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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA DOCUMENTS
NOTICE AND DISCLAIMER OF LIABILITY CONCERNING THE USE OF NFPA DOCUMENTS

NFPA codes, standards, recommended practices, and guides, of which the document contained herein is one, are de-
veloped through a consensus standards development process approved by the American National Standards Institute.
This process brings together volunteers representing varied viewpoints and interests to achieve consensus on fire and
other safety issues. While the NFPA administers the process and establishes rules to promote fairness in the develop-
ment of consensus, it does not independently test, evaluate, or verify the accuracy of any information or the soundness
of any judgments contained in its codes and standards.

The NFPA disclaims liability for any personal injury, property or other damages of any nature whatsoever, whether
special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of, or reliance
on this document. The NFPA also makes no guaranty or warranty as to the accuracy or completeness of any information
published herein.

In issuing and making this document available, the NFPA is not undertaking to render professional or other services
for or on behalf of any person or entity. Nor is the NFPA undertaking to perform any duty owed by any person or entity
to someone else. Anyone using this document should rely on his or her own independent judgment or, as appropriate,
seek the advice of a competent professional in determining the exercise of reasonable care in any given circumstances.

The NFPA has no power, nor does it undertake, to police or enforce compliance with the contents of this document.
Nor does the NFPA list, certify, test or inspect products, designs, or installations for compliance with this document.
Any certification or other statement of compliance with the requirements of this document shall not be attributable to
the NFPA and is solely the responsibility of the certifier or maker of the statement.
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ADDITIONAL NOTICES AND DISCLAIMERS

Updating of NFPA Documents

Users of NFPA codes, standards, recommended practices, and guides should be aware that
these documents may be superseded at any time by the issuance of new editions or may be
amended from time to time through the issuance of Tentative Interim Amendments. An offi-
cial NFPA document at any point in time consists of the current edition of the document
together with any Tentative Interim Amendments and any Errata then in effect. In order to
determine whether a given documentis the current edition and whether it has been amended
through the issuance of Tentative Interim Amendments or corrected through the issuance of
Errata, consult appropriate NFPA publications such as the National Fire Codes® Subscription
Service, visit the NFPA website at www.nfpa.org, or contact the NFPA at the address listed
below.

Interpretations of NFPA Documents

A statement, written or oral, that is not processed in accordance with Section 6 of the Reg-
ulations 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.

Patents

The NFPA does not take any position with respect to the validity of any patent rights
asserted in connection with any items which are mentioned in or are the subject of NFPA
codes, standards, recommended practices, and guides, and the NFPA disclaims liability for
the infringement of any patent resulting from the use of or reliance on these documents.
Users of these documents are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, is entirely their own responsibility.

NFPA adheres to applicable policies of the American National Standards Institute with
respect to patents. For further information contact the NFPA at the address listed below.

Law and Regulations

Users of these documents should consult applicable federal, state, and local laws and reg-
ulations. NFPA does not, by the publication of its codes, standards, recommended practices,
and guides, intend to urge action that is not in compliance with applicable laws, and these
documents may not be construed as doing so.

Copyrights

This document is copyrighted by the NFPA. It is made available for a wide variety of both
public and private uses. These include both use, by reference, in laws and regulations, and
use in private selfregulation, standardization, and the promotion of safe practices and
methods. By making this document available for use and adoption by public authorities and
private users, the NFPA does not waive any rights in copyright to this document.

Use of NFPA documents for regulatory purposes should be accomplished through adop-
tion by reference. The term “adoption by reference” means the citing of title, edition, and
publishing information only. Any deletions, additions, and changes desired by the adopting
authority should be noted separately in the adopting instrument. In order to assist NFPA in
following the uses made of its documents, adopting authorities are requested to notify the
NFPA (Attention: Secretary, Standards Council) in writing of such use. For technical assis-
tance and questions concerning adoption of NFPA documents, contact NFPA at the address
below.

For Further Information

All questions or other communications relating to NFPA codes, standards, recommended
practices, and guides and all requests for information on NFPA procedures governing its
codes and standards development process, including information on the procedures for
requesting Formal Interpretations, for proposing Tentative Interim Amendments, and for
proposing revisions to NFPA documents during regular revision cycles, should be sent to
NFPA headquarters, addressed to the attention of the Secretary, Standards Council, NFPA,
1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101.

For more information about NFPA, visit the NFPA website at www.nfpa.org.
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Copyright © 2004, National Fire Protection Association, All Rights Reserved

NFPA 70

National Electrical Code®

2005 Edition

This edition of NFPA 70, National Electrical Code, was prepared by the National Electrical Code
Committee and acted on by NFPA at its May Association Technical Meeting held May 23-26,
2004, in Salt Lake City, UT. It was issued by the Standards Council on July 16, 2004, with an
effective date of August 5, 2004, and supersedes all previous editions.

A tentative interim amendment (TIA) to Section 604.6(A)(1) was issued on July 15, 2004.
For further information on tentative interim amendments see Section 5 of the NFPA Regulations
Governing Committee Projects available at:

http://www.nfpa.org/Codes/NFPADirectory.asp#Regs&Procedures
This edition of NFPA 70 was approved as an American National Standard on August 5, 2004.

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 Governing Committee Projects,
a National Electrical Code Committee Report on Proposals containing proposed amendments to
the 2002 National Electrical Code was published by NFPA in July 2003. This report recorded the
actions of the various Code-Making Panels and the Correlating Committee of the National
Electrical Code Committee on each proposal that had been made to revise the 2002 Code. The
report was circulated to all members of the National Electrical Code Committee and was made
available to other interested NFPA members and to the public for review and comment. Follow-
ing the close of the public comment period, the Code-Making Panels met, acted on each com-
ment, and reported their action to the Correlating Committee. NFPA published the National
Electrical Code Committee Report on Comments in April 2004, which recorded the actions of the
Code-Making Panels and the Correlating Committee on each public comment to the National
Electrical Code Committee Report on Proposals. The National Electrical Code Committee Report
on Proposals and the National Electrical Code Committee Report on Comments were presented
to the 2004 May Association Technical Meeting for adoption.

NFPA has an Electrical Section that provides particular opportunity for NFPA members
interested in electrical safety 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 meet-
ings of the Electrical Section at the 2004 NFPA World Safety Conference and Exposition. 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 at its 2004
May Technical Session.

This 2005 edition supersedes all other previous editions, supplements, and printings dated
1897, 1899, 1901, 1903, 1904, 1905, 1907, 1909, 1911, 1913, 1915, 1918, 1920, 1923, 1925,
1926, 1928, 1930, 1931, 1933, 1935, 1937, 1940, 1942, 1943, 1947, 1949, 1951, 1953, 1954, 1955, 1956,
1957, 1958, 1959, 1962, 1965, 1968, 1971, 1975, 1978, 1981, 1984, 1987, 1990, 1993, 1996, 1999, and
2002. The 2005 edition marks the 50th edition of the National Electrical Code.

Changes other than editorial are indicated by a vertical rule beside the paragraph, table, or
figure in which the change occurred. These rules are included as an aid to the user in identifying
changes from the previous edition. Where one or more complete paragraphs have been deleted,
the deletion is indicated by a bullet () between the paragraphs that remain.

This Code is purely advisory as far as NFPA is concerned. It is made available for a wide
variety of both public and private uses in the interest of life and property protection. These
include both use in law and for regulatory purposes, and use in private self-regulation and
standardization activities as insurance underwriting, building and facilities construction and man-
agement, and product testing and certification.
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Rep. National Electrical Contractors Association
John W. Troglia, Edison Electric Institute, WI [UT]

Rep. Electric Light & Power Group/EEI

Alternates

Lawrence S. Ayer, Biz Com Electric, Incorporated, OH [IM]
Rep. Independent Electrical Contractors, Incorporated
(Alt. to D. L. Hittinger)

Kenneth P. Boyce, Underwriters Laboratories Incorporated,

IL [RT]

(Alt. to D. A. Dini)

Ernest J. Gallo, Telcordia Technologies, Incorporated, NJ [U]
Rep. Alliance for Telecommunications Industry Solutions
(Alt. to R. R. McCarver)

Russell J. Helmick, Jr., City of Irvine, CA [E]

Rep. International Association of Electrical Inspectors
(Alt. to L. G. McMahill)

Neil F. LaBrake, Jr., Niagara Mohawk, a National Grid
Company, NY [UT]

Rep. Electric Light & Power Group/EEI

(Alt. to J. W. Troglia)
Donald H. McCullough, II, Westinghouse Savannah River
Company, SC [U]

Rep. Institute of Electrical & Electronics Engineers,

Incorporated

(Alt. to H. L. Floyd II)
Gil Moniz, National Electrical Manufacturers Association,
MA [M]

Rep. National Electrical Manufacturers

Association

(Alt. to J. D. Minick)
Rick Munch, Frischhertz Electric Company, LA [L]

Rep. International Brotherhood of Electrical

Workers

(Alt. to P. L. Hickman)

Nonvoting

Ark Tsisserev, City of Vancouver, BC, Canada
Rep. Canadian Standards Association International

CODE-MAKING PANEL NO. 2
Articles 210, 215, 220, Annex D, Examples 1 through 6

Raymond W. Weber, Chair
State of Wisconsin, WI [E]
Rep. International Association of Electrical Inspectors

Richard W. Becker, Engineered Electrical Systems,
Incorporated, WA [U]

Rep. Institute of Electrical & Electronics Engineers,

Incorporated
Frank Coluccio, New York City Department of Buildings,
NY [E]

Matthew D. Dobson, National Association of Home
Builders, DC [U]

Rep. National Association of Home Builders
Thomas L. Harman, University of Houston/Clear Lake, TX
[SE]

Donald M. King, IBEW Local Union 313, DE [L]

Rep. International Brotherhood of Electrical Workers
Christopher P. O’Neil, National Grid USA Service
Company, MA

Rep. Electric Light & Power Group/EEI, MA
James T. Pauley, Square D Company, KY [M]

Rep. National Electrical Manufacturers Association
Susan W. Porter, Underwriters Laboratories Incorporated,
NY [RT]

Joseph Patterson Roché, Celanese Acetate, SC [U]

Rep. American Chemistry Council
Albert F. Sidhom, U.S. Army Corps of Engineers, CA [U]
Michael D. Toman, MEGA Power Electrical Services,
Incorporated, MD [IM]

Rep. National Electrical Contractors Association
Robert G. Wilkinson, Independent Electrical Contractors of
Texas Gulf Coast, TX [IM]

Rep. Independent Electrical Contractors, Incorporated

Alternates

Kevin J. Brooks, IBEW Local Union 16, IN [L]
Rep. International Brotherhood of Electrical Workers
(Alt. to D. M King)

Ernest S. Broome, City of Knoxville, TN [E]
Rep. International Association of Electrical Inspectors
(Alt. to R. W. Weber)
James R. Jones, University of Alabama at Birmingham, AL
[U]
Rep. Institute of Electrical & Electronics Engineers,
Incorporated
(Alt. to R. W. Becker)
Daniel J. Kissane, Pass & Seymour/Legrand, NY [M]
Rep. National Electrical Manufacturers Association
(Alt. to J. T. Pauley)
Brian J. Nenninger, The Dow Chemical Company, TX [U]
Rep. American Chemistry Council
(Alt. to J. P. Roché)
Clifford L. Rediger, Independent Electrical Contractors
Training Fund, CO [IM]
Rep. Independent Electrical Contractors, Incorporated
(Alt. to R. G. Wilkinson)
Richard V. Wagner, Underwriters Laboratories Incorporated,
NY [RT]
(Alt. to S. W. Porter)
Joseph E. Wiehagen, National Association of Home
Builders, MD [U]
Rep. National Association of Home Builders
(Alt. to M. D. Dobson)

Nonvoting

Douglas A. Lee, U.S. Consumer Product Safety
Commission, MD [C]
Andrew M. Trotta, U.S. Consumer Product Safety
Commission, MD [C]

(Alt. to D. A. Lee)
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NATIONAL ELECTRICAL CODE COMMITTEE

CODE-MAKING PANEL NO. 3
Articles 300, 590, 720, 725, 727, 760, Chapter 9, Tables 11(a) and (b), and Tables 12(a) and (b)

