

(3) Resistors and Similar Equipment. Resistors, transformers, choke 
coils, rectifiers, thermionic tubes, and other heat-generating equipment shall 
be provided with enclosures approved for Class II locations. 

Exception: Where resistors or similar equipment are immersed in oil, or 
enclosed in a chamber sealed against the entrance o f  dust, enclosures shall 
be permitted to be o f  the general-purpose type. 

(4) RotatingMachinery. Motors, generators, and other rotating electric 
machineryshaU comply with Section 502-8(a). 

(5) Combustible Electrically ConductiveDusts. Where dusts are of a 
combustible electrically conductive nature, all wiring and equipment shall be 
approved for Class II locations. 

(6) Metal Dusts. Where dust from magnesium, aluminum, aluminum 
bronze-powders, or other metals of similarly hazardous characteristics may 
be present; all apparatus and equipment, shall be approved for the specific 
conditions. 

(b) Class II, Division 2. InClass-II, Division 2 locations,signaling, alarm, 
remote-control, and communication systems; and meters, instruments, and 

relays shall comply with the following: 
(1) Contacts. Enclosures shall comply with (a)(2) above; or contacts 

shall havetight metal enclosures designed.to minimize.the entrance of.dust, 
and shall have telescoping or tight-fitting covers and no openings through 
• which, after: installation, sparks or burning material might escape. 

Exception: In circuits that under-normal conditions do not release suffi- 
cient energy to ignite a dust layer, enclosures shallbe permitted to be o f  the 
general-purpose type. 
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(2) Transformers and Similar Equipment. The windings and terminal 
connections of transformers, choke coils, and similar equipment shall be 
provided with tight metal enclosures without ventilating openings. 

(3) Resistors and Similar Equipment. Resistors, resistance devices, 
thermionic tubes, rectifiers, and similar equipment shall comply with (a)(3) 
above. ' " 

Exception: Enclosures for thermionic tubes, nonadjustable resistors, or 
rectifiers for which maximum operating temperature will not exceed 120°C 
(248°F) shall be permitted to be of  the general-purpose type. ," 

(4) Rotating Machinery. Motors, generators, and other rotating ele'ctric 
machinery shall comply with Section 502-8(b). 

(5) Wiring Methods. The wiring method shall comply with Section I 
502-4(b). I 

502-15. Live Parts, ' Class II, Divisions 1 and 2. Live parts ~hall not be 
exposed. 

502-16. Grounding, 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 with the following additional requirements: . 

(a) Bonding... The locknut-bushing and double-locknut types of contact 
shall not be depended upon 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 intcrv.ening raceways, fittings, boxes, enclo- 
sures, etc. between Class II locations and the point of grounding for service 
equipment. 

(b) Types of Equipment Grounding Conductors-. Where flexible conduit is 
used as permitted in Section 502-4 it shall .be installed with internal or 
extei:nal bonding jumpers in parallel with each conduit and complying with 
Section 250-79. 
'Exception: In. Class H, Division 2 areas where approved liquidt'ight 
flexible metal conduit 6 feet (1.83 m) or less in length and fittings are used 
and overcurrent protection in the circuit is limited to 10 amperes or less and 
is not a power utilization load, the additional, ground jumper shall be 
permitted tO be deleted. 

502-17. Surge Protection, Class II, Divisions. 1 and 2. Surge arresters, 
includ.ing their installation and connection shall comply with Article 280.-In 
addition, surge arresters if installed in a Class II, Division 1 location shall be 
.in suitable enclosures. 

Surge-protective'capacitors shall be bf a type designed for specific duty. 
, : .  , °  . .  

A R T I C L E  503 - - : C L A S S  I I I  L O C A T I O N S  

503-1. General.- The general rules of this Code shall apply to electric 
wiring and equipment in locations Classified as Class III locations in Section 
500-7. 

Exception: As modified by this article. 
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Equipment installed in Class III locations shall be able to function at full 
rating without developing surface temperatures high enough to cause exces- 
sive dehydration or gradual carbonization of accumulated fibers or 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. 

(FPN): For electric trucks, see Powered Industrial Trucks Including Type. 
Designations, Areas of Use,. Maintenance and Operatior/, NFPA 505-1982 
(ANSI). 

503-2. Transformers and Capacitors, Class III, Divisions 1 and 2. Trans- - 
formers and capacitors shall comply with Section 502-2(b). 

503-3. Wiring Methods. Wiring methods shall comply wit h. (a) and (b) 
below. 

(a) Class III, Division 1. In Class III, Division 1 locations, the wiring 
method shall be rigid metal conduit, rigid nonmetallic conduit, intermediate 
metal conduit, electrical metallic tubing, dusttight wireways, or Type MI, 
MC, or SNM cable with approved termination fittings. 

(1) Boxes and Fittings. All boxes and fittings shall be dusttight. 
(2) Flexible Connections. Where necessary to employ flexible connec- 

tions, dusttight flexible connectors, liquidtight flexible metal conduit with 
approved fittings, or flexible cord approved for extra-hard usage and ,pro- 
vided with bushed fittings shall be used. An additional conductor for 
equipment grounding shall be provided in the flexible cord unless other 
approved means of equipment grounding is provided. 

(b) Class III, Division 2. In Class III, Divisioia 2 locations, the wiring 
method shall comply with (a) above. 

Exception: In sections, compartments, or areas.used:solely for storage 
and containing no machinery, open wiring'on insulators shall be permitted 
where installed in accordance frith Article 320, but only on condition that 
protection as required by Section 320-14 be provided'where conductors are 
not run in roof spaces and are w#ll out of  reach o f  sources o f  physical 
damage. " 

503-4. Switches, Circuit Breakers, Motor Controllers, and Fuses, Class'Ill, 
Divisions 1 and 2. Switches, circuit breakers, motor controllers, and fuses, 
including pushbuttons, relays, and similar devices, shall be provided with 
dusttight enclosures. .: 

503-5. Control Transformers and Resistors, Class III, Divisions 1.and 2. 
Tl:ansformers, impedance coils, and resistors used as or in conjunctionwith 
control equipment for motors, generators, and appliances shall be provided 
with dusttight enclosures complying with the temperatm:e limitations in 
Section 503-1 ._ 

503-6: Motors and Generators, Class III, Divisions 1 and 2. In Class IlI, 
Division 1 and 2 locations, motors, generators, and other rotating machinery 
shall be totally enclosed nonventilate d, totally enclosed pipe-ventilated, or 
totally enclosed fan-cooled. -. 
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Exception: In locations where, in the judgment o f  the authority having 
jurisdiction, only .moderate "accumulations of  lint orflyings will be likely to 
collect on, in, or in thevicinity of  a rotating electric machine, and where such 
machine is readily accessible for routine cleaning and maintenance, one Of 
the following shall be permitted: - 

a. Self-cleaning textile motors of  the squirrel-cage types; 
b. Standard open-type machines without sliding contacts, centrifugal or 

other types of  switching mechanism, including motor overloa d devices; or 
c. Standard open-type machines having such cAntdcts, switching mech- 

anisms, or. resistance devices enclosed within tight housings without venti- 
lating or other openings.; 

503-7. Ventilating Piping Class III, Divisions 1 and 2. Ventilating pipes for 
motors, generators, or other rotating electric machinery, or for enclosures for 
electric equipment shall be of meta.1 not lighter than No. 24 MSG, or of 
equally substantial noncombustible material, and shall comply with 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; 
and (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 or flyings into the 
ventilated equipment or enclosure and to prevent the escape of sparks, flame, 
or burning material that might ignite accumulations of fibers or flyings or 
combustible material in the vicinity. F.or metal pipes, lock seams and riveted. 
or welded joints shall be permitted; and tight-fitting slip joints shall be 
permitt.ed where some fle:(ib.ility is necessary, as at connections to motors. 

503-8. Utilization Equipment, Class III, Divisions 1 and 2. 
(a) Heaters. Electrically heated utilization equipment shall be approved 

for Class III locations. 
(b) Motors. Motors of motor-driven utilization equipment shall comply 

with Section 5()3~6. 
(c) Switches, Circuit Breakers, Motor Controllers, and Fuses. Switches, 

circuit breakers, motor controllers, and fuses shall comply with Section 
503-4. 

503-9. Lighting Fixtures, Class Ill, Divisions 1 and 2.-  
(a) Fixed Lighting. Lighting fixtures for fixed lighting shall provide en- 

closures for lamps and lampholders that are desigiaed to minimize entrance of 
fibers and flyings and to prevent the escape of sparks, burning material, or 
hot metal. Each fixture shall be clearly marked to. show the maximum 
wattage of the lamps that shall be permitted without exceeding" an exposed 
surface temperature of 165°C (329°F) under normal conditions of use. 

(b) Physical Damage. A fixture that may be exposed to physical damage 
shall be protected by a suitable guard. 

(c) Pendant Fixtures. Pendant fixtures shall be suspended by stems of -- 
threaded rigid metal conduit, threaded intermediate metal conduit, threaded 
metal tubing of equivalent thickness, or by chains with approved fittings. For 
stems longer than 12.inches (305 mm), permanent and effective bracing 
against lateral displacement .shall be provided at .a level not more than 
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12 inches (305 mm) above the lower end of the,stem, or flexibility in the form 
of an approved fitting or a flexible connector shall be provided not more than 12 
inches (305 mm) 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 
noncurrent-carrying metal parts shall be grounded. In all other respects, 
portable lighting equipment shall comply with (a) above. 

503-10. Flexible Cords, Class III, Divisions 1 and 2. Flexible cords shall 
comply with the following: (1) be of a type approved for extra-hard usage; (2) 
contain, in addition to the conductors of the circuit, a grounding conductor 
complying with Section 400-23; (3) be connected to terminals or to supply 
conductors in an approved manner; (4) be supported by clamps or other 
suitable means in such a manner that there wil l  be no tension on the terminal 
connections; and (5) be provided with suitable means to prevent the entrance 
of fibers or flyings where the cord enters boxes or fittings. 

503-11. Receptacles and Attachment Plugs, Class III, Divisions 1 and 2. 
Receptacles and attachment plugs shall be of the grounding type and shall be 
so designed to minimize the accumulation or the entry of fibers or flyings, and 
shall prevent the escape of sparks or molten particles. 

Exception: In locations where, in the judgment of  the authority having 
jurisdiction, only moderate accumulationS-of lint or flyings will be 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  fibers or flyings shall be permitted. 

503-12. Signaling, Alarm, Remote-Controll and Local Loudspeaker Intercom- 
munication Systems, Class III, Divisions 1 and 2. ' Signaling, alarm, remote- 
control, and local loudspeaker intercommunication systems shall comply 
with the requirements of Article 503 regarding wiring methods, switches, 

I transformers, resistors, motors, lighting fixtures, and related components.  

503-13. Electric Cranes, Hoists, and Similar Equipment, Class III, Divisions 
1 and 2. Where installed for operation over comJaustible fibers or accumu- 
lations of flyings, traveling cranes and hoists for material handling, traveling 
cleaners for textile machinery; and similar equipment shall comply with (a) 
through (d) below. 

(a) Power.Supply. Power supply to contact conductors shall be isolated 
from all other systems and shall be equipped with ah acceptable ground 
detector that will give an alarm and automatically de-energize the contact 
conductors in case of a fault to ground or will give ff 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 ~so located or 
guarded 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 so arranged or guarded 
as to confine normal spai'king and prevent escape of sparks or hot particles. 
To reduce sparking, two or more separate surfaces of contact shall be 
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provided for each contact conductor. "Reliable means shall be provided t o  
keep contact conductors and current collectors free of accumulations of lint 
or flyings . . . .  • 

(d) Control Equiian~eht. Control equipment shall comply with Sections 
503-4 and 503-5. 

503-14• Siorage-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 so constructed as to 
adequately exclude flyings or lint .and shall be well ventilated. 

503-15. Live Parts, Class III, Divisions 1 and 2. Live parts shall not be 
exposed. 

Exception: As provided in Section 503-13. 

503-16. Grounding, Class Ill,, Divisions 1 and 2. Wiring and equipment in 
Class III, Divisions l and 2 shall be grounded as specified in Article 250 and 
with the following additional requirements: 

(a) Bonding. The locknut-bushing and double-locknut types o_f contacts 
shall not be depended upon for bonding purposes but bonding jumpers with 
propel" fittings or other approved means of bonding shall be used. Such means 
of bonding shall apply to all intervening raceways, fittings, boxes, enclo- 
sures, etc. between Class II1 locations and the point of grounding for service 

• equipment. 
(b) Types of Equipment Grounding Conductors. Where flexible conduit is 

used as permitted in Section 503-3, it shall be installed with internal or 
external bonding jumpers in parallel with each conduit and complying with 
Section 250-79. 

A R T I C L E  510 m H A Z A R D O U S  ( C L A S S I F I E D )  
L O C A T I O N S  S P E C I F I C  

510-1. Scope• Articles 511 through 517 cover '  occupancies or parts of 
occupancies that ace or may be hazardous beca:iJse of atmospheric concen- 
trations 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 o f  this Code shall apply to eiectric 
wiring and equipment in occupancies within the scope.of Articles 511 through 
517, except as such rules are modified in those articles. Where unusual 
conditions exist i0 a specific occupancy, the authority having jurisdiction. 
shall judge with respect to the application of specific rules. 

A R T I ( ~ L E  511 m C O M M E R C I A L  G A R A G E S ,  
R E P A I R  A N D  S T O R A G E  

511-1• Scope• These occupancies shall include locations used for service 
and repair operations in connection with self-propelled vehicles (including 
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passenger automobiles, buses, trucks, tractors, etc.) in which volatile 
flammable liquids are used for fuel or power. 

I 511-2. Locations. Areas in which flammablefuel is transferred to vehicle 
fuel tanks shall conform to Article 514. Parking garages used for parking or 
storage and where no" repair work is done except exchange of parts and 
routine maintenance requiring no use of electrical equipment, open flame, 
welding, or the rise of volatile flammable liquids are not classified, but they 
shall.be adequately ventilated to carry off the exhaust fumes of  the engines. 

I (FPN): For further information, see Parking Structures, NFPA-88A-1985, and 
Repair Garages, NFPA 88B-1985. 

511-3. Class I Locations. Classification under Article 500. 
(a) Up to a Level of 18 Inches (457 mm)' Above the Floor. For each floor 

the entire area up to a level of 18 inches (457 mm) above the floor shall be 
considered to be a Class I, Division 2 location except where the enforcing 
agency determines that there is mechanical ventilation providing a minimum 
of four air changes per hour. 

(b) Any Pit or Depression Below Floor Level. Any pit or depression below 
floor level shall be considered to be a Class l, Division 1 location which shall 
extend up to said floor level, except that any pit or depression in which six 
air changes per hour are exhausted at the floOr level of  the pit shall be 
permitted to be judged by theenforcing agency to be a Class I, Division 2 
location. 

(c) Areas Adjacent to Defined Locations with Positive Pressure Ventilation. 
Areas adjacent to defined locations in which flammable vapors are not likely 
to be released such as stock rooms, switchboard rooms, and other similar 
locations shall not be classified when mechanically ventilated at a rate of four 
or more air changes per hour or when effectively c u t  off by walls or 
partitions. 

(d) Adjacent Areas by Special Permission. Adjacent areas which by 
reason of  ventilation, air pressure differentials, or physical spacing are such 
that, in the opinion of the authority enforcing this Code, no ignition hazard 
exists shall be classified as nonhazardous. 

(e) Fuel Dispensing Units. When fuel dispensing Units (other than liquid 
petroleum gas which is prohibited) are located within buildings, the require- 
ments of Article 514 shall govern.  

When mechanical ventilation is provided in the dispensing area, the 
controls shall be interlocked so that the dispenser cannot operate without 
ventilation as prescribed in Section 500-5(b). 

(f) Portable Lighting Equipment. Portable  lighting equipment shall be 
equipped with handle, lampholder, hook and substantial guard attached to 
the lampholder or handle. All exterior surfaces which 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 unswitched type and shall not provide means for 
plug-in of attachment plugs. 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 Section 511-3 they shall be of a type approved for Class I,. Division 1 
locations. 
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511-4. Wiring and Equipment in Class I Locations. Within Class I locations 
as definedin Section 511-3, wiring and equipment shall conform to applicable 
provisions of Article 501: Raceways embedded in a masonry wall or buried 
beneath a floor shall.be Considered to bewithin the Class 1 location above the 
floor if any connections or extensions lead into or through such areas. 

' 5 1 1 5 .  Sea l ing . .Approved  seals conforming to the r equirements of Section 
501-5 shall be provided, and Section 501-5(b)(2) shall app!y .to horizontal a s  
well as vertical boundarie's of the defined Class 1 locations• " 

5 1 1 - 6 .  Wiring in Spaces Above Class I Lo~:ations. - . . ,  
(a) Fixed Wiring Above Class I Locations. All fixed wiring above.Class I 

locations shall be in metallic raceways, rigid nonmetallic conduit, electrical. I 
nonmetallic tubing, or shah be  Type  MI, TC, SNM, or Type M C  cable. [ 
Cellular metal floor raceways or "cellular concrete floor raceways shall b e  
permitted to be used 'only,-for supl61~)ing ceiling outlets or extensi0n~.to the 
~rea below the floor, biit~such raceways shell have no connections leading 
into or through any Class I location above the floor. 

•. (b) Pendants .  .For pendants, flexible cord suitable for the type of service 
and.approved for hardusage .shall be used. 

(c) G r o u n d e d  C o n d u c t o r . . W h e n  a circuit which supplfes portables or 
pendants includes a grounded conductor as provided in Article 200, recep- 
tacles, at tachmentplugs,  connectors, and similar devices shall be of polar- 
ized type, and the grounded conductor of the flexible co]'d shall be connected 
to: the screw,shell of any lampholder, or to the grounded terminal of anY 
utilization"equipment supplied. 

(d) Attachment Plug Recep tac le s .  Attachment plug.receptacles in fixed 
position shall be located above the level of any defined Class I location, or be 
approved for the location. " " 

511-7. EquiPment Above Class, I Locations. 
(a) Arcing Equipment. Equipment that isless tllan 12 feet (3.66 m) above. 

the floor level and that may produce arcs, sparks, or particles of hot metal, 
such as cutouts, switches, charging panels, generators,-, motors, o ro the r  
equipment (excluding receptacles, lamps and lampholdcrs) having makezand: 
break or sliding contacts, shall be of the totally enclosed type or so 
constructed as to prevent escape of sparks or hot metal partMes..- 

(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 12 

• feet (3.66 m)-above floor level, unless of the totally enclosed type or so 
constructed as to prevefit escape of sparks or hot metal particles. 

511-8. Battery Charging Ei:luipment. Battei-y chargers and their control : 
equipment,~and batteries belting charged shall not be located within locations 
classified in Section 511-3. - 

511-9, Electric Vehicle Charging. . - 

:(a) Connections:- Flexible cords and connectors used for cha?ging shall 
be suitable for the type of service andapproved for extra,hard usage..-Their. 
amp acity-shall be adequate for the charging current. 
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(b) Connector Design and Location. Connectors shall b e s o  designed and 
• installed that they will disconnect readily at any position of the charging 
cable, and live parts shall be guarded from accidental contact. No connector 
shall be located within a Class I location as defined in Section 511-3. 

(c) Plug Connections to Vehicles. Where plugs are provided for direct 
connection to vehicles, the point of  connection shall not be within a Class I 
location as defined in Se~:tion 511-3, and where the cord is suspended from 

overhead ,  it shall, be so arranged that t he  lowest point of sag is "at least 
6 inches 052 mm) above the floor. Where the vehicle is equipped with an 
approved plug that will disconnect readily, and where an automatic arrange- 
ment 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. . . . -  - 

511-10. Ground-Fault Circuit-Interrupter Protection for Personnel. Al l  125- 
volt single-phase, 15- and 20-ampere receptacles, where electrical automo- 
tive diagnostic equipment, electrical hand tools and portable lighting devices 
are used, shall have ground-fault circuit-interrupter protection for. personnel. 

z • ". 

A R T I C L E  513 m A I R C R A F T  H A N G A R S  

513-1. Definition. An aircraft hangar is a location used-for  storage or 
servicing of aircraft in which gasoline, jet fuels, or other volatile flammable 
liquids or flammable gases are used. It shall not include locations used 
exclusively for aircraft that have never contained "such liquids or gases, or 
that have been drained and properly purged• 

513-2. Classification of Locations. 
• (a) Below Floor Level. An~ pit or depression below the level of the hangar 

floor shall beclassified as a Class'I,  Division l location that shall~extend up 
• to said floor level. 

(b) Areas Not Cut Off or Ventilated, The entire area o f  the hangar, 
including any adjacent and communicating areas notsuitably cut off from the 
hangar, shall be classified as a Class I, Division 2. location up to a level 18 
inches (457 mm) above the floor. 

(c) Vicinity of Aircraft. The a~'ea within 5 feet (1.52 m) horizontally from 
aircraft power plants or aircraft fuel tanks shall be classified as a Class I, 
Division 2 location that shall extend upward from. the floor to a level 5 feet 
(1.52 m) above the upper surface of wings and of engine enclosures. 

(d) Areas Suitably Cut Off 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 not be 

• classified where adequately ventilated and where effectively cut off from the 
hangar itself by walls or partitions. 

513-3. Wiring and Equipment in Class I Locations. All wiring and equip- 
ment that is or may be installed or operated within any of the Class I locations 

• defined in Section 513-2 shall comply with the applicable provisions of•Article 
501: All wiring installed in or under the hangar floor shall comply with the 
requirements for Class I, Division 1 locations. Where such wiringis  located 
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in vaults, pits, .or ducts, adequate drainage shall be provided; and the wiring 
shall not be placed within the same comPartmentwith any service other than 

, piped compressed air." 
, Attachment plugs and receptacles inClass [locations shall be approved for 

Class I locations or shall b e s o  designed that,they cannot be energized while 
the connections are being made or broken. 

513-4. Wiring Not Within Class I Locations. 
(a) Fixed Wiring. ,Al l  f ixed wir ing in a hangar, but not wi th in  a Class I 

location as defined in Section 51-3-2, shall be installed in metallic raceways or 
shall be Type MI, TC, SNM,or Type MC cable. 

Exception: Wiring in nonhazardous locations as defined in Section 513-2(d) 
shall be of  a type recognized in Chapter 3. 

(b) Pendants. For pendants,.flexible cord suitable for the type of service 
and approved for hard usage shall be used. Each such cord shall include a 
separate grounding conductor. 

(c) Portable Equipment. For portable utilization equipment and lamps, 
- f l e x i b l e  cord suitable for the type of  service and approved for extra-hard 

usage shall be used. Each,such cord shall include a separate grounding 
conductor. 

(d) Grounded and Grounding Conductors. Where a circuit supplies porta- 
bles or pendants and includes a grounded, conductor as provided in Article 
200, receptacles, attachment plugs, connectors, and similardevices shall be 
of the polarized 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 htilization equipment supplied. Approved means shall be 
PrOvided for maintaining continuity of the grounding conductor between the 
fixed raceway system and the noncurrent-cartying m~tal portions of pendant 
fixtures, portable lamps, and-portable utilization equipment. 

513-5.=Equipment Not Within Class I Locations. 
L(a) Arcing Equipment. In locations other  than those described in Section 

513-2, equipment that is less than 10 feet-(3.05 m) above Wings and engine 
enclosures of aircraft a, nd 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 so 
constructed as topreven t  escape of sparks or hot metal particles. 

Exception: Equipment in areas described in Section 513-2(d) shall be 
permitted to be of  the general-purpose type. 

(b) Lampholders. Lampholders of metal-shell, fiber-lined types shall not 
be used for fixed incandescent lighting. 

(c) Portable Lighting Equipment. Por t ab le  lighting equipment t h a t a r e  
used within a hangar shall.be approved for the location in which they are 
used. 

(d); Portable Equipment. " Portableutilization equipment that is or may be 
used within ahangar  shall be of a type suitable for use in Class I, Division 2 
locations. , 
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513-6. Stanchions, Rostrums, and Docks. 
(a) In Class I Location. Electric wiring, outlets, and equipment (including 

lamps) on or at tached to stanchions,  rosti 'ums, or docks that  are located or 
likely to be located in a Class I location as defined in Section 513-2(c) shall 
comply with the requirements  for Class I, Division 2 locations. 

(b) Not in Class I Location. Where stanchions, rostrums, or docks are not 
located or likely to be located in a Class I location as defined in Section 513-2(c), 
wiring and equipment shall comply with Sections 513-4 and 513-5, except that 
such wiring and equipment not more than 18 inches (457 mm) above the floor in 
any position shall comply with (a) above. Receptacles and at tachment plugs 
shall be of a locking type that will not readily disconnect. 

(c) Mobile Type. Mobile s tanchions with electric equipment complying 
with (b) above shall carry at least one permanently affixed warning sign to 
read: " W A R N I N G  - -  K E E P  5 FEET CLEAR OF AIRCRAFT ENG1NES 
AND F U E L  TANK A R E A S . "  

513-7.  Sealing. Approved seals shall be provided in accordance with 
Section 501-5. Sealing requirements  specified in Section 501-5(a)(4) and (b)(2) 
shall apply to horizontal as well as to vertical boundaries  of the defined Class 
I locations. Raceways embedded in a masonry floor or buried beneath  a floor 
shall be considered to be within the Class I location above the floor where 
any connect ions or extensions lead into or through such location. 

513-8 .  Aircraft Electrical Systems. -Aircraft  electrical systems shall be de- 
energized when the aircraft is stored in a hangar,  a~nd, whenever  possible, 
while the aircraft is undergoing maintenance.  

513-9 .  Aircraft B a t t e r y - -  Charging and Equipment. Aircraft  batteries shall 
not be charged when installed in an aircraft located inside or partially inside 
a hangar. 

Battery cha rge r s  and their  control equipment  shall not b e  located or 
operated within any of the Class I locations defined in Section 513-2, and 
shall preferably be located in a separate building or in an area such as defined 
in Section 513-2(d). Mobile chargers shall  carry, at least one permanent ly  
affixed warning sign to read: " W A R N I N G  - -  K E E P  5 F E E T  C L E A R  OF 
AIRCRAFT E N G I N E S  AND F U E L  T A N K  A R E A S . "  Tables,  racks, trays,  
and wiring shall not be located within a Class I location, and; in addition, 
shall comply with. Article 480. 

513-10. External Power Sources for Energizing Aircraft. 
(a) Not Less than 18 Inches (457 mm) Above Floor, Aircraft energizers 

shall be so designed and mounted that all electric equipment and fixed wiring 
will be at least 18 inches (457mm) above floor level and shall not be operated • 
in a Class I location as defined in Section 513-2(c). 

(b) Marking for Mobile Units. Mobile energizers shall carry at least  one: .- 
permanent ly  affixed warning sign to read: " W A R N I N G  - -  K E E P  5"FEET ..... 
C L E A R  OF A I R C R ' A F T : E N G I N E S A N D F E I E L T A N K  ~AREAS?? '  " 

(c) Cords. Flexible cords for aircraft energizers  and ground support  
equipment  shall be approved for the type of service.and extra-hard usage and 
shall incl/ld6 an equipment  groundingconductor .  
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513-11. Mobile Servicing Equipment with Electric Components. 
, (a) General. Mobile servicing equipment (such as vacuum cleaners, air 

compressors, a i r  movers, etc.)- having el'ectric .wiring and equipment not 
suitable for Class I, Dix, ision 2-locations shall be so designed and mounted 
that all such fixed wiring and-equipment will be a t leas t  18 inches (457 mm) 
above the floor.. Such mobile., equipment  shall not be operated within the 
Class I location defined in Section-513-2(c) and shall, carry at least one 
permanently affixed warning sign to read: " W A R N I N G  --: K E E P  5 FEET 
CLEAR O F  AIRCRAFT ENGINES ?~ND F U E L  TANI(  A R E A S . " ,  

(b) Cords and:Connectors. Flexible cords for mobile equipment shall be 
suitable for the type of service andapproved for extra-hai'd usage, and shall 

• include an equipment groundingconductor.  Attachment.plugs and recepta- 
cles shall beapproved-for  the location in which they .aPe.installed, and shall 
provide for:connection of the equipment grounding conductor.to the.raceway 
system. - 

" (c) Restricted Use. - Equipmentthat  i snot  identified assuitable for Class 
I, Division 2 locations shallnot be operated in locations:where-maintenance 
operations likely'to release flammable liquids or-vapors are in progress: 

513-12~ Grounding. Al lmetal  raceways and all noncurrent-carrying metal 
portions of fixed or portable equipment, regardless of voltage, shall be 
grounded as  pi'ovided in Article 250. 

- A R T I C L E  514 m G A S O L I N E  D I S P E N S I N G  
A N D  S E R V I C E  S T A T I O N S  

514-_1..Definition. Agasol ine  dispensing and service station is a location 
: where gasoline~or other volatile flammable liquids or liquefied flammable 
. gasesare~transferred to the fuel tanks (including auxiliary fuel tanks) of self- 

.- propelled vehicles. 
. Other areas usedas-lubri toriums,  service .rooms,-repair rooms, offices, 

salesrooms;-compressor rooms, and similar locations shall comply with 
Articles. 510 and 511 with-respectto electric wiring and equipment. 

~, ~.Where the authoi'ity having jurisdiction can satisfactorily determine that 
flammable liquids having aflash point,below 38(100such as gasoline, will not 

• be handled,.such authority may classify that location as nonhazardous. 
(FPN): For further informationregarding safeguards for :gasoline •dispensing 

and service stations, see Automotive. and. Marine. Service Station Code, NFPA 
30A- 1984. 

514-2.  x Class I Locations. Table 514-2 shall be applied where Class I 
• liquids are stored, handled, or dispensed-and shall be used to delineate and 
• classify service stations. A Class I location shall not extend beyond an 
unpierced wall, roof, or other solid partition. 

-- 514-3:  Wiring and Equipment.Within Class I:Locations. All electric equip- 
- m e n t  and wiring within Class I locations defined in Section 514-2 shall comply 

wi th the  applicable provisions of Article 501. 
• . E x c e p t i o n :  A s  p e r m i t t e d  in S e c t i o n  514-8.  

(FPN): For special requirements-for-conductor insulation, see Section 501-13. 
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Table  514-2x~ Class I Locat ions - -  Serv ice  Stat ions 

Class I, 
Group D 

Location -Division Extent  of Class I Locat ion 

Underground Tank 
Fill Opening 1 

Vent - -  Discharging Upward 

Any pit, box, or space below grade 
level, any part of which is Within the 
Division I or 2 location. 

UP to 18 inches above grade level 
within a horizontal radius of 10 feet 
from a loose fill connection and 
within a horizontal radius of 5 feet 
from'a tight fill connection. 

Within 3 feet" of.open end of vent, 
extending, in all directions. 

Space between 3 feet and 5 feet of 
open end of vent, extending in all 
directions. 

Dispensing Units 
(except overhead type) 
Pits 

Dispenser 

Outdoor 

.Indoor 
-with Mechanical Ventilation 

wit h Gravity Ventilation 

1 Any pit, box, or space, below grade 
level, any part of which is within the 
Division 1 or 2 location. 

1 The space within a dispenser enclo- 
sure up to 4 feet vertically above the 
base except that space defined as 

- Division 2. Any space within" a nozzle 
boot. 

2 Spaces within a dispenser enclosure. 
above the Division 1 location. Spaces 
within a dispenser enclosure isolated 
from Division 1 by a solid partition 
or a solid nozzle boot but not com- 
pletely surrounded' by Division 1 

• location. Within "18 inches horizon- 
tally in all directions from the Divi- 
sion 1 location located within the 
dispenser enclosure. 
Within 18 inches horizontally in all 
directions from the opening  of a 
nozzle boot not isolated by a vapor- 
tight partition,:exdept that the classi- 
fied location need not be. extended 
around a 90 degree or greater corner. 

2 Up to 18 inches-above.grade.level 
within 20 feet horizontally of any 
edge of enclosure• 

2 Up to 18 inches above grade'or floor 
level within 20 feet horizontally of 
any edge O f enclosure. 

2 Up to 18'inches above grade or floor 
level within 25 feet horizontally of 
any.edge of enclosure. 
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Table  5 1 4 - 2  (Cont inued)  

Class I, 
Group D- 

• Location Division Extent  of Class:l  Locat ion 

Dispensing Units, 
O v e r h e a d  Type 

• . j -  

Within the dispenser enclosure and 
18 inches in all directions from the 
enclosure where.not suitably cu t  off 
by ceiling or wall. All electrical 
equipment integralwith the dispens- 
ing hose or nozz le .  

A space extending 2 feet horizontally 
in all directions beyond the Division 
1' location and extending to grade 
below this classified location. 

Up to 18 inches above grade level 
within 20:feet horizontally measured. 
from a point vertically below t h e .  
edge of any dispenser enclosure.  

Remote Pump - -  Outdoor Any pit, box, or space below, grade 
level if any part is within a horizontal 
distance of l0 feet f rom any edge of 
pump. . , 

Within 3 feet of any edge of pump, 
extendingin all directions. Also up to 
18 inches above grade level ~vithin 10 
feet horizontally from any edge of 
pump. 

Remote Pump - -  I n d o o r  1 

2 

Entire space within any pit. 

Within 5 feet of any edge of.pump, 
extending in all directions. Also up to 
3 feet above flooi" or grade level. 
within 25 feet horizontally, from any 
edge of pump. 

Lubrication or Service Room - -  

with Dispensing 

Dispenser for Class I Liquids 

1 

2 

2 '  

'~ 2 

Any pit within any unventilated 
area. 

Any pit with ventilation, 

Space up to 18 inches above floor or 
grade level and 3 feet horizontally 
from a lubrication pit. 

Within 3 feet of any fill or dispensing 
point, extending in all directions. 

Lubrication or Service Room - -  

. without Dispensing 
. .  2 

,, 2 
: L  

Entire space within any pit used. for 
lubrication or similar services where 
Class I liquids may be released. 

Space  up to 18 inches above any such \ 
pit,,and extending a distance of 3 feet 
horizontally from any. edge of the 
p~t. 
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Table 514o2 (Continued) 

Class I, 
Group D 

Location Division Extent of Class I Location 

Special Enclosure Inside Building I " Entire enclosure. 
(See NFPA 30A-1984, 
Automotive and Marine 
Service Station Code, Section 
2-2) 

Sales, Storage and Rest Rooms Ordinary If there is any opening to these rooms 
• within the extent of a Division 1 
location, the entire room shall be 
classified as Division 1. 

-Vapor Processing Systems Pits l Any pit, box, or space below grade 
level, any part of which is within a 
Division 1 or 2 location or which 
houses any equipment used to trans- 
port or process vapors. 

Vapor Processing Equipment 2 Within any protective enclosure 
Located Within Protective housing vapor processing equipment. 
Enclosures 

Vapor. Processing Equipment Not 2 The space within 18 inches in all 
Within Protective Enclosures directions of equipment containing 

• (excluding piping and flammable vapor or liquid extending 
combustion devices) to grade level. Up to 18 inches above 

grade level within 10 feet horizon- 
tally of the vapor processing equip- 
ment. 

Equipment Enclosures 1 Any" space within the enclosure 
where vapor or liquid is present 
under normal operating conditions. 