Richard P. Owen, Chair
City of St. Paul, MN [E]
Rep. International Association of Electrical Inspectors

Lawrence S. Ayer, Biz Com Electric, Incorporated, OH [IM]

Rep. Independent Electrical Contractors, Incorporated
Paul J. Casparro, Scranton Electricians JATC, PA [L]

Rep. International Brotherhood of Electrical Workers
Les Easter, Allied Tube and Conduit, IL [M]

Rep. National Electrical Manufacturers Association
Sanford E. Egesdal, Egesdal Associates PLC, MN [M]

Rep. Automatic Fire Alarm Association, Incorporated
Thomas J. Guida, Underwriters Laboratories, Inc., NY [RT]
Dennis B. Horman, PacifiCorp, UT [UT]

Rep. Electric Light & Power Group/EEI
Ray R. Keden, ERICO, Incorporated, CA [M]

Rep. Building Industry Consulting Services International
Ronald E. Maassen, Lemberg Electric Company,
Incorporated, WI [IM]

Rep. National Electrical Contractors Association
Steven J. Owen, Steven J. Owen, Incorporated, AL [IM]

Rep. Associated Builders and Contractors, Incorporated
David A. Pace, Olin Corporation, AL [U]

Rep. American Chemistry Council
Melvin K. Sanders, Things Electrical Company,
Incorporated (TECo., Incorporated), 1A [U]

Rep. Institute of Electrical & Electronics Engineers,

Incorporated
John E. Sleights, Travelers Insurance, CT [I]

Alternates
Mark E Christian, Chattanooga Electrical JATC, TN [L]
Rep. International Brotherhood of Electrical Workers
(Alt. to P. J. Casparro)
Dr. Shane M. Clary, Bay Alarm Company, Incorporated,
CA [M]
Rep. Automatic Fire Alarm Association, Incorporated
(Alt. to S. E. Egesdal)

Adam D. Corbin, Corbin Electrical Services, Incorporated,
NJ [IM]

Rep. Independent Electrical Contractors, Inc.

(Alt. to L. S. Ayer)

John C. Hudak, Old Forge, PA [E]

Rep. International Association of Electrical Inspectors
(Alt. to R. P. Owen)
Danny Liggett, DuPont Engineering, DE [U]
Rep. American Chemistry Council
(Alt. to D. A. Pace)
Juan C. Menendez, Southern California Edison Company,
CA [UT]
Rep. Electric Light & Power Group/EEI
(Alt. to D. B. Horman)
T. David Mills, Bechtel Savannah River, Incorporated,
SC [U]
Rep. Institute of Electrical & Electronics Engineers,
Incorporated
(Alt. to M. K. Sanders)
Mark C. Ode, Underwriters Laboratories Incorporated,
NC [RT]
(Alt. to T. J. Guida)

Lorena Orbanic, Carlon, Lamson & Sessions, OH [M]
Rep. Building Industry Consulting Services International
(Alt. to R. R. Keden)

Roger S. Passmore, Davis Electrical Constructors,

Incorporated, SC [IM]

Rep. Associated Builders and Contractors, Incorporated
(Alt. to S. J. Owen)

George A. Straniero, AFC Cable Systems, Incorporated,

NI [M]

Rep. National Electrical Manufacturers Association
(Alt. to L. Easter)

CODE-MAKING PANEL NO. 4
Articles 225, 230

James M. Naughton, Chair
IBEW Local Union 103, MA [L]
Rep. International Brotherhood of Electrical Workers

Malcolm Allison, Ferraz Shawmut, MA [M]
C. John Beck, Pacific Gas and Electric Company,
CA [UT]
Rep. Electric Light & Power Group/EEI
Robert J. Deaton, The Dow Chemical Company, TX [U]
Rep. Institute of Electrical & Electronics Engineers,
Incorporated
Howard D. Hughes, Hughes Electric Company
Incorporated, AR [IM]
Rep. National Electrical Contractors Association
William M. Lewis, Eli Lilly & Company, IN [U]
Rep. American Chemistry Council
Mark C. Ode, Underwriters Laboratories Incorporated,
NC [RT]
James J. Rogers, Towns of Oak Bluffs, Tisbury, West
Tisbury, MA [E]
Rep. International Association of Electrical Inspectors

John W. Young, Siemens Energy & Automation,
Incorporated, GA [M]

Rep. National Electrical Manufacturers Association
Vincent Zinnante, Advantage Electric, Incorporated,
TX [IM]

Rep. Independent Electrical Contractors, Incorporated

Alternates

Thomas L. Adams, Exelon Corporation, IL [UT]
Rep. Electric Light & Power Group/EEI
(Alt. to C. J. Beck)
Ronald Breschini, Underwriters Laboratories Incorporated,
CA [RT]
(Alt. to M. C. Ode)
Terry D. Cole, Hamer Electric, WA [IM]
Rep. Independent Electrical Contractors, Incorporated
(Alt. to V. Zinnante)
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NATIONAL ELECTRICAL CODE COMMITTEE

Mark R. Hilbert, State of New Hampshire, NH [E]
Rep. International Association of Electrical Inspectors
(Alt. to J. J. Rogers)

Philip M. Piqueira, General Electric Company, CT [M]
Rep. National Electrical Manufacturers Association
(Alt. to J. W. Young)

Francis E. Rose, Jr., W. S. Nelson and Company,

Incorporated, LA [U]

Rep. Institute of Electrical & Electronics Engineers,
Incorporated
(Alt. to R. J. Deaton)

John Sigmund, PPG Industries, Incorporated,
LA [U]

Rep. American Chemistry Council

(Alt. to W. M. Lewis)

Mark H. Sumrall, IBEW Local Union 527, TX [L]
Rep. International Brotherhood of Electrical
Workers
(Alt. to J. M. Naughton)

Kent Walker, Ferraz Shawmut, MA [M]

(Alt. to M. Allison)

CODE-MAKING PANEL NO. 5
Articles 200, 250, 280, 285

Ronald J. Toomer, Chair
Toomer Electrical Company Incorporated, LA [IM]
Rep. National Electrical Contractors Association

Jeffrey Boksiner, Telcordia Technologies, Incorporated,
NJ [UT]

Rep. Alliance for Telecommunications Industry

Solutions
David T. Brender, Copper Development Association,
Incorporated, NY [M]

Rep. Copper Development Association, Incorporated
Martin J. Brett, Jr.,, Wheatland Tube Company,

NJ [M]

Rep. American Iron and Steel Institute
Elio L. Checca, U.S. Department of Labor, VA [E]
Paul Dobrowsky, Eastman Kodak Company, NY [U]

Rep. American Chemistry Council
Gerald L. Hadeen, Tehachapi, CA [M]

Rep. The Aluminum Association
Dan Hammel, IBEW Local Union 704, 1A [L]

Rep. International Brotherhood of Electrical Workers
Michael J. Johnston, International Association of Electrical
Inspectors, TX [E]

Rep. International Association of Electrical Inspectors
Charles Mello, Electro-Test, Incorporated, OR [IM]

Rep. InterNational Electrical Testing Association

Incorporated
Elliot Rappaport, Electro Technology Consultants,
Incorporated, FL [U]

Rep. Institute of Electrical & Electronics Engineers,

Incorporated
Ted G. Robertson, Robertson Electric, Incorporated,
TX [IM]

Rep. Independent Electrical Contractors, Incorporated
Walter Skuggevig, Underwriters Laboratories Incorporated,
NY [RT]

Gregory J. Steinman, Thomas & Betts Corporation,
TN [M]

Rep. National Electrical Manufacturers Association
Robert G. Stoll, Thomas Associates, Incorporated,

OH [M]

Rep. Power Tool Institute, Incorporated
C. Douglas White, CenterPoint Energy, Incorporated,
TX [UT]

Rep. Electric Light & Power Group/EEI

Alternates

Martin D. Adams, Adams Electric, Incorporated, CO [IM]
Rep. National Electrical Contractors Association
(Alt. to R. J. Toomer)

David A. Dini, Underwriters Laboratories Incorporated, IL

[RT]

(Alt. to W. Skuggevig)

Timothy Edwards, Alcan Cable Company, GA [M]
Rep. The Aluminum Association
(Alt. to G. L. Hadeen)

Robert Figlia, New York Board of Fire Underwriters, NY

[E]

Rep. International Association of Electrical Inspectors
(Alt. to M. J. Johnston)

G. Scott Harding, F. B. Harding, Incorporated, MD [IM]
Rep. Independent Electrical Contractors, Incorporated
(Alt. to T. G. Robertson)

William J. Helfrich, U.S. Department of Labor, PA [E]
(Alt. to E. L. Checca)

Ronald Lai, FCI Electrical, NH [M]

Rep. National Electrical Manufacturers Association
(Alt. to G. J. Steinman)
Paul J. LeVasseur, Bay City JEATC, MI [L]
Rep. International Brotherhood of Electrical Workers
(Alt. to D. Hammel)
Richard E. Loyd, R & N Associates, AZ [M]
Rep. American Iron and Steel Institute
(Alt. to M. J. Brett, Jr.)
Daleep C. Mohla, DCM Electrical Consulting Services,
Incorporated, TX [U]
Rep. Institute of Electrical & Electronics Engineers,
Incorporated
(Alt. to E. Rappaport)
David Peot, Ryobi, SC [M]
Rep. Power Tool Institute, Incorporated
(Alt. to R. G. Stoll)

J. Philip Simmons, Simmons Electrical Services, WA [M]
Rep. Copper Development Association, Incorporated
(Alt. to D. T. Brender)

James S. Simpson, Southern Company Services, AL [UT]
Rep. Electric Light & Power Group/EEI
(Alt. to C. D.White)
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NATIONAL ELECTRICAL CODE COMMITTEE

CODE-MAKING PANEL NO. 6
Articles 310, 400, 402, Chapter 9 Tables 5 through 9, Annex B

Stephen J. Thorwegen, Jr., Chair
Fisk Electric Company, TX [IM]
Rep. National Electrical Contractors Association

Robert Edwards, Alcan Aluminum Corporation, ON,
Canada [M]

Rep. The Aluminum Association
Samuel B. Friedman, BICC General Cable Corporation,
RI [M]

Rep. National Electrical Manufacturers Association
G. W. “Jerry” Kent, Kent Electric & Plumbing Systems,
TX [IM]

Rep. Independent Electrical Contractors, Incorporated
David G. Komassa, WE Energies, WI [UT]

Rep. Electric Light & Power Group/EEI
William F. Laidler, South Shore VoTech/IBEW 223, MA [L]

Rep. International Brotherhood of Electrical Workers
Danny P. Liggett, DuPont Engineering, TX [U]

Rep. American Chemistry Council
L. Bruce McClung, Electrical Safety Consulting Services,
Incorporated, WV [U]

Rep. Institute of Electrical & Electronics Engineers,

Incorporated
Oran P. Post, City of Cuyahoga Falls, OH [E]

Rep. International Association of Electrical Inspectors
Austin D. Wetherell, Underwriters Laboratories
Incorporated, NY [RT]

Joseph S. Zimnoch, The Okonite Company, NJ [M]

Rep. Copper Development Association, Incorporated

Alternates
Peter E. Bowers, Satellite Electric Company, Incorporated,
MD [IM]
Rep. Independent Electrical Contractors, Incorporated
(Alt. to G. W. Kent)

James M. Daly, General Cable, NJ [M]
Rep. Copper Development Association, Incorporated
(Alt. to J. S. Zimnoch)
Robert L. Huddleston, Jr., Eastman Chemical Company,
TN [U]
Rep. American Chemistry Council
(Alt. to D. P. Liggett)
Philip T. Laudicini, Underwriters Laboratories Incorporated,
NY [RT]
(Alt. to A. D. Wetherell)
Lowell S. Lisker, American Insulated Wire Corporation,
RI [M]
Rep. National Electrical Manufacturers Association
(Alt. to S. B. Friedman)
Paul R. Picard, AFC Cable Systems, Incorporated, MA [M]
Rep. The Aluminum Association
(Alt. to R. Edwards)
Harry J. Sassaman, Forest Electric Corporation, NJ [IM]
Rep. National Electrical Contractors Association
(Alt. to S. J. Thorwegen, Jr.)
John Stacey, City of St. Louis, MO [E]
Rep. International Association of Electrical Inspectors
(Alt. to O. P. Post)
Donald A. Voltz, Mustang Engineering, Incorporated,
TX [U]
Rep. Institute of Electrical & Electronics Engineers,
Incorporated
(Alt. to L. B. McClung)
David R. Wellington, Toledo Electrical JATC, OH [L]
Rep. International Brotherhood of Electrical Workers
(Alt. to W. F. Laidler)

CODE-MAKING PANEL NO. 7
Articles 320, 322, 324, 326, 328, 330, 332, 334, 336, 338, 340, 382, 394, 396, 398

Gaylen D. Rogers, Chair
State of Utah, UT [E]
Rep. International Association of Electrical Inspectors

James J. Anastasi, Intertek/ETL Semko, NY [RT]
Harry C. Brown, IBEW Local Union 606, FL [L]

Rep. International Brotherhood of Electrical

Workers
John J. Cangemi, Underwriters Laboratories Incorporated,
NY [RT]

James M. Daly, General Cable, NJ [M]

Rep. National Electrical Manufacturers Association
Chris J. Fahrenthold, Encompass Electrical Technologies,
TX [IM]

Rep. Independent Electrical Contractors, Incorporated
Robert L. Gotham, Rose City Electric Company,
Incorporated, OR [IM]

Rep. National Electrical Contractors Association
Herman J. Hall, Austin, TX [M]

Rep. Society of the Plastics Industry Incorporated
Ronald G. Nickson, National Multi Housing Council,
DC [U]

Rep. National Multi Housing Council
Bruce W. Nutt, Oncor, TX [UT]

Rep. Electric Light & Power Group/EEI

Gregory L. Runyon, Eli Lilly and Company, IN [U]
Rep. American Chemistry Council
David E. Schumacher, All County Electric Company,
1A [IM]
Rep. Associated Builders and Contractors, Incorporated
H. R. Stewart, HRS Consulting, TX [U]
Rep. Institute of Electrical & Electronics Engineers,
Incorporated
George A. Straniero, AFC Cable Systems, Incorporated,
NJ [M]
Rep. Copper Development Association, Incorporated
Richard Temblador, Alflex Corporation, CA [M]
Rep. The Aluminum Association

Alternates

William B. Crist, Houston Stafford Electric Company,
TX [IM]
Rep. Independent Electrical Contractors, Incorporated
(Alt. to C. J. Fahrenthold)
James D. Erwin, Celanese, Limited, TX [U]
Rep. American Chemistry Council
(Alt. to G. L. Runyon)
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NATIONAL ELECTRICAL CODE COMMITTEE

James K. Hinrichs, State of Washington, WA [E]
Rep. International Association of Electrical Inspectors
(Alt. to G. D. Rogers)
Samuel R. LaDart, City of Memphis, TN [L]
Rep. International Brotherhood of Electrical Workers
(Alt. to H. C. Brown)
C. David Mercier, Southwire Company, GA [M]
Rep. National Electrical Manufacturers Association
(Alt. to J. M. Daly)
Dennis A. Nielsen, Lawrence Berkeley National Laboratory,
CA [U]
Rep. Institute of Electrical & Electronics Engineers,
Incorporated
(Alt. to H. R. Stewart)
Paul A. Orr, Underwriters Laboratories Incorporated,
NY [RT]
(Alt. to J. J. Cangemi)

John W. “Wes” Ray, Duke Energy Corporation, NC [UT]
Rep. Electric Light & Power Group/EEI
(Alt. to B. W. Nutt)

David K. Smith, Encore Wire Limited, TX [M]
Rep. Copper Development Association, Incorporated
(Alt. to G. A. Straniero)

John Thomas Thompson, ABC Marathon Electrical

Company, Incorporated, AL [IM]
Rep. Associated Builders and Contractors, Incorporated
(Alt. to D. E. Schumacher)

Larry G. Watkins, Alcan Aluminum Corporation, GA [M]
Rep. The Aluminum Association
(Alt. to R. Temblador)

Thomas H. Wood, Cecil B. Wood Incorporated, IL [IM]
Rep. National Electrical Contractors Association
(Alt. to R. L. Gotham)

CODE-MAKING PANEL NO. 8

Articles 342, 344, 348, 350, 352, 353, 354, 356, 358, 360, 362, 366, 368, 370, 372, 374, 376, 378, 380, 384,
386, 388, 390, 392, Chapter 9 Tables 1 through 4, Annex C

Julian R. Burns, Chair
Burns Electrical/Quality Power Solutions, Incorporated, NC [IM]
Rep. Independent Electrical Contractors, Incorporated

John S. Corry, Corry Electric Incorporated, CA [IM]

Rep. Associated Builders and Contractors, Incorporated
Joseph G. Dabe, City of St. Paul, MN [L]

Rep. International Brotherhood of Electrical Workers
George R. Dauberger, Thomas & Betts Corporation, TN [M]

Rep. National Electrical Manufacturers Association
James C. Dollins, AFC Cable Systems, MA [M]

Rep. The Aluminum Association
Ronald E. Duren, PacifiCorp, WA [UT]

Rep. Electric Light & Power Group/EEI
M. Shan Griffith, Kelloff, Brown & Root, Incorporated,
TX [U]

Rep. Institute of Electrical & Electronics Engineers,

Incorporated
David H. Kendall, Carlon, Lamson & Sessions, OH [M]

Rep. Society of the Plastics Industry Incorporated
Wayne A. Lilly, City of Harrisonburg, VA [E]

Rep. International Association of Electrical Inspectors
Richard E. Loyd, R & N Associates, AZ [M]

Rep. American Iron and Steel Institute
Stephen P. Poholski, Newkirk Electric Associates,
Incorporated, MI [IM]

Rep. National Electrical Contractors Association
Dennis L. Rowe, New York Board of Fire Underwriters,
NY [E]

Rep. New York Board of Fire Underwriters
George F. Walbrecht, Underwriters Laboratories
Incorporated, IL [RT]

Alternates

Richard Berman, Underwriters Laboratories Incorporated,
IL [RT]
(Alt. to G. F. Walbrecht)

Duane A. Carlson, PRS Consulting Engineers, WA [U]
Rep. Institute of Electrical & Electronics Engineers,
Incorporated
(Alt. to M. S. Griffith)

Charles W. Forsberg, Shaker Heights, OH [M]
Rep. Society of the Plastics Industry Incorporated
(Alt. to D. H. Kendall)
Dr. Jack A. Gruber, Wheatland Tube Company, PA [M]
Rep. American Iron and Steel Institute
(Alt. to R. E. Loyd)
James M. Imlah, City of Hillsboro, OR [E]
Rep. International Association of Electrical Inspectors
(Alt. to W. A. Lilly)
Alan Manche, Schneider Electric/Square D Company,
KY [M]
Rep. National Electrical Manufacturers Association
(Alt. to G. R. Dauberger)
Jamie McNamara, City of St. Paul, MN [L]
Rep. International Brotherhood of Electrical Workers
(Alt. to J. G. Dabe)
C. Ernest Reynolds, Hatfield-Reynolds Electric Company,
AZ [IM]
Rep. Independent Electrical Contractors, Incorporated
(Alt. to J. R. Burns)
Richard Temblador, Alflex Corporation, CA [M]
Rep. The Aluminum Association
(Alt. to J. C. Dollins)
Ronald J. Toomer, Toomer Electrical Company
Incorporated, LA [IM]
Rep. National Electrical Contractors Association
(Alt. to S. P. Poholski)
James Van Den Heuvel, West Electric Incorporated,
WI [IM]
Rep. Associated Builders and Contractors, Incorporated
(Alt. to J. S. Corry)
Leslie R. Zielke, South Carolina Electric & Gas Company,
SC [UT]
Rep. Electric Light & Power Group/EEI
(Alt. to R. E. Duren)
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NATIONAL ELECTRICAL CODE COMMITTEE

CODE-MAKING PANEL NO. 9
Articles 312, 314, 404, 408, 450, 490

Timothy M. Croushore, Chair
Allegheny Power, PA [UT]
Rep. Electric Light & Power Group/EEI

Jeffery Bernson, IBEW Local Union 701, IL [L]

Rep. International Brotherhood of Electrical Workers
Hector R. de Vega, Fluor Daniel, TX [U]

Rep. Associated Builders and Contractors, Incorporated
Frederic P. Hartwell, Hartwell Electrical Services, MA [SE]
Robert J. Kaemmerlen, Kaemmerlen Electric Company,
MO [IM]

Rep. National Electrical Contractors Association
Jacob Killinger, Underwriters Laboratories Incorporated,
IL [RT]

Thomas J. LeMay, LeMay Electric, Incorporated, GA [IM]
Rep. Independent Electrical Contractors, Incorporated
Donald R. Offerdahl, North Dakota State Electrical Board,

ND [E]

Rep. International Association of Electrical Inspectors
Bradford D. Rupp, Allied Moulded Products, Incorporated,
OH [M]

Rep. National Electrical Manufacturers Association
Sukanta Sengupta, FMC Corporation, NJ [U]

Rep. Institute of Electrical & Electronics Engineers,

Incorporated
Ralph H. Young, Eastman Chemical Company, TN [U]

Rep. American Chemistry Council

Alternates

Rodney D. Belisle, NECA-IBEW Training Center, WA [L]
Rep. International Brotherhood of Electrical Workers
(Alt. to L. Bernson)

Joseph M. Bolesina, Pinellas County Building Inspections,
FL [E]
Rep. International Association of Electrical Inspectors
(Alt. to D. R. Offerdahl)
Julian R. Burns, Burns Electrical/Quality Power Solutions,
Incorporated, NC [IM]
Rep. Independent Electrical Contractors, Incorporated
(Alt. to T. J. LeMay)
James C. Carroll, Square D Company, TN [M]
Rep. National Electrical Manufacturers Association
(Alt. to B. D. Rupp)
Richard P. Fogarty, Consolidated Edison Company of NY,
Incorporated, NY [UT]
Rep. Electric Light & Power Group/EEI
(Alt. to T. M. Croushore)
Robert D. Osborne, Underwriters Laboratories Incorporated,
NC [RT]
(Alt. to J. Killinger)
Jerome W. Seigel, West Hartford, CT [U]
Rep. Institute of Electrical & Electronics Engineers,
Incorporated
(Alt. to S. Sengupta)
Monte Szendre, Wilson Construction Company, OR [IM]
Rep. National Electrical Contractors Association
(Alt. to R. J. Kaemmerlen)

CODE-MAKING PANEL NO. 10
Articles 240, 780

James T. Dollard, Jr., Chair
IBEW Local Union 98, PA [L]
Rep. International Brotherhood of Electrical Workers

Charles K. Blizard, American Electrical Testing Company,
Incorporated, MA [IM]
Rep. InterNational Electrical Testing Association
Incorporated
Madeline Borthick, IEC of Houston, Incorporated, TX [IM]
Rep. Independent Electrical Contractors, Incorporated
Scott Cline, McMurtrey Electric, Incorporated, CA [IM]
Rep. National Electrical Contractors Association
Dennis M. Darling, Ayres, Lewis, Norris & May,
Incorporated, MI [U]
Rep. Institute of Electrical & Electronics Engineers,
Incorporated
Charles K. Eldridge, Indianapolis Power & Light Company,
IN [UT]
Rep. Electric Light & Power Group/EEI
Carl J. Fredericks, The Dow Chemical Company, TX [U]
Rep. American Chemistry Council
C. W. Kimblin, Cutler-Hammer, Incorporated, PA [M]
Rep. National Electrical Manufacturers Association
Arden L. Munson, Hussmann Corporation, MO [M]
Rep. Air-Conditioning and Refrigeration Institute
George J. Ockuly, Chesterfield, MO [M]
Gerald W. Williams, County of Ventura, California, CA [E]
Rep. International Association of Electrical Inspectors
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John A. Zaplatosch, Underwriters Laboratories
Incorporated, IL [RT]

Alternates

Robert R. Gage, Niagara Mohawk, A National Grid
Company, NY [UT]

Rep. Electric Light & Power Group/EEIL

(Alt. to C. K. Eldridge)

George D. Gregory, Square D Company, 1A [M]

Rep. National Electrical Manufacturers Association
(Alt. to C. W. Kimblin)

Roderic L. Hageman, PRIT Service, Incorporated, IL [IM]
Rep. InterNational Electrical Testing Association
Incorporated
(Alt. to C. K. Blizard)

Charles D. Hughes, Westinghouse Savannah River

Company, SC [U]

Rep. Institute of Electrical & Electronics Engineers,
Incorporated
(Alt. to D. M. Darling)

Robert J. Kauer, Middle Department Inspection Agency,

Incorporated, PA [E]

Rep. International Association of Electrical Inspectors
(Alt. to G. W. Williams)
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Richard E. Lofton, II, IBEW Local Union 280, OR [L]
Rep. International Brotherhood of Electrical Workers
(Alt. to J. T. Dollard, Jr.)