2 : The entire space within the enclosure 
other than Division 1. 

Vacuum Assist Blowers 2 The space within 18 inches-in all 
--'directions extending to grade level. 

Up to 18 inches above grade level 
within 10 feet horizontally. 

For SI units: one inch = 25.4 millimeters; one foot ='0.3048 meter. 

5 1 4 - 4 .  Wiring and Equipment  Above Class I Locations. Wiring and equip- 
- merit  a b o v e  the  C la s s  I loca t ions  def ined  in Sec t ion  514-2 shal l  c o m p l y  wi th  

Sec t ions  511-6 and  511-7. 

5 1 4 - 5 .  Circuit  Disconnec t s .  E a c h  ci rcui t  leading to o r  t h r o u g h  a d i s p e n s i n g  
p u m p  shal l  be  p rov ided  wi th  a swi t ch  or  o t h e r  accep tab l e  m e a n s  fo d i scon-  
nec t  s i m u l t a n e o u s l y  f rom the  sou rce  o f  supp ly  all c o n d u c t o r s  o f  the  c i rcui t ,  

_ inc lud ing  the  g r o u n d e d  neut ra l ,  if  any .  
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514-6. Sealing. . 
(a) At Dispenser. An approvedseal  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 
Section 501-5. Section 501-5(a)(4) and (b)(2) shall apply to horizontal as well 
as to vertical boundaries of the definedClass I locations. 

514-7. Grounding. M e t a l  portions of dispensing pumps, metal raceways, 
and all noncurrent-carrying'metal parts of electric equipment, regardless, of 
• voltage, shall be grounde d as provided in Article 250. • 

514-8. Underground Wiring. Underground wiring shall be installed in 
threaded rigid metal conduit or threaded steel i'ntermediate metal conduit. 
Any portion of electrical wiring or equipment which is' below the surface of 
a Class I, Division'l  9,(Division 2 location (as defined in Table 514-2) shall be 
considered to be in a Class I, Division l location, which shall extend at least 
to the point of emergence above grade. Refer to Exception No. 3 of Section 
300-5(a), .. 
• Exception No. 1: Type MI cable • shall be permitted where it is installed in 

. accordance with Article 330. 
Exception No. 2:-Rigid nonmetallic conduit complying with Article 347 

shall be permitted when buried un.der not less than 2feet (610 mm) of. earth. 
Where rigid honme'talli'c conduit is used, threaded rigid metal conduit or 
threaded steel intermediate~meta[ conduit shall be used for the last 2feet (610 
min) 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 electrical continuity of the raceway-system and for grounding of  
noncurrent-carrying metal parts.. 

A R T I C L E  515 m B U L K  S T O R A G E  P L A N T S  

515-1.-Definition. A bulk storage plant is a location.where gasoline or 
other volatile flammable ,liquids a r e  stored in.tanks ha.ving an aggregate 
capacity of one car load-or  more, and, f rom-which,  such products are- 
distributed (usually by. tank.truck):" 

515-2.x Class I I 'ocations.. T a b l e  515)2 ~ shall b e . a p p l i e d w h e r e  Class " I 
liquids are stored, handled, or dispensed and shall be used to delineate and 
classify bulk,storage plants. The Class I location shall not extend beyond an 
unpierced ,~all , / '0of, 'or other solid partition.- 

515-3. Wiring andEquipment within Class I L0cations. -All electric wiring 
and equipment within the Class I locations def inedin Section 515-2 shall 
comply with the applicable provisions of.Article 501. 

.Exception: As' permitted in Section 515-i. 

515-4."Wiring::and~EquiPment Above ClasslLocations. All fixed'wiring 
.above~.C.l~iss J 'l:6cations shall be ih  metallic..raceways--or, be Type~ MI, T C , .  
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• T a b l e  5 1 5 - 2 " . . .  C l a s s  I L o c a t i o n s  ~ B u l k  P l a n t s  

C lass  I, 
G r o u p  D 

' L o c a t i o n  Divis ion E x t e n t  of  c l a s s  I L o c a t i o n  

Tank Vehicle and Tank Car 
Loading Through.Open" Dome I 
When classifying extent of 
space, consideration shall be 

- given to fact that tank cars or 2 
tank vehicles may be spotted 
at varying points. Therefore, 

t h e  extremities of the loading 
"or unloading positions shall be 
used. 

Loading Through Bottom 
Connections with .Atmospheric 
Venting 

Loading Through'Closed 
Dome with Atmospheric 

"Venting 

Within 3 feet of edge of dome~ 
extending in all directions. 

S p a c e  between 3 feet and ]5 feet 
from edge of dome, .extending in all 
directions. 

. Loading Through Closed 
Dome with Vapor Recovery 

Bottom Loading with.Vapor 
Recovery or Any Bottom 
Unloading 

P u m p s ,  B l e e d e r s  W i t h d i a w a l  
" F i t t ings,  M e t e r s  a n d  S imi la r  • 

D e v i c e s  • : - 
Indoors -~" 

Outdoors " "  2 

1 : Within feet of-pgint-ot ~ venting.to 
- -atmosphere,-extending in all direc- 

" tions. ,U~ 
I 

• : '2 . _  Space between 3 feet and 15 feet. 
-- "from point of-venting to atmosphere, 

• extending in all directions. Also up to 
18• inches "a.bove grade within a hori- 
zontal radius of 10 feet from point of 

• loading connection:_ 

1 

2" 

Within 3 feet of open end o fven t ,  
exte~nding in all directions. 

Space be.tween 3 feet and .  15 feet 
from open e n d  of vent, extending in 
all directions. Also within 3 feet of 
edge of dome, extending ifi all direc- 
tions. 

2 -Within 3" feet of.p0int of connection 
of both fill and vapor lines, extending 
in all directions. 

2 Within 3-feet of point of connections, 
extending in all directions• Also up to 
18 inches above grade.within a hori- 
zofital radius of 10 feet from poirit of 
connection. - .  

, , - -  . /  . , z '  • .  

.'T~ . . . .  Within . 5 f ee t  of any edge "of such 
.devices, ex t end ing in  all- directions. 
Also'up to 3 feet hbove floor'or grade 
level within 25 feet horizo/{tally from 

• " any edge of such devices• 

" - - Within 3 feet of, "any edge of such 
dev ices ,  extending, in all directions. 

Also up to 18 inches above grade 
level within-10 feet horizontally from 
any edge of such devices. 
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1"able 5 1 5 - 2  ( C o n t i n u e d )  

Class I, 
Group D." • 

Location Division Extent of Class I. Location 

Storage and Repair Garage for 
Tank Vehicles l All pits or spaces below floor level. 

Space up to 18 inches above floor or 
grade level for entire storage or 

2 repair garage: 

Space up to 18 inches above ditch, 
separator, or basin. Also up to 18 

Drainage Ditches, Separators, inches above grade within 15 feet 
Impounding Basins 2 horizontally from any edge. 

If there is any opening to these rooms 
within the extent of an outdoor Divi- 
sion 1 or 2 location, the entire room 
shall be classified the 'same as the 

Garages for Other than Tank area classification at the point of the 
Vehicles Ordinary opening. 

Outdoor Drum Storage ' Ordinary 

If there is any opening to these rooms 
within the extent of an indoor Divi- 

Indoor W a r e h o u s i n g  W h e r e . T h e r e  . sion 1 or 2 locatior~, the room shall be 
Is NO Flammable Liquid classified the same as if the wall, 
T r a n s f e r  " Ordinary' curb or partition did not exist. 

Office and Rest Rooms Ordinary 

Drum and Container Filling 
Outdoors, or Indoors with 
Adequate Ventilation 

Within 3 feet of vent and fill open- 
1 . ing, extending in all directions. 

Space between 3 feet and5 feet from 
vent or fill opening, extending in:all 

-direct ions.  Also up to 18 inches 
above-floor or grade level within a 
horizontal radius of 10 feet from vent 

2 or fill opening. 

T a n k  m A b o v e g r o u n d *  

Shell, Ends, or Roof and 
Dike Area 

Vent 

Floating Roof 

2 

1 

2 

1 

Within 10 feet from shell, ends, or 
roof of tank. Space inside dikes to 
level of top of dike. 

Within 5 feet of open end of vent, 
extending in all directions. 

Space between 5 feet and 10 feet. 
from open end of vent, extending in 
all directions. 

Space above the roof and within the 
shell. 
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Table  5 1 5 - 2  (Cont inued)  

Class I;. 
Group D 

Location Division Extent of Class I Location 

Pits 
Without Mechanical 
Ventilation 

With Mechanical Ventilation 

Containing Valves, Fittings or 
Piping, and Not Within a 
Division 1 or 2 Location 

Entire space within pit if any part is 
within a Division 1 or 2 location. 

Entire space within pit if any part is 
within a Division 1 or 2 location. 

2 Entire pit. 

For SI units: one inch = 25.4 millimeters; one foot = 0.3048 meter. 
* For T a n k s -  Underground, see Section 514-2. 

SNM, or Type MC cable. 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 o r , be  so 
constructed as to prevent  escape of sparks or hot metal particles. Portable 
lamps or other  utilization equipment  and their flexible cords shall comply 
with the p rov i s ionso f  Article 501 for the class o f  location above which they 
are connected or used. 

5 1 5 - 5 .  Underground Wiring. 

(a) Wir ing  Method.  Underground wiring shall be installed in threaded 
rigid metal conduit ,  threaded s teel  intermediate metal conduit ,  or where 
buried under  not less than 2 feet (610 mm) of earth shall be permit ted in rigid 
nonmetall ic conduit  or an approved cable. Where  rigid nonmetall ic conduit  is 
used, threaded rigid metal conduit  or threaded steel intermediate metal 
conduit  shall be used for the last 2 feet (610 mm) of the conduit  run tO 
emergence or to the point of connect ion to the aboveground raceway. Where  
cable is used, it shall be enclosed in rigid or threaded steel intermediate metal 
conduit  from the point of lowest buried cable level to the point of connect ion 
to the ab0veground raceway. 

(b) Insulation. Conductor  insulation shall comply With Section 501-13. 

(c) Nonmetallic Wiring. Where rigid nonmetallic conduit  or cable with a 
nonmeta l l i c  sheath is used, an equipment grounding conductor  shall be 
included to provide for electrical continuity of  the raceway system and for 
grounding of noncurrent-carrying metal parts. 

515-6. Sealing. Approved seals shall be provided in accordance with 
Section 501-5. Sealing requirements  in Section 501-5(a)(4) and (b)(2) shall 

a p p l y  to horizontal  as well as to vertical boundaries  of the defined Class I 
locations. Buried raceways under  defined Class I locations shall be consid- 
ered to be within such locations. 
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515-7. Gasol ine Dispensing. Where gasoline dispensing iscarried on in 
conjunction with bulk station oper~itions, the applicable provisions of Article 
514 shall apply. 

• 515-8. Grounding. All metal raceways and all noncurrent-carrying metal 
parts of electric equipment shall be grounded as provided in A~ticle 250. 

A R T I C L E  516 - -  SPRAY A P P L I C A T i O N i  D I P P I N G  
AND C O A T I N G  PROCESSES 

516:1. Scope. This article covers the regular or frequent application of I 
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. 

(FPN): For further information regarding safeguards for these.processes, such 
as fire protection, posting of warning signs, and maintenance, see Standard for 
Spray Application Using Flammable and Combustible Materials, NFPA 33-1985 ] 
(ANSI), and Standard for Dipping and Coating Processes Using Flammable or 
Combustible Liquids, NFPA 34-1982 (ANSI): For additional information regard- [ 
ing ventilation, see Blower and Exhaust Systems, Dust, Stock and Vapor 
Removal or Conveying, NFPA 91-1983.. I 

516-2. Classification of Locations. Classification is based on dangerous 
quantities of flammable vapors, combustible mists, residues, dusts or depos= 
its. 

(a) Class I or Class II, Division 1 Locations.. The following spaces shall be 
considered Class I or Class II, Division 1 locations as applicable. 

(1) x The interiors of spray booths and rooms except as specifically I 
provided ~n Section 516-3(d). 

(2) x The interior of exhaust ducts. 
(3) x Any area in the direct path of spray operations. 
(4) x For dipping and coating operations, all space within 5 feet (1.52 m). 

in any direction from the vapor sources extending from these surfaces to the 
floor. The vapor source shall be the liquid surface in the dip tank, the wetted 
surface of the drain board and the surface of the dipped,object over either the 
liquid surface or the'wetted surface of the drain board and extending from 
these surfaces to the floor. 

(5Y Pits within 25 feet (7.62 m) horizontally of the vapor source. If pits 
~e  in the classified area and extend beyond 25 feet (7.62 m) the Class ~I, 
Division l area shall'include the entire pit unless a vapor stop is provided. 

(b) Class I or Class II, Division2 Locations. The fo l lowing spaces shall be 
considered Class [ or Class II, Division 2 as applicable. 

(1) x For open spraying, all space outside of but within 20 feet (6:10 m) 
horizontally and l0 feet (3.05 m) vertically of the Class I, Division 1 location 
as defined in Section 516-2(a), and not separated from-it by partitions. See 
Figure 1. 

(2) x For spraying operations conducted within a closed top, open face, 
or front spray booth; the space shown in Figure,2, andthe space within 3 feet 
(914 mm) in all directions from openings other, than the open face or front.- 
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Extent of Class I 

Class 'or Class11 / \o r  Class II 
Division 1 Locations~ . . /DIvision 2 

• . 1 0 '  , ' • 

j ~ ~ ~ 

1 4 

Elevation 
For SI units: one inch = 25.4 millimeters; one foot = 0.3048 meter. 

Figure 13 Class I or Class II, Division 2 Locations Adjacent to an Unenclosed Spray 
Operation. 

The Class I or Class-II, Division 2 location shown in F igure2  shall ex tend  
from the open face or front of the spray booth in accordance with the 
following: 

a. If the ventilation system is interlocked with' the spraying equipment  
so as to make the spraying equipment inoperable when the ventilation-system 
is not in.operation, the space shall extend 5 feet (1.52 m) from the open face 
or front of the spray booth,  and as otherwise shown in Figure 2A. 

b. If the ;¢entilation sys tem- i s  not interlocked with the spraying 
equipment so as to make the spraying equipment i.noperable when the 
ventilation system is not in operat ion,  the space shall ex t end  10 feet (3.05 m) 

f r o m  the open face or.front of the-spray booth,  and as otherwise shown in 
Figure 2B. 

(3) x For  spraying operations conducted within an open top spray booth,  
the space 3 feet (914ram) above the booth and within 3 feet (914 mm) of other  
booth openings shall be considered C l a s s I  or Class II, Division 2. 

(4) x F o r  spraying.operat ions confined to an enclosed spray booth or 
room, the space within 3 feet (914 mm)-in all direct ions.from any.openings 
shall:be considered Class I or Class II, Division 2 as shown in Figure 3. 

(5) x For  dip tanks and drain boards,, and for Other hazardous operat ions,  
all space beyond the limits for Class I, Division 1 and within 8 feet (2.44 m) 
of the .vapor  source as defined in (a)(4). In addition, all space from the floor 
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. A. When ventilation system is interlocked with spray equipment. " 
-B. When ventilation system is not interlocked with spray-equipment. 

Figure 2. z Class I or Class IllDivision 2 i'ocations Adjacent to aCIosedTop, Open 
Faced orOpen Front Spray Booth. 

to 3fee t  (914 mm) above the-floor, and extending 25 feet (7.62 m) horizontally 
from.the vapor source as def inedin  (a)(4) as shown inF igu re  4. 

(e} Adjacent: Locations. Adjacent locations t ha t  a r e  cut off from the 
defined.Class I or Class II locations by,tight partitions without  communicat-  
ing.openings; a n d ' w i t h i n  which hazardous vapors or combust ible  powders  
are not likely to, be released, shall be classified.as, nonhazardous.  

(d) Nonhazardous Locations. • -Locations-utilizing drying, curing, or fusion 
apparatus and .prox;ided with positive mechanical  ventilation adequate to 
prevent  accumula t ion  of flammable concentrat ions of vapors,  and provided 

"with effective interlocks to de-energize tall electric, equipment  • (other than 
equipment approved for Class,I locations) in case the ventilating equipment  
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Extent Of Class. I or 
ClOM 1"1" Division 2 

3 'R 

-),2.-', 
Area. 

1 Enclosed Spray 
Booth or Room 

Plan View 3'R 

I 3. 
3'R 

Elevation 
For SI units: one inch = 25.4 mil l imeters ;  one.foot = 0 .3048  meter.  

Figure 3." Class I or Class II, Division 2 Locations Adjacent to Openings in an 
Enclosed Spray Booth or Room 

I is inoperative, shall be permitted to be classified as nonhazardous where the 
authority having jurisdiction so judges. 

(FPN): For further information regarding safeguards, see Ovens and Furnaces, 
I Design, Location and Equipment, NFPA 86-1985 (ANSI). 

516-3.  Wiring and Equipment in Class I Locations. 
(a) Wiring and Equipment n Vapors., Al l  electric wiring and equipment 

within the Class I location(containing vapor only--notresidues) defined in 
Section 516-2.shall comply with the applicable provisions of Article 501." 

I (b) x Wiring and Equipment--  Vapors and Residues. Unless approved f o r  
both readily ignitible deposits and the flammable vapor location, no electric 



- i  - * f ,  * . . .  , ~  , ,  i • , i I f r . . . .  . . . . .  i 

•7• Div. ] 

Do,v2 

. -  f- . , . .  

I 

For S !  units:- one  inch = 25 .4  mi l l imeters;  one  foot  = 0 . 3 0 4 8  meter .  

• Figure4. i The Extent of Class I, Division 1 and Class I; Division 2 Hazardous ' 
(Classified) Locations for a Paint Dipping Operation. 
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equipment shall be installed or used where it may be subject to hazardous 
accumulations of readily ignitible deposits or residues, as the susceptibility to 
spontaneous heating and ignition of some residues may be greatly increased 
with rise in temperature. Type MI cable and wiring in threaded rigid' metal 
conduit or threaded steel intermediate metal conduit shall be permitted to be 
installed in such locations. 

(e) Illumination. Illumination of readily ignitible areasthrough panels of 
glass or other transparent or translucent material shall be permitted only if it 
complies with the following:(l) fixed lighting units are used as the source of 
illumination; (2) the panel effectively isolates the Class I location from the 
area in which the lighting unit is located; (3) the lighting unit is approved for 
its specific location; (4) the panel is of a material or is so protected that 
breakage will be unlikely; and (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) x Portable Equipment. Portable electric lamps or other utilization 
equipment shall not be used in a spray area during spray operations. 

Exception No. 1: Where portable electric lamps are required for opera- 
tions in spaces not readily illuminated by fixed lighting within the spraying 
area, they shall be of  the type approved for Class I, Division 1 locations 
where readily ignitible residues may be present. 

Exception No. 2: Where portable electric drying apparatus are used .in 
automobile refinishing spray booths and the following requirements are met: 
(1) the apparatus and its electrical connections are not located'within the 
• spray enclosure during spray operations; (2) electrical equipment within.18 
inches (45.7 cm) of  the floor is approved forClass I, Division 2 locations; (3) 
all metallic parts of  the drying apparatus are electrically bonded and 
grounded; and (4) interlocks are provided to prevent the operation of  spray 
equipment while drying apparatus is within the spray enclosure, to allow for. 
a 3-minute purge of  the enclosure before energizing the drying apparatus and 
toshut off drying apparaIus on failure of  ventilation system. 

(e) Electrostatic Equipment. Electrostatic spraying o1= detearing equip-~ 
ment shall be installed and used only as provided in Section 516-4. 

(FPN):For further information, see Standard for Spray Application Using " 
• Flammable and Combustible Materials, NFPA 33-1985 (ANSI). 

516-4. x 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 and is not hand held or manipulated. Where 
fixed electrostatic spraying and detearing equipment is installed, such 
equipment shall be of ~in approved type and shall comply with (a) through (h) 
below. 

(a) Power and Control Equipment. Transformers, power packs, control 
apparatus, and all other electric portions of the equipment shall be installed 
outside of the Class I location as defined in Section 516-2 or be of a type 
approved for the location. 

Exception: High-voltage grids, electrodes, electrostatic atomizing heads, 
and their connections shall be permitted within the Class I location. 
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(b) Electrostatic Equipment. Electrodes and electrostatic atomizing 
heads shall be: (l) located in suitable areas provided with adequate mechan- 
.ical ventilation; (2) adequatelysupported in. permanent locations; and (3) 
effectively insulated from ground. Electrodes and.electrostatic atomizing 
heads that are permanently attached to.their bases,, supports, or reciproca- 
tors shall beconsidered as complying with this sectiofi. Insulators shall be 
nonporous. -. 

Fine-wire elements; where used, shall be under tension at all times and' fie 
of unkinked hardened steel or material:of comparable strength. 

(c) High-Voltage Leads.. High-voltage leads shall be .properly insulated 
and protected from mechanical injury or exposure to destructiye chemicals. 
Any.exposed element ~tt high voltage shall be effectivelyand permanently 
supported on suit~ible insulators and shall be effectively guarded against 
accidental contact or grounding. An automatic means shall be provided foi" 
grounding the electrode system when the primary of its high-voltage supply 
is electrically de-energized for any reason. 

(d) Separation of Goods from Electrostatic Equipment. A safe distance of 
at least twice the sparking distance shall be maintained between goods being 
painted_and electrodes or electrostatic atomizing heads or conductors. A 
suitable sign indicating this safe distance shall be conspicuously, posted near 
the assembly. 

(e) Support of Goods. Goods being coate d or deteared shall be supported 
.on.conveyors or hangers. The conveyors.orThangers shall be so arranged as 
to assure that the parts being coated or detearedare electric/~lly connected to 
ground with a resistance of 1- megohm or less, and tomaintain safe distances 
between-goods and the electrodes or electrostatic'atomizing heads at all 
times. Goods shall be sul0ported to prevent such swinging or movement 
which would reduce the clearance to less than that specified in (d) above.  

(f) Automatic Controls.. Electrostatic apparatus shall be .equipped with 
automatic means which 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; (3)occurrence of a ground or 
excessive current leakage a tany  point in the high-voltage system; (4) de- 
energizing of the high voltage supply; (5) reduction of clearances below that 
specified in (d) above. • 

(g) Grounding. All electrically_conductive objects Within the charging 
.influence of the electrodes except those required by, the processto be at high 
voltage shall beadequately:grounded. This requirement shall apply to paint 
containers, wash cans, guards, and anyother electrically conductive objects 
or devices in.the area. The equipment shall carry a prominent permanently 
installed warning regarding the necessity for grounding these iobjects. 

(h) Isolation. Safeguards silch as adequate booths, fencing, railings or 
other means shall be placed about the equipment so that they, either by their 
location or character, or both, assure that a safe isolation of the process:is 
maintained from plant storage or personnel. 

516-5. x '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 
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• manipulated during the spraying operation. Electrostatic hand-spraying 
equipment and devices used in-connection with paint-spraying operations " 
shall be of approved types and shall comply with (a) through .(e) below. 

(a) 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 encountet'ed, nor result in appreciable 
shock hazard upon coming in contact with a grounded object under all normal 
operating conditions. The electrostatically charged exposed ~lements of t h e  
hand gun shall be capable of being energized only by an actuator which also 
controls the coating material supply.~ 

(b) Power Equipment. Transformers, power packs, control apparatus,. 
and all other electric iaortions of the equipment shall be located outside of the 
Class I location• or beapproved for the locatiofi. 

Exception: The hand gun i tsel f  and its connec t ions  to t h e p o w e r  supply 
shall be permi t ted  within the Class I location. . : 

(c) Handle. The handle of the spraying gun shall be electrically con- 
nected to ground by a metallic connection and be so constructed that.the 
operator in normal operating position is !n intimate electrical contact withthe 
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 shall be consp!cuously.posted. 

(d) 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 electrically conductive objects-or 
devices in the area. The equipment shall carry a prominent, permanently 
installed warning regarding the necessity- for this)grounding feature. 

(e) Support of Objects. Objects being painted shall be maintained in 
metallic 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 edges' 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 conxfeyor, the 
point of attachment to the. conveyor shall beso locatedas to not collect spray 
material during normal operation. 

I 516"6"x Powder Coating. This section shall apply to processes_in which 
combustible dry powders are applied. The hazards associated with combus- 
tible dusts are present in such a process to a degree, depending upon the 
chemical composition of the material,-particle size, shape, and distribution. 

(FPN): The hazards associated with combustible dusts are inherentin this 
process. Generally speaking, the hazard rating of the powders, employed is 
dependent upon the chemical composition of the material, particle size, shape,- 
and distribution. 

(a) E lec t r i c  Equipmentand Sources'of I gn i t i on .  Electric equipment a n d  
other sources of ignition shall comply with the requirements of Article 502. 
Portable electric lamps and other utilization equipment shall not be used 
within a Class II location during operation of the finishing processes. When 
such lamps or utilization equipment are used during.cleaning or repairing 
operations, they shall be of a type approved for Class II, Division 1 locations, 
and all exposed metal parts shall be effectively'grounded~.., .,. ' " , 
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Exception:: Where portable electric lamps are required for operations in 
spaces not readily illuminated by fixed lighting within the spraying area, they 
.shall be o f  the type approvedfor Class H, Division 1 locations where readily 
ignitible residues may be present. 

(b) Fixed Electrost'atic-Spraying Equipment. The pi'ovisions of Sections 
516-4 and (a) above shall apply.to fixed electrostatic spraying equipment. 

(c) Electrostatic Hand-Spraying Equipment. The. provisions of Sections 
516-5 and (a) above shall apply to electrostatic hand-spraying equipment. 

(d) .Electrostatic Fluidized Beds. Electrostatic fluidized beds and assodi~ 
ated equipment shall be of approved types. The high-voltage circuits shall be 
so designed that any discharge produced when the charging electrodes of  the 
bed are approached or contacted by a grounded object shall not be of 
sufficient intensity to ignite any powder-air mix.ture likely to be encountered 
nor to result in an appreciable shock hazard. 

(1) Transformers ,  power packs, control apparatus, and all other electric 
portions of the equipment shall be located outside the powder-coating area or 
shall otherwise comply with the requirements of (a) above. 

Exception: The charging electrodes and their connections to the power 
supply shall be permitted within the powder-coating area. 

(2) All electrically conductive objects within the powder-coating area 
shall be adequately grounded. The powder-coating equipment.shall carry a 
prominent, permanently installed warning regarding.the necessity for ground- 
ing these objects. 

(3) 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. 

(4) The electric equipment and compressed-air supplies shall be inter- 
locked with a ventilation system so that the equipment cannot be operated 
unless the ventilating fans are in operation. 

516-7 .  Wiring and Equipment Above Class I and II Locations. , 

(a) Wiring. All fixed wiring above the Class I and II locations shall be in 
metal raceways, rigid nonmetallic conduit, electrical nonmetallic tubing, or I 
shall be Type MI, TC, SNM, or Type MC cable. Cellular metal floor 
• raceways shall be permitted only for supplying ceiling outlets or extensions 
to the area below the floor of a Class I or II location, but such raceways shall 
have no connections leading, into or through the Class I or II location above 
-the floor 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 socons t ruc ted  as to .prevent escape of  sparks or hot 
metal particles~ 
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516-8. Grounding. All metal raceways and all noncurrent-carrying me ta l . '  
parts of fixed or portable equipment, regardless of voltage, shall be grounded 
as provided in Article 250. 

A R T I C L E  517 m H E A L T H  C A R E  F A C I L I T I E S  

'A. General 

517-1. Scope. 
The provisions of this article shall apply to electrical construction and 

installation criteria in health care facili t ies.  
(FPN): This article is not intended to apply to veterinary facilities: 
(FPN): 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 sys tems 

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. 

Anesthetizing Location. Any area of a.health care facility which has been 
designated to be used for the administration of any flammable 'or nonflam- - 
mable inhalation anesthetic agent in the course o f  examination or treatment 
including the use of such agents for relative analgesia. 

Critical Branch. A subsystem of the emergency sys tem 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 which are connected to alternate power sources by one 
or more transfer switches during interruption of  the normal power source.. 

Electrical Life' Support Equipment. Electrically powered equipment 
whose continuous operation is necessary to maintain a patient 's life. 

Emergency System. A system of feeders and branch circuits meeting the 
requirements of Article 700, and intended to supply alternate power to a 
limited number  of prescribed functions vital to the protection of life and 
patient safety, with automatic restoration of electrical power within 10 
seconds of power interruption. 

Equipment System. A system of feeders and branch circuits arranged.for 
delayed, automatic or manual connection to the alternate power source and 
which 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 assure continuity of  electrical power to designated, areas a n d  
functions of a health care facility during disruption of normal power sources, 
and also designed to minimize .disruption within the internal wiring system. 

Exposed Conductive Surfaces. Those-surfaces which are capable of ; 
carrying electric current and which are unprotected, unenclosed, or un- . 
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guarded, permitting personal Contact. Paint, anodizing, and similar coatings 
are not considered 'suitable insulation, unless they are listed for the use. 

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 nitl:ous oxide.- 

Flammable Anesthetizing Location. Any area Of t he  facility which has 
been designated to be used for the administration of, any, flammable inhalation 
anesthetic agent~ in-the normal course of examinat~on"or treatment: , 

Hazard Current. For a given set of connections ~n an isolated power 
system; the total current that would flow through a low impedance if it were 
connected be tweenei ther  isolated conductor and ground. 

F A U L T  HAZARD CURRENT:  The hazard current of  a givenisolated 
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 parts of buildings that contain but are 
not limited to ' occupanc ie s  such as: hospitals, nursing homes, residential . 
custodial care facilities, supervisory care facilities, clinics, medical and 
dental offices, and ambulatory heal thcare facilities, whether fixed or mobile. 

Hospital. • A building or  part thereof used for the medical, psychiatric, 
obstetrical or surgical care, on a 24-hour basis, of four or more inpatients. 
Hospital, wherever used in this Code, shall include general hospitals, mental 
hospitals, tuberculosis hospitals, children's hospitals, and any such facilities 
providing inpatient care. 

Isolated Power .System. ' A system comprising an isolating transformer or 
its equivalent, a line isolation monitor, and its ungrounded circuit.conduc~ 
tots. 

Isolation Transformer. A transformer of the multiple-winding type; with. 
the primary and secondary windings physically separated, which inductively 
couples its secondary winding to the grounded feeder:systems, that energize 
its primary winding. 

Life Safety Branch.' A subsystem of the ~mergency system consisting of 
feeders and branch circuits, meeting the requiremenfs of Article .700 and 
intended to.provide adequate power needs to ensure: safety to patients and 
personnel; and which are automatically connected to alternate power sources 
during interruption of the normal power source. 

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. 

(FPN): "Line isolation monitor" was formerly known as "ground contact 
indicator." 

Nursing Home. A building or part thereofused for the iodging~ boarding 
and nursing care, on a 24-hour basis, of four or more persons who,,because 
of mental or physical incapacity, may be unable to provide for ' their  o w n  
needs and safety without the assistance of another person. Nursing home, 
wherever used in this Code, shall include nursing and convalescent homes, 
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skilled nursing facilities, intermediate care facilities, and infirmaries of  homes 
for the aged. 

Nurses' Stations. Areas intended to provide a center of  nursing activity 
fob. 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 
s.uch separate areas are considered a part of the nurses' station. 

Patient Equipment Grounding Point. ~ A jack or terminal bus which serves 
as the collection point for redundant grounding of electric appliances serving 
a patient vicinity or for grounding other items in order to eliminate electro- 
magnetic interference problems. 

Patient Vicinity. In an area in which patients are normally cared for, the 
patient 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 6 feet-(l.83 m) beyond the 
perimeter of the bed in its nominal location, and extending vertically not less 
than 7Vz feet (2.29 m) above the floor. 

Psychiatric Hospital. .A building used exclusively for the psychiatric care, 
on a 24-hour basis,, of four or more inpatients. 

Reference Grounding Point. A terminal bus which is the equipment 
grounding bi~s or an extension of the equipment grounding bus and is a 
convenient collection point for insialled grounding wires or other bonding 
wires where used. 

Residential Custodial Care Facility. A building, or part thereof, used for 
the lodging or boarding of four or more persons who may be incapable of self- 
preservation because of age, or physical or mental limitation. This includes 
facilities such as homes for the aged, nurseries (custodial care for children 
under 6 years of age ) ,  and mentally retarded care institutions. Day care 
facilities that do not provide lodging or boarding for institutional occupants 
are not classified as residential custodial care facilities. 

Room Bonding Point. A grounding terminal or group of  terminals which 
serves as a collection point for grounding exposed metal br  conductive 
building surfaces in a room. 

Selected Receptacles. A minimum number of electrical receptacles 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-fre- 
quency diathermy equipment is therapeutic induction and dielectric heating 
equipment. 

Wet Location, ' Health Care Facility. A patient care area that is normally 
subject to wet conditions, including standing water on the floor, or routine 
dousing or drenching of the work area. Routine housekeeping procedures and 
incidental spillage of liquids do not define a wet location. 

51;/-3. .General.  The-requirements in Parts C, D, and E apply not only to 
single-function buildings, but are also intended to b e  individually applied to 
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their respective forms of occupancy within a multifunction •building (i.e., a 
doctor's examining room located within a residential custodial care facility 
would be required to meet the provisions of Part C)~ , 

B. Wiring Systems - -  General .. 

517-6. Applicability...Part B shall apply to all health care facilities. Instal- 
lations in facilities which provide patient care, eq/fipment or services 
identified inother parts of this article shall also comlbly-with the requirements 
of that part. 

517-10. Wiring Methods. Except as modified in this article, wiring meth- 
ods shall comply with the applicable requirements of Chapters I through 4 of 
this Code. 

517-11. Grounding of Receptai:ies and Fixed Electrical Equipment.' In 
areas used for patient care, the grounding terminals of all-receptacles and all 
noncurrent-carrying.conductive surfaces of fixed electrical, equipment likely 
to become energized that. are subject to personal contact, operating at over 
100 volts, shallbe grounded by an insulated copper conductor. The ground- 
ingconductor shall be sized inaccordance with Table 250-95 and installed in 
metal raceways with the branch~circuit conductors supplying these recepta- 
cles or fixed equipment. .~ 

ExceptionN q. 1: Metal raceways are, not required where Type MC cable, 
Type MI cable, or Type AC cable with an insulated grounding conductor is 
used. 

Exception No. 2: Metal faceplates shall be permitted to be .grounded by 
means:of a metal mounting screw(s) securing the faceplate to a grounded 
outlet-box or grounded wiring device. 

Exception No. 3: An equipment grounding conductor enclosed in the 
sheath of  a nonmetallic,sheathed cable" assembly installed in accordance 
with the limitations of Sections 336-2, 336-3, and 336-4 shall' be permitted to 
be used in accordance with Parts C and D o f  this article. 

517-13. Receptacles with Insulated Grounding Terminals. Receptacles 
with insulated grounding terminals as permitted in Section 250-74, Exception 
No. 4, shall be identified;such identification shall be visible after installation. 

(FPN): Careis important in specifying such a system with receptacle insulated 
grounds since the grounding impedance is controlledonly by the grounding wires 
and does not benefit functionally from any parallel grounding paths. 