Robert W. Mount, Jr., Hussmann Corporation, MO [M]
Rep. Air-Conditioning and Refrigeration Institute
(Alt. to A. L. Munson)

Paul J. Notarian, Underwriters Laboratories Incorporated,

NY [RT]

(Alt. to J. A. Zaplatosch)

Vincent J. Saporita, Cooper Bussmann, MO [M]

(Alt. to G. J. Ockuly)

James R. Sicard, Shell Oil Company, TX [U]
Rep. American Chemistry Council
(Alt. to C. J. Fredericks)
Steve A. Struble, Freeman’s Electric Service, Incorporated,
SD [IM]
Rep. Independent Electrical Contractors, Incorporated
(Alt. to M. Borthick)

Nonvoting

Rick C. Gilmour, Canadian Standards Association (CSA),
ON, Canada

CODE-MAKING PANEL NO. 11
Articles 409, 430, 440, 460, 470, Annex D, Example D8

Wayne Brinkmeyer, Chair
Biddle Electric Corporation, TX [IM]
Rep. National Electrical Contractors Association

Frederick Bried, Spring, TX [U]

Rep. American Petroleum Institute
Rick L. Bunch, Tecumseh Products Company, MI [M]

Rep. Air-Conditioning and Refrigeration Institute
Joe David Cox, Eastman Chemical Company, TN [U]

Rep. American Chemistry Council
Michael A. D’Amico, IBEW Local Union 488, CT [L]

Rep. International Brotherhood of Electrical Workers
Thomas J. Garvey, State of Wisconsin, WI [E]

Rep. International Association of Electrical Inspectors
Charles A. Goetz, Underwriters Laboratories Incorporated,
IL [RT]

Rep. Associated Builders and Contractors, Incorporated
Paul E. Guidry, Fluor Enterprises, Incorporated, TX [U]

Rep. Associated Builders & Contractors, Incorporated
Leo H. Haas, Jr., CenterPoint Energy, Incorporated,
TX, [UT]

Rep. Electric Light & Power Group/EEI
Vincent J. Saporita, Cooper Bussmann, MO [M]

Lynn F. Saunders, General Motors WFG-Ugtilities Services,

MI [U]

Rep. Institute of Electrical & Electronics Engineers,

Incorporated
Lawrence E. Todd, Intertek Testing Services NA,
Incorporated, OR [RT]

Ron Widup, Shermco Industries, Incorporated, TX [IM]
Rep. InterNational Electrical Testing Association
Incorporated

James R. Wright, Siemens Energy & Automation,

Incorporated, IL [M]

Rep. National Electrical Manufacturers Association

Alternates

Elwood J. Dodge, Addison Products Company, FL [M]
Rep. Air-Conditioning and Refrigeration Institute
(Alt. to R. L. Bunch)

70-16
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Ralph M. Esemplare, Consolidated Edison Company of
New York, NY [UT]

Rep. Electric Light & Power Group/EEI

(Alt. to L. H. Haas, Jr.)

James M. Fahey, IBEW Local Union 103, MA [L]
Rep. International Brotherhood of Electrical Workers
(Alt. to M. A. D’ Amico)

Stanley J. Folz, Folz Electric, Incorporated, IL [IM]
Rep. National Electrical Contractors Association
(Alt. to W. Brinkmeyer)

William D. Glover, PPG Industries, Incorporated, WV [U]
Rep. American Chemistry Council
(Alt. to J. D. Cox)

Paul S. Hamer, ChevronTexaco Corporation, CA [U]
Rep. American Petroleum Institute
(Alt. to F. Bried)

Robert J. Keough, Emerson Motor Company, MO [M]
Rep. National Electrical Manufacturers Association
(Alt. to J. R. Wright)

Thomas E. Moore, Stark County Building Department,

OH [E]

Rep. International Association of Electrical Inspectors
(Alt. to T. J. Garvey)
George J. Ockuly, Chesterfield, MO [M]
(Alt. to V. J. Saporita)
Frederic A. Salzman, Underwriters Laboratories
Incorporated, IL [RT]
(Alt. to C. A. Goetz)

Arthur J. Smith, ITI, Waldemar S. Nelson & Company,

Incorporated, LA [U]

Rep. Institute of Electrical & Electronics Engineers,
Incorporated
(Alt. to L. F. Saunders)

Nonvoting
Nino Mancini, CSA International, ON, Canada
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CODE-MAKING PANEL NO. 12

Articles 610, 620, 625, 630, 640, 645, 647, 650, 660, 665, 668, 669, 670, 685,
Annex D, Examples D9 and D10

Charles M. Trout, Chair
Maron Electric Company, FL [IM]
Rep. National Electrical Contractors Association

Thomas M. Burke, Underwriters Laboratories Incorporated,

CA [RT]

Kent B. Givens, Aluminum Company of America, TX [M]
Rep. The Aluminum Association
(VL to 610, 625, 630, 645, 660, 665, 668, 669, 685)

Ron L. Janikowski, City of Wausau, Wisconsin, WI [E]
Rep. International Association of Electrical Inspectors

Robert E. Johnson, ITE Safety, MA [U]

Rep. Information Technology Industry Council
(VL to 640, 645, 647, 685)

Robert A. Jones, Independent Electrical Contractors,

Incorporated, TX [IM]

Rep. Independent Electrical Contractors, Incorporated

Andy Juhasz, Kone Incorporated, IL [M]

Rep. National Elevator Industry Incorporated
(VL to 610, 620, 630)

Sam Marcovici, New York City Department of Buildings,

NY [E]

John H. Mortimer, Inductotherm Corporation, NJ [M]
(VL to 665)

Ralph C. Prichard, Hercules Incorporated, DE [U]
Rep. Institute of Electrical & Electronics Engineers,
Incorporated

Ronald L. Purvis, Georgia Power Company, GA [UT]
Rep. Electric Light & Power Group/EEI

David R. Quave, IBEW Local Union 903, MS [L]

Rep. International Brotherhood of Electrical Workers

Robert H. Reuss, Morris Material Handling, LLC, WI [M]
Rep. Crane Manufacturers Association of America
Incorporated
(VL to 610)

Arthur E. Schlueter, Jr., A. E. Schlueter Pipe Organ

Company, GA [M]

Rep. American Institute of Organ Builders
(VL to 640, 650)

Kenneth P. White, Olin Corporation, TN [U]

Rep. American Chemistry Council

James E. Winfrey, Square D Company, NC [M]
Rep. National Electrical Manufacturers Association

Alternates

William E. Anderson, The Procter & Gamble Company, OH

(U]

Rep. Institute of Electrical & Electronics Engineers,
Incorporated
(Alt. to R. C. Prichard)

Jeffrey W. Blain, Schindler Elevator Corporation, NJ [M]
Rep. National Elevator Industry Incorporated
(Alt. to A. Juhasz )

(VL to 610, 620, 630)

William A. Brunner, IBEW Local Union 714, ND [L]
Rep. International Brotherhood of Electrical Workers
(Alt. to D. R. Quave)

Scott Cline, McMurtrey Electric, Incorporated, CA [IM]
Rep. National Electrical Contractors Association
(Alt. to C. M. Trout)

Robert Michael Forister, City of Sheridan, Wyoming,

WY [E]

Rep. International Association of Electrical Inspectors
(Alt. to R. L. Janikowski)
Barry G. Karnes, Underwriters Laboratories Incorporated,
CA [RT]
(Alt. to T. M. Burke)

Todd F. Lottmann, Cooper Bussmann, MO [M]

Rep. National Electrical Manufacturers Association
(Alt. to J. E. Winfrey)

Roger D. McDaniel, Georgia Power Company, GA [UT]
Rep. Electric Light & Power Group/EEIL
(Alt. to R. L. Purvis)

George S. Tidden, George’s Electrical Service Incorporated,

TX [IM]

Rep. Independent Electrical Contractors, Incorporated
(Alt. to R. A. Jones)

Robert C. Turner, Inductotherm Corporation, NJ [M]
(Alt. to J. H. Mortimer)

(VL to 665)

CODE-MAKING PANEL NO. 13
Articles 445, 455, 480, 690, 692, 695, 700, 701, 702, 705

Thomas H. Wood, Chair
Cecil B. Wood Incorporated, IL [IM]
Rep. National Electrical Contractors Association

Tarry L. Baker, Broward County Board of Rules &
Appeals, FL [E]

Rep. International Association of Electrical Inspectors
Ward 1. Bower, Sandia National Laboratories, NM [U]

Rep. Solar Energy Industries Association

(VL to 690, 692, 705)
Douglas L. Elkins, ExxonMobil Chemical Company,
TX [U]

Rep. American Chemistry Council
George W. Flach, George W. Flach Consultant,
Incorporated, LA [SE]

2005 Edition NATIONAL ELECTRICAL CODE
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Ernest J. Gallo, Telcordia Technologies, Incorporated,
NI [U]
Rep. Alliance for Telecommunications Industry Solutions
(VL to 445, 480, 690, 692)
Michael V. Glenn, Longview Fibre Company, WA [U]
Rep. Institute of Electrical & Electronics Engineers,
Incorporated
Banks Hattaway, Hattaway Brothers, Incorporated, AL [IM]
Rep. Associated Builders and Contractors, Incorporated
Timothy D. Holleman, AC Corporation, NC [IM]
Rep. Independent Electrical Contractors, Incorporated
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Barry N. Hornberger, PECO Energy Company, PA [UT]

Rep. Electric Light & Power Group/EEI
John R. Kovacik, Underwriters Laboratories Incorporated,
IL [RT]

Kenneth Krastins, Plug Power, Incorporated, NY [M]

Rep. U.S. Fuel Cell Council

(VL to 690, 692, 705)

James S. Nasby, Master Control Systems, Inc., IL [M]

Rep. National Electrical Manufacturers Association
Steven H. Pasternack, Intertek Testing Services NA,
Incorporated, NY [RT]

Todd W. Stafford, National Joint Apprentice & Training
Committee, IBEW-NJATC, TN [L]

Rep. International Brotherhood of Electrical Workers
LaVerne E. Stetson, Lincoln, NE [U]

Rep. American Society of Agricultural Engineers
Herbert V. Whittall, Electrical Generating Systems
Association, FL [M]

Rep. Electrical Generating Systems Association

Alternates

Daniel Batta, Jr., Constellation Generation Group, LLC,
MD [UT]

Rep. Electric Light & Power Group/EEI

(Alt. to B. N. Hornberger)
Sonya M. Bird, Underwriters Laboratories Incorporated,
NC [RT]

(Alt. to J. R. Kovacik)

Ron B. Chilton, North Carolina Department of Insurance,

NC [E]

Rep. International Association of Electrical Inspectors
(Alt. to T. L. Baker)
Brian L. Crise, NIETC, OR [L]
Rep. International Brotherhood of Electrical Workers
(Alt. to T. W. Stafford)
Steven J. Fredette, UTC Cells, LLC, CT [M]
Rep. U.S. Fuel Cell Council
(Alt. to K. Krastins)
(VL to 690, 692, 705)

Ronald H. Minter, Thomas & Betts, TN [M]

Rep. National Electrical Manufacturers Association
(Alt. to J. S. Nasby)