517-14. Ground-Fault Protection. 
(a) Feeders. When ground-fault protection is provided for operation of 

the service disconnecting means, an additional step of ground-fault protec- 
tion shall be provided inthe next level of feeder downstream toward,the load. 
Such protection shall consist of overcurrent devices and current transformers- 
or  other equivalent protective equipment which shall cause the feeder • 
disconnecting devices to open. • 

(b) Selectivity. Ground-fault .protection for operation of the- service and 
feeder.disconnecting means shall' be .fully. selective such that.the feeder 
device and not the service device shall open on ground faults on the load side 
of the-feeder: de~ce. A si~-cycle minimum separation between the service • 
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- 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• 

(FPN): See Section 230-95, Fine Print Note, for transfer of alternate source 
where ground-fault protection is applied. 
• (el-Testing. W h e n  equipment ground-fault protection is first installed, 

each level shall be performance tes ted to  ensure compliance with (b) above. 

C. Clinics, Medical and" Dental Offices, 
Outpatient Facilities, and Other Health Care 

Facilities Not Covered in Parts D and E 

517-30. Applicability. Part C shall apply to those portions •of clinics, 
medical and dental offices, and outpatient facilities wherein patients are 
intended t o  be .examined or treated. It shall n o t  apply to. business offices, 
corridors, Waiting rooms, and the like. 

517-31.  Wiring, Groundingand Receptacles. ,Wiring, grounding and recep- 
tacle installations shall be in accordance with Sections 517-10 and 517-11. 

517-32. x Essential ElectricaiSystem. 
(a) General. • The requirements of  this section shall apply to those-health 

care facilities described in Section 517-30, in which: 
(1) Inhalation anesthetics are administered in any concentrat ion t o .  

patients, or 
(2) Patients require electrically operated-or  mechanical life support 

devices. "• -. 
(b) Scope. The essential electrical system for these facilities shall com- 

prise 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 electrical service is interrupted for any 
reason. 

(c) Connections. The essential electrical system shall supply power for: 
(1) Task illumination which is related to the safety of life and which is 

necessary for the .safe cessation of procedures in progress. 
(2) All anesthesia and resuscitative equipment used in areas where 

inhalation anesthetics are administered to patients including alarm and 
alert ingdevices.  

(FPN): See Nonflammable :Medical.Gas Systems, NFPA 56F-1983 (ANSI)-, 
Chapters 3 and 6. 

(3) All electrically operated.andmechanical  equipment in areas where 
procedures are performed thatrequire such equipment for the:support of the 
pat ient ' s  life. 

(d) Alternate Source of Power, 
- (1) Power Source. The alternate source of power for the system shall be 

specifically, designed for this purpose and shallbe either, a generator, battery 
system-or self-contained bat tery integral-with the equipment. 

• (2) System Capacity. The alternate source of power shall be .separate 
and independent of the normal source and shall have a capacity to sustain its 

,connected-loads for a minimum of 1 V2 hours after loss of the normal source. • 
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(3) System Operation. The system shall be so arranged that, in the 
event of a failure of the normal power source, the alternate source of power 
shall be automatically connected to the load within 10 seconds. 

(FPN): See Health Care Facilities, NFPA 99-1984 (ANSI), Sections 8-5.5.2, 
Description of Transfer Switch Operation with Engine Generator Sets, and 
8-5.5.3, Description of Transfer Switch Operation with Battery Systems. 

D., Nursing Homes and Residential 
Custodial Care Facilities :- 

(FPN): For performance, maintenance and testing" .requirements of essential 
electrical systems in nursing homes and residential custodial care facilities, see 
Health Care Facilities, .NFPA 99-1984 (ANSI).. 

517-40. x Applicability. The requirements of Part D, Sections 517-42 
through 517-47, shall apply to nursing homes and residential custodial care 
facilities. 

Exception: Any free-standing building used for health care other than 
those described in Parts C and E of  this article shall be exempted from the 
requirements of  Sections 517-44 through 517-47 provided: 

a. It maintaihs admitting and discharge policies that preclude the 
provision of  care for any patient or resident who may need to be sustained by 
electrical life support equipment, and 

b. Offers no surgical-treatment (equiring general anesthesia, and 
c. Provides an automatic ba!tery-operated system(s) or equipment that 

shall be effective for at least 1½ hours and is otherwise in accordance with 
Section 700-12, and that shall be capable of  supplying lighting for exit lights, 
exit corridors, stairways, nursing stations, medical preparation areas, boiler 
rooms and communication areas. This system shall also supply battery 
power to operate all alarm systems. 

(FPN): See Life Safety Code, NFPA 101~1985 (ANsi). 

517-41. Inpatient Hospital Care Facilities. Nursing homes and residential 
custodial care facilities which provide inpatient hospital care shall comply 
with the requirements of Part E, Hospitals. 

517-42. Facilities Contiguous with Hospitals. Nursing homes and residen- 
tial custodial care facilities which are contiguous with a hospital shall be 

• permitted to have their essential electrical systems supplied by that of the 
hospital. 

517-43. Wiring, Grounding, and Receptacles. Wiring, grounding, and re- 
ceptacle installation shall be in accordance with Sections 5!7-10 and 517-11. 

Exception: Patient sleeping areas wired in accordance with the require- 
ments of  Chapters 1 through 4 of  this Code. 

517-44. Essential Electrical Systems. 
(aP General. Essential electrical systems for nursing homes and residen- 

tial custodial care facilities 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 
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reason. These two separate branches shall be the life safety branch and the 
critical branch. 

(bP Transfer Switches. The number of transfer switches to be used shall 
bebased upon reliability, design, and load considerations. Each branch of the 
essential electrical system shall be served by one or more transfer switches 
as shown in Diagrams 517-44(1) and 517-44(2). One transfer switch shall be 
permitted [o serve one .or  more branches in a fac i l i ty  with a maximum 
demand on the essential electrical sy s t emof  150 kVA. 

(FPN): See Health Care Facilities, NFPA 99-1984 (ANSI): Section 8-4.5.2, 
Description of Transfer Switch Operation; Section 8-2.2.4, Automatic Transfer 
Switch Features; and Section 8-2.2.4, Nonautomatic Transfer.Device Features. 

(c) ~Capacity of System. The essential electrical system shall have  ade- 
quate 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 lighting fixtures supplied from two sources~ or 

(3) In a common junction-box at tached to exit or emergency lighting 
fixtures supplied from two sources. 

The wiring of the critical branch shall be permitted to occupy tlie same 
raceways; boxes, or cabinets of other circuits that are not part of the life 
safety branch. 

517-45 x. Automatic Connection to Life Safety Branch. The life safety 
branch shall be so installed and connected to the alternate source of power 
that all functions specified hei'ein shall-be automatically restored to operation 
within 10 seconds after the interruption O f the normal source. The life safety 
branch shall supply power for the following lighting,.receptacles,  and 
.equipment: 

(FPN): The life safety branch is called the emergency system in Health Care 
Facilities, NFPA 99-1984 (ANSI). 

(a) Il luminationof 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 exi ts .  Switching arrangement to' transfer patient 
corridor lighl~ing from general illumination circuits shall,be permitted provid- 
!rig,only one of two circuits can be selected, and both circuits cannot be 
extinguished at the same time. 

-(FPN): See Life Safety Code, NFPA 101-1985 (ANSI), Section 5-10. 
(b) Exit Signs. Exit signsand exit directional signs. 
(FPN): See Life Safety Code, NFPA 101-1985 (ANSI), Section 5-11. [- 
(c) Alarm and Alerting Systems. Alarm and alerting systems, including: 

(1). F~re alarms activated at.manual stations, electric 'water ' f low alarm 
devices in connection with sprinkler systems; and automatic f i reor  smoke or 
products of combustion detection devices. • 

(FPN): See Life Safety Code, NFPA 101-1985 (ANSI), Sections. 7-6, 12-3.4, [ 
and 12-3.5. 

• (2) Alarms.required for sys tems used for the piping of nonflammable 
,medical gases. 
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(FPN): See Standard for Nonflammable Medical Gas Systems, NFPA 56F- 
1983 (ANSI). 

(d) Communication Systems. Communication systems, where used for 
issuing instructions during emergency conditions. 

(e) Dining and Recreation Areas. Sufficient lighting in dining and recrea- 
tion areas to provide illumination to exit ways. 

(f) Generator Set Location. Task illumination and selected receptacles in 
the generator set location. 

(g) Elevator Cab Lighting, Control and Communication Systems. No 
function other than those listed in (a) through (g) shall be connected to the life 
safety branch. 

517-46 x. Connection to Critical Branch. The critical branch shall be so 
installed and connected to the alternate power source that the equipment 
listed in Section 517-46(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 proyide for the additional 
connection of equipment listed in Section 517-46(b) by either delayed 
automatic or manual operation. 

(a) Delayed Automatic Connection. The following equipment shall be 
connected to the critical branch and shall be arranged for dela~,ed automatic 
connection to the alternate power source: 

(1) Patient care ~eas  - -  task illumination and selected receptacles in: 
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. 

(b) Delayed Automatic or Manual Connection. -The following equipment 
shall be connected to the critical branch and shall 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 shallnot be required under any of  the following conditions: 

a. The outside design temperature is higher than +20°F (-6.7°C), or 

b. The outside design temperature is lower than +20°F (-6.7°C) and 
where a selected room(s) is provided for the needs o f  all confined patients, 
then only such room(s) need be heated, or 

c. The facility is served by a dual source of  normal power as described 
in Section 517-47(c), Fine Print Note. 

(FPN): The outside design temperature is based on the 971/z percent design 
values as shown in Chapter 4 of the AS HRAE Handbook of Fundamentals (1981). 

(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 require- 
ments, see Section 517-45(g). 
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(3) Additional illumination, receptacles,  and equipment, shall be permit- 
ted to be connected only to the critical branch.  

517-47.  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 normal source is interrupted~: 

(b) x Alternate S0urce of Power. The  alternate source of power shall be a 
generator(s) driven by some form of prime mover(s),  a n d  located on the 
premises .  

Exception No.  1: Where the normal sourcecons is t s  o f  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 residential custodial  care facil i t ies 
meeting .the• requirements o f  the Excep t ion  to S e c t i o n  517-40 stiall be 
permi t ted  to use a battery system or self-contained battery integral with the 
equipment.  

(c) Location of Essential Electrical System Components. Careful consid- 
eration shall be given to  the location of the spaces housing the c o m p o n e n t s  
of the essential electrical system to minimize interruptions caused by natural 
forces common to the area (e.g., storms,, floods, ear thquakes,  or hazards  
created .by_adjoining structures or activit ies).  Considerat ion shall also be 
given to the iaossible interruption of normal electrical services resulting from 
similar causes as well as possible disruption of normal electrical service due 
to internal wiring and equipment failures. 

(FPN): Facilities whose 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 having multiple power input sources and arranged 
to provide mechanical and electrical separation so that a fault betweeri the facility 
and the generating sources will not likely cause an interruption of more than one 
of.the facility service feeders. 

E .  Hospitals, 
(FPN) :  For "performance, maintenance and testing requirements of esse'ntial 

electrical systems in hospitals, see Health Care Facilities, NFPA 99-1984 (ANSI). 
For installation o f  centrifugal fire puftps; see Standard for the Installation of 
Centriftigal Fire Pumps, NFPA 20-1983 (ANSI). 

(FPN): For additional information,, see Health Care Facilities, NFPA 99-1984 
(ANSI). 

517-58 .  Applicability. The . requirements  of Part E, Sect ions 517-60 
through 5!7-6_5, shall apply.to hospitals where an essential electrical system 
is required. 

Exception: Those facilit ies covered by Paris C and D. 

(FPN): For information as to the need for an essential electrical system, see 
Health Care Facilities, NFPA 99-'1984 (ANSI). 
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517-60. Essential Electrical Systems. 
(a) General. 

(1) x Essential  electrical systems for hospitals shall be comprised of two 
separate systems capable of supplying a limited amount  of  lighting and power  
service which is considered essential for life safety and effective hospital 
operat ion during the time the normal electrical service is interrupted for any 
reason. These  two systems shall be the emergency system and the equipment  
system. 

(2) x 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.  

(3) x The equipment system shall supply major electrical equipment  
necessary for patient  care and basic hospital operation. 

(4) x The number  of  t ransfer  switches to be used shall be based upon 
reliability, design, and load considerations.  Each branch of the essential 
electrical system shall be served by one or more t ransfer  switches as shown 
in Diagrams 517-60(1) and 517-60(2). One transfer  switch shall be permitted 
tO serve one or more branches  in a facility with a maximum demand on the 
essential electrical system of 150 kVA. 

(FPN): See Health Care Facilities, NFPA 99-1984 (ANSI): Section 8-2.2.4, 
Automatic Transfer Switch Features;  Section 8-4.5.2, Description of Transfer 
Switch Operation; and Section 8-2.2.4, Nonautomatic Transfer Device Features. 

(b) 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 o ther  wiring, e x c e p t a s  follows: 

a. In transfer  switches,  

b. In exit or emei'gency lighting fixtures supplied from two sources,  or 
_ c. In a common junct ion box at tached to exit or emergency lighting 

fixtures supplied from two sources. 
The wiring of  the equipment system shall be permitted 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 SectionS17-63(a)(l)  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 system of a hospital shall be mechanically protected by installa- 
tion in metallic raceways.  

Exception No. !: Flexible power cords of  appliances, or other utilization 
equipment, connected to the emergency system shall not be required to be 
enclosed in raceways. 

Exception No. 2: Secondary circuits of  transformer-powered communica- 
tion or signaling systems shall not be required to be enclosed in raceways 
unless otherwise specified by Chapter 7 or 8. 

Exception No. 3: Branch-circuit wiring as permitted in Sections 517-101(b) 
(1) and (c)(l). 
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(c) caPacity.of Systems. The essential electrical system shall have ade: 
quate capacity-to m e e t  the demand for the operation o f  all functions a n d  " 

.. equipment to be kerved by each syst6m and branch• . .. 

517-6 !x. Emergency System. -Those functions Of patienf'care dependlng, on I 
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 Sections 517-62 and 517-63. 

• The branches of the emergency system shall be installed and connected to 
the altern/ffe 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. 

517-62 x. Life .Safety Branch. The l i fe  safety branch of the emergencY)I  
system ~shall supply, power : fo r  the following .lighting, receptacles, and 
-equipment: " 

• (a) Illumination Of Means of Egress. Illumination Of means ofegress,  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 from general illumination- 
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.circuits to night illumination circuits shall he,permitted provided only one of 
two circuits can be selected, and both circuits cannot be extinguished at the 
same time. 
• . (FPN): See Life Safety Code, NFPA 101-1985 (ANSI), Section 5-10. 

(b) Exit:Signs. Exit signs and exit directional signs. 
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(FPN): See Life Safety Code, NFPA 101-1985 (ANSI), Section 5-11. 
(c) Alarm and Alerting Systems. Alarm and alerting systems including: 

(1) Fire alarms, actuated at manual stations. 
(2) Electric water-flow alarm devices in connection with sprinkler 

systems. 
- o 

(3) Automatic fire or smoke or products of combustion detection 
devices. 

(FPN): See Life Safety Code, NFPA 101-1985 (ANSI), Sections 12-1 and 12-2. 
(4) Alarms required for systems used for the piping of nonflammable 

medical gases. 
(FPN): See Nonflammable Medical Gas Systems, NFPA 56F-1983 (ANSI). 
(d) Communication Systems. Hospitalcommunication systems, where 

used for issuing instructions during emergency conditions. 
(e) Generator Set Location. Task illumination and selected receptacles at 

the generator set location. 
(f) Elevator Cab Lighting, Control and Signal Systems. .  No function other 

than those listed in (a) through (f) shall be connected to the life safety branch. 

517-63 x. Critical Branch. 
(a) Task I l lumination and Selected Receptacles. The cri t ical branch of  

the 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) Anesthetizing locations - -  task illumination, all receptacles and 
fixed equipment. 

(2) The isolated.power systems in special environments. 
(3) Patient careareas - -  task illumination and selected receptacles in: 

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, and 
g. Nurses' stations (unless adequately lighted by corridor luminaires). 

(4} Additional specialized patient care-task illumination and recepta- 
cles, where needed. 

(5) Nurse call systems. 
(6) Blood, bone and tissue banks. 
(7) Telephone equipment room and closets. 
(8) Task illumination, receptacles, and special power circuits for: 
a. Acute care beds (selected), 
b. Angiographic labs, 
c. Cardiac catheterization labs, 
d. Coronary care units, 
e. Hemodialysis rooms or areas, 
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f. Emergency room treatment areas (selected), 
g. Human physiology labs,, 
h. Intensive care units,, and ', 
i. Postoperative recovery rooms (selected). - • • 

(9) Additional task illumination, receptacles and speri~.power.circuits 
needed for effective hospital operation. Single-phase .fractional horsepower 
exhaust fan motors which are interlocked with three-phase motors on the 
equipment shall be permitted to be connected to the critical branch. 

(b) Subdivision of the Critical Branch. It shall be permitted to subdivide 
the critical branch into two o r m o r e  branches . .  

• (FPN): It is important to analyze the.consequences of sutrplying an area with 
only critical care branch power whenfailure occurs between the 'area and the. 
transfer switch. Some proportion of normal and critical power, or critical, power 
from separate transfer switches, may be appropriate. 

517-64." Equipment System Connection to Alternate Power Source. The 
equipment system shall be installed and connected to the alternate source, 
such that the equipment described in Section 517-64(a). is automatically 
restored to operation at appropriate time-lag intervals following the energiz- 
ing of the emergency system. Its arrangement shall 'also provide for the 
subsequent connection of equipment described in Section-517-64(b). 

(a) Equipment for DelayedAutomatic Connection. The'fol lowing equip- 
ment shall be arranged for delayed automatic connec t ion to  the alternate 
power source: 

(1) 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 edl'uipment 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. 
(FPN): The above equipment may be  arranged for sequential delayed auto- . 

matic action to the alternate power source to prevent overloading the generator 
where engineering studies.indicate it is necessary. 

(b) Equipment for Delayed Automatic or Manual Connection. The follow- 
ing equipment shall be arranged fo r either delayed automatic or manual 
connection to the alternate power source: 

(1) Heating equipment to proqide heating for operating, delivery, labor; 
recovery, intensive care, coronary care, nurseries, and general pat ient  
rooms. 

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:. .~ 

a. The outside design temperature is higher than +20°F (-6.7°C), or 
b. The outside design temp~/'ature is lower than +20017 (~6.7YC) and 

where a selected room(s) is provid_ed for the needs of  all confined patients 
then only such room(s) need be heated, or 

c. The facility is served by a dual source of  normal power as described 
in Section 517-65(c), Fine Print Note. 
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(FPN): The design temperature is based on ,the 97V2 percent design value as 
I .- shown in Chapter 4 o f the  ASHRAE Handbook of Fundamentals (1981). 

.(2) Elevator(s) selected to provide service to patient, surgical, obstet-  
rical 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 o f a n y  elevator for the release of patients  or 
o ther  persons  who may be confined between floors. 

(3) Supply and exhaust 'vent i la t ing systems for surgical 'and obstetrical  
delivery suites, special and intensive care units, isolation rooms constructed 
specifically for, infection control,  emergency t reatment  spaces, and labora- 
tory fume hoods. 

(4) Hyperbaric  facilities. 

(5) Hypobaric  facilities. 

(6) Automatically operated doors. 

(7) Minimal electrically heated autoclaving equipment shall b e  permit- 
ted to be arranged for ei ther automatic or manual connec t ion  to the alternate 
source. 

(8) .Other selected equipment shall be. permitted tO be served by the 
equipment  system. 

517-65. Sources of Power. 

(a) x Two Independent Sources of Power: Essential electrical systems shal] 
have a minimum of two independent  sources of power: a normal source 
generally supplying the entire electrical system, and one or more al ternate - 
sources for use .when the normal source is interrupted. 

(b)" Alternate Source of Power. The alternate source of  power shall be a 
generator(s) driven b y  some form of prime mover(s),  and located on the 
premises. 

Exception: Where the normal source consists o f  generating units on the 
premises, the alternate source shall be either another generating set, or an 
external utility service. 

• (c) Location of Essential Electrical System Components. Careful consid- 
eration shall be given~to th, e location of the spaces housing the components  
of the essential electrical system to minimize interruptions caused 'by natural 
forces common t o t h e  area (e.g., storms, floods, earthquakes,  or hazards 
created by adjoining structures or activities). Considerat ion 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 internal wiring and equipment failures. 

(FPN): Facilities whose normal source of power is supplied by .two or more 
separate central station-fed services experience greater than normal electrical 
service reliability,than those withonly 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 having multiple power input sources and arranged 
to provide.mechanical and electrical separation so.that a fault between the facility 
and the generating sources will not likely cause an interruption of more than one 
of the facility service feeders. 
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F. Patient Care Areas 
(FPN): See Health Care Facilities, NFPA 99-1984 (ANSI). 

517-80 .  General: : ~' "~ 
(a) Installation/Construction Criteria. I t  is the purpose of  Part F to specify 

• the installation criteria and/or wiring methods which will minimize electrical 
hazards by the maintenance of adequately low-potential differences only 
between exposed conductive surfaces which are likely to become energized 
and could be contacted by a patient. 
• (FPN): In 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 objecf, 
because that  path may be established accidentally or through instrumentation 
directly connected to the patient. Other electrically conductive surfaces which 
may make an additional contact with the patient, or instruments which may be 
connected to the patient, then become possible sources of electric currents which 
can traverse the patient's body. The hazard is increased as more apparatus is 
associated with the patient, and therefore more intensive •precautions must be 
taken. Control of electric shock hazard requiresthe limitation of electric current 
that might flowin an electric circuit involving the patient's body, by raising the 
resistance of the conductive circuit which includes the patient, or by insulating 
exposed surfaces which might become energized, in addition to reducing the 
potential difference which can appear between exposed conductive surfaces in the 
patient 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 are required. 

(b) x Patient Care Areas. Areas of a health care facility in which patie'nt 
care is administered are classified as general care areas,.critical care areas,  
and wet locations. The governing body of-the facility shall designate these 
areas in accordance with the type of patient care anticipated, and with the 
following definitions of the three types of areas. 

(1) General  care a reas  are pat ient-bedrooms,  examining rooms,  treat- 
ment rooms, clinics; and similar areas in Which it is intended that  the patient  
shall come in contact  with ordinary appliances such as a nurse call system, 
electrical beds,  examining lamps, telephone; and enter ta inment  devices. In 
such areas, it may also be intended that patients be connected  to electromedi- 
cal devices (such as heating pads, electrocardiographs,  drainage pumps,  
monitors,  otoscopes,  ophthalmoscopes,  peripheral int ravenous lines). : 

(2) Critical care areas are those special care uni t s ,  intensive bare units, 
coronary care units, angiography laboratories,  cardiac catheterizat ion labo- 
ratories, delivery rooms, operating rooms, and similar areas in which patients. 
are intended to be subjected to invasive procedures  and connected to line- 
operated,  electromedical devices. 

(3) A wet location is a patient care area•that is normally subject to wet 
conditions including standing water on• the floor or routine dousing or 
drenching of the work area. Routine housekeeping procedures and incidental 
spillage of liquids do not define a wet location. 

517-81 .  ~ Grounding. 
(a) Methods~ In, addition to the  .requirements o f -Sec t ion  517-11, all 

b r anchc i r cu i t s  serving p a t i e n t  care areas shall b~e provided with a ground 
path 'for fault current~by installhtion iri.rigidmetal~conduit; intermediate metal .  
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conduit, electrical metallic tubing, Type MI cable, Type MC cable, or Type 
AC cable where the outer metal jacket is an approved grounding means. 
Integrity of.this ground•path shall.be verified. 

(b) Performance. Any two exposed, conductive surfaces i n t h e  patient 
vicinity shall not exceed the .following potential differences at frequencies of  
1000 hertz or less measured across a lO00-ohmresistance. 

(:1) ,.General Care Areas. 500 m V  under normal operation. 
(2).Critical Care Areas. 40 mV under normal operation. 

517-82.  Panelboard Bonding. The equipment groundingterminal  bars Of 
the normal and essential .electrical. system panelboards shall be bonded 

• together with an insulated continuous copper conductor not.smaller than No. 
10. 

517-83. General Care Areas. 
(a) Patient Bed :Location Branch Circuits. Each patient bed location 

• Where inpatient care i sp rov ided  shall •be supplied by at least two branch 
Circuits, at least  one of which originated in a normal system panelboard; all 
_branch• circuits from the ,normal system-shal l  .originate in the same 
panelboard. 

Exception No. l :Branch circuits serving only special-purpose outlets or 
receptacles, such as .portable-X-ray •outlets, need not be served from the 
same distribution panel or panels. 

Exception No. 2: Clinics, medical and dental offices, and outpatient 
facilities; psychiatric, substance abuse, and'rehabilitation.hospitals; nursing 
homes and residential custodial care facilities meeting the requirements of  
the Exception to Section 517-40. 

(b) PatientBed Location Receptacles. Each patient bed location shall be 
provided With.a minimum of four single or two duplex receptacles; each 
receptacle .shall be grounded by means of an insulated copper conductor 
sized in accordance with Table 250-95. 

Exception No. 1: Psychiatric, .substance abuse, .and rehabilitation hospi- 
.tals meeting the requirements of  the Exception to Section 517-40. 

Exception No. 2--Psychiatric security rooms.shall not be required to have 
receptacle outlets installed.in the room. 

517-84. Critical.Care Areas. 
(a) Patient Bed Location Branch Circuits. Each patient bedlocation shall 

be suppliedby at least two-branch.circuits;, one o rmore  from the emergency 
-. system andone  or more:circuits from the-normal system. At least one branch 

[ circuit from the:emergency system shallsupply-an.outlet(s)-only at.that bed 
location.-All branch.circuits from the normal system shall be from a single 
:panelboard; all branch circuits from the emergency •system shall be from a 
• single panelboard. Emergency system receptacles shall .be :identified, and 
-shall also indicate.the panetboard and circuit number supplying them. 

Exception: Branch circuits serving only special-purpose receptacles or 
equipment in critical care areas shall be permitted to" be seri, ed'by other 
panelboards. 

(b) Patient Bed Location Receptacles. Each.patient bed location shall be 
provided with a minimum of six single or three duplex receptacles listed 
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"Hospital Grade'.' and so identified; each receptacle shall be grounded to the 
reference grounding point by means of an insulated copper equipment 
grounding conductor. 

(c) Grounding and Bonding, Patient Vicinity. 
(1) A patient bed location shall be permitted to have a patient equip- 

ment grounding point, grounded to the reference grounding point by means 
of an insulated continuous copper conductor, not smaller than No. I0, 
running directly to the reference grounding point or by means of a conductor 
permanently connected to the grounding conductor of a nearby power 
receptacle. The patient equipment grounding point, where supplied, shaH',be 
permitted to contain one or more jacks listed for the pt/rpose. 

(2) Fixed exposed conductive surfaces in the patient vicinity likely to 
become energized shall be connected to the room bonding point(s) or the 
reference grounding point by continuous copper conductors, or conductive 
building structural members having conductance at least equal to AWG No. 
10 copper wire. The bonding conductors, if installed, shall be permitted to be .I 
arranged centrically or looped as convenient. 

Exception: Small wall-mounted conductive surfaces not likely to become 
energized, such as surface-mounted towel and soap dispensers, mirrors, and 
so forth, need not be connected to the room bonding point. Similarly, large 
metal surfaces not likely to become energized (such as window and door 
frames) need not be intentionally grounded by connection to the room 
bonding point. 

(3) The requirements in Section 517-84(c)(2) shall not apply to bedside 
stands, over:bed tables, chairs, portable IV poles, and small portable 
nonelectrical devices such as trays, pitchers, bedpans and the like.. The 
requirements in Section 517-84(c)(2) shall not apply to portable appliances or 
furniture. 

(4) Any of the grounding and bonding points in Section 517-84(c)(1) and 
(c)(2) shall be permitted to be combined into a single point. 

(d) Panelboard Grounding. When a grounded electrical distribution sys- 
tem is used, and metallic feeder raceway or Type MC or MI cables are 
installed, grounding of a panelboard or switchboard shall be assured by one 
of the following means at each termination or junction point of the raceway 
or Type MC or MI cable: 

• (1) A grounding bushing and a continuous copper bondingjumper, sized 
in accordance with Section 250-95, where a locknut-bushing connection is 
provided. 

(2) Connection of feeder raceways or Type MC or MI cables to 
thi:eaded hubs or bosses on terminating enclosures. ~- 

(3) Other approved devices, such as bonding-type locknuts or bushings. 
(e) Isolated Power System Grounding. Where an isolated Ungrounded 

power source is used and limits the first-fault current to a low magnitude, the 
grounding conductor associated with the secondary circuit shall be permitted 
to be run outside of the enclosure of the power conductors in the same 
circuit. 

(FPN): Although it is permitted 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. 
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(f) 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. When such 
a circuit is served from an isolated ungrounded system, the grounding 
conductor-need not be run with the power conductors; however,  the 
equipment grounding terminal of the special purpose receptacle shall be 
connected ~o the reference grounding point. 

517-90. Additional Protective Techniques. 
(a) Critical Care Areas. 

.(1) Isolated.power systems shall be permitted to be used for critical care 
areas. 

(2) Isolated power system equipment shall be listed for the purpose and 
the system so designed and installed that it meets the provisions and is in 
accordance with Section 517-104. 

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. 

(b) Pediatric and Psychiatric Locations. Fifteen- and 20-ampere, 125-volt 
receptacles intended to supply patient care areas of  pediatric or psychiatric 
wards, rooms, or areas shall be tamperproof. For the purpose of this section, 
a tamperproof receptacle is a receptacle which by its construction limits 
improper access to  its energized contacts. 

(c) Wet Locations. Fifteen- and 20-ampere, 125-volt, single-phase recep- 
tacles supplying wet locations shall be provided with ground-fault circuit- 
interrupters if interruption of power under fault conditions can be tolerated, 
or an isolated power system if such interruption cannot be tolerated. 

(FPN): For requirements fro" installation of therapeutic pools and tubs, see Part 
F of Article 680. 

G. Inhalation Anesthetizing Locations 
(FPN): For further information regarding safeguards for anesthetizing loca- 

tions, see Health Care Facilities, NFPA 99-1984, Chapters 3 and 4 (ANSI). 

517-100. Anesthetizing Location Classifications. 
(a) Hazardous (Classified) Location. 

(1) x .In a location where flammable anesthetics are employed, the entire 
area shall be cofisidered to be a Class I, Division 1 location which shall 
extend upward to a level 5 feet (1.52 m) above 'the floor. The remaining 
volume up to the structural ceiling is considered to be above a hazardous 
(classified) location. 

(2) 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 anesthe- 
tizing location designated for the exclusive use of nonflammable anesthetiz- 
ing agents shall be considered to be an other-than-hazardous (classified) 
location. 
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517-101. Wiring and Equipment. 
(a) Within Hazardous Anesthetizing Locations. 

(1) x In hazardous (classified) location(s) referred to in Section 517-100, 
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 Sections 501-1 through 
501-15 and Section 501-16(a) and (b) for Class I, Division 1 locations. All such 
equipment shall be specifically approved for the hazardous atmospheres 
involved. 

(2) Where a box, fitting, or enclosure is partially, but not entirely, 
within a hazardous (classified)-location(s), the hazardous (classified) loca- 
tion(s) shall be considered to be extended to include the entirebox, fitting, or 
enclosure. " 

(3) Receptacles. and attachment plugs in hazardous' (classified) loca- 
tion(s) shall be listed fo.r use in Class I, Group C hazardous (classified) 
locations, and shall have provision for the connection of a grounding 
conductor. 

(4) Flexible cords used in hazardous areas 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.. 

(5) A storage device for the flexible cord shall be provided, and shall not 
subject the cord to bending at a radius of less than 3 inches',(76 mm). 

(b) Above Hazardous Anesthetizing Locations. 
(1) Wiring above a hazardous area referred to in Section 517-100 shall 

be installed in rigid metal conduit, electrical metallic tubing, intermediate 
metal conduit, Type MI cable, or Type MC cable which employs a contin- 
uous, gas/vapor-tight metallic sheath. 

(2) Installed equipmefit, which may producearcs, sparks, or particles of 
ho{ 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 so constructed as to 
prevent escape Of sparks or hot metal particles. 

Exception: Wall-mounted receptacles installed above the hazardous area 
inflammable anesthetizing locations shall not be required to be totally 
enclosed or have openings guarded or screened to prevent dispersion of  
particles. 

(3) Surgical and other lighting fixtures shall conform to Section 501-9(b). 

"Exception No. 1: The .surface temperature limitations set forth in Section 
501-9(b)(2) shall not apply. 

Exception No. 2: Integral or pendant switches which are located above 
and cannot be lowered into the hazardous .(classified) location(s)shall not be 
required t~ ~ be explosionproof. 

(4) Approv.ed seals shall be provided in conformance with Section 
501-5, and Section 501-5(a)(4) shall apply to-horizontal as well as to vertical 
boundaries of the defined hazardous (classified) locations. 
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Exception: Seals shall be permitted within 18 inches (457 mm) of  the point 
at which a conduit emerges from a wall forming the boundary of  an 
anesthetizing location if all of  the following conditions are met: 

a. The junction box, switch or receptacle contains a seal-off device 
between the arcing contacts and the conduit. 

b. The conduit is continuous (without coupling or fitting) between the 
junction box and the sealing fitting.within 18 inches (457 mm) of  the point 
where the conduit emerges from the wall. 

(5) Receptacles and attachment plugs located above hazardous anes- 
thetizing 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) Plugs and receptacles for connection of 250-volt, 50-ampereand 60- 
ampere ac medical equipment for use above hazardous (classifed) locations 
shall .beso arranged that the 60-ampere receptacle will accept either the 50- 
ampere or the60-ampere plug. Fifty-ampere receptacles shall be designed so 
as not to accept the 60-ampere attachment plug: The 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. 

(c) Other-than-Hazardous Anesthetizing Locations. 
(1) Wiring serving other-than-hazardous (classified) locations as defined 

in Section 517-100 shall be installed in rigid metal conduit, intermediate metal 
conduit, or electrical metallic tubing or shall be in Type MI cable, Type MC 
cable, or Type AC cable with an insulated equipment grounding conductor. 

Exception: Pendant receptacle constructions employing at least SJO or 
equivalent flexible cords suspended/not less than 6 feet (1.83 m)from the 
floor. 

(2) Receptacles~and attachment plugs installed and used in other-than- 
hazardous (classified) locations shall be listed for hospital use for services of 
prescribed voltage,, frequency, rating, and number of  conductors with 
provision for 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-, 208-, or 240-volt, nominal, ac service. 

(3) Plugs and receptacles for connection of 250-volt, 50-ampere, and 60- 
ampere ac medical equipment for use in other-than-hazardous (classified) 
locations.shall be so arranged that the 60-ampere receptacle will accept either 
the 50-ampere or the 60-ampere plug. The 50-ampere receptacle shall be 
designed, so as not to accept the 60-ampere attachment plug. The plug 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. 

517-103 x. Grounding. In any anesthetizing area, all metallic raceways and 
metal-sheathed cables, and all noncurrent-ca~ying conductive portions of 
fixed or portable electric equipment shall be grounded. 