Duke W. Schamel, Copperhead Electric Inc, CA [IM]
Rep. Independent Electrical Contractors, Incorporated
(Alt. to T. D. Holleman)

Robert L. Simpson, Simpson Electrical Engineering

Company, GA [U]

Rep. Institute of Electrical & Electronics Engineers,
Incorporated
(Alt. to M. V. Glenn)

Richard Sobel, Quantum Electric Corporation, NY [IM]
Rep. National Electrical Contractors Association
(Alt. to T. H. Wood)

Dale A. Triffo, Shell Oil Products US, TX [U]

Rep. American Chemistry Council
(Alt. to D. L. Elkins)

CODE-MAKING PANEL NO. 14
Articles 500, 501, 502, 503, 504, 505, 506, 510, 511, 513, 514, 515, 516

Donald R. Cook, Chair
Shelby County Building Inspections, AL [E]
Rep. International Association of Electrical Inspectors

Troy Beall, B & D Electric Company, Incorporated, NM [IM]
Rep. National Electrical Contractors Association
Edward M. Briesch, Underwriters Laboratories
Incorporated, IL [RT]
Al Engler, EGS Electrical Group, IL [M]
Rep. International Society for Measurement and Control
Mark Goodman, Jacobs Engineering Group, CA [U]
Rep. American Petroleum Institute
Gregory D. Hall, Better-Way Electric, Incorporated, CO [IM]
Rep. Independent Electrical Contractors, Incorporated
John Katunar, III, GE Global Asset Protection Services,
MO [I]
Rep. GE Global Asset Protection Services
Joseph H. Kuczka, Killark Electric Manufacturing
Company, MO [M]
Rep. National Electrical Manufacturers Association
William G. Lawrence, Jr., FM Global, MA [I]
Rep. FM Global/FM Research
Jeremy Neagle, Intertek Testing Services NA, Incorporated,
NY [RT]
Mike O’Meara, Arizona Public Service Company, AZ [UT]
Rep. Electric Light & Power Group/EEI
David B. Wechsler, The Dow Chemical Company, TX [U]
Rep. American Chemistry Council
James A. Weldon, IBEW Local Union 728, FL [L]
Rep. International Brotherhood of Electrical Workers
Mark C. Wirfs, R & W Engineering Incorporated, OR [U]
Rep. Grain Elevator and Processing Society
Donald W. Zipse, Zipse Electrical Engineering Incorporated,
PA [U]
Rep. Institute of Electrical & Electronics Engineers,
Incorporated

Alternates

A. W. Ballard, Crouse-Hinds, NY [M]
Rep. National Electrical Manufacturers Association
(Alt. to J. H. Kuczka)
Marec J. Bernsen, Southwestern Idaho Electrical JATC,
ID [L]
Rep. International Brotherhood of Electrical Workers
(Alt. to J. A. Weldon)
Mark W. Bonk, Cargill Incorporated, MN [U]
Rep. Grain Elevator and Processing Society
(Alt. to M. C. Wirfs)
Giovanni Hummel Borges, Underwriters Laboratories
Incorporated, Brasil [RT]
(Alt. to E. M. Briesch)
James D. Cospolich, Waldemar S. Nelson & Company
Incorporated, LA [U]
Rep. Institute of Electrical & Electronics Engineers,
Incorporated
(Alt. to D. W. Zipse)
Larry E. Fuhrman, City of Titusville, FL [E]
Rep. International Association of Electrical Inspectors
(Alt. to D. R. Cook)
Nicholas P. Ludlam, FM Global, MA [I]
Rep. FM Global/FM Research
(Alt. to W. G. Lawrence, Jr.)
Michael E. McNeil, FMC Corporation/Bio Polymer, ME [U]
Rep. American Chemistry Council
(Alt. to D. B. Wechsler)
Ted H. Schnaare, Rosemount Incorporated, MN [M]
Rep. International Society for Measurement and Control
(Alt. to A. Engler)
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Francis M. Stone, Jr., Shell Exploration and Production
Company, TX [U]

Rep. American Petroleum Institute

(Alt. to M. Goodman)

Nonvoting

Eduardo N. Solano, Estudio Ingeniero Solano S.A.,
Argentina [SE]
Fred K. Walker, U.S. Air Force, FL [U]

Rep. TC on Airport Facilities

CODE-MAKING PANEL NO. 15
Articles 517, 518, 520, 525, 530, 540

Donald J. Talka, Chair
Underwriters Laboratories Incorporated, NY [RT]

James R. Duncan, Sparling Electrical Engineering, WA [U]
Rep. Institute of Electrical & Electronics Engineers,
Incorporated

Tom Dunn, Butler Amusements, CA [U]

Rep. Outdoor Amusement Business Association,

Incorporated

(VL to 525)

Douglas S. Erickson, American Society for Healthcare

Engineering, Virgin Islands [U]

Rep. American Society for Healthcare Engineering
Michael B. Klein, Metropolitan Engineering, Incorporated,
DC [IM]

Rep. Illuminating Engineering Society of North America

(VL to 518, 520, 525, 530, 540)

Edwin S. Kramer, Radio City Music Hall, NY [L]

Rep. International Alliance of Theatrical Stage Employees

(VL to 518, 520, 525, 530, 540)

Larry Lau, U.S. Department of Veterans Affairs, DC [U]
(VL to 517, 518)

Dennis W. Marshall, TAG Electric Companies, TX [IM]
Rep. Independent Electrical Contractors, Incorporated
Eugene E. Morgan, County of Clackamas, Oregon, OR [E]
Rep. International Association of Electrical Inspectors

Hugh O. Nash, Jr., Nash Lipsey Burch, LLC, TN [SE]
Rep. TC on Electrical Systems

Bruce D. Shelly, Shelly Electric Company, Inc., PA [IM]
Rep. National Electrical Contractors Association

Donald J. Sherratt, Intertek Testing Services NA,

Incorporated, MA [RT]

Michael D. Skinner, CBS Studio Center, CA [U]

Rep. Alliance of Motion Picture and Television Producers

(VL to 518, 520, 525, 530, 540)

Richard H. Smith, OG&E Electric Services, OK [UT]
Rep. Electric Light & Power Group/EEI

Kenneth E. Vannice, Leviton Manufacturing Company

Incorporated, OR [M]

Rep. U.S. Institute for Theatre Technology

(VL to 518, 520, 525, 530, 540)

Michael Velvikis, High Voltage Maintenance Corporation,

WI [IM]

Rep. InterNational Electrical Testing Association

Incorporated

Andrew White, IBEW Local Union 3, NY [L]

Rep. International Brotherhood of Electrical Workers
James L. Wiseman, Square D Company, TN [M]

Rep. National Electrical Manufacturers Association

Alternates

James R. Cook, IBEW Local Union 364, IL [L]

Rep. International Brotherhood of Electrical Workers
(Alt. to A. White)
Matthew B. Dozier, IDesign Services, TN [U]
Rep. Institute of Electrical & Electronics Engineers,
Incorporated
(Alt. to J. R. Duncan)
Samuel B. Friedman, BICC General Cable Corporation,
RI [M]
Rep. National Electrical Manufacturers Association
(Alt. to J. L. Wiseman)
Dale A. Hallerberg, Underwriters Laboratories Incorporated,
IL [RT]
(Alt. to D. J. Talka)

Mitchell K. Hefter, Entertainment Technology, TX [IM]
Rep. Illuminating Engineering Society of North America
(Alt. to M. B. Klein)

(VL to 518, 520, 525, 530, 540))
Stanley D. Kahn, Tri-City Electric Company, Incorporated,
CA [IM]

Rep. National Electrical Contractors Association

(Alt. to B. D. Shelly)

Malinda Joyce Sampson, Minnesota Electricity Board,

MN [E]

Rep. International Association of Electrical Inspectors
(Alt. to E. E. Morgan)

James C. Seabury, III, Enterprise Electric, LLC, TN [IM]
Rep. Independent Electrical Contractors, Incorporated
(Alt. to D. W. Marshall)

Steven R. Terry, Electronic Theatre Controls Incorporated,

NY [M]

Rep. U.S. Institute for Theatre Technology
(Alt. to K. E. Vannice)
(VL to 518, 520, 525, 530, 540)

Rodney M. Young, Detroit Edison Company, MI [UT]
Rep. Electric Light & Power Group/EEI
(Alt. to R. H. Smith)
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CODE-MAKING PANEL NO. 16
Articles 770, 800, 810, 820, 830

Stanley D. Kahn, Chair
Tri-City Electric Company, Incorporated, CA [IM]
Rep. National Electrical Contractors Association

J. Robert Boyer, Edwards Systems Technology,
Incorporated, NJ [M]

Rep. National Electrical Manufacturers Association
James E. Brunssen, Telcordia, NJ [U]

Rep. Alliance for Telecommunications Industry Solutions
Larry Chan, City of New Orleans, LA [E]

Rep. International Association of Electrical Inspectors
Gerald Lee Dorna, Belden Wire & Cable, IN [M]

Rep. Insulated Cable Engineers Association Incorporated
Roland W. Gubisch, Intertek Testing Services NA,
Incorporated, MA [RT]

Robert L. Hughes, The DuPont Company, TN [U]

Rep. American Chemistry Council
Robert W. Jensen, dbi-Telecommunication Infrastructure
Design, TX [M]

Rep. Building Industry Consulting Services International
Steven C. Johnson, Time Warner Cable, NC [UT]

Rep. National Cable & Telecommunications Association
Ronald G. Jones, Ronald G. Jones, PE., TX [U]

Rep. Institute of Electrical & Electronics Engineers,

Incorporated
Barrett (Barry) Kalian, Underwriters Laboratories of
Canada, ON, Canada [RT]

Harold C. Ohde, IBEW/NECA Technical Institute, IL [L]

Rep. International Brotherhood of Electrical Workers
Joseph W. Rao, R.A.O. Electric Company, FL [IM]

Rep. Independent Electrical Contractors, Incorporated
James W. Romlein, MV Labs LLC, WI [M]

Rep. Telecommunications Industry Association
Kyle E. Todd, Entergy Corporation, TX [UT]

Rep. Electric Light & Power Group/EEI

Alternates
Alan Amato, Times Fiber Communications, Incorporated,
CT [UT]
Rep. National Cable & Telecommunications Association
(Alt. to S. C. Johnson)
Donna Ballast, University of Texas at Austin, TX [M]
Rep. Building Industry Consulting Services International
(Alt. to R. W. Jensen)

Chrysanthos Chrysanthou, Telcordia Technologies/SAIC,

NJ [U]

Rep. Alliance for Telecommunications Industry Solutions
(Alt. to J. E. Brunssen)

Terry C. Coleman, National Joint Apprentice & Training

Committee, TN [L]

Rep. International Brotherhood of Electrical Workers
(Alt. to H. C. Ohde)

William K. Hopple, Tyco/SimplexGrinnell, CA [M]

Rep. National Electrical Manufacturers Association
(Alt. to J. R. Boyer)
Dr. Stanley Kaufman, CableSafe/OFS, GA [M]
Rep. Insulated Cable Engineers Association Incorporated
(Alt. to G. L. Dorna)
Robert W. McCourt, Public Service Electric and Gas
Company, NJ [UT]
Rep. Electric Light & Power Group/EEI
(Alt. to K. E. Todd)

William J. McCoy, Verizon Wireless, TX [U]

Rep. Institute of Electrical & Electronics Engineers,
Incorporated
(Alt. to R. G. Jones)
Robert P. McGann, City of Cambridge, MA [E]
Rep. International Association of Electrical Inspectors
(Alt. to L. Chan)
W. Douglas Pirkle, Pirkle Electric Company, Incorporated,
GA [IM]
Rep. National Electrical Contractors Association
(Alt. to S. D. Kahn)

Luigi G. Prezioso, M. C. Dean, Incorporated, VA [IM]
Rep. Independent Electrical Contractors, Incorporated
(Alt. to J. W. Rao)

Bradley C. Rowe, Underwriters Laboratories Incorporated,

IL [RT]

(Alt. to B. Kalian)

Nonvoting
Irving Mande, Westport, CT [M]