Exception: Equipment operating at not more than 10 volts between 
conductors shall not be required to be grounded. 
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517-104. Circuits in Anesthetizing Locations. 
(a) Isolated Power Systems. 

(1) ~ Except as permitted in Section 517-104(c), each power circuit 
within, or partially within, a flammable anesthetizing location as referred to 
in Section 517-100 shall be isolated from any distribution system supplying 
other-than-flammable anesthetizing locations. Each isolated power circuit 
shall be controlled by a switch having a disconnecting pole in each isolated 
circuit conductor .Such isolation shall be accomplished by means of one or 
more transformers having no electrical connection between primary and 
secondary windings, by means of motor generator sets, or by means of 
suitably isolated batteries. _ • 

(2) Circtiits supplying primaries of isolating 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 600 volts between conductors of each  circuit. All circuits 
supplied from such secondaries shall be ungrounded,, and shall have an 
approved overcurrent 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 transformer-fed secondary circuits. If an electrostatic shield is present, it 
shall be connected to the reference grounding point. 

(3) ,The isolating transformers, motor generator sets, or batteries and 
battery chargers, together with their primary and/or secondary overcurrent 
devices, shall not be installed in hazardous (classified) locations. The isolated 
secondary circuit wiring extending into a hazardous anesthetizing location 

shall  be installed in accordance with/Section 501-4. 
(4) An isolated branch circuit supplying an anesthetizing location shall 

supply no other location. The insulation of the branch-circuit conductors on 
t h e  secondary side of the isolated power supply shall have a dielectric 
constant of 3.5 or less. Wire pulling compounds that increase the dielectric 
constant shall not be used on the secondary conductors of the isolated power 
supply. 

(5) The isolated circuit conductors shall be identified as follows: 
Isolated Conductor No. l - -  Orange 
Isolated Conductor No. 2 - -  Brown 

For three-phase systems, the third conductor shall be identified as yellow. 

(b) x Line Isolation Monitor. ] 
(1 )  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 possible leakage or fault currents from 
either isolated conductor to ground. The monitor shall be designed so that a 
green signal lamp, conspicuously visible to persons in the anesthetizing 
location, remains lighted when t h e  system is adequately isolated from" 
grofind; 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 milliamperes under 
-nominal line voltage conditions. The line isolation monitor is not to alarm for 
a fault hazard current of less than 3.7 milliamperes. The line isolation monitor I 
is not to alarm for a total hazard current of less than 5.0 milliamperes. [ 
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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 o f  the corresponding threshold value of  the total hazard current, and 
the monitor hazard current is to be correspondingly reduced to no more than 
50 percent of  the alarm threshold value of  the total hazard current. 

(FPN): Such systems contribute little additional 'electrical safety and are used 
for special applications. 

(2} 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 milliampere. 

Exception: The line isolation monitor shall be permitted to be o f  th-e 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. 

(FPN): 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) 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. It is desirable to 
locate the ammeter so that it is conspicuously visible to persons in the 
anesthetizing location. 

Exception: The line isolation monitor may be a composite unit, with a 
sensing section cabled to a separate display panel section on which the alarm 
and~or test functions are located. 

(e) Grounded Power System~ ~ 
(1) A general-purpose lighting circuit connected to the normal grounded 

service shall be installed in each operating room. 

Exception: Where connected to any alternate source permitted in Section 
700-12 which is separate from the source serliing the emergency system. 

(2) Branch circuits supplying only listed, fixed, therapeutic and diag- 
nostic 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: 

a. Wiring for grounded and isolated circuits does not occupy the same 
raceway, 

b. All conductive surfaces of the equipment are grounded, 

c. EquiPment (except enclosed X-ray tubes and the leads to the tubes) 
are located at least 8 feet (2.44 m) above the floor or outside the anesthetizing 
location, and 

d. Switches for the grounded branch circuit are located outside the 
hazardous (classified) location. 
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Exception: Parts c. and d. shall not apply in other-than-hazardous (clas- 
sifted) locations. 

(3) Branch circuits supplying only fixed lighting shall be permitted to be 
supplied by a normal grounded service provided. 

a. Such fixtures are located at least 8 feet (2.44 m) above the floor, 
b. All conductive surfaces of fixtures are grounded, 

c. Wiring for circuits supplying power to fixtures does not occupy the 
same raceway for circuits supplying isolated power, and 

d. Switches are wall-mounted and located above hazardous (classified) 
locations. 

(4) Wall-mounted remote control stations for remote control switches 
operating at 24 volts or less shall be pe~'mitted to be installed in any 
anesthetizing location. 

(5) An isolated power center listed for the purpose and its grounded 
primary feeder shall be permitted to be located in an anesthetizing location 
provided it is installed above a hazardous (classified) location, or in an other- 
than-hazardous (classified) location. 

517-105 x. Low-Voltage Equipment and Instruments. 
(a) Equipment Requirements. Low-voltage equipment which is fre- 

quently in contact with the bodies of persons or has exposed current-carrying 
elements shall: 

(1) Operate on an electrical potential of 10 volts or less, or - 
(2), Be approved as intrinsically safe or double-insulated equipment. 
(3) Be moisture-resistant. 

(b) PowerSupplies.  Power shall be supplied to low-voltage equipment 
from: 

(1) • An individual portable isolating transforriaer (autotransformers shall 
not be used) connected to an isolated power,circuit receptacle by means of  an 
appropriate cord and attachment plug, or 

(2) A common low-voltage isolating transformer installed in a 
non,hazardous location, or 

(3) Individual dry-cell batteries, or 
(4) Common batteries made Up of storage cells located in a nonhazard- 

ous location. 

(c) Isolated Circuits. Isolating-type transformers for supplying low-volt- 
age circuits shall: 

(1) Have approved means for insulating the secondary circuit from the 
primary circuit, and 

(2) Have the core and case grounded. 

'(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 b e  
capable of being charged while in operation unless their charging circuitry 

, incorporates an integral isolating-typ e transformer. 
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(f) Receptacles or Attachment Plugs. Any receptacle or attachment plug 
used on low-voltage circuits shall be of a type which does not permit 
interchangeable connection with circuits of higher voltage. 

(FPN): Any interruption of the circuit, even circuits as low as 8 volts, either by 
any switch, or loose or defective connections anywhere in the circuit, may 
produce a spark sufficient to ignite flammable anesthetic agents. [See Section 
3-2.5.2 of Health Care Facilities, NFPA 99-1984 (ANSI)]. 

H. Communications, Signaling Systems, 
Data Systems, Fire Protective Signaling Systems, 

and Low-Voltage Systems 

517-120. Patient Care Areas. Equivalent insulation, isolation, and ground- 
ing to that required for the electrical distribution systems in patient care areas 
shall be provided for communications, signaling systems, data system 
circuits, fire protective signaling systems, and low-voltage systems. 

(FPN)- An acceptable alternate means of providing isolation for patient/nurse 
call systems is by the use of nonelectrified signaling, communication or control 
devices held by the patient, or within reach of the patient. 

(FPN): For grounding requirements, see Section 250-95. 

517-121. Other-than-Patient-Care Areas. See Articles 725,760, and 800. 

517-122. Signal Transmission Between Appliances. 
(a) General. Permanently installed signal cabling from an appliance in a 

patient location to remote appliances shall employ a signal transmission 
system which prevents hazardous grounding interconnection of the appli- 
ances. See Section 517-81. 

(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 vicinity, provided 
the appliances are served from the same reference grounding point. 

K. X-ray Installations 

Nothing in this part shall be construed as specifying safeguards against the 
useful beam or stray X-ray radiation. 

(FPN): Radiation safety and performance requirements of severa] classes of X- 
ray equipment are regulated under Public Law 90-602 and are enforced by the 
Department of Health and Human Services. 

(FPN): In addition, information on radiation protection by the National Coun- 
cil 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, D.C. 20014. 

517-140. Definitions. 

Long-Time Rating. A rating based on an operating interv~ 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. 

2 
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Portable. X-ray-equipment designed to be hand carried. 

Transportable. X-ray equipment to beinstalled in a vehicle or that may be 
readily disassembled, for transport.in a vehicle. : ~: 

517-141. Connection to Supply Circuit. 
(a) Fixed and Stationary Equipment. Fixed and stationary X-ray equip- 

ment  shall be connected to the power supply by meansof  a wiring method 
meeting the general requirements of this Code. 

Except ion: ,Equipment  propel'ly supplied by a branch circuit rated at not  
over 30 amperes, shall be permi t ted  to be supplied through a suitable 
a t tachment  plug and hard-service cable or cord. 

(b). Portable,. Mobile, and. Transportable Equipment. Individual branch 
circuits shall not be requiredfor 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 710. 

517-142. Disconnecting Means. 
(a) ,Capacity. ,A disconnecting means of adequate capacity for at least 50 

percent of the input required for themomentary 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 recep- 
tacle of proper rating shall be permitted to  serve as a disconnecting means. 

517-143; Rating of Supply Conductors and Overcurrent Protection. 
(a) Diagnostic Equipment. 

(1) 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) The ampacity of supply feeder and the current rating of overcurrent 
• protective devices supplying two or more branch circuits supplying X-ray 

units shall not be less than 50 percentof  the momentary demand rating,of 
each of the two largest diagnostic X-ray units plus 20 percent of the 
• momentary ratings of each of the additional diagnostic X-ray units. Where 
simultaneous byplane examinations are undertaken with the X-ray units the 
supply conductors and overcurrent protective devices shall be 100 percent of 
the momentary rating of each X-ray unit. 

• (FPN): The minimum conductor size for branch and feeder circuits is also 
-governed by voltage regulation requirements. For a specific installation, the 
.manufacturer usual!y specifies:, minimum distribution transformer 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. 
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(FPN): 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. 

517-145. Control Circuit Conductors. 
(a) Number of Conductors in Raceway. The number of control circuit 

conductors installed in a raceway shall bedetermined in accordance with 
Section 300-17. 

(b) Minimum.Size of Conductors. Sizes No. 18 or No. 16 fixture wires as 
specified in Section 725-16 and flexible cords 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. 

517-146.' Equipment Installations. All equiPment for new X-ray installa- 
tions and all used or reconditioned X-ray equipment moved to and reinstalled 
at a new location shall be of an approved type. 

517-148. Transformers and Capacitors. Transformers and capacitors that 
are part of an 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. 

517-151. 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. 

(c) Noncurrent-Carrying Metal Parts. Noncurrent-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 grounded 
in the manner specified in Article 250, as modified by Section 517-11 under. 
the criteria set forth in Section 517-81 for critical care areas. 

Exception: Battery-operated equipment. 

A R T I C L E  518 - -  P L A C E S  O F  A S S E M B L Y  

518-1. Scope. This article covers all buildings of portions of buildings or 
structures designed orintended for the assembly of 100 or more persons. 

518-2. General Classifications: Places of Assembly shall include, but are 
not limited to: 

Assembly Halls Exhibition Halls 
Armories Dining Facilities 
Restaurants - - Church Chapels. 
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Dance Halls Mortuary Chapels 
Museums Skating Rinks 
Gymnasiums Multipurpose Rooms 
Bowling Lanes Pool Rooms 
Club Rooms ' Places of Awaiting 
Court Rooms Transpo~ation 
Conference Rooms Auditoriums 
Auditoriums within: 

Schools 
_ Mercantile- Establishments 

Business Establishments 
..Other Occupancies. 

.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 classed as part of the other occupancy and subject to the 
provisions applicable thereto. 

Whereany- such building structure, or portion thereof, contains a. projec- [ 
tion booth or-stage platform.or...area for the. presentation of theatrical or 
musical productions, eitherfixed or portable, the wiring for that area 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. 

(FPN): For methods of determining population capacity, see-local buiiding 
code or in its absence Life Safety Code,NFPA 101-1985 (ANSI). I 

518-3. Other Articles. 
(a) Hazardous(Classified) Areas. Hazardous (classified) areas located in 

any assemblage occupancy shall be installed in accordance with Article 500 
- -  Hazardous (Classified) Locations. 

(b) Temporary Wiring. In exhibition halls used for display booths, as in 
trade shows, the temporary wiring shall be  installed in accordance with 
Article 305 - -  Temporary Wiring, except that approved flexible cables and 
cords shall be permitted, to be laid on floors where protected from contact by 
the general public. 

(c). Emergency Systems. ~ontrol of emergency systems shall comply 
with Article 700 ~ Emergency Systems. 

518-4. Wiring Methods. The fixed wiring methods shall be metal raceways, 
nonmetallic raceways encased in not less t h a n 2  inches (50.8 mm) of 
concrete, Type MI cable, or Typ e MC cable. 

Exception No. 1:- Nonmetallic-sheatt~ed cable, Type AC cable, and rigid 
nonmetallic conduit shall be permitted to be installed in those buildings or 
portions thereof that are not required to be fire-rated construction by the 
applicable building code. 

Exception No. 2: As provided in Article 640 --:Sound Reproduction and- 
Similar Equipment, in Article 800 --  Communication Circuits, and in Article 
725.for Class 2 and Class 3 remote-control and signaling circuits, .and in 
Article 760 for fire protective signaling circuits. 

(FPN): Fire-rated construction is.the fire-resistive classification used in build- 
ing codes. 
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A R T I C L E  520 m T H E A T E R S  AND S I M I L A R  L O C A T I O N S  

A. General 

520-1. Scope. This  article covers all buildings or that part of a building or 
structure designed or intended to be used for dramatic, musical, motion 
picture projection, or similar purposes and to areas of motion picture and 
television studios which incorporate assembly areas. 

520-2. Motion Picture Projectors. Motion picture equipment and its instal- 
lation and use shall comply with Article 540. 

520-3. Sound Reproduction. Sound-reproducing equipment and its instal- 
lation shall comply with Article 640. 

520-4. Wiring Methods. The fixed wiring method shall be metal raceways, 
nonmetallic raceways encased in at least 2 inches (50.8 mm) of concrete, 
Type MI cable, or Type MC cable. 

Exception No. 1: As provided in Article 640 for sound reproduction, in 
Article 800 for communication circuits, in Article 725 for Class 2 and Class 
3 remote-control and signaling circuits, and in Article 760forfire protective 
signaling circuits. 

Exception No. 2: 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 uninsulated staples or nailing shall not 
be permitted. 

520-5. Number of Conductors in Raceway. The "number of conductors 
permitted in any metal conduit, rigid nonmetallic conduit as permitted in this 
article, or electrical metallic tubing for border or stage pocket circuits or for 
remote-control conductors shall not exceed the percentage fill shown in 
Table l 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 thirty-conductor limitation of 
Sections 362-5 and 374-5 shall not apply. 

520-6. 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 all live parts. 

520-7. Emergency Systems. Control of emergency systems shall comply 
with Article 7 0 0 -  Emergency Systems. 

B. Fixed Stage Switchboard 

520-21, Dead Front. Stage switchboards shall be of the dead-front type 
and shall comply with Part C of Article 384 unless approved based on 
suitability as a stage switchboard as determined by a qualified testing 
laboratory and recognized test standards and principles. 
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520-22. Guarding Back of Switchboard. Stage switchboards having ex- 
posed live parts on the back of such boards shall be enclosed by the building " 
walls, wire mesh grills, 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 lightingswitchboard to which load'circuits are 
connected for individual overcurrent protection of stage lighting branch 
circuits and stage and" gallery 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-fr0nt and dead-rear or recessed into a wall shall be provided wi th  a 
metal hood extending thefull  length of the board to protect all equipment on 
the board from falling objects. 

520-25. Dimmers. Dimmers shall comply.witl~ (~i) through (d) below. 
(a) Disconnection and Overcurrent Protection., Where dimmers are in- 

stalled 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 .I 
ungrounded conductor of the circuit. Where designed to open either the 
supply circuit to thed immer  or the circuit controlled by it, the dimmer shall. 
then comply with Section 380-1. 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 autotrans- 
'former-type dimmer shall n o t e x c e e d  150 volts between conductors. The 
grounded conductor shall be common to  the input and output circuits. 

(d) Solid-State-type Dimmers. The c~rcuit supplying a solid-state dimmer 
shall not exceed 150 volts between conductors unless the dimmer is specif- 
ically approved for higher voltage operation. When a grounded conductor 
supplies a dimmer, it shall be common to the input arid output circuits. 
Dimmer chassis shall be connected to the equipment grounding Conductor. 

(FPN): See Section 210-9 for circuits derived from autotransformers. 

520-26. Type of Switchboard.- Stage switchboard shall be either one or a 
combination of the following types: 

(a) Manual. Dimmers and switches' are operated by handles mechani- 
cally linked to the control devices. 

(b) Remotely Controlled. Devices are operated electrically from a pilot- 
type control console or panel. Pilot control panels shall either 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 re- 
quired branch circuit overcurrent protection is provided in the dimmer panel, 
it shall be permitted to be omitted from the intermediate switchboard. 
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520-27. Stage Switchboard Feeders. Feeders .supplying stage switch- 
boards shall be one of the following: 

(a) Single Feeder. A single feeder.disconnected by a single disconnect 
device. 

(b) 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. When combined, neutral 
conductors in a given raceway shall be of sufficient ampacity tocarry the 
maximum unbalanced current supplied by multiple feeder conductors in the 
same raceway, but need not be greater than the ampacity of the neutral 
supplying the. primary stage switchboard. Parallel .neutral conductors shall 
comply with Section 310-4. The neutral of feeders supplying solid=state, 
• 3-phase; 4-wire dimming, systems shall be considered a current-carrying 
conductor. 

(c) Separate Feeders to Single Primary Stage Switchboard (Dimmer Bank). 
Installationswith separate feeders to a single primary stage switchboard shall 
havea disconnecting means for each feeder. The primary stage switchboard 
shall have a permanent and obvious hibel 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 pro- 
vided with barriers-to correspond with .these multiple locations. 

C. Stage Equipment - -  Fixed 

520-41. Circuit Loads. Footlights, border lights, and proscenium side 
lights shall be so arranged that no branch circuit supplying such equipment 
will carry a load exceeding 20 amperes. 

Exception:"Where heavy-duty lampholders only are used, such circuits 
shall, be permitted to comply with Article 210 for circuits supplying .heavy- 
duty lampholders. 

520-42. Conductor Insulation. Foot, border, proscenium, or portable strip 
light fixtures and connector strips shall be. wired,with conductorshaving 
insulation suitable for the temperatures at which the conductors will be 

'operated and not less than 125°C (257°F). 
(FPN): See Table 310-13for conductor types. 

520-43. Footlights. 
(a) Metal Trough Construction. Where metal trough construction is em- 

ployed for footlights, the trough containingthe circuit conductors shall be 
made of sheet metal not lighter than No. 20 MSG treated to prevent 
oxidation. Lampholder terminals shall be kept at least Y2 inch (12.7 mm) 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 con- 
. struction specified in Section 520-43(a) is not used, footlights shall consist, of 
individual outlets with lampholders, wired with rigid metal conduit, interme- 
diate metal conduit, or flexible me'tal conduit, Type MC cable, or mineral- 
insulated, metal-sheathed cable. The circuit conductors shall be soldered to 
the lampholder terminals. Disappearing footlights shall be so arranged that 
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the current supply will be automatically disconnected when the footlights are 
replaced in the recess designed for them: 

520-44. Borders and Proscenium Sidelights. 
(a) General. Borders and proscenium sidelights shall be: (.1) constructed 

as specified in Section 520-43; (2) suitably stayed and supported; and (3) so 
designed that the flanges of the reflectors or other adequate guards will 
protect the lamps from mechanical injury and from accidental contact with 
scenery or other,combustible material. 

(b) Cables for Border Lights. Cables for supply" to-border lights shall be 
Type G, S, SO, ST, STO, or W flexible cable as provided in Table 400-4. The ] 
cables shall be suitably supported. Such cables shall be employed.only where 
flexible conductors are necessary. 

520-45~ Receptacles. Receptacles for electrical equipment or fixtures on 
stages shall be rated in amperes. 

(1) A continuous load shall, not exceed 80.percent of the receptacle 
rating. 

(2) A noncontinuous load shall not exceed 100 percent of the receptacle 
rating. 

Conductors supplying receptacles shall be in accordance with Article 310. 

520-46. Connector Strips, Drop'Boxes,and Stage Pockets. Receptacles for 
• the connection of portable stage lighting equipment shall be pendant or 

mounted in suitable pockets or enclosures and comply with Section 520-45. 

520-47. Lamps in Scene Docks. Lamps installed in scene docks shall be so 
located and guarded as to be free'from physical damage and shall provide'an 
air space of not less than 2 inches (50.8 m m) between such lamps and any 
combustible material. 

520-48. Curtain Motors. Curtain motors having brushes or sliding contacts 
shall comply with one of the conditions in ,(a) through.(f) below. 

(a) Types. Be of the totally enclosed, enclosed-fan-cooled, or enclosed- 
pipe-ventilated type. 

(b) Separate Rooms or Housings. Be enclosed, in separate rooms' or 
housings built of noncombustible material so constructed as to exclude 
flyings or lint, and properly ventilated from a source of clean air.. 

(c) Solid Metal Covers. Have the brush, or sliding-contact end of motor • 
enclosed by solid metal covers. 

(d) Tight Metal Housings. " Havebrushes or sliding contacts enclosed in 
substantial, tight metal housings. ,. 

(e) Upper and Lower Half Endosures'." Have the uPper half of the brush,or, 
sliding-contact end of the motor enclosed by a wire screen or  perforated .~ 
metal and the lower half enclosed by solid metal covers: 

(f) 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 .05 inch (-1.27 mm), 
regardless of the shape of the opening and,of the. material used. 

520-49. Flue Damper Control. Where stage fluedampers arereleased.by an 
electrical device; the circuit operating the device shall benormallyclosed'and • 
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• shall be controlled by at.least two externally operable switches, one switch 
• being placed at the electrician's station and the other where designated by the 
authority,having jurisdiction. The device shall be designed for the full ~oltage 
of the circuit to which it is .connected, no resistance being-inserted. The 
device shall be .located in the loft above the:scenery and shall be enclosed in 
a-suitable metal box-having a tight, self-closing door. 

: D.  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: meansof.permanently installed supplementary 
circuits. The panel,.supplementary circuits, and outlets shall comply with (a) 
through (d) below. 

~ "  (a)- Load Circuits. Circuits shall terminate in grounded polarized inlets of 
current and voltage rating which matches the fixed load receptacle. 
• (b) Circuit Transfer. Circuits which are transferred between fixed and 

portable switchboards .shall have' both the line and neutral transferred 
simultaneously. 

(c) ,Overcurrent Protection. The supply, devices of these-supplementary 
circuits shall be protected by branch-circuit overcurrent protective devices. 
The individual supplementary circuit, within the road show connection panel 
.and theatre, shall be protected, by branch-circuit overcurrent protective 
devices of suitable ampacity installed within.the road show connection panel. 

• (d) Enclosure, Panel construction shall be as per Article 384. 

52()-51. Supply.. Portable switchboards shall be supplied only from outlets 
: of sufficient voltage and ampere .rating...Such 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 floor..Provisions for connection of an equipment, grounding con- 
ductor ,shall be, provided. The neutral of feeders supplying s01id-state, 3- 
phase., 4-wiredimmer systems .shall be considered a current-carrying con- 
ductor. 

520-52., Overcurrent Protection. Circuits fro m portable switchboards di- 
rectly supplying equipment- containing incandescent lamps of not over 300 

] watts shall be protected by.0vercurrent protective devices having a rating or 
setting of not over 20 amperes. Circuits for lampholders over 300 watts shall 
be permitted where overcurrent-protection complies, with Article 210. 

520-53. Construction and ,Feeders. Portable switchboards and feeders for 
• ..use on stage§ shall comply with (a) through (n) below. 

(a) Enclosure. Portable switchboards shall be placed within an enclosure 
of substantial construction, which shall be permitted to be so arranged that 
the enclosure is open during.operation~ "Enclosures of wood shall be 
completely, lined, with sheet metal of not less-than No. 24 MSG and shall be 
well galvanized, enameled, or otherwise properly coated to prevent corro- 
sion or be of a corrosion-resistant material. 

(b)- Live Parts. There shall be.no exposed-live parts within the enclosure. 
Exception: For dimmer faceplates as provided in (e) below: 
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(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 enclo- 
sures, and dimmer faceplates shall be so arranged that accidental contact 
cannot he readily made with the faceplate contacts. 

if) Interior Conductors. All conductors other than busbars within the 
switchboard enclosure shall be stranded. Conductors shall be approved for 
an operating temperature at least equal to the approved operating tempera- 
ture 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°C (257°F). All control wiring 
shall comply with Article 725. 

Each conductor shall have an ampacity at least equal to the rating of the 
circuit breaker, switch, or fuse which it supplies. Circuit interrupting and bus 
bracing shall be in accordance with Sections 110-9 and 110-10. Switchboards 
with inadequate short-circuit withstand rating shall be protected on the line 
side by current-limiting devices. The short-circuit withstand rating shall be 
marked on the switchboard. 

Exception: Conductors for pilot light circuits having overcurrent protec- 
tion of  not over 20 amperes. 

Conductors shall he enclosed in metal wireways or 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 so connected to the circuit supplying the board that the opening of 
the master switch will not cut off the supply to the lamp. This lamp shall b e  
on an individual branch circuit having overcurrent protection rated or set at 1 
not over 15 amperes. 

(h) Supply Conductors. The supply to a portable switchboard shall be by 
means of Type S, SO, ST, or, STO cords, or G or W cable. The supply cords I 
or cable shall terminate within the switchboard enclosure, in an externally 

I operable fused master switch or circuit breaker, or in a connector assembly 
idefitified for the purpose. The supply cords or cable (and connector 
assembly) shall have sufficient ampacity to carry the total load~connected to 
the switchboard and shall be protected by overcurrent devices. " 

Single-conductor cables shall be minimum No. 1 AWG in size. The single- 
conductor cables for a supply shall be of the same length, type, size, and be 
grouped together, but not bundled. The equipment grounding conductor shall 
be permitted to be of a different type, provided it meets the other require- 
ments of this section, and it shall be permitted to be reduced in size as 
permitted by Section 250-95. Neutral and equipment grounding conductors 
shall be identified as per Section 3|0-12. 

Exception No. 1: Supply Conductors Not Over 10 Feet (3.05 m) Long. In 
cases where supply conductors do not exceed lO feet (3.05 m) in length 

-between supply and switchboard or supply and a subsequent overcurrent 
device, the ampacity of  the supply conductors shall be at least one-quarter of  ' 
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the ampacity o f  the supply overcurrent protection device where all o f  the 
following conditions are met: 

a. The supply conductors shall terminate in a single overcurrent pro- 
tection device that will limit the load to the ampacity o f  the supply 
conductors. This single overcurrent device shall be permitted to supply 
additional overcurrent devices on its load side. 

b. 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. 

c. The supply conductors shall be suitably terminated in an approved 
manner. 

d. Conductors shall be continuous without splices or connectors. 
e. Conductors shall not be bundled. 
f .  Conductors shall be supported above the floor in an approved 

manner. 

Exception No. 2: Supply Conductors Not  Over 20 Feet (6.1 m) Long. In 
cases where supply conductors do not exceed 20 feet  (6.1 m) in length 
between supply and switchboard or supply and a subsequent overcurrent 
protection device, the ampacity o f  the supply conductors shall be at least 
one-half the rating o f  the supply overcurrent protection device where all o f  
the following conditions aremet:  

a. The supply conductors shall terminate in a single overcurrent pro- 
tection device that will limit the load to the ampac~ty o f  the supply 
conductors. This single overcurrent device shall be permitted to supply 
additional overcurrent devices on its load side. 

b. The supply conductors shall not penetraie walls, floors, or ceilings, 
or be run through doors or traffic areas. The supply conductors shall be 
adequately protected from physical damage. 

c. The supply conductors shall be suitably tei'minated in an approved 
manner. 

d. The supply conductors shall be supported in an approved manner at 
least 7 fee t  (2.13 m) above the floor except at terminations. 

e. The supply conductors shall not be bundled. 
f .  Tap conductors shall be in unbroken lengths. 

(i) Cable Arrangement. Cables shall be protected by bushings where they 
pass through enclosures and shall be so arranged that tension on the cable 
will not be transmitted to the connections. Where power conductors pass 
through metal, the requirements of Section 300-20 shall apply. 

(j) Number of Supply Interconnections. Where connectors are used in a 
supply conductor, there shall be a maximum number of three interconnec- 
tions (mated connector pairs) when the total length from supply to switch- 
board does not exceed 100 feet (30.5 m). In cases-where the total length from 
supply to switchboardexceeds 100 feet (30. 5 m), one additional interconnec- 
tion shall be permitted for each additional 100 feet (30.5 m) of supply 
conductor. 

(k) Protection of Supply Conductors and Connectors. All supply conduc- 
I tors and connectors shall be protected against physical damage by an 

approved means. This protection shall not be required to be raceways. 
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(I) Flanged Surface Inlets. Flanged surface inlets (recessed plugs) that 
are used to accept the power shall be rated in. amperes.. 

(m) Terminals. Terminals to which stage cables are connected shall be so 
located as to permit convenient access to the terminals. 

(n) Supply Neutral Terminal. In portable switchboard equipment de- 
signed for use with 3-phase, 4-wire with ground supply, the supply neutral 
terminal and its associated busbar and/or equivalent wiring shall have an 
ampacity equal to twice the ampacity of the largest ungrounded supply 
terminal. The power supply lines for portable switchboards shall be sized 
considering the neutral as a current-carrying conductor. 

Exception: Where portable switchboti'rd equipment is specifically con- 
structed 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 wii'ing, or both shall have an ampacity equal 
to that of  the largest ungrounded single-phase supply terminal. 

E. Stage Equipment - -  Portable 

520-61. Arc Lamps. Arc lamps shall be listed. 

520-62. Portable Plugging Boxes. Portable plugging boxes shall comply 
with (a) through (e) below. 

(a) Enclosure. The construction shah be such that no current-carrying 
part will be exposed. 

(b) Receptacles and Overcurrent Protection. Receptacles shall comply 
with Section 520-45 and shall have branch-circuit overcurrent protection in 
the box. Fuses and circuit breakers shall be protected against physical 
damage. Cords or cables supplying pendant receptacles shall be Type S, SO, 
ST, Or STO cords, or G or W cables. 

(c) Busbars and Terminals. Busbars shall have an ampacity equal to the 
sum of the .ampere ratings of all.the circuits connected to the busbar. 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 shah be rated in amperes. 

(e) Cable Arrangement. Cables shall be adequately protected where they 
pass through enclosures and be so arranged that tension on the cable will not 
be transmitted to the terminations. 

520-63.  Bracket Fixture Wiring. 
(a) Bracket Wiling. Brackets for use on scenery shall be wired internally, 

and the fixture stem shall be carded through to the back of the scenery where 
a bushing shall be placed on the end of the stem. 

Exception: Externally wired brackets or other fixtures shall be permitted 
where wired 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 18 inches 
(457 ram) of  the fixture. 

(b) Mounting. Fixtures shall be securely fastened in place. 
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520-64. Portable Strips. Portable strips shall be constructed in accordance 
with the requirements for border lights and proscenium side lights in Section 
520-44(a). The supply cable shall be protected by bushings where it passes 
through metal and shall be so arranged that tension on the cable will not be 
transmitted to the connections. 

(FPN): See Section 520-42 for wiring of portable strips. 
(FPN): See Section 520-68, Exception No. 2, for insulation types required on 

single conductors. 

520-65. Festoons. Joints in festoon wiring shall be staggered. 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 shah be so constructed and located that flames, 
sparks, or hot particles cannot come in contact with combustible material. 

520-67. Cable Connectors. Cable connectors, male and female, for flexible 
conductors shall be constructed so that tension on the cord or cable will not 
be 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. AC multipole connectors shall be polarized and comply with 
Section 410-56(e) and Section 410-58. 

(FPN): See Section 400-10 for pull at terminals. 

520-68. Conductors for Portables. Flexible conductors used to supply 
portable stage equipment shall be Type S, SO, ST, STO, G, or W. 

Exception No. 1: Reinforced cord shall be permitted to supply stand 
lamps where the cord is not subject to severe physical damage and is 
protected by an overcurrent device rated at not over 20 amperes. 

Exception No. 2: A special assembly o f  conductors in sleeving no longer 
than 3.3feet (1.0 m) shall be permitted to be employed in lieu offlexible cord 
if the individual wires are stranded and rated over 125°C (257°F) and the 
outer sleeve is glass fiber with a wall thickness o f  at least 0.025 inches (635 
micrometers). 

Exception No. 3: Portable stage equipment requiring flexible 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. 

520-69. Adapters. Adapters, two-fers, and other single and multiple cir- 
cuit outlet devices shall comply with (a) and (b) below. 

(a) No Reduction in Current Rating. Each receptacle and its correspond- 
ing 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. All connectors shall be wired in accordance With Sec- 
tions 520-67 and 520-68. 
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F. 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 8 feet (2.44 m) 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 receptacles in dressing rooms 
shall be controlled by wall switches installed in the dressing rooms. Each 
switch controlling receptacles shall be provided with a pilot light to indicate 
when the receptacles are energized. 

G. Grounding 

520-81. Grounding. All metal raceways and metal-sheathedlcables shall be 
grounded. The metal frames and enclosures of all equipment, including 
border lights and portable lighting fixtures, shall be grounded. Grounding, 
where employed, shall be in accordance with Article 250. 

A R T I C L E  530 - -  M O T I O N  PICTURE-~AND 
T E L E V I S I O N  S T U D I O S  AND S I M I L A R  L O C A T I O N S  

A..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 Section 520-1, and exchanges, factories,laboratories, 
stages, or a portion of the building in which film or tape more than 7/8 inch (22 
mm) in width is exposed, developed, printed, cut, edited, rewound, repaired, 
or stored. 

(.FPN): For methods of protecting against cellulose nitrate film hazards, see 
Standard for the Storage and Handling of Cellulose Nitrate Motion Picture Film, 
NFPA 40-1982. 

B, Stage Or Set " 

530-11. Permanent Wiring, The permanent wiring shall be Type MC cable, 
Type MI cable, or in approved raceways. 

Exception: Communication circuits, and sound recording and reproduc- 
ing equipment shall be permitted to be wired as permitted by Artic(es 640 and 
800. 

/ 

530-12.  Portable Wiring. The wiring for stage set iighting, stage e f fec t s ,  
electric equipment used as stage properties, and other wiring not fixed as to 
location shall be done with approved flexible cords and cables..Splices or 
taps shall be permitted in flexible cords used to supply stage properties when 
such are made with approved devices and the circuit is protected at not more 
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than 20 amperes. Such cables and cords shall not be fastened by staples or 
nailing. 

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, such as a tumbler 
switch, for the control of each contactor shall be located at a distance of not 
more than 6 feet (1.83 m) from the contactor, in addition to remote-control 
switches. 

Exception:  A single externally operable switch shall be permi t ted  to 
simultaneously disconnect  all the contactors on any one location board, 
where located at a distance o f  not  more than 6 f e e t  (.1.83 re) 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 shall 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, loca- 

tion boards, spiders, and plugging boxes shall be so enclosed, guarded, or 
located that persons cannot accidentally come into contact with themor  
bring conductive material into contact with them. 

530-16. Portable Lamps. Portable lamps and work lights shall be equipped 
with flexible cords, composition or metal-sheathed porcelain sockets, and 
substantial guards. 

Exception: Portable lamps used as properties in a motion picture set or 
television stage set, on a studio stage or lot, or on location. 

530-17. Portable Arc Lamps. Portable 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. 

530-18. Overcurrent Protection - -  Short-Time Rating.* 
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 (a) through (e) below. 

(FPN): Note: *Special consideration is given to motion picture studios and 
I similar locations because filming periods are of short duration of 20 minutes. 

(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 

I ampacity given in 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 
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overcurrent devices (generally located in the subst'ation) having suitable 
ampere rating. The overcurrent devices shall be permitted to be multipole or 

• single-pole gang-operated. No pole or overcurrent device 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 applicable 
tables of Article 310. Short-term ratings shall not be permitted when 
equipment is operated for periods in excess of 20 minutes. 

(c) 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. 

(d) Plugging Boxes. Cables and cords supplied through plugging boxes 
shall be of copper. Cables and cords smaller than No. 8 shall be attached to 
the plugging box by means ofa  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 applicable tables of Articles 3 l0 and 400. Plugging boxes shall not be 
permitted on ac systems. 

(e) Lighting. Work lights, stand lamps, and fixtures shall be connected to 
plugging boxes by means of plugs containing two cartridge ftises 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 hot 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. I t  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. 

Table 530-19(a). Demand Factors for Stage Set Lighting 

Total  Stage Set  Lighting . Feeder  Demand 
Load (Volt -amperes) Factor  

First 50,000 or less at 100% 
More than 50,000 to 100,000 75% 
More.than 100,000 to 200,000 60% 
All over 200,000 50% 

(b) Portable Feeders. A demand factor of 50 percent of maximum possi- 
ble connected load shall be permitted for all portable feeders. 

530-20. Grounding. Type MC cable, TypeMI cable, metal raceways, and 
all nOncurrent-carrying metal parts of appliances, devices, and equipment 
shall be grounded ds specified in Article 250. This shall not apply to pendant 
and portable lamps, to stage lighting and stage sound equipment, nor to other 
portableand special stage equipment operating at not over 150 volts dc to 
ground. 
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530-21. Plugs and Receptacles. Hugs and receptacles shall be rated in 
amperes. All ac plugs and receptacles shall be grounded and polarized. 

C. Dressing Rooms 

530-31, Dressing Rooms. Fixed wiring in dressing rooms shall be installed 
in accordance with wiring methods covered in Chapter 3. Wiring for portable 
dressing rooms shall be approved. 

D. 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. 

E. 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 fixtures 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 o f  
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 terminating in any outlet in the vault. 

530-52. Motors and Other Equipment in Cellulose Nitrate Film Storage 
Vaults. No receptacles, outlets, electric motors, heaters, portable lights, or 
other portable electric equipment shall be located in cellulose nitrate film 
storage vaults. 

F. Substations 

530-61. Substations. Wiring and equipment of over 600 volts, nominal, 
shall comply with Article 710. 

530-62. Low-Voltage Switchboards. On 600 volts, nominal, or less, switch- 
boards shall comply with Article 384. 

530-63. Overcurrent Protection of DC Generators. Three-wire dc generators 
shall have protection consisting of overcurrent devices having an ampere 
rating or setting in accordance with the generator ampere rating. Single-pole 
or double-pole overcurrent devices shall be permitted, and no pole or 
overcurrent coil shall be required in the neutral lead (whether it is grounded 
or ungrounded). 

530-64. Working Space and Guarding. Working space and guarding in 
permanent fixed substations shall comply with Sections 110-16 and 110-17. 

(FPN): For guarding of live parts on motors and" generators, see Sections 
430-11 and 430-14. 

Exception:  Switchboards o f  not over 250 volts dc between conductors,  
when located in substations or switchboard rooms accessible to qualified 
persons  only, shall not  be required to be dead-front. 
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530-65. Portable Substations. Wiring and equipment in portable substa- 
tions shal lconform 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 so 
arranged that the  operator can work safe ly ,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. 

530-66..  Grounding at Substations. Noncurrent-carryingmetal  parts shall 
be grounded in accordance with Article 250. 

Exception: Frames o f  dc circuit breakers installed on switchboards.  

. - : A R T I C L E  540 m M O T I O N  P I C T U R E  P R O J E C T O R S  

A. General 

540-1 .  Scope. The provisions o f t h i s  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 which develops hazardous gases, 
dust, or radiation. 

(FPN): For further information, see Storage and Handling of Cellulose Nitrate 
Motion Picture Film, NFPA 40-1982. 

- B. Definitions 

540-2. Professional Projector: The professional projector.is a. type using 
35- or 70-millimeter film which has a minimum width of 13/8 inches (35 mm) 
and has on each edge 5.4 perforations per inch, or a type using carbon arc, 
Xenon,  or other light source equipment which develops hazardous gases, 
dust, or radiation. 

540-3.. Nonprofessional Projector: Nonprofessional  projectors are those 
types other than described in Section 540-2. 

C. Equipment and Projectors of the Professional Type 

540-10_ Motion Picture Projection Room Required. E v e r y  professional- 
type projector shall be located within a pl:ojection i'oom. 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 gla.ss 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. 

(FPN):. For further information on protecting openings i n  projection rooms 
handling cellulose nitrate motion picture film;, see Life Safety Code, NFPA 
.101-1985 (ANSI). 
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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, if practicable, be located in a separate room. 
Where placed in the projection room, they shall be so located or guarded that 
arcs or sparks cannot come in contact with film, and motor generator sets 
shall have the commutator end or ends protected as provided in Section 
520-48. 

(b) Switches, Overcurrent Devices, or Other Equipment. Switches, 
overcurrent devices, or other equipment not normally required or used for 
projectors, sound reproduction, flood or other special effect lamps, o r  other 
equipment shall not be installed in projection rooms. 

Exception No. 1: 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. 

Exception No. 2: In projection rooms approved for use only with cellulose 
acetat( (safety) film, 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, etc., 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. 

(c) Emergency Systems. Control of emergency systems shall comply 
with Article 7 0 0 -  Emergency Systems. 

540-12. Work Space. Each motion picture projector, floodlight, spotlight, 
or similar equipment shall have clear working space not less than 30 inches 
(762 mm) wide on each side and at the rear thereof. 

Exception: One such space shall be permitted between adjacent pieces of.  
equipment. 

540-13. Conductor Size. Conductors supplying outlets for arc and Xenon 
projectors of the professional type shall not be smaller than No. 8 and shall 
be of sufficient size for the projector employed. Conductors for incandescent- 
type projectors shall conform to normal wiring standards as provided in 
Section 210-24. 

540-14. Conductors on Lamps and Hot Equipment. Asbestos-covered con- 
ductors Type AA or other types of insulated conductors having a maximum 
operating temperature of 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 (122°F). 

540-15 .  Flexible Cords. Cords approved for hard usage as provided in 
Table 400-4 shall be used on portable equipment. 

540-20. Approval. Projectors and enclosures for arc, Xenon and incandes- 
cent lamps and rectifiers, transformers, rheostats and similar equipment shall 
be approved. 
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540-2i .  Marking. Projectors and other equipment shallbe mar, ked with the 
maker's name or trademark and with. the voltage and current for which they 
are designed in accordance with Section 110-21. 

D. Nonprofessional Projectors 

540-31. Motion Picture Projectiori Room Not Required. Projectors of the 
nonprofessional or miniature type, when employing cellulose acetate (safety) 
'film, shall,be permitted to be operated without a projection room. 

540-32. Approval. Projection equipment~shall be listed. 

E. • Sound Recording and Reproduction 

540-50. Sound Recording andReproduction. Sound recording and repro- 
,duction equipment .shall-be installed as provided, in Article 640. 

• A R T I C L E  545 m M A N U F A C T U R E D  . B U I L D I N G  

A. ,General 

~-545-1. Scope. This article covers requirements for a manufactured build- 
ing and/or building components as herein defined. " 

545-2. Other Articles. Wherever the requirements of other articles of this 
Code and Article 545 differ, the requirements of Article 545 shall apply. 

545-3. Definitions. 
Manufactured. Building: "Manufactured Building" means any building 

which is of closed construction and which is made or assembled in manu- 
facturing facilities on or off the building site for installation; or assembly and 
installation on, the building site, Other than mobile homes or recreational 
vehicles• 

t 

Building Component: "Building Component"  means any subsystem, 
subassembly, or other.system designed for use in or integral with or as part 
of a structure, which can include structural, electrical, mechanical, plumb- 
ing, and fire protection systems,-and other systems affecting health and 
safety. 

Building System: "Building System" meansplans ,  .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, andincluding such-variations thereof as are 
specifically permitted by. regulation, and which var ia t ionsare  submitted as 
part of the building system or amendment thereto. 

Closed Construction: "Closed Construction".means any building, build- 
ing component; assembly, or system manufactured ih.such a manner that all 
.concealed parts of processes of manufacture cannot be. inspected before 
installation at the building site without disassembly, damage, or destruction. 
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545;4. Wiring Methods., 
(a) Methods Permitted. Al l  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 No. 10 AWG or smaller 
conductors are used and protection'against physical damage is provided as 
required by Section' 300-4. 

545-5. Service-Entrance Conductors.. Service-entrance conductors shall 
meet the requirements of Article 230. Provisions shall be made to route the 
service-entrance conductors from the service equipment to the point of 
attachment of the service. 

(FPN): See Section 310-10 for temperature limitation of conductors. 

545-6. Installation of Service-Entrance Conductors. Service-entrance con- 
ductors shall be installed after erection at the building site. 

Exception: Where point of  attachment is known prior to manufacture. 

545-7. Service Equipment Location, The service equipment shall be lo- 
cated at a readily accessible point nearest to the entrance of the conductors 
either inside or outside the building. 

545-8. Protection of Conductors and Equipment. Protection shall be pro- 
vided for exposed conductors and equipment during processes of manufac- 
turing, packaging, in transit, and erection at the building site. 

545-9. Boxes. 
(a) Other Dimensions. Boxes of dimensions other.than those required in 

Table 370-6(a) shall be permitted to be installed when tested, identified, and 
listed to applicable standards. 

(b) Not Over 100 Cubic Inches. Any box not over 100 cubic inches 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, when tested, identified, 
and listed to applicable standards, shall be permitted to be installed. 

545-11. Bonding and Grounding, Prewired panels and/or building,compo- 
nents shall provide for the bonding and/or grounding of all exposed metals 
likely to become energized, in accordance with Article 250, Parts E, F, and 
G. 

545-12. Grounding Electrode Conductor, The grounding electrode conduc- 
tor shall meet the requirements of Article 250, Part J. Provisions shall be 
made to route the grounding electrode conductor from the service equipment 
to the point of attachment to the grounding electrode. 

545-13. Component Interconnections. Fittings and connectors which are 
intended to be concealed at the time of on-site assembly, when tested, 
identified, and listed to applicable standards, shall be permitted for on-site 
interconnection of modules or other building components. Such fittings and 
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"connectors 'shall be equal to the wiring method employed in insulation, 
temperature rise;fault-current withstand and shall be capable of enduring the 
vibration and minor relative motions occurring in the components- of manu- 
factured building. 

A R T I C L E  547 D A G R I C U L T U R A L  BUILDINGS 

547-!. Scope. The provisions of  this article shall apply to the following 
agricultural buildings or that part of a building as specified in (a) and (b) 
below. 

(a) Excessive Dust and Dust with Water. Agricultural buildings where 
excessive dust .and dust with Water may accumulate. Such buildings include 
all areas of totally enclosed and environmentally controlled poultry and 
livestock confinement systems~ where litter dust, feed dust, including mineral 
feed particles, may accumulate and enclosed areas of similar,or like nature. 

(b) Corrosive Atmosphere. Agricultural buildings where a corrosive atmo- 
sphere exists. Such buildings include totally enclosed and environmentally 
controlled areas where (1) poultry and animal excrement may cause corr0- 
s]ve vapors in the confinement area; (2) corrosive particles may combine with 
water; (3) the area is damp and wet by reason of periodicwashing for cleaning 
and sanitizing with water and cleansing agents; (4) similar.'conditions, exist .  

547-2. Other Articles. For agricultural buildings not having conditions as . 
specified in Section 547-1, the electrical installations" shall, be made in 
accordance with the applicable articles in this Code. 

547:3. General. Electrical equipment or devices installed in accordance 
with the provisions of this article shall be installedin 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. 

547-4. Wiring Methods. • In agricultural buildings as described in Section 
547:1(a) and (b), Types UF, NMC; SNM, copper-SE, or other cables or 
raceways, suitable for the location, with approved termination fittings, shall 
be the wiring methods employed. Article 320 wiring methods shall be 
permitted,for Section 547-1(a). Buildings/ wired in accordance with the 
provisions of Article 502 shall be permitted. All cables shall be secured within 
8 inches (203 mm) of each cabinet, box, or fitting. .- 

(FPN): See Sections 300-7 and 347-9 for installation of raceway, systems 
exposed to widely different temperatures. 

(a) Boxes, Fittings, and Wiring Devices. Ail boxes and fittings shall 
comply with Section 547-5. 

(b) Flexible Connections. Where necessary to employ flexible cOnnec- 
tions, dusttight flexible connectors, liquidtight:flexible metal conduit, or 
flexible cord listed and identified for hard usage shall be used..All shall be 
used with listed and identified fittings. 

547:5. Switches, Circuit Breakers, Controllers,and Fuses. Switches, circuit 
breakers, controllers, and fuses, including pushbuttons, relays and similar 
devices,,used in buildings described in .Section 547-1(a) and (b), shall be 
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provided with a weatherproof, corrosion-resistant enclosure designed to 
• minimize the entrance of dust, water, and corrosive elements, and shall be 
equipped w i t h a  telescoping or close-fitting cover. 

547-6. Motors. Motors and other rotating electrical machinery shall be 
totally enclosed or so designed as to minimize the entrance of dust, moisture, 
or corrosive particles. 

547-7. Lighting Fixtures. Lighting fixtures installed in agricultural build- 
ings described in Section 547-1 shall comply with the following: 

(a) Minimize the Entrance of Dust. Lighting fixtures shall be installed to 
minimize the. entrance of dust,- foreign matter, moisture, and corrosive 
• material. 

{b) Exposed to Physical Damage. Any~'lighting fixture that may be ex- 
posed to physical damage shall be protected by a suitable guard. 
• -{c} Exposed to Water. A fixture tha t  may, be •exposed to water• from 
condensation and/or building cleansing water or solution shall be  watertight. 

547-8. Grounding, Bonding, and Equipotential Plane. 
(a) Groundingand Bonding. Grounding and bonding shall comply with 

Article 250. 
• (PPN): See Section 250-21 for objectionable-current over grounding conduc- 

tors. 
Exception: The main bonding jumper shall not be required at the distri- 

bution panelboard in or on buildings housing livestock or poultry where all 
the following conditions are met: 

a. All buildings and premises wiring are under the same ownership. 
b. An equipment grounding conductor o f  the same size as the circuit 

conductors is run with the supply' conductors. 
:- c.. Service disconnecting.means is.prof, ided at the distribution point for  

supply to those buildings. 
.. . d . .The equipment grounding conductor is bonded to the grounded 

c(rcuit conductor at the service equipment. 
e. A grounding electrode is provided and connected to the equipment 

grounding conductor in the distribution,panelboard. 
~(b) Con(~Pete Embedded Elements. Wire mesh or other conducti~,e ele- 

ments where provided in the concrete floor of animal confinement areas to 
p rov ide  an equipotential plane shall, be bonded to the building grounding 
electrode system. The bonding conductor shall be copper, insulated, covered 
or bare, not smaller than No. 8. The means of bonding to wire mesh oi" 
conductive elements shall be by pressure connectors or clamps of brass, 
copper, copper alloy or an equally substantial approved means. 

Equipotential Plane: An equipotential plane is an area where a wire mesh 
or other conductive elements are embedded in concrete, bonded to all 
adjacent conductive equipment, structures, or surfaces .and connected to the 
electrical grounding system to prevent a difference in voltage from develop- 
ing within the plane. 

(FPN): I fa  wire mesh or other conductive grid is embedded in a concrete floor 
or platform, and if this grid is bonded to the electrical_ system grounding bus, 
livestock making contact between the concrete floor or platform and the equip- 
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ment or metal structure will be less likely to be exposed to a level of voltage that 
may alter animal behavior or productivity. 

(c) SeparateEquipment Grounding'Conductor. In agricultural buildings 
as described in Sections 547-1(a) and (b), noncurrent-carrying metal parts of 
equipment, raceways, ~ind other enclosures where required to be grounded, 
shall be grounded by a copper equipment grounding conductor installed 
between the.equipment and the building disconnecting;means. If installed 
underground, the equipment groufiding conductor shall be insulated or 
covered. 

(FPN): Grounding electrode system resistances lower than required byArticle 
250, Part H, may reduce p_.otential differences in livestock facilities. 

A R T I C L E  5_50m M O B I L E  H O M E S  
A N D  M O B I L E  H O M E  P A R K S  

550-1. Scope. The provisions of this article cover the. electrical conduc,, [ 
tors and equipment installed within or on mobile homes, the conductors that 
connect mobile homes to a supply of electricity, and the installation of 
electrical wiring, fixtures, equipment, and appurtenances related to electrical 
installations within a mobile home park up to the mobile home service- 
entrance conductors .or, . ifnone, the mobile home service equipment. 

550-2. Definitions.' 
Appliance, Fixed: An appliance which is fastened orotherwise  secured at 

a"specificlocation.. ' 

Appliance, Portable! An appliance which4s actually moved or can easily 
be moved  fi:om one place to another in normal use. 

(FPN): For the purpose of this- article,, the-following major appliances other 
than built-in are considered portable if cord-connected: refrigerators, gas range 
equipment, clothes washers, dishwashers without booster heaters, or other 
similar appliances.- " 

Appliance, Stationary: An appliance which is not easily moved from one 
place to another in' normal use. 

- Distribution Panelboard: See definition of panelboard 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 I 
the purpose of delivering energy from the source of electrical stipply to the 
distribution panelboard within the mobile home. 

Laundry.Area: An area containing or designed to contain either a laundry 
tray, clothes washer, and/or a c!othes dryer. 

Mobile Home: .A factory-assembled structure or structures equil~ped with. 
the necessary, service connections and_made so:as to  be-readily..movableas. 
a unit 'or units on its own running gear,and=designed-to be used as a dwelling 
unit(s) without a permanent foundatiom 

(FPN): The-phrase "without a_ permanent foundation'.' indicates.that the 
support system is constructed withthe.intent that the mobile home placed thereon 
fvill, be  moved'.from time:to.time.at' thi~. convenience of:thebwner: ~ 
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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 upon 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 pa(cel of land which is used for the 
accommodation of occupied mobile homes. 

Mobile Home Service Equipment: The equipment containing the discon- 
necting means, overcurrent protective devices, . and receptacles or other 
means for connecting a mobile home feeder assembly. 

Park" Electrical Wiring Systems: All of the electrical wiring, fixtures, 
equipment, and appurtenances related to electrical installations within a 
mobile home park, including the mobile home service equipment. 

550-3. Other Articles. Wherever the requirements of other articles of this 
Code and Article 550 differ, the requirements of Article 550 shall apply. 

550-4. General Requirements. 
(a) Mobile Home Not Intended as a Dwelling Unit. A mobile home not 

intended as a dwelling unit, as for example equipped for sleeping p u r p o s e s  
only, contractor 's  on-site offices, constr.uction job dormitories, mobile studio 
dressing rooms, banks, clinics, mobile stores, or intended for the display or 
demonstration of merchandise or machinery, shall not be req/~ired 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 apply to 
mobile homes intendedfor connection to a wiring system rated 120/240 volts, 
nominal, 3-wire ac, with grounded neutral. 

(d) Listed or Labeled. All electrical materials, devices, appliances, fit- 
tings, and other equipment shall be listed or labeled by a qualified testing 
agency and shall be connected in an approved manner when installed. 

A. Mobile Homes 

550-5. Power Supply. 
• (a)" 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 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 with integral molded cap, or a permanently installed circuit. 

Exception: 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 listedmobile home power-supply cord rated 40 amperes. 



ARTICLE 5 5 0 -  MOBILE HOMES AND PARKS 70-529 

(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 
terminatingin 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. 

A suitable clamp o r  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-Siipply 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 u~e as the groundingconductor.  

(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 550-5(c) anffintended for use with the 50-ampere, 125/250 
receptacle.configuration shown in Figure 550-5(c). It shall be molded of butyl 
rubber, neoprene, or other materials which have been found suitable for the 
purpose, and shall be molded to the flexible cord so that it adheres 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 so oriented that the grounding 
member is farthest from the cord. 

(FPN): Complete details of the 50-ampere plug and receptacle shown in Figure 
550-5(c) can be found in ANSI Standard Dimensions of Caps, Plugs and 
Receptacles, C73.17-1972. 

R eceptacle Cap 

125 / 250-volt, 50-amp, 
3-pole, 4-wire, grounding type 

Figure 550-5(c). 50-ampere, 125/250 volt receptac!e and attachment-plug-cap 
configurations, 3-pele, 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 21 feet (6.4m) and shall 
not exceed 361/2 feet (11.13 m). 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 20 feet (6.1 m). 

(e) Marking. The power-supply cord shall bear the following marking: 
" F o r  use with mobi!ehomes - -  40 amperes"  or '"For use with mobile homes 
- -  50 amperes ."  ' 

(f) Point of Entrance. The point of  entrance of the feeder assembly to the 
mobile home shall be in the exterior v;,all, floor, or roof. 
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(FPN): For location of distribution panelboard, see Section 550-6(a). 
(FPN): For location of attachment of feeder assembly, see Section 550-23(d). 

(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 continu- 
ous raceway having a maximum size of 11/4 inches (31.8 mm) 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: 

(1) One mast weatherhead installation installed in accordance with 
Article 230 containing four continuous, insulated, color-coded, feeder con- 
ductors, one of which shall be an equipment grounding conductor; or, 

(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 
in Section 550-5(i)(1)]. 

550-6. Disconnecting Means and Branch-Circuit Protective Equipment. 
The branch-circuit equipment shall be permitted 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 distribu- 
tion panelboard is used, the maximum fuse size for the mains shall be plainly 
marked, with lettering at least 1/4 inch (6.4 mm) high and visible when fuses 
are changed. 

When plug fuses and fuseholders'are used, they shall be tamper-resistant, 
Type S enclosed in dead-front fuse panelboards. Electrical distribution 
panelboards containing circuit breakers shall also be dead-front type. 

(FPN): See Section i10-22 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 pro- 
vided in each mobile home consisting of a circuit 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 conduc- 
tors. The neutral bar termination of the grounded circuit conductors shall be 
insulated in accordance with Section 550-1 l(a). The disconnecting equipment 
shall have a rating suitable for the connected load. The distribution equip- 
ment, either circuit breaker or fused type, shall be located a minimum of 24 
inches (610 mm) from the bottom of such equipment to the floor level of the 
mobile home. 
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(FPN): See Section 550-15(b) for information on disconr~ecting means for 
branch circuits designed to energize heating and/or air-conditioning equipment 
located outside the mobile home, other than room air conditioners. 

A distribution panelboard main circuit breaker shall be rated 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 panelbom:d shall be plainly marked with the  fuse size. 

The distribution panelboard shall be located in an accessible location, shall 
not be located in a bathroom, and shall be permitted to be located just  inside 
a closet entry if the location is such that a clear space of 6 inches (152 mm) 
to easily ignitible materials is maintained in front of  the distribution 
panelboard, and the distribution panelboard door can be extended to its full 
open position (at least 90 degrees). A clear working space at least 30 inches 
(762 mm) wide and 30 inches (762 mm) in front of'the distribution panelboard 
shall be provided. This space shall extend from floor to the top" of t h e  
distribution panelboard. 

(b) Branch-Circuit Protective Equipment. Branch-circuit distribution 
equipment shall be installed in each mobile home and shall include overcur- 
rent protection for each branchcircuit  consisting of either circuit breakers or 
fuses. 

The branch-circuit overmirrent devices shall be rated: (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 which is supplied by an individual 
branch circuit; but (3) not more tfian the fuse size marked on the air 
conditioner or other motor-operated appliance. 

A 15-ampere multiple receptacle shall be permitted When connected to a [ 
20-ampere laundry circuit. 

(c) Two-Pole Circuit Breakers, When circuit breakers are provided for .  
branch-circuit protection, 240-volt circuits shall be protected by a2 -po l e  [ 
common or companion trip, or handle-tied paired circuit breakers. 

(d) Electrical Nameplates. A metal nameplate on the outside,adjacent to 
the feeder assembly entrance shall read: "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. 

550-7. Branch Circuits. The number of  branch circuits required shall be 
determined in accordance with (a) through (c) b e l o w . .  

(a) Lighting. Based on.3 volt-amperes per square foot (0.093 sq m) times 
outside dimensions of the mobile home (coupler excluded) divided by 120 [ 
volts to determine the number of 15- or 2.0-ampere lighting area circuits, e.g., 

3×Leng th×Wid th  = No. of 15- (or 20-) ampere circuits. 
120X15 (or 20) 

The lighting circuits shall be permitted to serve built-in gas ovens with 
electric service only for lights, clocks or timers, or listed cord-connected 
garbage disposal units. 

I 
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(b) Small Appliances. For the small appliance load in kitchen, pantry, 
family room, dining room, and breakfast rooms of mobile homes, two or 
more 20-ampere appliance branch circuits in addition to the branch circuits 
specified in Section 550-7(a) shall be provided for all receptacle outlets in 
these rooms, and such circuits shall have no other outlets. Receptacle outlets 
supplied by at least two appliance receptacle branch circuits shall be installed 
in the kitchen. 

(C) 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: 

(1) Ampere rating of fixed appliances not over 50 percent of 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 
other continuous duty 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 of a range branch circuit shall be based on the range 
demand as specified for ranges in•Section 550-13(b)(5). 

(FPN): For the laundry branch circuit, see Section 220-4(c). 
• (FPN): For central air conditioning, see Article 440. 

550-8. Receptacle Outlets. 
(a) Grounding-type Receptacle Outlets. Al l  receptacle outlets: (1) shall be 

of grounding type; (2) shall be installed according to Section 210-7; and (3) 
except when supplying specific appliances, receptacles shall be 15- or 20- 
ampere, 125-volt, either single or,duplex and shall accept parallel-blade 
attachment plugs. 

(b) Ground-Fault Circuit-Interrupters. All 120-volt, single-phase, 15- and 
20-ampere receptacle outlets installed outdoors and in •bathrooms, including 
receptacles in light fixtures, shall have ground-fault circuit protection for 
personnel. Ground-fault circuit protection for personnel shall be provided for 
receptacle outlets located adjacent to any lavatory. Feederssupplying branch 
circuits shall be permitted to be protected by a ground-fault circuit-inter- 
rupter in lieu of the provision for such interrupters specified herein. 

No receptacle shall be required in the area occupied by a toilet, toilet and/ 
or shower, or toilet and tub/shower enclosure area. If a receptacle is installed 
in.such an area, it. shall have ground-fault circuit protection for personnel. 

(c) Cord-Connected Fixed Appliance. A grounding-type receptacle outlet 
shall be provided for each cord-connected fixed appliance installed. 

(d) Required Receptacle Outlets. Receptacle outlets required in all rooms 
other than the bath, closet, and hall areas shall be installed so that no point 
along the floor line is more than 6 feet (1.83 m) measured horizontally from 
an outlet in that space. Countertops shall have receptacles located every 6 
feet (1.83 m). The contiguous measurement of countertop and floor line shall 
be permitted when measured from the required receptacle in rooms requiring 
small appliance circuits. Receptacle outlets on small appliance circuits shall 
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not be included in determining the spacing for receptacle outlets of o ther  
circuits. 

Exception No. 1: Where the measured distance is interrupted by an 
interior doorway, sink, refrigerator, range, oven, or cooktop, an additional - 
receptacle outlet shall be provided when the interrupted sptice is at least 
2 fee t  (610 mm) wide at the floor line and at least 12 inches• (305 mm) wide at 
the countertop. 

Exception No. 12:~'Receptacles concealed by s tatiohary appliances shall 
not be consider(d as the required outlets. 

• Exception No. 3: The distance along a floor line occupied by a door 
opened fully against that space need not be included in establishing the 
horizontal measurement i f  the door swing is limited to 90 degrees nominal by 
that wall space. 

Exception No. 4: Receptacle requirements for bar-type counters and for  
fixed room dividers no more than 8feet  (2.44 m) in length shall be permitted 
to be provided by a receptacle outlet in the wall at the nearest point where the 
counter or room divider attaches to the wall. 

(FPN): To qualify as a "fixed room divider" the divider cannot be more than 
8 feet (2.44 m) in length nor more thb, n 4 feet (1.22 m) in height and may be 
attached to a wall at one end only., . 

(e) Outdoor•Receptacle Outlets. At least one receptacle outlet shall be 
• installed outdoors. A receptacle outlet located in a compar tment  accessible 
from the outside of the mobile home shall be considered an outdoor- 
receptacle• Outdoor receptacle outlets shall be protected as required in 
Section 550-8(b). 

(f) Receptacle Outlets Not Permitted. Receptacle outlets shall not be 
installed in or within reach [30 inches (762 mm)] of a shower or ba th tub 
space. 

(g) Heat Tape Outlet. A heat tape outlet, if installed, and if located on the 
underside of the mobile home at least 3 feet (914 mm) from the outside edge, 
shall not be considered an ot/tdoor receptacle outlet. A heat tape outlet, if 
installed, shall be located within 2 feet (610 mm) of the cold wa te r  inlet. 

550-9. Fixtures and Appliances. 
(a) Fasten Appliances in Transit. Facilities shail be provided to securely 

fasten appliances when the mobile home is in transit. (See Section 550-1 ! for 
provisions on grounding.) 

(1) Pendant- type fixtures or pendant  cords shall be listed and identified 
for•the interconnection of building components .  

(2) Where a lighting fixture is installed over  a bathtub or in a shower  
stall, it shal l  be of the enclosed and g~isketed type listed for wet locations. 

(3) The switcti for shower lighting fixtures and. exhaust  fans located 
over  a tub or in a shower stall shall be located outside the tub or shower 
space. 

(b) Accessibility. Every appliance shall be :accessible for inspect ion,  
service, repair, or replacement  without removal of=permanent construct ion.  

550-10. 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. 
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(a) Nonmetallic Boxes. Nonmetallic boxes shall be permitted only with 
nonmetallic cable or nonmetallic conduit. 

(b) Nonmetallic Cable Protection. Nonmetallic cable located 15 inches 
(381 mm) 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 CableProtection. Metal-covered and 
nonmetallic cables shall be permitted to pass through the centers of the wide 
side of 2-inch by 4-inch studs. However, they shall be protected where they 
pass through 2-inch by 2-inch studs or at other studs or frames where the 
cable or armor would be less than 1V2 inches (38 ram) 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 No. 16 MSG wall thickness shall be required to protect the cable. These 
plates or tubes shall be securely~held in place. 

(d) Metal Faceplates. Where metal faceplates are used, they shall be 
effectively grounded. 

(e) Installation Requirements. If a range, clothes dryer, or similar appliL 
ance is connected by metal-covered cable or flexible metal conduit, a length 
of free cable or conduit shall be provided to permit moving the appliance. The 
cable or flexible metal conduit shall be secured to the wall. A length of not 
less than 3 feet (914 mm) of free cable or conduit shall be provided to permit 
moving the appliance. 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 overcur~ent protective device and a 
junction box or range or dryer receptacle. 

(f) Conduit. 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. Rigid 
nonmetallic conduit shall be permitted. All cut ends of conduit shall be 
reamed or otherwise finished to remove rough edges. 

(g) Switches. Switches shall be rated as follows: 
(1) For lighting circuits, switches shall have a 10-ampere, 120- 125-volt 

rating, or higher, if needed for the connected load. 
(2) For motors or other loads, switches shall have ampere or horse- 

power ratings, or both, adequate for loads controlled. (An " a c  general-use" 
snap switch shall be permitted to control a motor 2 horsepower or less with 
full-load current not over 80 percent of the switch ampere rating.) 

(h) Free Conductor at Each Box. At least 4 inches (102 mm) of free 
conductor shall be left at each box except whet:e conductors are intended to 
loop without joints. 

(i) Under-Chassis Wiring. (Exposed to weather.) 
(1) Where outdoor or under-chassis line-voltage wiring is exposed to 

moisture or physical damage, it shall be protected by rigid metal conduit or 
intermediate metal conduit. The conductors shall, be suitable for wet loca- 
tions. 

Exception: Electrical metallic tubing or rigid nonmetallic conduit shall be 
permitted where closely routed against frames and equipment enclosures. 

(2) The cables or conductors shall be Type NMC, TW, or equivalent. 
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(j) 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 dirertly 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, which securely fasten 
to walls or ceilings and are identified for the use, shall be permitted without 
support from a structural member or brace. The testing and approval shall 
include the wall and c¢(ling construction systems for which the boxes and 
devices are intedded to be used. 

(k) Appliance Terminal Connections. Appliances having-branch-circuit 
terminal connections which operate at temperatures higher than 60°C (140°F) 
shall have circuit conductors as described in (1) or (2) below. 

(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 en- 
countered shall be run from the appliance terminal connection to a.readily 
accessible outlet box placed at least 1 foot (305 mm) from the appliance. 
These conductors shall be in a suitable raceway which shall extend for at 
least 4 feet (1.22 m). 

(I) Component Interconnections. Fittings and connectors which are in- 
tended to be concealed at the time of ~issembly 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, 
fault-current withstanding, and shall be capable of enduring the vibration and 
shock occurring in mobile home transportation. 

550-11. 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. The grounding bus shall be grounded 
through the green-colored insulated conductor in the supply cord or the 
feeder wiring to the service ground 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 neutral conductor in 
the mobile home. 

(a) Insulated Neutral. 

(1) The grounded circuit conductor (neutral) shall beinsulated from the 
grounding conductors and from equipment enclosures and other grounded 
parts. The grounded (neutral) circuit 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. 

(2) Coflnections 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- i type plugs, or by Type AC cable, Type MC cable, or conductors enclosed in 
flexible metal conduit. 
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(b) Equipment Grounding Means. 
(1) 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) In the electrical system, all exposed metal parts, enclosures, frames, 
lamp fixture canopies, etc., shall be effectively bonded to the grounding 
terminal or enclosure of the distribution panelboard. 

(3) Cord-connected appliances, such as washing machines, clothes 
dryers, refrigerators, and the electrical system of gas ranges, etc., shall be 
grounded by means of a cord with grounding conductor and.grounding-type 
attachment plug. -. 

(c) Bonding of Noncurrent-Carrying Metal Parts. 
(1) All exposed noncurrent-carrying metal parts that may 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 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 No. 8 
copper minimum, or equal. The bonding conductor shall be routed so as not 
to be exposed to physical damage. 

(3) 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 Sectione550-11(c)(l)] by clamps, solderless connectors, or by 
suitable grounding-type straps. 

(4) Any metallic roof and exterior covering shall be considered bonded 
i f  (a) the metal panels overlap one another and are securely attached to the 
wood or metal frame parts by metallic fasteners, and (b) if 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 4 inches (102 mm) 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. 