CODE-MAKING PANEL NO. 17
Articles 422, 424, 426, 427, 680, 682

Don W. Jhonson, Chair
Interior Electric, Incorporated, FL [IM]
Rep. National Electrical Contractors Association

Richard J. Cripps, Association of Home Appliance
Manufacturers, DC [M]
Rep. Association of Home Appliance Manufacturers
(VL to 422, 424)
Bill Hanthorn, Tyco Thermal Controls, ON, Canada [M]
Rep. Copper Development Association, Incorporated
Bruce R. Hirsch, Baltimore Gas & Electric Company, MD
(UT]
Rep. Electric Light & Power Group/EEI
Christopher T. Hutchings, Underwriters Laboratories
Incorporated, CA [RT]

Full document details: NFPA 70 2005

Walter Koessel, Intertek Testing Services NA, Incorporated,
MO [RT]

Robert M. Milatovich, Clark County Building Department,
NV [E]

Rep. International Association of Electrical Inspectors
Marcos Ramirez, Hatfield-Reynolds Electric Company, AZ
[IM]

Rep. Independent Electrical Contractors, Incorporated
Brian E. Rock, Hubbell Incorporated, CT [M]

Rep. National Electrical Manufacturers Association
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Anthony P. Sardina, UTC Carrier Corporation, NY [M]
Rep. Air-Conditioning and Refrigeration Institute
(VL to 422, 424)

Lee L. West, Balboa Instruments, Incorporated, CA [M]
Rep. National Spa and Pool Institute
(VL to 680)

Randy J. Yasenchak, IBEW Local Union 607, PA [L]
Rep. International Brotherhood of Electrical Workers

Robert M. Yurkanin, Electran Process International

Incorporated, NJ [U]

Rep. Institute of Electrical & Electronics Engineers,
Incorporated

Alternates

Dennis L. Baker, Springs & Sons Electrical Contractors
Incorporated, AZ [IM]
Rep. Independent Electrical Contractors, Incorporated
(Alt. to M. Ramirez)
Mark R. Berner, PPL Electric Utilities Corporation,
PA [UT]
Rep. Electric Light & Power Group/EEI
(Alt. to B. R. Hirsch)

J. Ron Caccamese, Nathan Electric Company, LTD., TX [L]
Rep. International Brotherhood of Electrical Workers
(Alt. to R. J. Yasenchak)

Aaron B. Chase, Leviton Manufacturing Company,

Incorporated, NY [M]

Rep. National Electrical Manufacturers Association
(Alt. to B. E. Rock)

Paul Crivell, Kennedy Jenks Consultants, WA [U]
Rep. Institute of Electrical & Electronics Engineers,
Incorporated
(Alt. to R. M. Yurkanin)

James E. Maldonado, City of Tempe, AZ [E]

Rep. International Association of Electrical Inspectors
(Alt. to R. M. Milatovich)
Cannon Sun, Underwriters Laboratories Incorporated,
Taiwan [RT]
(Alt. to C. T. Hutchings)

D. Harold Ware, Libra Electric Company, OK [IM]
Rep. National Electrical Contractors Association
(Alt. to D. W. Jhonson)

Robert E. Wisenburg, Coates Heater Company,

Incorporated, WA [M]

Rep. National Spa and Pool Institute
(Alt. to L. L. West)
(VL to 680)

Nonvoting

William H. King, Jr., U.S. Consumer Product Safety
Commission, MD [C]

(Alt. to A. M. Trotta)
Andrew M. Trotta, U.S. Consumer Product Safety
Commission, MD [C]

CODE-MAKING PANEL NO. 18
Articles 406, 410, 411, 600, 605

Michael N. Ber, Chair
1IEC, Houston, TX [IM]
Rep. Independent Electrical Contractors, Incorporated

Paul Costello, NECA and IBEW Local 90 JATC, CT [L]

Rep. International Brotherhood of Electrical Workers
Kenneth A. Fetzer, Underwriters Laboratories Incorporated,
NC [RT]
Stephen G. Kieffer, Kieffer & Company, Incorporated,
WI [M]

Rep. International Sign Association

(VL to 600)
Steven A. Larson, BWXT Y-12, LLC, TN [U]

Rep. Institute of Electrical & Electronics Engineers,

Incorporated
Michael S. O’Boyle, Genlyte Thomas Group, MA [M]

Rep. American Lighting Association

(VL to 410, 411)

Timothy S. Owens, City of San Diego, CA [E]

Rep. International Association of Electrical Inspectors
Jim F. Pierce, Intertek Testing Services NA, Incorporated,
OR [RT]

Saul Rosenbaum, Leviton Manufacturing Company
Incorporated, NY [M]

Rep. National Electrical Manufacturers Association
Michael W. Smith, Guarantee Electrical Company,

MO [IM]

Rep. National Electrical Contractors Association
Carl Tim Wall, Alabama Power Company, AL [UT]

Rep. Electric Light & Power Group/EEI
Jack Wells, Pass & Seymour/Legrand, NY [M]

Alternates

Robert T. Carlock, R. T. Carlock Company, TN [IM]
Rep. Independent Electrical Contractors, Incorporated
(Alt. to M. N. Ber)

Frederick L. Carpenter, Lithonia Lighting, GA [M]
Rep. National Electrical Manufacturers Association
(Alt. to S. Rosenbaum)

Amos D. Lowrance, Jr., City of Chattanooga, Tennessee,

TN [E]

Rep. International Association of Electrical Inspectors
(Alt. to T. S. Owens)
Ronald Michaelis, South Bend Vicinity Electrical JATC,
IN [L]
Rep. International Brotherhood of Electrical Workers
(Alt. to P. Costello)
Christopher P. O’Neil, National Grid USA Service
Company, MA [UT]
Rep. Electric Light & Power Group/EEI
(Alt. to C. T. Wall)

Alan M. Smith, France/Scott Fetzer Company, TN [M]
Rep. International Sign Association
(Alt. to S. G. Kieffer)

(VL to 600)
Rachna Stegall, Underwriters Laboratories Incorporated,
IL [RT]

(Alt. to K. A. Fetzer)

Charles M. Trout, Maron Electric Company, FL [IM]
Rep. National Electrical Contractors Association
(Alt. to M. W. Smith)
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N. Kent Morgan, AC Corporation, NC [IM]
Rep. Independent Electrical Contractors, Incorporated
(Alt. to W. A. Zanicchi)
Kent Perkins, Recreation Vehicle Industry Association,
VA [M]
Rep. Recreation Vehicle Industry Association
(Alt. to B. A. Hopkins)
(VL to 550, 551, 552)
John G. Sims, NTA Incorporated, IN [M]
Rep. Manufactured Housing Institute
(Alt. to J. Mikel)
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Keith G. Tinsey, Michigan State University, MI [U]
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Raymond F. Tucker, Consulting Professional Engineer,

CA [RT]

(Alt. to M. L. Zieman)
(VL to 545, 550, 551, 552)
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Note: Membership on a committee shall not in and of itself constitute an endorsement of the Association
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explosions. It shall also be responsible for text to minimize the propagation of fire and explosions due

to electrical installations.
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ARTICLE 90 — INTRODUCTION 90.2

NFPA 70

National Electrical Code®

2005 Edition

IMPORTANT NOTE: This NFPA document is made
available for use subject to important notices and legal dis-
claimers. These notices and disclaimers appear in all publi-
cations containing this document and may be found under
the heading “Important Notices and Disclaimers Concern-
ing NFPA Documents.” They can also be obtained on re-
quest from NFPA or viewed at www.nfpa.org/disclaimers.

ARTICLE 90
Introduction

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 that are con-
sidered necessary for safety. Compliance therewith and
proper maintenance results in an installation that is essen-
tially free from hazard but not necessarily efficient, conve-
nient, or adequate for good service or future 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 installa-
tion and reasonable provisions for system changes provide for
future increases in the use of electricity.

(C) Imtention. This Code is not intended as a design speci-
fication or an instruction manual for untrained persons.

(D) Relation to Other International Standards. The re-
quirements in this Code address the fundamental principles
of protection for safety contained in Section 131 of Inter-
national Electrotechnical Commission Standard 60364-1,
Electrical Installations of Buildings.

FPN: IEC 60364-1, Section 131, contains fundamental
principles of protection for safety that encompass protec-
tion against electric shock, protection against thermal ef-
fects, protection against overcurrent, protection against
fault currents, and protection against overvoltage. All of
these potential hazards are addressed by the requirements in
this Code.
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90.2 Scope.

(A) Covered. This Code covers the installation of electri-

cal conductors, equipment, and raceways; signaling and

communications conductors, equipment, and raceways; and
optical fiber cables and raceways for the following:

(1) Public and private premises, including buildings, struc-
tures, mobile homes, recreational vehicles, and floating
buildings

(2) Yards, lots, parking lots, carnivals, and industrial sub-
stations

FPN to (2): For additional information concerning such instal-
lations in an industrial or multibuilding complex, see ANSI
C2-2002, National Electrical Safety Code.
(3) Installations of conductors and equipment that connect
to the supply of electricity

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

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

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

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

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

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

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

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

a. Consist of service drops or service laterals, and as-
sociated metering, or

b. Are located in legally established easements, rights-
of-way, or by other agreements either designated by
or recognized by public service commissions, utility
commissions, or other regulatory agencies having
jurisdiction for such installations, or

c. Are on property owned or leased by the electric
utility for the purpose of communications, metering,
generation, control, transformation, transmission, or
distribution of electric energy.
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90.3 ARTICLE 90 — INTRODUCTION

FPN to (4) and (5): Examples of utilities may include those
entities that are typically designated or recognized by govern-
mental law or regulation by public service/utility commissions
and that install, operate, and maintain electric supply (such as
generation, transmission, or distribution systems) or communica-
tion systems (such as telephone, CATYV, Internet, satellite, or data
services). Utilities may be subject to compliance with codes and
standards covering their regulated activities as adopted under gov-
ernmental law or regulation. Additional information can be found
through consultation with the appropriate governmental bodies,
such as state regulatory commissions, Federal Energy Regulatory
Commission, and Federal Communications Commission.

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

90.3 Code Arrangement. This Code is divided into the in-
troduction and nine chapters, as shown in Figure 90.3. Chap-
ters 1, 2, 3, and 4 apply generally; Chapters 5, 6, and 7 apply
to special occupancies, special equipment, or other special
conditions. These latter chapters supplement or modify the
general rules. Chapters 1 through 4 apply except as amended
by Chapters 5, 6, and 7 for the particular conditions.

Chapter 8 covers communications systems and is not sub-
ject to the requirements of Chapters 1 through 7 except where
the requirements are specifically referenced in Chapter 8.

Chapter 9 consists of tables.

Annexes are not part of the requirements of this Code
but are included for informational purposes only.

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

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

This Code may require new products, constructions, or
materials that may not yet be available at the time the Code
is adopted. In such event, the authority having jurisdiction
may permit the use of the products, constructions, or mate-
rials that comply with the most recent previous edition of
this Code adopted by the jurisdiction.
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| Chapter 1 — General |

| Chapter 2 — Wiring and Protection | Applies generally
to all electrical
| Chapter 3 — Wiring Methods and Materials | installations

| Chapter 4 — Equipment for General Use |

| Chapter 5 — Special Occupancies|

Supplements or modifies _ ; ;
Chapters 1 through 4 | Chapter 6 — Special Equipment |

| Chapter 7 — Special Conditions |

Chapter 8 is not subject

to the requirements of

Chapters 1 th h7 t
| Chapter 8 — Communications Systems | wthr)eetEe reqt)itrjgmen?; (;erg
specifically referenced in
Chapter 8.

| Chapter 9 — Tables | Applicable as referenced

| Informational only;

| Annex A through Annex G
not mandatory

Figure 90.3 Code Arrangement.

90.5 Mandatory Rules, Permissive Rules, and
Explanatory Material.

(A) Mandatory Rules. Mandatory rules of this Code are
those that identify actions that are specifically required or
prohibited and are characterized by the use of the terms
shall or shall not.

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

(C) Explanatory Material. Explanatory material, such as
references to other standards, references to related sections
of this Code, or information related to a Code rule, is in-
cluded in this Code in the form of fine print notes (FPNs).
Fine print notes are informational only and are not enforce-
able as requirements of this Code.

Brackets containing section references to another NFPA
document are for informational purposes only and are pro-
vided as a guide to indicate the source of the extracted text.
These bracketed references immediately follow the extracted
text.

FPN: The format and language used in this Code follows
guidelines established by NFPA and published in the NEC
Style Manual. Copies of this manual can be obtained from
NFPA.
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ARTICLE 90 — INTRODUCTION 90.9

90.6 Formal Interpretations. To promote uniformity of
interpretation and application of the provisions of this
Code, formal interpretation procedures have been estab-
lished and are found in the NFPA Regulations Governing
Committee Projects.

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

It is the intent of this Code that factory-installed inter-
nal wiring or the construction of equipment need not be
inspected at the time of installation of the equipment, ex-
cept to detect alterations or damage, if the equipment has
been listed by a qualified electrical testing laboratory that is
recognized as having the facilities described in the preced-
ing paragraph and that requires suitability for installation in
accordance with this Code.

FPN No. 1: See requirements in 110.3.
FPN No. 2: Listed is defined in Article 100.

FPN No. 3: Annex A contains an informative list of prod-
uct safety standards for electrical equipment.

90.8 Wiring Planning.

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

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

2005 Edition NATIONAL ELECTRICAL CODE
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90.9 Units of Measurement.

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

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

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

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

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

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

(4) Safety. Where a negative impact on safety would re-
sult, soft conversion shall be used.

(D) Compliance. Conversion from inch-pound units to SI
units shall be permitted to be an approximate conversion.
Compliance with the numbers shown in either the SI sys-
tem or the inch-pound system shall constitute compliance
with this Code.

FPN No. 1: Hard conversion is considered a change in
dimensions or properties of an item into new sizes that
might or might not be interchangeable with the sizes used
in the original measurement. Soft conversion is considered
a direct mathematical conversion and involves a change in
the description of an existing measurement but not in the
actual dimension.

FPN No. 2: SI conversions are based on IEEE/ASTM SI
10-1997, Standard for the Use of the International System
of Units (SI): The Modern Metric System.
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100 ARTICLE 100 — DEFINITIONS

Chapter 1 General

ARTICLE 100
Definitions

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

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

I. General

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

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

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

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

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

Approved. Acceptable to the authority having jurisdiction.

Askarel. A generic term for a group of nonflammable syn-
thetic chlorinated hydrocarbons used as electrical insulating
media. Askarels of various compositional types are used.
Under arcing conditions, the gases produced, while consist-
ing predominantly of noncombustible hydrogen chloride,
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can include varying amounts of combustible gases, depend-
ing on the askarel type.

Attachment Plug (Plug Cap) (Plug). A device that, by
insertion in a receptacle, establishes a connection between
the conductors of the attached flexible cord and the conduc-
tors connected permanently to the receptacle.

Authority Having Jurisdiction (AHJ). The organization,
office, or individual responsible for approving equipment,
materials, an installation, or a procedure.

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

Automatic. Self-acting, operating by its own mechanism
when actuated by some impersonal influence, as, for ex-
ample, a change in current, pressure, temperature, or me-
chanical configuration.

Bathroom. An area including a basin with one or more of
the following: a toilet, a tub, or a shower.

Bonding (Bonded). The permanent joining of metallic parts
to form an electrically conductive path that ensures electrical
continuity and the capacity to conduct safely any current likely
to be imposed.

Bonding Jumper. A reliable conductor to ensure the required
electrical conductivity between metal parts required to be elec-
trically connected.

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

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

Bonding Jumper, System. The connection between the
grounded circuit conductor and the equipment grounding
conductor at a separately derived system.

Branch Circuit. The circuit conductors between the final
overcurrent device protecting the circuit and the outlet(s).
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ARTICLE 100 — DEFINITIONS 100

Branch Circuit, Appliance. A branch circuit that supplies
energy to one or more outlets to which appliances are to be
connected and that has no permanently connected lumi-
naires (lighting fixtures) that are not a part of an appliance.

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

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

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

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

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

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

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

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

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

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

Nonadjustable (as applied to circuit breakers). A quali-
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 operation.

Setting (of circuit breakers). The value of current, time, or
both, at which an adjustable circuit breaker is set to trip.

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

Conductor, Bare. A conductor having no covering or elec-
trical insulation whatsoever.

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

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

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

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

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

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

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

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

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

Copper-Clad Aluminum Conductors. Conductors drawn
from a copper-clad aluminum rod with the copper metallur-
gically bonded to an aluminum core. The copper forms a
minimum of 10 percent of the cross-sectional area of a
solid conductor or each strand of a stranded conductor.

Cutout Box. An enclosure designed for surface mounting
that has swinging doors or covers secured directly to and
telescoping with the walls of the box proper.

Dead Front. Without live parts exposed to a person on the
operating side 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.
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100 ARTICLE 100 — DEFINITIONS

Device. A unit of an electrical system that is intended to
carry or control but not utilize electric energy.

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

Dusttight. Constructed so that dust will not enter the en-
closing case under specified test conditions.

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

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

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

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

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

Dwelling Unit. A single unit, providing complete and in-
dependent living facilities for one or more persons, includ-
ing permanent provisions for living, sleeping, cooking, and
sanitation.

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

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

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

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

Enclosed. Surrounded by a case, housing, fence, or wall(s)
that prevents persons from accidentally contacting ener-
gized parts.

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

FPN: See Table 430.91 for examples of enclosure types.

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

Equipment. A general term including material, fittings, de-
vices, appliances, luminaires (fixtures), apparatus, and the
like used as a part of, or in connection with, an electrical
installation.
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Explosionproof Apparatus. Apparatus enclosed in a case
that is capable of withstanding an explosion of a specified
gas or vapor that may occur within it and of preventing the
ignition of a specified gas or vapor surrounding the enclo-
sure by sparks, flashes, or explosion of the gas or vapor
within, and that operates at such an external temperature
that a surrounding flammable atmosphere will not be ig-
nited thereby.

FPN: For further information, see ANSI/UL 1203-1999,
Explosion-Proof and Dust-Ignition-Proof Electrical Equip-
ment for Use in Hazardous (Classified) Locations.

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

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

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

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

Festoon Lighting. A string of outdoor lights that is sus-
pended between two points.

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

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

FPN: For commercial garages, repair and storage, see Ar-
ticle 511.

Ground. A conducting connection, whether intentional or
accidental, between an electrical circuit or equipment and
the earth or to some conducting body that serves in place of
the earth.

Grounded. Connected to earth or to some conducting body
that serves in place of the earth.

Grounded, Effectively. Intentionally connected to earth
through a ground connection or connections of sufficiently
low impedance and having sufficient current-carrying ca-
pacity to prevent the buildup of voltages that may result in
undue hazards to connected equipment or to persons.

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

Grounded Conductor. A system or circuit conductor that
is intentionally grounded.
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Ground-Fault Circuit Interrupter (GFCI). A device in-
tended for the protection of personnel that functions to de-
energize a circuit or portion thereof within an established
period of time when a current to ground exceeds the values
established for a Class A device.

FPN: Class A ground-fault circuit interrupters trip when the
current to ground has a value in the range of 4 mA to 6 mA.
For further information, see UL 943, Standard for Ground-
Fault Circuit Interrupters.

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

Grounding Conductor. 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 non—current-carrying metal parts of equip-
ment, raceways, and other enclosures to the system
grounded conductor, the grounding electrode conductor, or
both, at the service equipment or at the source of a sepa-
rately derived system.

Grounding Electrode. A device that establishes an electri-
cal connection to the earth.

Grounding Electrode Conductor. The conductor used to
connect the grounding electrode(s) to the equipment
grounding conductor, to the grounded conductor, or to both,
at the service, at each building or structure where supplied
by a feeder(s) or branch circuit(s), or at the source of a
separately derived system.

Guarded. Covered, shielded, fenced, enclosed, or otherwise
protected by means of suitable covers, casings, barriers, rails,
screens, mats, or platforms to remove the likelihood of ap-
proach or contact by persons or objects to a point of danger.

Guest Room. An accommodation combining living, sleep-
ing, sanitary, and storage facilities within a compartment.

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

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

Hoistway. Any shaftway, hatchway, well hole, or other ver-
tical opening or space in which an elevator or dumbwaiter
is designed to operate.
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Identified (as applied to equipment). Recognizable as
suitable for the specific purpose, function, use, environ-
ment, application, and so forth, where described in a par-
ticular Code requirement.

FPN: Some examples of ways to determine suitability of
equipment for a specific purpose, environment, or applica-
tion include investigations by a qualified testing laboratory
(listing and labeling), an inspection agency, or other orga-
nizations concerned with product evaluation.

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

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

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

Isolated (as applied to location). 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
that is acceptable to the authority having jurisdiction and con-
cerned with product evaluation, that maintains periodic in-
spection of production of labeled equipment or materials, and
by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.

Lighting Outlet. An outlet intended for the direct connec-
tion of a lampholder, a luminaire (lighting fixture), or a
pendant cord terminating in a lampholder.

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

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

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

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

Location, Wet. Installations under ground or in concrete
slabs or masonry in direct contact with the earth; in loca-
tions subject to saturation with water or other liquids, such
as vehicle washing areas; and in unprotected locations ex-
posed to weather.

Luminaire. A complete lighting unit consisting of a lamp
or lamps together with the parts designed to distribute the
light, to position and protect the lamps and ballast (where
applicable), and to connect the lamps to the power supply.

Metal-Enclosed Power Switchgear. A switchgear assem-
bly completely enclosed on all sides and top with sheet
metal (except for ventilating openings and inspection win-
dows) containing primary power circuit switching, inter-
rupting devices, or both, with buses and connections. The
assembly may include control and auxiliary devices. Access
to the interior of the enclosure is provided by doors, remov-
able covers, or both.

Motor Control Center. An assembly of one or more en-
closed sections having a common power bus and princi-
pally containing motor control units.

Multioutlet Assembly. A type of surface, flush, or free-
standing raceway designed to hold conductors and recep-
tacles, assembled in the field or at the factory.

Nonautomatic. Action requiring personal intervention for
its control. As applied to an electric controller, nonauto-
matic control does not necessarily imply a manual control-
ler, but only that personal intervention is necessary.

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

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

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

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

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

FPN: A current in excess of rating may be accommodated
by certain equipment and conductors for a given set of
conditions. Therefore, the rules for overcurrent protection
are specific for particular situations.

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

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

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

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

Premises Wiring (System). That interior and exterior wir-
ing, including power, lighting, control, and signal circuit
wiring together with all their associated hardware, fittings,
and wiring devices, both permanently and temporarily in-
stalled, that extends from the service point or source of
power, such as a battery, a solar photovoltaic system, or a
generator, transformer, or converter windings, to the out-
let(s). Such wiring does not include wiring internal to ap-
pliances, luminaires (fixtures), motors, controllers, motor
control centers, and similar equipment.

Qualified Person. One who has skills and knowledge re-
lated to the construction and operation of the electrical
equipment and installations and has received safety training
on the hazards involved.

FPN: Refer to NFPA 70E-2004, Standard for Electrical
Safety in the Workplace, for electrical safety training
requirements.

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

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

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

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

Receptacle Outlet. An outlet where one or more recep-
tacles 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 open-
ing the enclosure. The equipment may or may not be oper-
able without opening the enclosure.

Separately Derived System. A premises wiring system
whose power is derived from a source of electric energy or
equipment other than a service. Such systems have no di-
rect electrical connection, including a solidly connected
grounded circuit conductor, to supply conductors originat-
ing in another system.

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

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

Service Conductors. The conductors from the service point
to the service disconnecting means.

Service Drop. The overhead service conductors from the
last pole or other aerial support to and including the splices,
if any, connecting to the service-entrance conductors at the
building or other structure.

Service-Entrance Conductors, Overhead System. The ser-
vice conductors between the terminals of the service equip-

2005 Edition NATIONAL ELECTRICAL CODE

Full document details: NFPA 70 2005

ment 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 conductors 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 conduc-
tors or they may be entirely outside the building.