550-12; Testing. 
(a) Dielectric Strength Test. The wiring of each mobile home shall be ~ 

subjected to a 1-minute, 900-volt, dielectric strength test (with all switches 
closed) between live parts (including neutral) and the mobile home ground. 
Alternatively,:the test shall be permitted to be performed at 1,080 volts for. 
1 second. This test shall be performed after branch circuits are complete and 
after fixtures or appliances are installed. 

[ Exception: Listedfixtures or appliances shall not be required to withstand 
the dielectric strength test. 

(b) Continuity and Operational Tests and Polarity Checks. Each mobile 
home shall be subjected to:. 

(1) An electrical continuity test to assure that all exposed electrically 
conductive parts are properly bonded; 
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. (2) An electrical operational test to demonstrate that all equ ipment ,  
except water heaters and electric furnaces, is connected and in working 
order; and 

(3) Electrical polarity checks of permanently wired equipment and 
receptacle outlets  to determine that connections ha, ve been properly made. 

550-13. Calculations. The following method shall be employed in coniput- 
ing the supply-cord and distribution-panelboard load for,each feeder assem- 
bly for each mobile home in lieu of the procedure~shown in Article 220 and 
shall be based on a 3-wire, 120/240-volt supply with 120-volt loads balanced 
between the two legs o f the  3-wire system. 

(a) Lighting and Small Appliance Load: 
Lighting Volt-Amperes: Length times width of mobile home floor 

(outside dimensions) times 3 volt-amperes per gquare foot; e.g.,. 
L. ength × width × 3 =. ................... lighting volt-amperes. 

Small Appliance Volt-Amperes: Number  of circuits times 1,500 
volt-amperes for each 20-ampere appliance receptacle circuit (see definition 
of Appliance, Portable with note) including 1,500 volt-amperes for. laundry 
circuit; e.g., 
Number  of ci1:cuits × 1,500 =. ............. '.'..small appliance volt-amperes. 

Total:" Lighting volt-amperes plus small appliance =. ................... total 
volt-amperes. 

First 3,000 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 summation of: _ 

(1) Lighting and small appliance load as calculated in Section 550-13(a!. 
(2) Nameplate amperes for motors and heater loads (exhaust fans, air 

conditioners, electric, gas, or 0il 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) 25 percent of current of largest motor in (2). 
(4) Total of nameplate amperes for: disposal, dishwasher, water heater, 

clothes dryer, wall~mounted oven, cooking units. " 
Where number of these appliances exceeds three, use 75 percent of total. 

(5) Derive amperes for free-standing range (as distinguished from 
separate oven s and cooking units) by dividing values below by 240 volts. 

Nameplate Rating Use 

0 thru 10,000 watts 
over 10,000 thru 12,500 watts 
over 12,500 thru 13,500 watts 
over 13,500 thru 14,500 watts 
over 14,500 thru 15,500 watts 
over 15,500 .thru- 16,500'watts 
over 16,500 thru 17,500 watts 

80 percent of rating 
8,000 volt-amperes 
8,400 volt-amperes 
8,800 volt-amperes 
9,200 volt-amperes 
9,600 volt-amperes - 

10,000 volt-amperes 
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( 6 )  If outlets or circuits  are  provided for other than factory-installed 
appliances, include the anticipated load. 

See following Example for illustration of application of this calculation. 

Example 
A mobile home floor is 70 feet X 10 feet and has two small appliance circuits, a 
1000-volt-ampere, 240-volt heater, a 200-volt-ampere, 120-volt exhaust fan, a 
400-volt-ampere, 120-volt dishwasher, and a 7000-volt-ampere electric range.. 
Lighting and small appliance load 
Lighting 70 X 10 × 3 VA/sq ft = 
Small appliance 1500 X 2 = 
Laundry 1500 X I = 

1st 3000 volt-amperes at i00 percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Remainder (6600 - 3000) at 35 percent . . . . . . . . . . . . . . . . . . .  " . . . . . .  

4260 volt-amperes = 17.75 amperes per.leg 
240 volts 

2100 volt-amperes 
3000 volt-amperes 
1500 volt-amperes 
6600 volt-amperes 

3000 volt-amperes 
1260 volt-ainperes 
4260 volt-amperes 

Lighting and appliances 
Heater, 1000 VA + 240 volt = 
Fan, 200VA +- 120 volt = 
Dishwasher, 400VA + 120. = 
Range, 7000 VA × .8 + 240 = 

Totals 

Amperes per leg 
A B 

17.75 " 17.75 
4.2 4.2 
1.7. 

3.3 
23.3 23.3 
46.95 48.55 

Based on the higher current calculated for either leg, a minimum 50-ampere 
supply cord is required. 

For SI units: one 'square foot - -  0.'093 square meter; one foot - -  0.3048-meter. 

(c) Optional Method of Calculation for Lighting and Appliance Load. For 
mobile homes,  the optional method for calculating lighting and appliance load 
shown in Section 220-30 and Table 220-30 shall be permitted. 

550-14. Interconnection of Multiple Section Mobile Home Units. 
(a) Fixed-type Wiring. Approved and l is ted fixed-type wiring methods 

shall be used to join portions of a circuit which must be electrically joined 
which are located in adjacent sections of mobile homes 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. 

(b) Disconnecting Means. Multiple sec t ion  mobile homes not hav ing .  
permanently installed feeders,  and which are to be moved from one location 
to another, shall be permitted to have disconnecting means with branch- 
circuit protecStive equipment in. each unit when so located that after assembly 
or joining together of units, they shall not.be in terconnectedon either the line 
side or. the load ~side, except  that the-grounding means shall-be electrically 
interconnected; 

(FPN): Subsection- (b) above applies, to connection-of.previously constructed 
mobile homes where multiple feeder assemblies were allowed. The present .Code .... 
does not permit more than one cord. or-feeder toa. mobile home: 
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550-15. Outdoor OuUets, Fixtures, Air-Cooling Equipment, Etc. 
(a) Listed for Outdoor Use. Outdoor fixtures and equipment shall be listed', I 

for outdoor-.use.-Outdoor receptacle or convenience outlets shall be of a 
gasketed,cover type for use in wet locations. 

(b). Outside Heating and/or Air-Conditioning Equipment. A mobile home 
• provided with a branch-circuit, designed to energize heating and/or air- 

. . . . . . .  conditioning_equipment located outside the mobile home, other than room air 
. . . . .  conditioners;qshall 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 out let  box .and 

... contain the following ifi.formation: 

This connection (s for.-heating a n d / o r  air-condi- 
: .tioning equipment. The branch circuit is rated at not 

more than _ _  amperes, at _ _  volts, 60- 
-' Hertz,  _ _  conductor ampacity. A disconnecting 
.. means shall be located- within sight of the equipment. 

The' correct vol tageand ampere rating shall be given. Thr  t ag  shhll be not 
lessthan 0:020 inch (508 micrometers), etched brass, stainless s t e e l  anodized 
or alclad aluminum orequivalent :  The tag shall not be less than 3 inches (76 
mm) by-13A inches (44.5 mm) minimum size. 

B. Mobile Home Parks 

550-21. Distribution'Syste m . -  -- 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 B, where .the park service exceeds 240 
volts, nominal, transformers and secondary distribution panelboards shall be ' 
treated as services. 

(FPN): _See Table 550-22 for calculation of load. 

550,22. Calculated Load. 
t 

(aF, Minimum Allowable Demand Factors. Park electrical wiring systems 
, shall be`calculated (,at 120/240 volts) on the larger ~ of: ( ] )  ]6,000 volt-amperes 

~. for each m~bile home lot, or (2) the load calculated in accordance with 
~Section 550-13 for. the largest typical mobile home that each lot will accept. 
It shalLbe perm~ssible to compute the feeder or service load m accordance 

- with Tfible 550-22. No demand factor shall be allowed for any othe~ load, 
except as:provided inthis  Code. 

. (b)'.Adequate Feeder Capacity.. .Mobile home lot-feeder circuit conductors • 
shall have adequate capacity for' the loads supplied, and shall be ra teda t  not 

• -Jess than 100. amperes-at 120/240 volts. . ] 

550-231 MobileHome Service Equipment. 
, (a) Rating. Mobile home service equipment shall be rated a tno t l e s s  than 
100 amperes, and-provision 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  t o -50  amperes with appropriate overcurrent .protection. Fifty- 
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Table 550-22  
Demand Factors for Feeders and Service-Entrance Conductors 

Number of Demand Factor 
Mobile Homes, (Percent) 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 0  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  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 

\ 

ampere receptacles shall conform to the configuration shown in Figure 550-5 
(c). 

(FPN): Complete details on the 50-ampere attachment plug cap configuration 
can be found in American National Standard Dimensions of Caps, Plugs and 
Receptacles, ANSI C73.17-1972. 

(b) Additional Outside Electrical Equipment. Mobile home service equip- 
me/at shall also contain a means for connect ing a mobile home accesso ry  
building'  or s tructure or additional electrical equipment  located outside a 
m o b i l e h o m e  by a fixed wii'ing method. 

(c) Additional Receptacles. Additional receptacles shall be pe rmi t t ed  for 
connect ion 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 protection.  

(d) Location. Mobile home service equipment shall be readily accessible 
and shall be located in sight from and not more than 30 feet (9.14 m) from the 
exterior  wall of the mobile home it serves. 

(e) Mounting Height. Mobile home disconnecting means shall be located 
not less than 2 feet(610 mm) above finished grade or work!ng platform. The 
disconnecting means, shall be so installed that the center  of the grip of the 
operating handle,  when in its highest position, will n o t b e  more than 6V2 feet 
(1.98 m) above the finished grade or working platform. 

(f) Grounded. Each mobile home service equipment  shall be grounded in 
accordance with Article 250 for service equipment.  

5 5 0 - 2 4 .  Feeder. Mobile home feeder conductors  sha l l  consist  of  a listed 
cord, factory-installed in accordance with Section 550-5(b), or a permanent ly  
installed feeder containing four continuous,  insulated, color-coded conduc~ 
tots  which shall be identified by the factory or field marking of the conductors  
in compliance with Section 310-12. 
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A R T I C L E  551 m R E C R E A T I O N A L  V E H I C L E S ,  
A N D  R E C R E A T I O N A L  V E H I C L E  P A R K S  

551-1.  Scope . .  The provisions~of this article cover  the electrical conduc- 
tors and equipment installed within or on recreational vehicles,  the conduc- 
tors that connect  recreational vehicles to a supply.of  e lectri6ity, and the 
installation of eciuipmcnt and devices related to electrical ' installations within 
a recreational vehicle park. 

(FPN): For requirements on the installation of plumbing and heating systems.in 
recreational vehicles, refer to Standard for Recreational Vehicles, NFPA 501C- 
1982 (ANSI).: 

551-.2. Definitions.. (See Article 100 for other  definitions.) i 
Air-Conditioning. or Comfort-Cooling Equipment: All .of that e.quipment 

intended or installed for the purpose of processing the t reatment  of air so as 
to control simultaneously i ts . temperature,  humidity, cleanliness, and distri- - 
bution to meet the requirements of the conditioned s p a c e . .  

Appliance, Fixed: An appliance which is fastened or otherwise secured at 
a specific location. • . 

Appliance, Portable: An appliance which is actually moved or can easily 
be moved from one place to another  in normal use. 

- (FPN):  For the purpose of-this article, the following major appliances other~ 
than built-in are considered portable if cord-connected: refrigerators, gas. range 
equipment, clothes washers, dishwashers without booster heaters, or other 
similar appliances. 

Appliance, Stationary: A n appliance which 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 which fold for towing by 
another  vehicle and unfold at t h e  campsi te  to provide temporary living 
quarters for recreational,  camping, or travel use. (See " 'Recreational Vehi- 
c le ." )  . • 

Converter: A device which changes electrical energy from one form to 
another,  as from alternating current  to direct current.  

Dead Front:' (As applied to switches, circuit breakers,  switchboards,  and 
distribution panelboards.)  So designed, constructed,  and installed that  no 
current-carrying parts are normal ly  exposed on the front. 

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 consti tute the means  of cutoff for the supply to that recreational vehicle. 

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: .  

Distribution Panelboard: A single panel or group of panel units designed 
for .assembly in the form of a single panel; including buses,  and :wi th  or 
without switches, and/or automatic overcurrent  protective devices for the 
control of light, heat,  or power circuits o f  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.  
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Frame: Chassis.rail and any welded addition thereto of metal thickness of  
16 MSG or greater. 

" Low-Voltage: An electromotive force rated nominal 24 volts, nominal, or 
less;, supplied from a transformer, converter, oi" battery. 

M o t o r  Home: A vehicular unit designed to provide temporary living 
quarters for recreational, camping, or travel use built on or permanently 
attached to•aself-propelled motor vehicle chassis or on a chassis cab or van 

: w h i c h , i s  a n  integral pa r t  of .the completed vehicle. (See "Recreat ional  
Vehicle.")  

~. . Power-Supply Assembly: The •conductors, including the grounding con- 
- ductors,_insulated from one another, 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  Veh ic l e : .  A vehicular-type unit primarily designed as tempo- 
_ rary.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. 

• Transformer:- A~device, which when used, will raise or lower the-voltage 
- .of  alternating current of the original source. 

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 a s  .not to require.special •highway movement permits when 
• drawn by a motorized vehicle, and.with a living area of, less than 220 square 
feet (20.44 sq m), excluding built-in equipmefit (such as wardrobes,-closets, 
cabinets,okitchen.units or fixtures) and. bath and  toilet rooms. (See "Recre-  
atiofial Vehicle.")  

Trucl( 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 loadedonto  and unloaded from the bed of  a pick- 
up truck. (See "•Recreational Vehicle.")  

r~ .A~ Recreational Vehicles 

1 

[ 5 5 1 - 3 .  Other Articles. Whenever the requirements of other articles 'of this 
Code and Article 551 differ, the.requirements of Article 551 shall apply. 

551-4.  General Requirements. 
(a) Not Covered. A recreational vehicle not used for the purposes as 

defined in Section 551-2 shall not be required to meet the provisions of Part 
A pertaining to the number or  capacity of circuits required. It shall, however,  
meet all other applicable requirements of this article if the recreational 
vehic!e is provided with an electrical installation intended to be energized 
from a 120- or 120/240-volt, nominal, ac power-supply system. 

(b) Systems. This article covers battery and direct-current power (12- 
volt or less) systems, combination electrical systems, generator installations, 
and.120-or 120/240-volt, nominal, systems. 
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551-5.  Low-Voltage Systems. 
(a) Low-Voltage Circuits. Low-voltage circuits furnished and installed by 

the recreational vehicle 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 I 
Code. :' - : "" 

: (b) Low-Voltage Wiring. " _ ' 

(1) Copper conductors shall be Used forlow-voltage circuits. 
Exc'eption: Metal chassis or frame shall be permitted as the return path to 

the source of  supply. Connections to the chassis or frame shall be made (1) 
in an accessible location, (2) by means of  copper conductors and copper or 
copper alloy terminals o f  the solderless type identified for the size of  wire 
used, and (3) mechanically secure. 

(2) Conductorsshall  conform to the requirements i~or Type HDT, SGT, 
SGR; or Type SXL, or shall have insulation in accordance with Table 310-13 
or the equivalent. Conductor sizes No. 6 through 18 AWG or SAE shall be 
listed. 

(FPN): See SAE Standard Jll28-i975 for Tyl~es HDT and SXL, and SAE 
Standard J1127-1980 for Types SGT and SGR. 

(3) Single-wire, low-voltage conductors shall be of the stranded type. 
(4) All insulated low-voltage conductors shall be surface marked at 

intervals no greater than 4 feet (1.22 m) as follows: 
a. Listed conductors shall be marked as required by the listing agency. 
b. SAE conductors shall be marked.with the name o r  logo of the 

manufacturer, specification designation', and~wire gage. 
c. Other condtictors shall be marked with  the name or logo of the 

manufacturer, temperature rating, wire gage, conductor matefia!, and insu- 
lation thickness. 

(c) Low-Voltage Wiring Methods. 
(1) 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 need not be so protected. ' .  
Wiring shall be route d away from sharp edges,.moving parts, or heat sources. 

(2) 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 so spliced or joined as to 
be mechanically and electrically secure v~thout solderand then soldered. All 
splices, joints; and free ends of conductors shall be covered with an 
insulation equivalent to that on the conductors.-  

(3) Battery and direct-current circuits shall be physically separated by 
at least a I/2-inch (12.7-mm) gap or other approved means from circuits of a 
different power source. Acceptable methods shall be by clamping, routing, or 
equivalent means which 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 terminals ~ shall 'be accessible .for service:  T h e  surface on" 
which groundterminals make contact-shallbe: cleaned and f ree  from oxide or 

paint,. o r s h a l F b d  electrically connected through use o f  a cadmium,-tin,.or~ 
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zinc plated internal-external  toothed lockwasher or lockring terminals.  
Ground terminal at taching screws, rivets or bolts,  nuts and lockwashers  shall 
be cadmium, tin or zinc plated, except  r ive t s  shall be permitted to be 
unanodized aluminum when attaching to aluminum structures.  

(5) The chassis-grounding terminal of the bat tery shall be bonded to the 
vehicle chassis with a minimum No. 8 AWG copper  conductor  or equivalent.  
In the event  the power lead from the bat tery exceeds No. 8 .AWG, then the 
bonding conductor  shall be of an equal size. 

(d) Battery Installations. Storage batteries subject to the provisions of  
this Code shall be securely at tached to the vehicle and installed in an area 
vaportight  to the interior and venti lated directly to the exterior  of  the vehicle. 
When batteries are installed in a compartment ,  the compar tment  shall be 
venti lated with openings having a minimum area of 1.7 square inches (1100 sq 
mm) at both the top and at the bottom. When compar tment  doors  are 

• equipped for ventilation the openings shall be within 1 inch (25.4 mm) of  the 
top and bottom• Batteries shall not be insti~lled in a compar tment  containing 

- spark or flame producing equipment except that  they shall be permitted to be 
installed in the engine generator  compar tment  if the only charging source is 
f rom.the.engine generator.  

(e) Overcurrent Protection. 
(1) Low-voltage circuit wiring shall be protected by overcurrent  pro- 

tective devices rated not in excess of the ampacity of copper conductors ,  as 
follows: 

Wire Size Ampacity Wire Type 

18 6 Strfinded only 
16 8. Stranded only 
14 15 Stranded or Solid - 

'12 , 20 Stranded or Solid 
10 30 Stranded or Solid 

(2) 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.  

• (FPN0"~For further information, see Society of Automotive Engineers (SAE) 
Sta.ndard for Electric Fuses (Cartridge Type), ANSI/SAE J554(b)-1981; Standard 

• for Blade Type Electric Fuses, SAE J1284; and Underwriters Laboratories Inc. 
[ Standard for Automotive Glass Tube Fuses,.UL 275-1978. 

(3) Higher current-consuming,  direct-current  appliances such as 
pumps,  compressors ,  heater  blowers,  and similar motor-dr iven appliances 
shall be installed in accordance with the manufacturer ' s  instructions.  

Motors  which are controlled by automatic switching or by latching-type 
manual switches shall be protected in accordance with Section 430-32(c). 

(4) The overcurrent  protective device shall be installed in an accessible 
location on the vehicle within 18 inches (457 mm) of the point where the 
power supply connects  to the vehicle circuits. If located outside the recre- 
ational vehicle, the device shall be protected against weather  and physical 
damage. 
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Exception: External low-voltage supply shall be permitted to be f u s e d  
within 18 inches (457 mm) after entering the vehicle or after leaving a metal 
raceway. 

(i) Switches. Switches shall have a direct-currentrating not less than the 
connected 10ad. 

(g) Lighting Fixtures. All low-voltage interior lighting fixtures shall be 
listed. 

(h) cigarette ~jghter Receptacles. Twelve-volt)receptacles that will ac- 
cept and energize cigarette lighters shall be installed in a noncombustible 
outlet box or the assembly shall be identified by the manufacturer of the 
product as thermally protected. 

551-6. Combination Electrical Systems. • 
(a) General. Vehicle wiring suitable for connection to a battery or direct- 

current supply source shall be permitted to be connected to a 120-volt source 
provided that the entire wiring system and equipment are rated andinstalled 
in full conformity with Part A requirements covering-.120-volt electrical 
systems. Circuits fed from alternating-current transformers shall not' supply 
direct-current appliances. 

(b) Voltage Converters (120-Volt Alternating Current to Low-Voltage Direct 
Current). The 120-volt alternating current side of the voltage converter shall 
be wired in full conformity-with Part A requirements for 120-volt electrical 
systems. 

Exception: Converters supplied as" an integral part o f  a listed appliance 
shall not be subject to the above. 

All converters and transformers shall, be listed for use in recreation 
vehicles and designed or equipped to provide over-temperature protection. 
To determine the converter rating the followingformula 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 of load at 50 percent;plus 
All load above 40 amperes at 25 percent. 
Exception: A low-voltage appliance which is controlled by a momentary 

switch (normally "open"), which 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 vehicle for occupancy or travel. 

(c) Bonding Voltage Converter Enclosures. The noncurrent-carrying metal 
enclosure of the voltage converter shall be bonded to the frame of the vehicle 
with a No. 8 AWG copper conductor minimum or equivalent. The grounding 
conductor for the battery and 'the metal enclosure shall be permitted to be the 
same conductor. 

(d) Dual-Voltage Fixtures or Appliances. Fixtures or appliances having 
both 120-volt and low-voltage connections shall be, listed for dual voltage. 

(e) Autotransformers. Autotransformers shall not be used. 
(f) Receptacles and Plug Caps. Where a recreational vehicle is'equipped 

with a 120-volt or 120/240-volt alternating-current system and/or a low- 
voltage system, receptacles and plug caps of the low-voltage system shall 
differ in configuration from those of the 120- or 120/240-volt system..When a 
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vehicle equipped with a battery or direct-current system has an external 
connection for low-voltage power, the receptacle shall have a configuration 
that will not accept 120-volt power. 

551-7. 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. 

(c) Installation of Storage Batteries and Generators. Storage batteriesand 
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 accommodat- 
ing internal-combustion-driven generator units shall be provided with venti- 
lation in accordance with instructions provided by the manufacturer of the 
generator unit. 

(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 metal conduit. The point of first termination shall be 
in a (1) panelboard, (2)junction box with a blank cover, (3)junction box with 
a receptacle, or (4) receptacle assembly listed in conjunction with the 
generator. 

The panelboard or junction box with a receptacle shall be installed within 
the vehicle's interior and within 18 inches (457 mm) of the compartment wall 
but not inside the compartment. 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. Overcurrent 
protection in accordance with Section 240-3 shall be provided for supply 
conductors as an integral part of a listed generator or shall be located within. 
18 inches (457 mm) of their point of entry into the vehicle. 

(f) Compartment Construction. Generator compartments shall be lined 
with galvanized steel, not less than 26 MSG thick. Seams and joints shall be 
lapped, mechanically secured and made vaportight to the interior of the 
vehicle. Alternate materials and methods of construction shall be permitted 
to be used if they provide equivalent quality, strength, effectiveness, fire 
resistance, durability and safety. Fuel lines and exhaust systems shall not 
penetrate into the living area. Holes for electrical conduit, conductors or 
cables into the living area shall be sealed vaportight. 

551-8. 120- 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 ground, or a wiring system rated 120/240 volts, 
nominal, 3-wire with ground, shall be listed and installed in accordance with 
the requirements of Part A. 

(b) Materials and Equipment. Electrical materials, devices, appliances, 
fittings, and other equipment installed, intended for use in, or attached to the 
recreational vehicle shall be listed. All products shall be used only in the 



ARTICLE 551 - -  RECREATIONAL VEHICLES PARKS 70-547 

manner in which they have been tested and found suitable for t h e  intended 
u s e .  ' 

(c) Other Sources. Other sources of ac power such as inverters or motor 
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 full conformity with the requii-ements in Part A of this article 
covering 120-volt electrical systems. 

(d) Alternate Source Restriction. Transfer equiPment, if not integral with 
the listed power ~our--ce, shall be installed to ensure that the current-carrying 
conductors from other sources of ac power and from an outside source are 
not connected to the vehicle circuit at the same time. 

(e) Ground-Fault Circuit-Interrupter Protection. • T h e  internal wiring of a 
recreational vehicle having only one 15- or 20-ampere branch circuit as 
permitted in Sections 551-10(a) and (b) shall have ground-fault circuit- 
interrupter protection f o r  personnel. The ground-fault circuit-interrupter 
shall be installed at the point Where the po~,er 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 at tachmentplug of  the power supply assembly. The ground-fault circuit- 
interrupter shall provide protection also under the conditions of an open 
grounded circuit conductor or interchanged circuit conductors. 

551-9. Receptacle Outlets Required. 
(a) Spacing. Receptacle outlets shall be installed at wall :spaces 2 feet 

(610 mm) wide or more so that no point along the floor line is more than 6 feet 
(1.83 m), measfired horizontally, from an outlet in that space. 

Exception No. 1: Bath and hall areas. 
Exception No. 2: Wall spaces occupied by kitchen cabinets, wardrobe 

cabinets, built-in furniture, behind doors which may open fully againsi a wall 
surface, or similar facilities.. 

(b) Location. ReceptaCle outlets shall be installed: 
(1) Adjacent to counter tops in the kitchen [at least one on each side of 

the sink if counter tops are on each side and are 12 inches (305 ram) or over  
in width]. 

(2) Adjacent to the refrigerator and gas range space, except when a gas- 
fired refrigerator or cooking appliance, requiring no external electrical 
connection, is factory-installed. 

(3) Adjacent to counter top spaces of 12 inches (305 mm) or more in 
width which ' canno t  be reached from a receptacle required in Section 
551-9(b)(1) by a'cord of  6 feet (1.83 m) without crossing a traffic area, cooking 
appliance, or sink. 

(c) Ground-Fault Circuit Protection.. Where provided, each 120-volt, 
single-phase, 15- or 20-ampere receptacle outlet shall have grisund-fault 
circuit protection for personnel in the following locations: 

(1) Adjacent to a bathroom lavatory. [The receptacle outlet shall be a 
minimum of 24 inches (610 mm) from the compartment floor.] 

(2) Adjacent to any  lavatory. 
(3) In the area occupied by a toilet, toilet and/or shower, or toilet and 

tub-shower enclosure. 
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(4) On the exterior of the vehicle. 
The receptacle outlet shall be permitted in a listed lighting fixture. A 

receptacle outlet shall not be installed in a tub or combination tub-shower 
compartment. 

I Exception: Where ground-fault circuit-interrupter protection is provided 
in accordance with Section 551-8(e). 

(d) Face -Up  Position. A receptacle shall not be .installed in a face-up 
positio n in any counter top or similar horizontal surfaces within the living 
area. 

551-10. Branch Circuits Required. Each recreational vehicle containing a 
120-volt electrical system shall contain one of the following: 

(a) One 15-Ampere Circuit. One 15-ampere circuit to supply lights, 
receptacles outlets and fixed appliances. Such recreational vehicles shall be 
equipped with one 15-ampere switch and fuse, or 15-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 20-ampere circuit breaker. 

(c) Two or More 15- or 20-Ampere Circuits. Two or more 15- or 20- 
ampere circuits to supply lights, receptacle outlets and fixed appliances. Such 
recreational vehicles shall be equipped with a 30-ampere rated main power 
supply assembly. 

(FPN): See Section 210-23(a) for permissible loads: See Section 551-13(c) for 
main disconnect and overcurrent protection requirements. 

(d) Power Supply Assembly. A 40- or 50-ampere power supply assembly 
which shall be calculated in accordance with the following method: 

(1) Lighting. If electric lighting is provided either directly or indirect- 
ly (through a voltage converter) by the 120-volt or 120/240-volt system, 
calculate lighting wattage at 3 volt-amperes per square foot using exterior 
dimensions (exclusive of hitch and cab) as follows: 

Length (feet) × width (feet) × 3 = lighting volt- 
amperes. 

(2) 'Small Appliance. Number of circuits times 1,500 volt-amperes for 
each 20-ampere appliance receptacle circuit, e.g., 

Number of Circuits. × 1,500 = _ _  small appliance volt- 
amperes. 

'(3) Total. Lighting volt-amperes plus small appliance volt-amperes = 
_ _  total volt-amperes. 

(4) First 3,000 total volt-amperes at 100 percent plus remainder at 35 
percent = _ _  volt-amperes to be divided by voltage to obtain current 
(amperes) per leg. 

Lighting and small appliance current (am- 
peres) per leg (from D above) = 

Amperes per Leg 
A B 



ARTICLE 551 __ RECREATIONAL VEHICLES, PARKS 70-549 

(5) Add nameplate amperes for motors and heater. 
ioads (exhaust fans, air conditioners*', electric, gas, or 
oil heating*). Also include anticipated loads in above 
categories when prewired outlets or circuits are in- 
stalled for other than factory-installed major ap- 
pliances. 

*Omit smaller of heating or air conditioning load, ex- 
cept include any,motor common to both functions: 

(6)" Add 25 percent of amperes of largest motor 
in E = 

(7) Add nameplat~ amperes of the following appliances. Include antici- 
pated loads when prewired outlets or. circuits are installed for other than 
factory-installed major appliances. When numbei" of appliances is four or 
more, use 75 percent of total. 

Disposal 
Water  Heater  
Wall-Mounted Ovens .~ 
Cooking Units 

T O T A L  = 

(8) '  Add amperes" for free-standing range as distinguished from 
"separate ovens and cooking units. Derive from following.table by dividing 
volt-amperes by 240 vo l t s .  

Nameplate Use 
Range Rating (watts) (volt-amperes) 

(Freestanding range as 
distinguished from 
separate oven and 
cooking units) 

0 thru 10,000 80 percent of rating 
over 10,000 thru 12,500 8,000 
over 12,500 thru 13,500 8,400 
over 13,500 thru 14,500 8,800 
over 14,500 thru 15~500 9,200 
over 15;500 thru 16,500. 9,600 
over 16,500 thru 17,500 10,000 

551-11. Branch-Circuit Protection. 
. (a) RatingS: The branch-circuit overcurrent devices shall be rated: 

(1) Not more than the circuit conductors; and 

(2) Not more than i50 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 appliances. 

( b )  Protection for Smaller Conductors. A 20-ampere fuse or circuit 
breaker shall be permitted for protection for fixture leads, cords, or small 
appliances, and No. 14 tap conductors, not  over  6 feet  (1.83 m) long for 
recessed lighting fixtures. 

(c) 15-Ampere Receptacle Considered Protected by 20 Amperes. I f  more 
than one outlet 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. 
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551-12. Power-Supply Assembly. 
(a)  15-Ampere Main power-Supply Assembly, Recreational vehicles 

wired in accordance with Section 551-10(a) shall use a listed 15-ampere, or 
larger, main power-supply assembly. 

(b) 20-Ampere Main Power-Supply Assembly. Recreational vehicles 
wired in accordance with Section 551-10(b) shall use a listed 20-ampere, or 
larger, main power-supply assembly. 

(c) 30-Ampere Main Power-Supply Assembly. Recreational veh ic l e s -  
wired in accordance with Section 551-10(c) shall use a listed 30-ampere, or 
larger, main power-supply assembly. 

(d) 40- or 50-Ampere Power-Supply Assembly. In accordance with Sec- 
tion 551-10(d), any recreational vehicle with a rating in excess of 30 amperes, 
120 volts, shall use a listed 40-ampere or 50-ampere, 120/240-volt power- 
supply assembly. 

Exception No.  1: When the calculated load o f  the recreational vehicle 
exceeds 30 amperes,  120 volts, a second power-supply cord shall be 
permitted.  Where a two-cord supply system is installed, they shall not  be 
interconnected on either the line side or the load side. The grounding circuits 
and grounding means shall be electrically interconnected. 

, Exception No.  2: For a dual-supply source consisting o f  a generator and 
a power-supply cord, see Section 551-14. 

551-13. Distribution Panelboard. 
(a) Listed and Appropriately Rated. A listed and appropriately rated 

distribution panelboard or other equipment specifically listed for the purpose 
shall be used. The grounded conductor termination bar shall be insulated as 
provided in Section 551-23(c); the grounding bar shall be attached to the 
metal enclosure of the panelboard or other approved grounding means. 

(b) Location. The distribution panelboard shall be installed in a readily 
accessible location. Working c learancefor  the panelboard shall be no less 
than 24 inches (610 mm) wide and 30 inches (762 mm) deep. 

Exception: Where the panelboard cover is exposed to the inside aisle 
space, then one o f  the working clearance dimensions shall be permi t ted  to b e  
reduced to a minimum o f  22 inches (559 ram). A panelboard is considered 
exposed where the panelboard cover is within 2 inches (50.8 ram) o f  the 
aisle's f in ished surface. 

(c) Dead-Front Type. The distribution panelboard shall be of the dead- 
t'ront 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 no t  exceeding the power-supply assembly 
rating shall be provided where more than two branch circuits.are employed. 

551-14. 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 generator shall be protected by an overcurrent  protective device. 
Installation shall be in accordance with Sections 551-7(a) and (b) and551-8. 
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(b) Calculation of Loads. Calculation of loads sha H be in accordance with 
Section 551-10. 

(c) Multiple Supply Sources Capacity. The multiple supply sources shall 
not  be required to be of the same capacity. 

(d) 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 or a 120/240-volt, nominal, system, 
providing an overcurrenl: protective device of the proper rating is installed in 
the feeder. 

(e) Power-Supply Assembly Not Less than 30 Amperes. T h e  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 of the external power-supply assembly. 

551-15. Means for Connecting to Power Supply. 
(a) Assembly. The power-supply assembly or assemblies shall be 

factory-supplied Or factory-installed when of the permanently connected typ e 
as 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 receptacle) wire.d directly to the distri- 
bution 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 con- 
nected directly to the terminals o f  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 ~t 
least equal to the ampacity of the power-supply cord. The supply end of the 
assembly shall be equipped with an ~/ttachment plug of the type described in 
Section 551-15(c). Where the cord passes through the walls or floors, it shall 
be protected by means of conduit and bushings or equivalent. 

(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 of the attachment plug at the 
supply end. 

The cord exposed usable length, measured to the point of entry on the 
vehicle exterior, shall be a minimum of 23 feet (7.0 m) when the point of 
entrance is at the side of the vehicle, or shall be a minimum 28 feet (8.5 m) 
when the point of entrance is at the rear of the vehicle. 

When the cord entrance into the vehicle is more than 3 feet (0.9 m) above 
the ground, the minimum cord lengths above shall be increased by the 
vertical distance of the cord entrance heights above 3 feet(0.9 m). 

(FPN): See Section 551~15(e). 
(c) Attachment Plugs. 

(1) Recreational vehicles having only one 15-ampere branch circuit as 
permitted by Section 551-10(a) shall have an attachment plug which shall be 

• 

2-pole,3-wire, grounding type, rated 15 amperes, 125 volts, conforming to 
the configuration shown in Figure 551-15(c). 



70-552 NATIONAL ELECTRICAL CODE 

(FPN): Complete details of this configuration can be found in American 
National Standard ANSI C73.11-1972. 

(2} Recreational vehicles having only one 20-ampere branch circuit as 
permitted in Section 551-10(b) shall have an attachment plug which shall be 
2-pole, 3-wire, grounding type, rated 20 amperes, 125 volts, conforming to 
the configuration shown in Figure 551-15(c). 

(FPN): Complete details of this configuration can be found in American 
National Standard ANSI C73.12-1972. 

(3) Recreational vehicles wired in accordance with Section 551-10(c) 
shall have an attachment plug which shall be 2-pole, 3-wire, grounding type, 
rated 30 amperes, 125 volts, conforming to the configuration shown in Figure 
551-15(c) intended for use with units rated at 30 amperes, 125 volts. 

(FPN): Complete details of this configuration can be found in American 
National Standard Dimensions of Caps, Plugs and Receptacles, ANSI C73.13: 
.1972. 

(4) Recreational vehicles having a power-supply assembly rated 40 
amperes or 50 amperes as permitted by Section 551-10(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 551-15(c). 

(FPN): Complete details of this configuration can be found in American 
National Standard Dimensions of Caps, Plugs and Receptacles, ANSI C73.17- 
1972. 

Receptacles Caps 

@ @ 
o @ 

125-volt, 
2-pole, 
3-wire, 
grounding type 

@ @ 

125-volt, 20"-amp, 
2-pole, 3-wire, grounding type 

125-voh, 15-amp, 
2-pole, 3-wire, grounding type 

50 amp 

125-volt, 2-pole, 3-wire, grounding type 

@@ 
125 / 250-volt, 3-pole, 4-wire, grounding type 

Figure 551-15(c). Configurations for grounding-type receptacles and attachment plug 
caps used for recreational vehicle supply cords and recreational vehicle lots. 



- ARTit~LE 551 - -  RECREATIONAL VEHICLES, PARKS 7 0 - 5 5 3  

(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 3 inches (76 ram) by 13/4 inches (44.5 mm) 
minimiam size, made of etched, metal-stamped or embossed brass, stainless 
steel, anodized or alclad aluminum not less than 0.020 inch (508 micrometers) 
thick, or other suitable material [e.g., O.OOS-inch (127-micrometers) plastic 
laminates], which reads, as appropriate, either: 

"This connection is for 110-125 volt ac, 60 H z . _ _  ampere supply," or 
"This connection is for 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 15 feet (4.57 m) of the rear, on the left (road) side or at the rear, 
left of the longitudinal center of the vehicle, within 18 inches (457 mm) of the 
outside wall. 

Exception: 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 p~'ovided the drain(s) for the 
plumbing system is (are) located on the same side. 

551-16. Wiring Methods. 
(a) Wiring Systems. Rigid metal conduit, intermediate metal condui t ,  

electrical metallic tubing, rigid nonmetallic conduit, flexible metal condui t ,  
metal-clad cable, Type AC cable, and nonmetallic-sheathed cable ~hall be 
permitted. An equipment grounding means shall be provided in accordance 
with Section 250-91. 

(b) Conduit. 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 shall be reamed or other.wise finished to remove rough 
edges. 

(c) Nonmetallic Boxes. Nonmetallic boxes shall be acceptable only with 
nonmetallic-sheathed cable or rigid and nonmetallic conduit. 

• (d) Boxes. In walls and ceilings constructed of wood or other combusti- 
ble.material, 15oxes 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 370. 

Exception No. l: 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 1½-inch (38-ram) minimum 
width backing around the box and of  a thickness of. ½-inch (12.7 ram) or 
greater (actual) glued to the wall panel shall be considered as approv'ed 
means for mounting outlet boxes. 

if) Sheath Armor. The sheath of nonmetallic=sheathed cable, metal-clad 
cable and Type AC cable shall becont inuousbetween outlet boxes and other 
enclosures. 
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(g) Protected. Metal-clad, Type AC, or nonmetallic-sheathed cables 
shall be permitted to pass through the centers of the wide side of 2-inch by 4- 
inch studs. However, they shall be protected where they pass through 2-inch 
by 2-inch studs or at other studs or frames where the cable would be less than 
1V2 inches (38 mm) from the inside or outside surface. Steel.plates on each 
side of the cable, or a.steel tube, with not less than No. 16 MSG wall 
thickness, shall be installed to protect the cable. These plates or tubes shall 
be securely held in place. 

(h) Bends. No bend shall have a radius of less than five times the cable 
diameter. 

(i) Cable Supports. When connected with cable connectors or clamps, 
cables shall be supported within 12 inches (305 ram) of outlet boxes, 
distribution panelboards, and "splice boxes on appliances. Supports shall be 
provided every 4V2 feet (1.37 m) at other places. 

(j) Nonmetallic Box Without Cable Clamps. Nonmetallic-sheathed cables 
shall be supported within 8 inches (203 mm) of a nonmetallic outlet box 
without cable clamps. 

Exception: Where wiring devices with integral enclosures are employed 
with a loop of  extra cable to permit future replacement o f  the. device, the 
cable loop shall be considered as an integral portion of  the device. 

(k) Physical Damage. Where subject to physical damage, exposed non- 
metallic cable shall be protected by covering boards, .guard strips, or 
raceways. 

(I) Metal Faceplates. Metal faceplates shall be of ferrous metal not less 
than 0.030 inch (762 micrometers) in thickness or of nonferrous metal not less 
than 0.040 inch (1.02 mm) in thickness. Nonmetallic faceplates shall be listed. 

(m) Metal Faceplates Effectively Grounded. Where metal faceplates are 
used, they shall be effectively grounded. 

(n) Moisture or Physical Damage. Where outdoor or underchassis wiring 
is 120 volts, nominal, or over and is exposed to moisture or physical damage, 
the wiring shall be protected by rigid metal conduit, intermediate metal 
conduit, or by electrical metallic tubing or rigid nonmetallic conduit that is 
closely routed against frames and equipment enclosures.. . • 

(o) Component Interconnections. Fittings and connectors which are in- 
tended 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, 
fault-current withstanding, and shall be capable of enduring the vibration and 
shock occurring in recreational vehicles. 

(p) Method of Connecting Expandable Units. 
(1) 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 ma!n body of the vehicle by means of an attachment plug and cord listed 
for hard usage. The cord and its connections shall conform to all provisions 
of Article 400 and shall be considered as a permitted use under Section 400-7., 

Exception: Where the attachment plug and cord are located within the 
vehicle's interior, use of  plastic thermoset or elastomer parallel cords Type 
SPT-3. SP-3"~O~ " SPE shall be permitted. 
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(2) .If the receptacle provided for connection of the cord to the main 
.. c i rcui t 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 theoutside of a vehicle shall be identified for outdoor use. 

• (3) Unless removable or stored within the vehicle interior .the cord 
• assembly .shallhave permanent provisions for  protection against corrosion 

and mechanical damage while the vehicle is in transit. 

. -  ~ (4)-The, cord shall be installed.so as not tO permit exposed live 
• -attachment plug p ins .  

(q)~prewirifig for AirConditioning Installation. Prewiring instal ledfor the 
-~ purpose of facilitating future air-conditioning installation shall conform to the 
.following and Other applicable portions of this article. The circuit shall serve 
no other purpose. 

(1-) An overcurrent protective device with a rating c0mpatible 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 
blank cover. The free ends of the conductors shall be adequately capped or " 
taped. .. 

• .(3) A label conforming to .Section '551-15(d) shall be placed on or 
adjacent, to the junction box- and shall :read: 

AIR-CONDITIONING CIRCUIT.  THIS 
CONNECTION IS' FOR AIR CONDITIONERS 

RATED 110-125 VOLT AC, 60 HZ 2 
AMPERES MAXIMUM. DO NOT EXCEED 

CIRCUIT RATING. 

An ampere rating, not to :exceed 80 percent-of.the circuit rating, shdll be 
legibly marked in the blank space. 

(r);Prewiring for.Generator Installation. " Prewiring installed for the pur- 
pose of facilitating future generator installation shall conform to the following 
and other  applicable- portions of this article. 

(1). Circuit conductors shall be. aplOropriately sized in relation to the 
anticipated load and shall.be protected by an overcurrent device in accord- 
ance.with their ampacities. 

(2) Where juncti0n:boxes are utilized at the circuit originating and/or 
terminus.points, free ends-of;the conductors shall be adequately capped or 
taped. 

(3) When-devices such as receptacle outlet, .transfer switch, etc., are 
installed, the installation shall .be complete inc!uding circuit conductor 
connections. All devices shall be listed and appropriately rated. 

(4) A label.conforming toSect ion 551-15(d) shall be placed on the cover  
of each junc t ion  box containing incomplete circuitry, and shall.read~ as 
appropriate, either: 
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G E N E R A T O R  CIRCUIT.  THIS C O N N E C T I O N  
IS FOR G E N E R A T O R S  RATED 110-125 VOLT 

AC, 60 HZ _ _  AMPERES MAXIMUM.  
OR 

G E N E R A T O R  CIRCUIT.  THIS C O N N E C T I O N  
IS FOR G E N E R A T O R S  RATED 120/240 VOLT 

AC, 60 HZ _ _  A M P E R E S  M A X I M U M .  

The correct  ampere rating shall be legibly marked in the blank space. 

55].-17. Conductors and Boxes. 
(a) Maximum Number of Conductors. The maximum number of conduc- 

tors permitted in boxes shall be in accordance with Section 370-6. 
(b) Free Conductor at Each Box. At least 4 inches (102 mm) of free conductor 

shall be left at each box except where conductors are intended to loop without 
joints. 

551-18 .  Grounded Conductors. The identification of grounded conductors  
shall be in accordance with Section 200-6. 

551-19. Connection of Terminals and Splices; Conductor splices and con- 
nections at terminals shall be in accordance with Section 110-14. If  splices of 
the equipment grounding conductor  in nonmetal l ic-sheathed cable are made 
in boxes containing devices, the splices shall be insulated. 

551-20 .  Switches. Switches shall be rated as follows: 
(a) 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. 
(b) Motors or Other Loads. For  motors  or other  loads, switches shal l  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 horsepower  
or less with full-load current  not over  80 percent  of the switch ampere,rating.)  

551-21 .  Receptacles. All rec 'eptacleout lets  shall be: (1) of the grounding 
type, and (2) installed in accordance with Sections 210-7 and 210-21. 

551-22. LightingFixtures. 
(a) General. Any combustible wall or ceiling finish exposed betwe.en.the 

edge of a fixture canopy,  or pan and the outlet box,  shall be covered with 
noncombust ible  material or a material identified for the purpose. 

(b) Shower Fixtures. If a lighting fixture is provided over  a ba th tub or in 
a shower stall, it shall be of the enclosed and gasketed type and listed for the 
type of installation, and shall be ground-fault circuit- interrupter  protected if 
rated at 120 volts, nominal.  

The switch.for shower lighting fixtures and exhaust  fans, located over  a tub 
or in a shower  stall, shall be located outside t h e t u b  or shower space. 

(c) Outdoor Outlets, Fixtures, Air-Cooling Equipment, Etc..Outdoor fix- 
tures and other  equipment shall be listed for outdoor  use. 

551-23 .  Grounding.. (See also Section 551-25 on bonding of noncurrent-  
carrying metal parts.) 
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(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 with sufficient terminal.s for all grounding conductors or other 
approved grounding means. 

(c) Insulated Neutral. 
(1) The ground.ed circuit conductor (neutral) shall be insulated from the 

equipment grounding conductors and from equipment inclosures and other 
groufided parts. The grounded (neutral) circuit terminals in.the distribution 
panelboard and in ranges, clothes dryers, counter-mounted, cooking units, 
and wall-mounted ovens shall be insulated from the equiph~ent enclosure. 
Bonding screws, straps, or buses in the distribution panel board or in 
appliances shall be  removed and discarded. 

(2) Connection of electric ranges and electtic c lothesdryers  utilizing a 
grounded (neutral) conductor, if cord-connected, shall be. made with 4- 
conductor cord and 3-pole, 4-wire, grounding-type plug caps and receptacles. 

551-24. Interior Equipment Grounding. 
(a) Exposed  Me ta l  Par ts .  In the electrical system', a l l  exposed metal 

parts enclosures, frames, lighting fixture ca~nopies, etc., shall be effectively 
bonded to the grounding terminals o r -enc losure  of~the . distribution 
panelboard. 

(b) Equipment Grounding Conductors. Bare wires, green-colored wires, 
or green wires with yellow stripe(s) 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 meta! racewa:y (conduitor  electrical metallictubing), 
the sheath of metal-clad cable, or the armor of Type AC cable to metallic 
outlet-boxes. - • 

(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 I 
shall be 'permitted to be secured...under a screw threaded into the fixture 
canopy other than a mounting sci-ew or cover screw, or attached to a listed I 
grounding means (plate) in a nonmetallic outlet box for fixture mounting 
(grounding means shall also be pe'rmitted for fixture attachment screws). 

(d) Grounding Connection in Nonmetallic Box. A connection between the 
one or more grounding conductorsbrought into a nonmetallic outlet box Shall " 
be so arranged that a connection can bemade  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, 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 
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gas ranges, etc., shall be grounded by means of an approved cord with 
I equipment  grounding conductor and grounding~type attachment plug. 

551-25. Bonding of Noncurrent-Carrying Metal Parts. 
(a) Required Bonding. All exposed noncurrent-carrying metal parts that 

may 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~eondudtors shall not be used for bonding 
if such conductors or their terminals are exposed to corrosive elements. 

"Exception:Any recreational ~ vehicle which ,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 
I 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 No. 8 copper minimum, or equal. 

[ (d) Metallic Roof and Exterior Bonding. The metal roof and exterior 
coveting shall be considered bonded where: 

(1) The metal panels overlap one another andare  securely a t tachedto  
the wood or metal frame parts by metal fasteners, .and 

(2) The lower panel of the metal exterior covering is secured by metal 
• fasteners at each cross member of the chassis, o r t h e  lower panel is bonded 

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, 
(FPN): SeE Section 551-25(b) for chassis bonding. 

I (f) Furnace and Metal Air Duct Bonding. Furnace and:,metal circulating 
air ducts shall be bonded. 

551~26. Appliance Accessibility and Fastening. Every appliance shall be 
accessible for inspection, service, repair, and replacement without removal 
"of:permanents.construction. Means shall be provided to securely fasten 
appliances in place when the recreational vehicle is in transit. 

551-27. Factory Tests (Electrical). Each r~creational vehicle shall be sub- 
jected to the following tests: .. 

(a) Circuits of 120 Volts or 120/240 Volts. 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 1-minute, 900-volt 
dielectric strength test, or a l-second~ 1080-volt dielectric strength test, with 
all switches closed, between current~carrying conductors, including neutral, 
and the recreational vehicle ground. During the test, all switches and other 
controls-shall be in the " o n "  position. •Fixtures and permanently installed 
appliances shall not be required to withstand this test. 

Each recreational vehicle •shall be subjected to: ( l ) .a  continuity test to 
assure that all metallic parts are properly bonded; (2) operational tests to 
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demonstrate that all equipment is properly connected and in Working order; 
and (3) polarity checks to determine that connectioias have been Properly 
made. 

.(b) L0w-Voltage Circuits. Low-voltage circuit conductors in each recre- 
ational vehicle shall withstand the applied potential'without electrical break- 
down of a l-minute, 500-volt or a 1-second, 600-volt dielectric strength test. 
The potential shall be applied between live and grounded conductors. 

The test shall be permitted on runiaing light circuits before the lights are 
installed provided the vehicle's outer covering an~ inierior cabinetry has 
been secured. The braking circuit shall be permitted to be tested before being 
connected to.the brakes, provided the wiring has been completely secured.: 

B. Recreational Vehicle Parks 
" : O  

55i-41. Definitions. 
Power-Supply Assembly: The conductors, including the grounding con- 

ductors, insulated from one another, the connectors, attachment plug caps, 
and all other fittings, grommets, or devices installed for the purpose of 
delivering energy' from the source of electric:el supply to the distribution 
panelboard within the recreational vehicle. 

Recreational Vehicle Park: A plot- ot'-land upon which two or more 
recreational vehicle sites are located, established, or maintained, for occu- 
pancy 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 intended for the accommodation of.either a recreational vehicle, tent, or. 
other individual camping unit on a temporary basis. 

Recreational Vehicle Site Feeder Circuit Conductors: The conductors from 
the park service equipment to the recreatiohal vehicle site supply equipment. 

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 ~onductors to 
a recreation~il vehicle site and intended to constitute thedisconnecting 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. 

551-42. l"ype Receptacles Provided.. Every recreational vehicle site with 
electrical supply shall be equipped with at least one 15.- or 20-ampere, 125-. 
volt receptacle. A minimum of 75 percent of all recreational vehicle sites with 
electrical supply shall.each be equipped with a 30-ampere,'l.25-volt recepta- 
cle conforming to Figure.551:15(c). This.supply shall be permitted to include 
additional receptacle .configurations-conforming to Section 551-52. The 
remainder of all rrecreational vehicle s i teswith  electi'ical supply shall be 
equipped With one ormore of the receptacle configurations-conforming to 
Section 551-52.- . . . .  

All 15- and- 20-'ampere, 125-volt receptacles ~ shall have listed ground-fault i 
circuit-interrupter protection for.personnel. P~dditional receptacles shall,be." 
permitted; for the connection of electrical equipment oulEside the recreational 
vehicle-within the recreational vehicle parkcand all .such.-125-vott.;single~ ~ . " 
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phase, 15- and 20-ampere receptacles-shall have ground-fault circuit-inter- 
rupter protection for personnel. 

551-43. Distribution System. The recreational vehicle park secondary 
electr ical  distribution system to recreational vehicle sites shall be derived 
from a single-phase 120/240-volt, 3-wire system. 

551-44. Calculated Load.. 
(a) Basis of Calculations. Eiectrical service and feeders shall be calcu- 

lated-on the basis of not less than 3,600 volt-amperes per site equipped with 
• both • 20-ampere 'and 30-ampere supply facilities and 2,400• volt-amperes per 
site equipped'with only 20-ampere supply facilities. The demand f ac to r s se t  
forth_in Table 551-44 shall be the minimum allowable demand factors that 
shall be permi t ted  in calculating load for service and feeders. 

Table 551-44  
Demand ,Factors-for Feeders and Service-Entrance Conductors for 

Park Sites 

Number of Demand  Numbe r  o f  ' Demand  

• Recreational Vehicle , Factor Recreational Vehicle . Factor 
Sites (percent) . - S i t es  ~ (percent) 

1 . . . :  . . . . . . . . .  100 
2 . :  . . . . . . . . . . .  100 
3 . . . . . . . . . . . . .  100 
4 . . . . . . . . . . . . .  89 
5 . . . . . . . . . . . . .  '71 

' 6  . . . . . . . . . . . . .  63 
7-9 . . . . . . . . . . .  53 

10-12" . . . . . . . . . . . . . . . .  47" 
13-15 . . . . . . . . . . . . . . . . .  45 
16-18 . . . '  . . . . . . . . . . . . .  44 
19-21 . . . . . . . . . . . . . . . .  : 42. 

_ 22-40 . . . . . . . . . . .  . . . . . .  40 
" 41-100 . . . . . . . . . . . . . . .  39 

101 plus . . . . . .  : . . . . . . .  37 

(b) Transformers and Secondary Distribution Panelboards. For the pur- 
pose 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 foi" a gix, ennumb e  r ot'.sites shall 
apply to all sites indicated. For example: twenty sites calculated at 42 percent 

• of 3,600 volt-amperes result i n n  permissible demand of 1512. volt-amperes 
per site or a total of 30,240 volt-amperes for twenty sites. 

(FPN): These demand factors 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 con- 
ductors shall have adequate ampacity for the loads supplied, and shall be  
rated at not less than 30 amperes. 

(FPN)- Due to the long circuit lengths typical in most recre;/tional vehicle 
parks, feeder conductor sizes-found in ampacity tables of Article 310 may be 
inadequate to maintain.the voltage regulation suggested in the Fine Print Note to 
Section 210-19. Total circuit voltage-drop is a summation Of the voltage drops of 
each seriafcircuit segment, where.the 10ad for each segment is • calculated using 
the load that segment sees and the demand factors o f  Section:551-44(a). 

: 5 5 1 - 4 5 .  0vercurrentProtection. Overcu r r en t  protection shall loe provided 
in accordance with Article 240. " . . . .  

-551-46 .  Grounding. All "electrical equipment and installatio'ns in  recre- 
ational vehicle parks shall be ,grounded as required by Article 250. 
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551o47. Recreational Vehicle Sire'Supply Equipment.. 
(a) Location. Where provided, the recreational vehicle site electrical 

supply equipment shall be located on the left (road) side of the parked 
vehicle, on a line which is 9 feet (2.74 m), - 1 foot (0.3 m), from the 
longitudinal centerline of the stand and shall be located at any point onthis 
line from the rear of the stand to 15 feet (4.57 m) forward of the rear of the 
stand. 

(b) Disconnecting Means. A disconnecting switch or circuit breaker shall 
be provided in the site suppl~, 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 2 feet (610 mm) wide and 
6V2 feet (1.98 m) high. 

(d) Mounting Height. Site supply equipment shall be located not less than. 
2 feet (610 mm) nor more than 6'/2 feet (1.98 m) above-the ground. 

(e) Working Space. Sufficient space shall be provided and maintained 
about all electric equipment to permit ready and safe operation, in accord- 
ance with Section 110-16. 

551-48. Grounding; Recreational Vehicle Site Supply Equipment. 
(a) Exposed Noncurrent-Carrying Metal Parts. Exposed noncurrent-carry- 

ing metal parts of fixed equipment, metal boxes, cabinets, and fittings, which 
are not electrically connected to grounded equipment, shall be grounded by 
a continuous equipment grounding conductor run with the circuit conductors ] 
from the service equipment orfrom the transformer of a secondary distribu- 
tion system. Equipment grounding conductors shall be sized in accordance 
with Section 250-95.. 

(b) Sei:ondaty Distribution System./ Each secondary dis.tribution-system 
shall be grounded at the transformer. 

(c) Neutral Conductor Not to Be Used as an Equipment Ground. The 
-neutral conductor shall not be Used as an equipment ground for recreational 
vehicles oi"equipment within the recreational vehicle park. 

(d) No Connection on the Load ~ Side. No connection to a grounding 
electrode shall be made to the neutral conductor on the load side of the 
service disconnecting means or transformer distribution panelboard. 

551-49. Protection of Outdoor Equipment. 
(a) Wet Locations, 'All switches, circuit breakers, receptacles, control 

equipment, and metering devices located in wet locations or outside of a, 
building shall b e rainproof equipment. 

(b) Meters; If secondary meters are installed, meter sockets witliout 
meters installed shall be blanked-off with an approved blanking plate. 

55:1-50. Clearance for O~/erhead Conduct0ts. Open conductors of not over I 
600 volts, nominal, shall have a vertical clearance of not less than 18 feet 
(5.49 m) and a horizontal clearance of not less than 3feet (914 mm) in all areas I 
subject to recreational vehicle movement. In all other areas, clearances shall 
conform to Sections 225-18 and 225-19. I " 

(FPN): For clearances of conductors over 600 volts, nominal, see National I Electrical Safety Code,. ANSI C2:1984. 
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551-51. Underground Service, Feeder, Branch-Circuit and Recreational Ve- 
hicle Site Feeder Circuit Conductors. 

(a) General. All direct-burial conductors, including " the equipment 
grounding conductor if ofaluminum, shall be insulated and identified for the 
use. All conductors shall be continiaous from fitting to fitting. 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. Where underground conductors 
enter or leave a building or trench, they shall be protected against physical 
damage by rigid metal conduit, intermediate metal conduit, rigid nonmetallic 
conduit Schedule 80, electrical metallic tubing, or other approved mechanical 
means, extending a minimum of 18 inches (457 mm) into the trench from the 
finished grade. 

(FPN): See Section 300-5 and Article 339 for conductors or Type UF cable 
used underground or in direct burial in earth. 

551-52. Receptacles. A receptacle • to supl31~ electric power to a recre- 
ational vehicle shall be one of the configurations shown in Figure 551-15(c) in 
the following ratings: 

• (a) 50 Ampere. 125/250 volts, 50-ampere, 3-pole, ~-wire, grounding type 
for 120/240-volt systems. 

(b) 30 Ampere. 125-volt, 30-ampere, 2-pole, 3-wig:e, grounding type for 
120-volt systems. 

(c) 20 Ampere. 125-volt, 20-ampere, 2-pole, 3-wire, grounding type for 
120-volt systems. 

(FPN): Complete details of these configuratii3ns can befound in American 
National Standard Dimensions of Caps, Plugs. and Receptacles, ANSI C73.17- 
1972; ANSI C73.13-1972; and C73.12-1972. 

A R T I C L E  553 - :  F L O A T I N G  B U I L D I N G S  
. 

A..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 106, which floats 
on water, is moored in a .permanent  location, and has ~i premises wiring 
system served through connection by lbermanent wiring to.an electricity 
supply system not located on the premises. 

553-3. Application of Other Articles. Wiring for floating buildings shall 
comply with the applicable provisions of other articles of this Code, except 
as modified by this a r t i c l e . .  • 
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B. Services and Feeders 

553-4.  Location of Service Equipment.  The service equipment  for  a f loat- 
ing building shall be located adjacent to, but not in or on, the building. 

553-5. • Service Conductors. One set of service conductors shall be permit- 
ted to serve more thanone set of service equipment. 

553-6. Feeder Conduet0rs.. Each' floating building shall be supplied by a 
single set of feeder conductors from its service equil~ment. 
• Exception: Where the floating building has multiple occupancy, each 
occupant shall be permitted to be supplied by a single set o f  feeder 
conductors extended from the occttpant's service equipment to the occu- 
pant's panelboard. " . . 

553-7. Installation of Services -~nd Feeders. 
(a) Flexibility. Flexibility of the wiring system shall be maintained be- 

tween floating buildings and the supply conductors" All wiring shall•be so 
installed 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 with approved 
fittings shall be permitted for feeders and where flexible connections are 
required• for services;. . 

(FPN): See Sections 555-1 and 555-6~ " " -- 

C. Grounding 

553-8. General Requirements. Grounding of both electrical and fionelectri- 
• cal parts in a floating building shall be through connecfi0n to a grounding bus 

in the building panelboard. The grounding bus shall be grounded through a 
green-colored insulated equipment grounding conductor run with the feeder 
conductors and connected to a grounding terminal in the service equipment: 
The grounding terminal in the service equipment shall be grounded by 
connection "through a green insulated grounding elec'trode conductor to a 
grounding electrode on sfiore..• . " 

553-9. Insulated Neutral. _The grounded.circuit conductOr (neutral) shall 
be a white insulated conductor.. The neutral conductor shall be:connected to 
the equipment grounding terminal in the Service eciuipment and~ except for 
that connection,it shall be-insulated.from the equipment grounding conduc- 
tors, equipment enclosures, andall other grounded parts. The neutral circuit 
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 elec- 

trical systems shall be bonded to the ground!ng 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 Noncurtent-Carrying Metal, Parts.. All metal parts in 
contact with the water, all metal piping, and all noncurrent-carrying metal 
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parts that may become energized, shall be bonded to the grounding bus in the 
panelboard. 

A R T I C L E  555 m M A R I N A S  A N D  B O A T Y A R D S  

555-1. Scope. This article covers the installation of wiring and equipment 
in the areas comprising fixed or floating piers, wharfs ,docks,  and othei" areas 
in marinas, boatyards, boat basins, and similar establishments 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. 

555-2. Application of Other Articles. Wiring and equipment for marinas 
and boatyards shall comply  with this article and also with the applicable 
provisions of other articles of this Code. 
- (FPN): See fine print notes following Sections 210-19(a) and 215-2(b) for 
voltage drop on branch circuits and feeders respectively. 

(FPN): For disconnection of auxiliary power from boats, see-Pleasure and 
Commerical Motor Craft, NFPA 302-1984 (ANSI). 

555-3. Receptacles. Where shore power is supplied, those accommoda- 
tions for boats 20 feet (6-1 m) or less in length shall be equipped with shore- 
power receptacles of a lockingand grounding type rated a t  not less than 20 
amperes. 

Where shore power is supplied to accommodations for boats longer than 20 
feet (6.1 m) in length, shore-power receptacles of a locking and groundiflg 
type rated at 30 amperes or more shall be provided. 

Fifteen- and 20-ampere single-phase, 125-volt receptacles other than those 
supplying shore power to boats located at piers, wharfs, and other locations 
shall be protected by ground,fault circuit-interrupters. 

(FPN): For various:configurations and ratings of locking- and grounding-type 
receptacles.and caps, see Dimensions Of. Caps, Plugs, and Receptacles,.ANSI 
C73-1972,. and Supplement ANSI C73a-!.980. - .~ 

(FPN): Eor locking- and grounding-type receptacles for auxiliary power to 
boats; see Marinas and Boatyards; NFPA 303-1984 (ANSI): 

(FPN): In locating receptacles consideration should be given to the maximum 
tide leveland wave action. • . 

555-4. Brancll Circuits. Each single receptacle thatsupplies shore power 
to boats shall be supplied from a power outlet or panelbo~trd by an individual 
or multiwire branch circuit o f  the voltage class and rating corresponding to 
the rating of the receptacle. 

555-5. Feeders and Services. :The  load for each ungrounded feeder and 
service conductor supplying receptacles that supply shore power for  boats 
shall,be calculated as follows: 
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For 15-30 
For  31-40  
For  4 1 - 5 0 ,  
For  51-70-  
,For 71 -100  
For  101 p lus  

For, 1-4 r ecep tac les ,  ra t ing-  o f  t he  r ecep tac les  
For  5-8 , - 90% . . . . .  ~ . . . .  
For  9-14"-  80% - '  . . . . . . . . .  

- 70% . . . . . . . .  ~ " 
60% " • . . . . . . . . .  - 

.. - 50% . . . . . .  ' . . . .  
40% - ' . . . . . . . . .  
30% . " " . . . . . .  
2 0 %  . . . .  i. " . . . .  

(FPN): These  demand factors maY be- inadequate  in a reas  of  ex t reme hot  or 
cold temperature  with loaded circuits for heating, air-conditioning, or  refrigerating 
equipment .  . .  : ' 

100% of  t he  s u m  of  the  
tp  

t p  

t p  

t l  

p t  

I p  

i p  

t t  

5 5 5 - 6 .  Wiring Methods .  T he  wir ing m e t h o d  shall  be  one  or  m o r e  o f  the  
fol lowing identif ied as sui table  for  u se  whe re  e x p o s e d  to the  w e a t h e r  o r  
w a t e r :  ( l)  rigid n o n m e t a l l i c c o n d u i t ;  (2) mine ra l - insu la t ed ,  m e t a l - s h e a t h e d  
cable ;  (3) nonmeta l l i c  cable ;  (..4) co r ro s i on - r e s i s t an t  rigid me ta l  condu i t ; ' (5 )  
co r ro s i0n - r e s i s t an t  i n t e rmed ia t e  meta l  ~ondui t ;  (6) u n d e r g r o u n d  wir ing tha t  
. c o m P l i e s w i t h  the  r e q u i r e m e n t s  o f  C h a p t e r  3 o f  this  C ode ;  (7) T y p e  M C  cable .  '1 

Exception No. 1: Where flexibility is required, other types identifiedfor the 
purpose. 

• Exception No. 2: Open wiring shall be permitted by special permission. 
. " (FPN): In granting spec ia lpermiss ion ,  major factors inc lude  possible contact  
of  open wires with masts ,  cranes,  or s imilar .s t ructures  or. equipment .  

. (FPN): For  fur ther ' informat ion o n  wiring methods  for various locations,  see 
_ Marinas  and:  Boatyards,  N F P A  303-1984. !ANSI) . :  .":~ 

555-7. Grounding- . . .~  - - .  
(a) Equipment to Be Grounded,, • Tile followingitems-shall be connected to 

an  eCluilSment g r o u n d i n g  coniductor  fun'  wi th  the  c i rcui t  " conduc to r s  ih a 
rfi.ceway or  •cab le :  " 

. , ' .  , . :  

: . ' ( 1 )  B o x e s ,  cab ine t s ,  and  all o t h e r . m e t a l  e n c l o s u r e s .  " .: 

" , .  \~•~-- (2) ~Metal f r a m e s  o f  ut if izat ion e q u i p m e n t .  ; '  , .':" 
.- . (3)" Groun~tirig t e rmina l s  0f ,  g r o u n d i n g - i y p e  r ecep tac l e s ,  . " 

: . . -  (b) Type of Equipment Grotinding Conductor. The' equipment grounding 
• . c o n d u c t o r  shall  be an  insu la ted  coppe r  condu~ctor wi th  a c o n t i n u o u s  o u t e r  

" f~nish tha i  is e i ther  g reen  o r  g reen  with one  or  more  yel low s t r ipes .  

• (c)-:Size 6f Equipment Grountling C0nduct6r~ The insUlated copper equip- 
. ment grounding conductor-shall be sizedin a~ccordance.wjth Section 250-95 

• . -.but not  s m a l l e r ' t h a n  No .  12. , , . 

: . . .  (fl) Branch-Circui t  E q u i p m e n t  G r o u n d i n g  C o n d u c l o r .  T h e  insu la ted  equip-  
. : m e n t  g r o u n d i n g  c o n d u c t o r  for  b r anch  circui tsshal l . : termifia ,  te  at a g r o u n d i n g  
• termin.al, in a - remote  pane l boa rd  O r t he ,g round ing  t e rmina l  in the  ma in  se rv ice  
equipment: . .  .-: 

• (e) Feeder Equipment Grounding conductors. Where a feeder supplies a 
• r emo te  pane lboa rd ,  an  insu la ted  e q u i p m e n t  g r o u n d i n g  c o n d u c t o r  shall  e x t e n d  

f rom a g r o u n d i n g  t e rmina l  in the  se rv ice~equ ipmen t  t o a  g r o u n d i n g  t e rmina l  
in t h e , r e m o t e  p a n e l b o a r d . .  
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555-8. Wiring Over and Under Navigable Water. Wiring over and under 
navigable water shall be subject to approval by the authority having juris- 
diction. 

555-9. Gasoline Dispensing Stations - -  Hazardous (Classified) Locations. 
(a) Class I, Division 1 Location. The following spaces shall be considered 

a Class I, Division l location: 
(1) The space within the dispenser from its base to a level measured 

4 feet (1.22 m) vertically from its base. 
(2) The space outside the dispenser for-a distance measured4 feet (1.22 

m)- horizontally from all points of the dispenser and measured vertically 
upwards for a distance of 18 inches (457 mm) from the base of the dispenSer• 

(3) The entire spac e between the base of the dispenser and the lowest 
"water surface for a distance of 4 feet (1.22 m) measured horizontally from any 
point on the outside of the dispenser• 

(b) Class I, Division 2 Location. In an outside location, the following 
space shall be considered a Class I, Division .2 location (spaces which are. 
Class I, Division l as defined above are excluded• Buildings within the 
following space which are not suitably cut off shall be included•) This space 
shall include the entire volume enyeloped within the following limits: 

(1) A horizontal limit of 20 feet (6.i m) from all points on the exterior 
enclosure of a dispenser• 

(2) An upper limit of 18 inches (457 mm) measured vertically from the 
base of the dispenser• 

(3) A lower limit which shall be the lowest water surface• .- 
(FPN): For further information, seeMarinas and Boatyards, NFPA 303-1984 

(ANSI). ' 

555-11. Sealing. 
(a) At Dispenser. An approved seal shall be~provided in each conduit run 

entering or leaving a dispenser or any cavities or enclosures in direct 
communication therewith• 

(b) At Boundary. Additional seals shall beprovided in accordance with 
Section 501-5. Section 501-5(a)(4) and (b)(2) shall apply to horizontal as well 
as to vertical boundaries of the defined hazafd0us (classified) locations• 

: L 
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Chapter  6. Special  E q u i P m e n t .  

A R T I C L E  600 m E L E C T R I C  S I G N S  AND 
O U T L I N E  L I G H T I N G  

A. General 

600-1. Scope. This article covers the installation of  conductors and equip- 
ment for electric signs and outline lighting.as defined in Article •100. • 

6 0 0 - 2 .  Disconnect Required. Each outline lighting installation, and each 
sign of other than the portable type, shall be controlled by an externally 
operable switch or breaker which will open all ungrounded conductors. 

(a) .In Sight o| Sign. . The disconnecting means shall be v~ithin sight of the 
sign or outline lighting which • it controls. 

Ex'ception: Signs o'perated by elec~tronic or electromechanical controiiers 
. located exte'rnal to the sign shall have a disconnecting means locatedwithin 

sight from the controller location~ The disconnecting means shall disconnect 
the sign and the controller from all-ungrounded supply conductors and shall 
be so designed that no pole can be operated independently. The disconnect- 
ing means.shall be permitted to be in the same enclosure with the controller. 

• The disconneciing "means shall be capable of  being l.ocked in the open 
position. 

(b) Control Switch Rating. Switches, flashers, and similar devices con- 
'trollirig trahsformers shall be either rated for controlling inductive load(s) or 
have an ampere rating not less than t'wice the ampere rating of the trans- 

.former. 
Exception: For other than motors, ac general-use snap sw-itches shall be 

permitted to be used on alternating-current circuits to control itiductive loads 
not exceeding the ampere rating of  the switch., , . 
• (FPN): See Se~:tion 380-14 for rating of snap switches. 

600-3. Enclosures asPull  Boxes. The-wiring method used to supply signs 
and outline lighting shall terminate in the sign or transformer enclosures. 

Exception: Such signs and transformer, boxes shall be-permitted to be 
used as pull or junction boxes for conductors supplying other adjacent signs, 
outline lighting systems and floodlights,th.at are part of  signs provided the 
conductors extetid.ingfrom the equipment are. protected by an overcurrent 
def~ice rated 20 afnperes or less .  -. . "' 

600-4 .  Listing Required. Every electric sign ofany type, fixed or portable, 
shall be listed and installed in conformance.wit h that listing, unless otherwise 

, permitted by  special permission. ~..-. 

6 0 0 - 5 .  Grounding. Signs, troughs, tube terminal boxes, and other metal 
frames shall be grounded in the manner specified in Article 250. 
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Exception No. 1: Insulated and Inaccessible. Where they are insulated 
fromground and from other conducting surfaces and are inaccessible to 

I unauthorized persons. 
Exception No. 2: lsolated Parts. Isolated noncurrent-carrying metal parts 

of  outline lighting may be bonded by No. 14 conductors, protected from 
physical damage, and grounded in accordance with Article 250. 

600-6. BranchCircuits. 
(a) Rating. Circuits which supply lamps, ballasts, and transformers, or 

combinations, shall be rated not to exceed 20 amperes. Circuits containing 
electric-discharge lighting transformers exclusively shall not be rated in 
excess of 30 amperes. 

(b) Required Branch Circuit. Each commercial building and each com- 
mercial occupancy with ground floor footage accessible to pedestrians shall 
be provided at an accessible location outside the occupancy, with at least one 
outlet for sign or outline lighting Use. The outlet(s) shallbe suppliedby a 20- 
ampere branch circuit which supplies no other load. 

Exception: Interior hallways or corridors shaft not be considered outside 
the occupancy. 

(c) Computed Load. The load for the required branch circuit installed for 
the supply of exterior signs or outline lighting shall be computed at a 
minimum of 1200 volt-amperes. 

600-7. Marking. 
(a) Signs. Signs shall be marked with the maker's name; and, f o r  

incandescent lamp signs, with the number of lampholders; and, for electric- 
discharge-lamp signs, with input amperes at full load and input voltage. The 
marking of the sign shall be visible after installation. 

(b) Transformers. Transformers shall be marked with the maker's name; 
and transformers for electric-discharge-lamp signs shall be marked with the 
input rating in amperes or volt-amperes, the input voltage, and the open- 
circuit output voltage. 

600-8. Enclosures. 
(a) Conductors and Terminals. Conductors and terminals in. sign boxes; 

cabinets, and outline troughs shall be enclosed in metal or other noncom- 
bustible material. 

Exception: The supply leads shall not be required to be enclosed. 
(b) Cutouts, Flashers, etc. Cutouts, flashers, and similar devices shall be 

enclosed in metal boxes, the doors of which -shall be arranged so they can be 
opened without removing obstructions or finished parts of the enclosure. 

(c) Strength. Enclosures shall have ample strength and rigidity.. 
(d) Material. Signs and outline lighting shall beconstructed of metal or 

other noncombustible material. Wood shall be permitted for external deco- 
ration if placed not less than 2 inches (50.8 mm) from the nearest lampholder 
or current-carrying part. 

ExcEption: Portable sigtis o f  the indoor type shall not be required to meet  
this requirement. 

(e) Minimum Thickness-- Enclosure Metal. Sheet copper shall be at least 
20 ounce [0.028 inch (71 l.micrometers)]. Sheet steel shall be of No. 28 MSG. 

/ 
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I 

~Exception:For outline lighting• and for electric-discharge stgns,', sheet 
steel shall be o f  No. 24 MSG if  not ribbbd~ corrugated, or embossed over its 
entire surface and o f  No. 26 MSG if  it is so ribbed, corrugated, or embossed. 

(f) Protection of Metal. All steel parts of enclosures shall be galvanized o r  
"otherwise protected from corrosion. 

(g)i Enclosures Exposed to Weather.. Enclosures for outdooruse shall, be 
weatherpro6f-and shall have at least tWO drain holes, each not larger than V2 
inch (12.7 ram) 9 r smaller,than V4 ifich (6.35 mm). • 

600-9.- Portable Signs. Portable signs, leiters, fixtures, symbols, and sim- 
ilar displays used in conjunction with fixed outdoor signs shall only be used 
when in .compliance with all applicable provisions of, this Code and, in 
addition, shall meet all of the following requirements: 

(a) Weatherproof Receptacle and Attachment" Plug. A weatherproof re- 
ceptacle and/tttachment plug having one pole for grounding shall be provided 
for each individual letter, fixtu(e, or s i g n . .  

(b) Cords. All cords shall be Type S, SJ~ S JO, SJT, 'SJTO, SO, or ST, 3- 
conductor, wi th  one conductor grounded as provided,in the foregoing. 
• (c)" Cord from Ground Level. N o  =cord Shall be less than 10 feet (3.05 m) 

from the ground level directly underneath. . - 

600-10 .  C learances.  
• (a) Vertical and Horizontal. signs and .outline gystem enclosures shall 

• h~ive not less l(han the vertical and horizontal clearances from' open conduc- 
tors specified in Article 225. . . - 

(b) Elevation. The bo~fom.of sign and outline lighting enclosures shall not 
.be.lessthan:16.feet.(4.88 m) abbve areas.accessible t o v e h i c l e s . .  - 

• Exception: The bottom ofsuch.enclbsures shall be permitted-to be less 
• t h a n 1 6  .feet (4.88 m) above areas accessible to vehic!es-.where such 

enclosures are protected from physical damage. : " : 

600-11. Outdoor portal~le S!gns. The internal wiring of an ofitdoor sign 
• that is portable oi" .mobile and is readily accessible shall besupplied .from, and 

protected.by, gr,ound-fault circuit-interrupters identified for use with portable 
electric signs, thereby, pr.oviding protection for personnel. The ' rdquired  
ground-fault circuit-interrupter shall.be permitted on or within the sign or  as 
an integral part of the attachment plug of the supply cord¢onnec ted  to the 
sign. Conductive supports o ! a sign covered by this=section shall be consid- 
ered part of the sign. ' " ., 

:B. 600  Volts, Nominal,  or Less 

601~-21. Installation of Conductors. . - ..- 
• (a) Wiring Method. Conduct6rs shall be installed in rigid metal conduit, 
intermediate metal conduit,'rigid nonmetallic conduit,flexible metal conduit, 
liquidtight flexible metal conduit, liquidtight flexible nonmetallic conduit, 
electrical metallic.tubing, metal-clad cable, Type AC cable, metal troughing, 
mineral-insulated.metal-sheathed cable, and metal poles co~plying with-all 
requirements of Section 410-15(b). " . .. 

(b) Insulation and Size. .Conductors shall be of a t3)pe listed for general 
• .. use and shall not be smaller than No. 1.4. 

i. 
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Exception No. 1: Conductors not smaller than No. 18 of  a type listed in 
Table 402-3 shall be permitted: 

a. In portable signs. 
b. As short leads permanently attached to lampholders or electric- 

discharge ballasts. 
c. As leads not more than 8feet (2.44 m) long permanently attached to 

electric-discharge lampholders or electric-discharge ballasts if the leads are~ 
enclosed in wiring channels. 

d. For signs with multiple incandescent lamps requiring one conductor 
from a control to one or more lamps whose total load does not exceed 250 
watts, if in an approved cable assembly of  two or more conductors. 

Exception No. 2: Conductors not smaller than No. 20 shall be permitted 
as short leads permanently attached to synchronous motors. 

(c) Exposed to Weather. Conductors in raceways, metal-clad cable, or.  
enclosures exposed to the weather shall be of the lead-covered type or other : 

] type specially listed for the conditions. 
Exception: This shall not apply when rigid metal conduit, intermediate 

I metal conduit, rigid nonmetalli¢ conduit, electrical metallic tubing, or 
enclosures are made raintight and arranged to drain. 

(d) Number of Conductors in Raceway. The number of conductors in a 
raceway for sign fixtures shall be in accordance with Table 1 of Chapter 9~ 
• (e) Conductors Soldered to Terminals . .  Where the condu.~tors are fastened 

to lampholders other than of the pin type, they shall be soldered to the 
terminals or made with wire connectors, and the exposed parts of conductors 
and terminals shall be treated to prevent corrosion: Where the conductors are 
fastened to pin-type lampholders that p~-otect the terminals from the entrfince' 
of water, and that have been found acceptable for sign use, the conductors . 
shall be of the stranded type but shall not be required to be soldered to the 
terminals. 

600-22 .  Lampholders. Lampholders shall be of the unswitched type hav- 
ing bodies of suitable insulating material and shall be so constructed and . 
installed as to prevent turning. Miniature lampholders shall not be employed 
for outd6or signs and outline lighting. The screw-shell contact- of all sign 
lampholders in grounded circuits shall be c0nnectedto the grounded con- 
ductor of the circuit. 

600-23. Conductors Within Signs and Troughs: Wires within the sign and 
outline lighting troughs shall be installed as to be mechanically secure. 

600-24 .  Protection ofLeads.  Bushings shall be employed to protect wires 
feeding through enclosures. 

C. Over 6 0 0  Volts, Nominal 

600-31. Installation of Conductors. 
(a) Wiring Method; •Conductors shall be installed as concealed conduc- 

tors on insulators, in rigid metal conduit, in intermediate metal" conduit, in 
rigid nonmetallic conduit, in flexible metal conduit, in liquidtight flexible- 
metal conduit, or in electrical, metallic, tubing, or as Type MC cable. : .. " 
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(b) Insulation and Size. Conductors shall be of a type-identified for 
voltage not less than the voltage of the circuit a~nd shall not be  smaller than 
No. 14. 

Exception: Conductors not smaller-than No. 18 shall be permitted: 
a. As leads not more than 8feet (2.44 m) long permanently attached to 

electric-discharge lampholders or electric-discharge ballasts-if the leads are 
enclosed in wiring channels. 

b:.In show window displays or small portable signs, as leads not more 
• than 8 feet (2:4~1 ~) long that run from the line:ends of  the tubing to the 
: secondary windings of  transformers if the-leads are permanently attach-ed 

within the transformer .enclosure. 
(c) Bends in Conductors. Sharp bends in theconductors shall be avoided. 
(d) Concealed Conductors on Insulators - -  Indoors.. Concealed conduc- 

tors on insulators shall be. separated from each other and from all objects 
other than the insulators on whicff they are mounted by a spacing of not less 
than 1 Y2 inches (38 mm) for.voltages above 10,000.and not less than 1 inch 
(25:4 ram) for voltages of: 10,000 or less.. They shall be installed in channels 
lined:with noncombustible material and used for no other purpose, except 
that the primary circuit conductors shall be permitted to be in the same 
channel. The insulators shall be of noncombustible, nonabsorbent material. 
,Concealed conductors on insulators shall not be allowed outside the sign 
enclosure. 
, (e) ConductotwinRaeeways. Wherethe conductors are covered with lead 

or other metal sheathing, the coveririg shall extend beyond the end of the 
raceway, and the surface of the cable shall not be injured where the covering 
terminates. 

(1) In damp or wet locati0hs,'the ir/sulation off all conductors shall" 
extend beyond the metal.covering or raceway not less than 4 inches (102 ram) 
for.voltages over 10,000, 3 inches :(76 mm) for voltages over 5000 but not 
• exceeding 10,000, and 2 inches (50.8ram) for voltages of 5000 or less. 

(2) In dry locations the insulation shall extend beyond the end of the 
• metal co~,ering or raceways not less than 2V2 inches (64 mm) for voltages over 
'10,000, 2 inches (50.8 mm) for voltages over 5000 but. not exceeding .10,000, 
and 1V2 inches.~(38 ram) for voltages of 5000 or less. 

: "(3) For conductors at grounded midpoint terminals, no spacing shall be 
required. 

,(4) A metal raceway containing a single conductor from.one secondary 
. terminalof a transformer.shall not exceed 20 feet (6A m) in length. 

( f )  -ShowWindows and Similar. Locations. Conductors thathang freely in 
.the air, away from combustible material,, and where not subject to physical 
damage, as in some show ~vindow displays, shall not be required to be 
otherwise protected. 

(g) :Between Tubing-and Grounded Midpoint. Conductors shall be permit- 
ted to be run from the ends of tubing to the grounde-d~ midpoinv of 
transformers specifically designed for the purpose and provided •with termi- 
nals at the midpoint.~Where such connections are made to the transformer 
grounded midpoint, the connections between the. high-v01tage terminals of 
.the transformer and the line ends of the tubing shall be as short as possible. 
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600-32. Transformers. 
(a) Voltage. The transformer secondary open-circuit voltage shall not 

exceed 15,000 volts with an allowance on test of 1000 volts additional. For 
end-grounded transformers, the secondary open-circuit voltage shall not 
exceed 7500 volts with an allowance on test of 500 voltsadditional. 

(b) Type. Transformers shall be of a type identified for use with 
electrical-discharge tubing and shall be limited in rating to a maximum of 4500 
volt-amperes. 

Open core-and-coil-type transformers shall be limited to 5000 volts with an 
allowance on test of 500 volts and to indoor applications in small portable 
signs. 

Transformers for outline lighting installations shall have secondary current 
ratings not more than 30 milliamperes. 

Exception: Where the transformers and all wiring connected to them are 
installed in accordance with Article 410for electric-discharge lighting of  the 
same voltage. 

(c). Exposed to Weather. Transformers used outdoors shall be of the 
weatherproof type or shall be protected from the weather by enclosure in the 
sign body or in a separate metal box. 

(d) Transformer Secondary Connections. The high-voltage windings of 
transformers shall not be connected in parallel or in series. 

Exception No. 1: Two transformers each having one end of  its high-. 
voltage winding connected to the metal enclosure shall be'permitted to have 
their high-voltage windings connected in series to form the equivalent o f  a 
midpoint-grounded transformer. The grounded ends shall be connected by. 
insulated conductors not smaller than No. 14. 

Exception No. 2: Transformers for small portable signs, show windows, 
and similar locations that are equipped with leads permanently attached to 
the secondary winding within the transformer enclosu~'e and that do not 
extend more than 8 feet (2.44 m) beyond the enclosure for attaching to the 
line ends of  the tubing shall not be smaller thanNo. 18. 

(e) Accessibility. Transformers shall be located where accessible and 
shall be securely fastened in place. 

(f) Working Space. A work space at least 3 feet (914 mm) high and 
measuring at least 3 feet (914 mm) by 3 feet (914 ram) horizontally shall be 
provided about eachtransformer or its enclosure where not installed in a 
sign. 

(g) Attic Locations. Transformers shall be permitted to be located in 
attics provided there is a passageway at least 3 feet (914 ram) in height and at 
least 2 feet. (610 ram) in width, provided with a suitable permanent fixed 
walkway or catwalk at least 12 inches (305 mm) in width extending from the 
point of entry into the attic to each transformer. 

600-33. Electric-Discharge Tubing. 
(a) Design. The tubing shall be of such length and design as not to cause 

a continuous overvoltage on the transformer. 
(b) Support. Tubing shall be adequately supported on noncombustible, 

nonabsorbent supports. Tubing supports shall, where practicable, be adjust- 
able. 
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(c) C o n t a c t  w i th  F l a m m a b l e  Material and Other Surfaces. The tubing shall 
be free from contact with flammable material and shall be located where not . 

~-: normally exposed to physical damage. Where Operating at over 7500 volts, 
the tubing shall be supported on noncombustible, nonabsorbent insulating 
suppo~s that maintain a spacing of not less than V4 inch (6.35 mm) between 
the tubing and the nearest surface. 

600-34. Terminals and Electrode Receptacles for Electric-Discharge Tubing. 
(a)  T e r m i n a l s .  Terminals of the tub!ng shall be inaccessible to unqualified 

persons and isolated from combustible material and grounded, metal or shall 
be enclosed. Where,enclosed, they shall be separated from grounded metal 
and combustible thaterial by noncombustible, nonabsorbent insulating mate- 
rial or by not less than l V2 inches (38 mm) of air. Terminals shall be relieved 
from stress by the independent support of the tubing. 

(b)  Tube Connections O t h e r  t h a n  w i th  Recep tac l es .  Where. tubes do not 
terminate in receptacles designed for the purpose, all live parts of tube 
terminals and conductors shah be supported so as to maintain a separation of 
not less than 1 Y2 inches (38 mm) between conductors or between conductors 
and any grounded metal. 

(c) Recep tac l es .  Electrode receptacles for the tubing shall be of noncom- 
bustible, nonabsorbent insulating material. 

(d) Bushings. Where electrodes enter the enclosure of outdoor signs or 
of an indoor sign operating at a voltage in excess of 7500 volts, bushings shall 
be used unless receptacles are provided. Electrode terminal assemblies shall 
be supported not more than 6 inches (152 mm) from the electrode terminals. 

(e) Show Windows. In the exposed type of show-window signs, terminals 
shall be enclosedby receptacles. 

( f )  Receptacles and Bushing Seals .  A flexible, nonconducting seal shall 
be permitted to close the opening between the tubing andothe receptacle or 
bushing against the entrance of dust or moisture. This seal shall not be in 
contact with grounded conductive material and shall not be depended upon 
for the insulation of the tubing. 

(g) Enclosures of Meta l .  Enclosures of metal for electrodes shall not be 
less than No. 24 MSG sheet metal. 

(h) Enclosures of Insulating Material. Enclosures of insulating material 
shall be noncombustible, nonabsorbent, and suitable for the voltage of the 
circuit. 

(i) Live Parts. Live parts shall be encl~srd or suitably guarded to prevent 
contact. ' .. 

600-35. Switches on Doors .  Doors or covers giving access to uninsulated 
parts of indoor signs or outline lighting exceeding 600 volts, nominal, and 
accessible to unqualified persons shall either be provided with interlock. 
switches that on the opening of the doors or covers disconneci the primary 
circuit, or shall be so fastened that the use of other than ordinary tools will 
be necessary to open them. 

600-36. I:ixed Outline Lighting and" Skeleton-type Signs for Interior Use.~ 
(a)  T u b e  S u p p o r t .  Gas tubing shall be supported independently of the 

conductors by means of insulators of noncombustible, nonabsorptive mate- 
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rials .such as glass or.porcelain or by suspensio n from suitable wires or 
chains. 
• (b)"Transformers. Transformers shall be installed in metal enclbsures and 

as near as practicable to the gas tubing system. 
(c) Supply Conductors. The supply conductors for the transformers shall 

-be enclosed in grounded metal raceway or rigid nonmetallic conduit where 
installed in accordance with the requirements of Article 3~,7. 
- (d) High:Tension Conductors. High-tension conductors shall be insulated 
for the voltage of the circuit and shall be enclosed in grouflded metal 
raceway. 

Exception: Conductorsnot exceeding 4feet (1.22m) in length between gas 
tubing and ~djacent metal enclosures shall be permitted to be enclosed in 
continuous.glass or other insulating sleeves. 

600-37. Portable Gas TubeSigns for Show Windows and Interior Use. This 
section shall apply to the'installation and use of portable gas tube signs, 

(a) Location. ~,- Portable gas tube signs shail be for indoor use only. 
(b) Transformer. The transformer shall be of the window type or shall be 

within a metal enclosure. 
(c). Supply Conductors. Supply conductors shall consist of hard or extra- 

hard usage-type=cord containing an equipment grounding conductor. The 
cord,shall not exceed l0 feet (3.05_m) in length. 

(d) High-Voltage Conductors. High-voltage conductors shall not be more 
than 6 feet (1.83 m) long and shall be located where not subject to mechanical 
injury, and shall be  _insulated for the voltage of the circuit and be p ro t ec t ed  
by  continuous glass or other insulating sleeves or tubing. 

(e). Grounding. Transformers and attached noncurrent-carrying metal 
parts shall be grounded in accordance with Article 250. 

(fL Support. Portable indoor signs shall be held in place by not more than 
two open hooks attached to the transformer case. 

A R T I C L E  604 r e M A N U F A C T U R E D  W I R I N G  S Y S T E M S  

604-1. Scope.- The provisions of this article apply to field-installed wiring 
using off, site manufactured subassemblies for branch circuits, remote-con- 
trol circuits, signaling circuits, and communication 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. 

604-3 .  OsesPermitted. The manufactured wiring systems shall be permit- 
ted ~n accessible and dry locations arid in ,p l enumsand  spaces used for 
environmental air, when listed for this application, and installed in accord- 
ance with Section 300-22. 
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Exception: In concealed spaces, one end o f  lapped cable shall be permit- 
ted to extend, into hollow walls:for direct termination at switch and outlet 

,. points. .' 

604-4. Uses Not Permitted. Where conductors or.cables are limited by the 
provisions in Articles 333 and 334. 

604-5. Other Articles. Installations shall conform with, but not be limited 
only to, applicable sections of the following articles: 110, 200, 210, 220, 250, 
300, 310,.333, 3M, 350, 4!0, 545,640, 700, 72..5 and 800. 

604-6.  Construction. 
• (a) Cable or Conduit Types. 

(1) Cable shall 'be listed armored cable or metal-clad cable containing 
nominal 600-volt No. 12 AW G copper insulated .conductor s .with a bare No. 
12 AWG copper equipmeht grounding conductor. 

(2) Conduit shall be listed flexible" metal conduit containing nominal 
600-volt No. 12 AWG copper insulated conductors with an insulated or bare 
No. 12 AWG c6pper equipment grounding conductor. 

(3) Each section shall be marked to identify the type of cable or conduit. 
(b) . Receptacles' and Connectors: Recepfacles and connectors shall be 

locking type, uniquely polarized and identified for the purpose and sha!l be. 
part Of a listed asseriibly,for th.e appropriate system. • 

(c) Other Component Parts. Other component parts shall be listed for the 
appropriate system. 

604-7. UnusedOutlets.  All unused outlets shall be capped to effectively 
close the connector openings. .. .. 

A R T I C L E  6_05 - -  O F F I C E  F U R N I S H I N G S  " 
"(Consisting of Lighting Accessories and Wired Partitions) 

605-1. Scope. This article cove~'s elec, trical equipment, lighting accesso- 
ries 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 iaartitions. These 
partitions shall not extend from floor to ceiling. • - 

(a) Use. These•assemblies'shall be installed an dused  only as provided• 
for by . t h i s ' a r t i c l e . . " •  

(b) other Articles, .Except as modifie d by therequirements of this article, 
all othei" articles of this Code shall apply. • 

(c) .Hazardous (Classified) Locations,. Where.used in hazardous (classi- 
fied) locations, these assemblies shall conform with. Arti~zles 500 through 517 
in addition to .this article. . : ', .. 

605-3. Wireways~ Al l  conduciors 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:. ,  .'. 
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(FPN): Concluctors as used in this section do not include flexible cord. 

605-4. Partition Interconnections. The electrical connection between par- 
titions shall be a flexible assembly identified for use with wired partitions. 

Exception: •Flexible cord shall be permitted for the connection between 
partitions proi~ided all o f  the following conditions are met" 

a. The cord is extra-hard usage type. 
b. The partiiions are mechanically contiguous. 

- c. The cord is notlonger-than necessary for  maximum positioning o f  the 
partitions but in no case to exceed 2 feet  (610 ram). 

• d. The cord is terminated at an attachment plug and cord-connector 
with strain relief. 

605-5. Lighting Accessories. Lighting equipmenl( listed and identified for 
use with •wired partitions shall comply with all of the following: 

.(a) Support. A means for secure attachment or support-shall be pro- 
vided. 

(b): Connection. Where cord-" and plug-connec.tion is Pr~svided, the cord 
length shall be suitable for the intended application, but shall not exceed 9 
feet (2.74 m) in length. The cord shall not b e  smaller than 18 AWG, 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. Convenience 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_ Free-Standing Type Partitions~ Partitions of the free-standing type 
(not fixed) shall be permitted to be permanently connected to the building 
electrical system by one of the wiring methods of Chapter 3. 

605~8. Free-Standing Type Partitions, Cord- andPlug-connected..'Individ- 
ual partitions of.-the free-standing type, or groups of individual partitions 
which are electrically connected, mechanically contiguous and do not exceed 
30 feet (9.14 m) when assembled shall be permitted to be connected to the 
building electrical system by a single flexible cord and plug provided all of the 
foUowing conditions are met'." 

(a) Flexible.Power Supply Cord. .The flexible power, supply cord' shall be 
extra-hard usage type with No. 12. P/WG or larger conductors with an 
insulated grounding conductor and not exceeding 2 feet (610 mm) ih length. 

(b) Receptacle Supplying Power. The receptacle(s) supplying power shall 
be on a separate circuit serving only panels and noother loads and shall be 
located not more.than 12 inches (305 mm) from the partition which is 
connected to it. 

(c) Recepta'cle. Outlets, Maximum. Individual partitions or groups of 
interconnected individual-'partitions shall not cbntain more than thirteen 15- 
ampere, 125-volt receptacleoutlets. 
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(d) Multiwire Circuits; Not-Permitted. Individual  partitions or groups of 
interconnected individual partitions shal lnot  contain multiwire circuits. ' 

(FPN): See Section 210-4 for circuits supplying partitions in Sections.605÷6 and 
605-7. 

A R T I C L E  610 ~ C R A N E S  .AND H O I S T S  

- A .  General 

610-1. Scope. This article covers the installation of electric equipment and 
wiring used in connection with cranes, monorail hoists, hoists, and all 
runways. 

(FPN): For further information, see Safety Code for.Cranes, Derricks, Hoists, 
Jacks, and Slings (ANSI B-30). 

610-2.  Special Requirements.for Particular Locations.. 
(a) Hazardous (Classified) Locations. All equipment which operates in a 

hazardous (classified) location shall conform to Article 500. " 
,(1) Equipment used in locations which are hazardous because of  the 

presence of flammable gases or vapors shall conform to Article 501. 
(2) Equipment used in locations :which are hazardous because of 

combustible dust shall conform to Article 502. 
(3) Equipment used in locations which 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 mate'rial, the resistors shall be placed in a 
well-ventilated cabinet composed of  noncombustible material so constructed 
that it will not emit flames or molten metal. 

Exception: Resistors shall be permitted~io be' iOc~tedin a cage"or cab 
constructed of  noncombustible material which encloses the sides of  the cage 
or cab from the floor to a point at least 6 inches (152 mm) above the top of  
• the resistors.' 

(c) Electrolytic Cell Lines. See Section 668-32.: 

B. Wiring 

610-11. Wiring Method." Conductors shall be enclosed in raceways or be 
Type MC cable, or Type MI cable. -. 

Excep.tion No. 1: Contact conductors.. 
Exception No. 2: Short lengths of  open conductors at resistors, collectors; 

and other equipment. 
Exception No. 3: Where flexible connections are necessaryto motors and 

similar equipment, flexible stranded conductors shall be installed inflexible 
metal conduit, liquidtight flexible metal conduit, multiconductor cable, or an 
approved nonmetallic enclosure. 
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Exception No. 4: Where multiconductor cable_ is used with a suspended- 
pushbutton station, the station shall be supported in some satisfactory 
manner that protects the electric conductors against strain'; 

610-12. Raceway Terminal Fittings. C.onductors leaving raceways shall 
comply with one of the following: 

(a) Separately Bushed Hole. A box or terminal fitting having a separately 
bushed hole for each conductor shall be used wherever a change is made 
from rigid metal conduit, intermediate metal conduit, electrical metallic 

I tubing, metal-clad cable, mineral-insulated cable, or surface raceway wiring 
to open wiring. A fitting used for 1chis purpose shall not contain taps or splices 
and shall not be used at fixture 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 310:13. 

Exception No. 1: 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. 

Exception No. 2: 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 liT the form of  hard drawn wire, 
tees, angles, tee rails, or other stiff shapes. 

Exception No. 3: Flexible conducto/s shall be permitted to be used to 
convey, current and, where practicable, cable reels or take-up devices shall 
be employed. 

610-14. Rating and Size of Conductors. 
(a) Ampacity. The allowable ampacities of conductors shall be as shown 

in Table 610-14(a). 

(FPN): For the ampacities of conductors between controllers and resistors, see 
Section 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(b) and selecting a wire 
from Table 610-14(a). 

(c) Minimum Size. Conductors external to motors and controls shall not 
be smaller than No. 16. , 

Exception No. 1: No. 18 wire in multiple conductor cord shall be permit- 
ted for control circuits at not over 7 amperes: 

Exception "No. 2: Wires not smaller than No. 20 shall be permitted for 
electronic circuits. 



Table 610-14(a ) . .  /o Ampacit le Insulated Con'ductors up to Four Conductors in Raceway or Cable**  
Used with Short-Time Rated Cr.4ne and Hoist Motors  

Max. Oper- 
ating Temp. : . 75°C 90"C ' 11OOC 

Type AVB, FEP, FEPB, PFA, PFAH, 
RHH, SA, TA, THHN, XHHW*, Z Type AVA Size 

AWe 
MCM 

•16 
14 
12 

.10 
8 

' Type MTW, RH, RHW, 
THW, THWN, XHHW 

60 min 
10 

' 2 5  • 
30 
40 
55  

-;, 76 " 
85 

30 rain 
5, 12 

.. 26 . 

.33 '~ 

•, -.43 • 

~.' 60 

: 86 :" 

'" 95 

60 min 

"3"1 
36 
49 
63 

8 3  
95 

30 mln 

32 
40 
52 
69 

94 
106 

60 rain 

38 
45 
6 0  

.73 

93 
109 

4 ¢ 

3 
2 
1 

0 
O0 

000 
. .0000 

"' 250 " 
300.  ' .' 
350 

40Q 

450 

5OO 

100 
120. 
137 
143 

190. 
222  
280 

' 300 

364 
455 
486 
538 
6 0 0 .  
660 

'7 

'117 
141 
160 
175 

233 
'}267 

341 
369 

420 
582 
646 
688 
765 

"'. 847 

111 
131 
148 
158 

211 
245 
305 " 
319 

400 
497 
542 
593 
660 
726 

130 
153 
173 
192 

259 
294 
372 
399 

461 
636 
716 
760 
836 
914 

126 
145 

"163 
. 177 

-'239 
275 ,  

3 3 9  " 
• 3 5 2 -  

447 
554 
616 

' .666 
740 
815 

3 0  r a i n  

: "zi0 
50. 
65 
8O 

- 105 
121 
147 • 
168 
190 
215 

294 
331 
413 
440 

516'.' 
707 
809 

• .856 
930 

1004 

Other insulations shown ifi Table 310-13 and approved for the temperatures and location shall be permitted to be substituted for those shown in 
Table 610-14(a). The allowable ampacities of conductors used with 15-minute motors shall be the 30-minute ratings, increased by 12 
percent. *'For dry locations only. See Table 310-13. ** For 5 or more simultaneously energized power conductors in raceway or cable, the 
ampacity of each power conductor shall be reduced to a value of 80 percent of that  shown in the table• 

;x1 

I ' -  
03  

o 

I 

~> 
z 
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Table 610-14(b). Secondary Conductor Rating Factors 

Time in ;econds 

On 

5 
10 
15 ,. 
15 
15 
15 : 

Ampacity of Wire 
in Percent of Full-Load 

Off Secondary Current 

75 
70 
75 
45 
30 • 
15 

Continuous Duty 110 

35 
45 
55 
65 
75' .- 
85 

(d)-Contact Conductors. Contact  wires shall have  an-ampaci ty  not less 
than that  required by Table 610-14(a) for 75°C wire, and in no case shall they,  
be smaller than the following: 

Distance Between ' • 
End Strain Insulators or 

Clamp-type Intermediate Supports Size of Wire 

0-30 fee~t No. 6 
30-60 feet - - . .  No. 4 

Over 60 feet No. 2 

For SI units: one foot = 0.3048 meter• 

2 . 

(e) Calculation o f  M o t o r  L o a d .  

(1) For  one motor,  use 11)0. percent  of  motor  nameplate full-load amPei'e 
ra t ing.  . . ~ - . _. 

(2) For  multiple motors  on a single crane or hoist,  the minimiam circuit 
ampacity of the power supply conductors  shall be the nameplate ftill~load 
ampere rating of the largest motor  or group of :motors  for any single crane- 
motiom plus 50 percent  of the namepla te  full-load ampere rating of the next  
largest motor  or group of  motors,  using that  column of Table 610-14(a) which 

" applies to the longest t ime-rated motor.  " . 

(3) For  mu!tiple ci 'anes and/or hoists supplied b y e  common conductor  
system, compute  the rec tor 'minimum ampacity for each crane as.defined iri 
Section 610-14(e), add them together,  and multiply the ' sum by-the appt'opri-. 
ate demand factor from Table 610-14(e).. . . . .  

(f) O t h e r  L o a d s .  Additional loads, such as heating, lighting, and air 
conditioning, shall be proyided for b~,-application of the appropriate sections 
of this Code. 

• (g) .  N a m e p l a t e .  Each crane, monorail ,  or hoist shall be provided with a 
visible nameplate  marked with the maker ' s  name, the. rating in volts,  
f requency,  number  of phases,  and circuit amperes  as calculated in Section 
610-14(e) and (f). - . 