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

Service Lateral. The underground service conductors be-
tween the street main, including any risers at a pole or other
structure or from transformers, and the first point of con-
nection to the service-entrance conductors in a terminal box
or meter or other enclosure, inside or outside the building
wall. Where there is no terminal box, meter, or other enclo-
sure, the point of connection is considered to be the point of
entrance of the service conductors into the building.

Service Point. The point of connection between the facili-
ties of the serving utility and the premises wiring.

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

Signaling Circuit. Any electric circuit that energizes sig-
naling equipment.

Solar Photovoltaic System. The total components and sub-
systems that, in combination, convert solar energy into elec-
trical energy suitable for connection to a utilization load.

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

Structure. That which is built or constructed.

Supplementary Overcurrent Protective Device. A device
intended to provide limited overcurrent protection for specific
applications and utilization equipment such as luminaires
(lighting fixtures) and appliances. This limited protection is in
addition to the protection provided in the required branch cir-
cuit by the branch circuit overcurrent protective device.

Switch, Bypass Isolation. A manually operated device
used in conjunction with a transfer switch to provide a
means of directly connecting load conductors to a power
source and of disconnecting the transfer switch.
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Switch, General-Use. A switch intended for use in general
distribution and branch circuits. It is rated in amperes, and it is
capable of interrupting its rated current at its rated voltage.

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

Switch, Isolating. A switch intended for isolating an elec-
tric circuit from the source of power. It has no interrupting
rating, and it is intended to be operated only after the circuit
has been opened by some other means.

Switch, Motor-Circuit. A switch rated in horsepower that
is capable of interrupting the maximum operating overload
current of a motor of the same horsepower rating as the
switch at the rated voltage.

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

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

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

Thermal Protector (as applied to motors). A protective
device for assembly as an integral part of a motor or motor-
compressor that, when properly applied, protects the motor
against dangerous overheating due to overload and 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 that utilizes electric
energy for electronic, electromechanical, chemical, heating,
lighting, or similar purposes.

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

Volatile Flammable Liquid. A flammable liquid having a
flash point below 38°C (100°F), or a flammable liquid
whose temperature is above its flash point, or a Class II
combustible liquid that has a vapor pressure not exceeding
276 kPa (40 psia) at 38°C (100°F) and whose temperature
is above its flash point.
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Voltage (of a circuit). The greatest root-mean-square (rms)
(effective) difference of potential between any two conduc-
tors 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 volt-
age class (e.g., 120/240 volts, 480Y/277 volts, 600 volts).
The actual voltage at which a circuit operates can vary from
the nominal within a range that permits satisfactory opera-
tion of equipment.

FPN: See ANSI C84.1-1995, Voltage Ratings for Electric
Power Systems and Equipment (60 Hz).

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

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

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

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

II. Over 600 Volts, Nominal

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

Electronically Actuated Fuse. An overcurrent protective
device that generally consists of a control module that pro-
vides current sensing, electronically derived time—current
characteristics, energy to initiate tripping, and an interrupt-
ing module that interrupts current when an overcurrent oc-
curs. Electronically actuated fuses may or may not operate
in a current-limiting fashion, depending on the type of con-
trol selected.

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

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

FPN: The fuse is designed so that discharged gases will not

ignite or damage insulation in the path of the discharge or

propagate a flashover to or between grounded members or

conduction members in the path of the discharge where the

distance between the vent and such insulation or conduction

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

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

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

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

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

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

Circuit Breaker. A switching device capable of making, car-
rying, and interrupting currents under normal circuit condi-
tions, and also of making, carrying for a specified time, and
interrupting currents under specified abnormal circuit condi-
tions, such as those of short circuit.

Cutout. An assembly of a fuse support with either a fuse-
holder, 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 mechanical switching device used for isolating a circuit
or equipment from a source of power.

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

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

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

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

Regulator Bypass Switch. A specific device or combina-
tion of devices designed to bypass a regulator.

ARTICLE 110
Requirements for Electrical Installations

I. General

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

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

FPN: See 90.7, Examination of Equipment for Safety, and
110.3, Examination, Identification, Installation, and Use of
Equipment. See definitions of Approved, Identified, La-
beled, and Listed.

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

(A) Examination. In judging equipment, considerations

such as the following shall be evaluated:

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

FPN: Suitability of equipment use may be identified by a
description marked on or provided with a product to iden-
tify 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,
and specific use

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

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

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

FPN: For aluminum and copper-clad aluminum conduc-
tors, see 310.15.

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

110.7 Insulation Integrity. Completed wiring installations
shall be free from short circuits and from grounds other
than as required or permitted in Article 250.

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

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

Equipment intended to interrupt current at other than fault
levels shall have an interrupting rating at nominal circuit volt-
age 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 current ratings, and other charac-
teristics of the circuit to be protected shall be selected and
coordinated to permit the circuit-protective devices used to
clear a fault to do so without extensive damage to the elec-
trical 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 con-
ductor or enclosing metal raceway. Listed products applied
in accordance with their listing shall be considered to meet
the requirements of this section.

110.11 Deteriorating Agents. Unless identified for use in
the operating environment, no conductors or equipment
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shall be located in damp or wet locations; where exposed to
gases, fumes, vapors, liquids, or other agents that have a
deteriorating effect on the conductors or equipment; or
where exposed to excessive temperatures.

FPN No. 1: See 300.6 for protection against corrosion.

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

Equipment identified only as “dry locations,” “Type 1,”
or “indoor use only” shall be protected against permanent
damage from the weather during building construction.

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

FPN: Accepted industry practices are described in
ANSI/NECA 1-2000, Standard Practices for Good
Workmanship in Electrical Contracting, and other ANSI-
approved installation standards.

(A) Unused Openings. Unused cable or raceway openings
in boxes, raceways, auxiliary gutters, cabinets, cutout boxes,
meter socket enclosures, equipment cases, or housings shall be
effectively closed to afford protection substantially equivalent
to the wall of the equipment. Where metallic plugs or plates
are used with nonmetallic enclosures, they shall be recessed at
least 6 mm (% in.) from the outer surface of the enclosure.

(B) Subsurface Enclosures. Conductors shall be racked to
provide ready and safe access in underground and subsur-
face enclosures into which persons enter for installation and
maintenance.

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

110.13 Mounting and Cooling of Equipment.

(A) Mounting. Electrical equipment shall be firmly se-
cured 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 that depends on the
natural circulation of air and convection principles for cool-
ing of exposed surfaces shall be installed so that room
airflow over such surfaces is not prevented by walls or by
adjacent installed equipment. For equipment designed for
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floor mounting, clearance between top surfaces and adja-
cent 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 char-
acteristics of dissimilar metals, devices such as pressure
terminal or pressure splicing connectors and soldering lugs
shall be identified for the material of the conductor and
shall be properly installed and used. Conductors of dissimi-
lar 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 alu-
minum), unless the device is identified for the purpose and
conditions of use. Materials such as solder, fluxes, inhibi-
tors, and compounds, where employed, shall be suitable for
the use and shall be of a type that will not adversely affect
the conductors, installation, or equipment.

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 con-
nectors (including set-screw type), solder lugs, or splices to
flexible leads. Connection by means of wire-binding screws or
studs and nuts that have upturned lugs or the equivalent shall
be permitted for 10 AWG or smaller conductors.

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

(B) Splices. Conductors shall be spliced or joined with splic-
ing devices identified for the use or by brazing, welding, or
soldering with a fusible metal or alloy. Soldered splices shall
first be spliced or joined so as to be mechanically and electri-
cally secure without solder and then be 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 identified for the purpose.

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

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

(1) Equipment Provisions. The determination of termination
provisions of equipment shall be based on 110.14(C)(1)(a)
or (C)(1)(b). Unless the equipment is listed and marked
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otherwise, conductor ampacities used in determining
equipment termination provisions shall be based on
Table 310.16 as appropriately modified by 310.15(B)(6).

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

(1) Conductors rated 60°C (140°F).

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

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

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

(b) Termination provisions of equipment for circuits
rated over 100 amperes, or marked for conductors larger
than 1 AWG, shall be used only for one of the following:
(1) Conductors rated 75°C (167°F)

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

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

FPN: With respect to 110.14(C)(1) and (C)(2), equipment
markings or listing information may additionally restrict
the sizing and temperature ratings of connected conductors.

110.15 High-Leg Marking. On a 4-wire, delta-connected
system where the midpoint of one phase winding is
grounded, only the conductor or busbar having the higher
phase voltage to ground shall be durably and permanently
marked by an outer finish that is orange in color or by other
effective means. Such identification shall be placed at each
point on the system where a connection is made if the
grounded conductor is also present.

110.16 Flash Protection. Switchboards, panelboards, in-
dustrial control panels, meter socket enclosures, and motor
control centers that are in other than dwelling occupancies
and are likely to require examination, adjustment, servic-
ing, or maintenance while energized shall be field marked
to warn qualified persons of potential electric arc flash haz-
ards. The marking shall be located so as to be clearly vis-
ible to qualified persons before examination, adjustment,
servicing, or maintenance of the equipment.
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FPN No. 1: NFPA 70E-2004, Standard for Electrical
Safety in the Workplace, provides assistance in determining
severity of potential exposure, planning safe work prac-
tices, and selecting personal protective equipment.

FPN No. 2: ANSI Z535.4-1998, Product Safety Signs and
Labels, provides guidelines for the design of safety signs
and labels for application to products.

110.18 Arcing Parts. Parts of electric equipment that in or-
dinary operation produce arcs, sparks, flames, or molten metal
shall be enclosed or separated and isolated from all combus-
tible material.

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

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

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

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

110.22 Identification of Disconnecting Means. Each dis-
connecting means shall be legibly marked to indicate its
purpose unless located and arranged so the purpose is evi-
dent. The marking shall be of sufficient durability to with-
stand the environment involved.

Where circuit breakers or fuses are applied in compliance
with the series combination ratings marked on the equipment
by the manufacturer, the equipment enclosure(s) shall be leg-
ibly marked in the field to indicate the equipment has been
applied with a series combination rating. The marking shall be
readily visible and state the following:

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

FPN: See 240.86(B) for interrupting rating marking for
end-use equipment.

110.23 Current Transformers. Unused current transform-
ers associated with potentially energized circuits shall be
short-circuited.

II. 600 Volts, Nominal, or Less

110.26 Spaces About Electrical Equipment. Sufficient
access and working space shall be provided and maintained
about all electric equipment to permit ready and safe opera-
tion and maintenance of such equipment. Enclosures hous-
ing electrical apparatus that are controlled by a lock(s) shall
be considered accessible to qualified persons.

(A) Working Space. Working space for equipment operat-
ing at 600 volts, nominal, or less to ground and likely to
require examination, adjustment, servicing, or maintenance
while energized shall comply with the dimensions of
110.26(A)(1), (A)(2), and (A)(3) or as required or permitted
elsewhere in this Code.

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

Table 110.26(A)(1) Working Spaces

Nominal Minimum Clear Distance
Voltage to
Ground Condition 1 Condition 2 Condition 3

0-150 900 mm (3 ft) 900 mm (3 ft) 900 mm (3 ft)
151-600 900 mm (3 ft) 1.1 m (3'2 ft) 1.2 m (4 ft)

Note: Where the conditions are as follows:

Condition 1 — Exposed live parts on one side of the working space
and no live or grounded parts on the other side of the working space,
or exposed live parts on both sides of the working space that are
effectively guarded by insulating materials.

Condition 2 — Exposed live parts on one side of the working space
and grounded parts on the other side of the working space. Concrete,
brick, or tile walls shall be considered as grounded.

Condition 3 — Exposed live parts on both sides of the working
space.

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

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

(c) Existing Buildings. In existing buildings where
electrical equipment is being replaced, Condition 2 working
clearance shall be permitted between dead-front switch-
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boards, panelboards, or motor control centers located
across the aisle from each other where conditions of main-
tenance and supervision ensure that written procedures
have been adopted to prohibit equipment on both sides of
the aisle from being open at the same time and qualified
persons who are authorized will service the installation.

(2) Width of Working Space. The width of the working
space in front of the electric equipment shall be the width
of the equipment or 750 mm (30 in.), whichever is greater.
In all cases, the work space shall permit at least a 90 degree
opening of equipment doors or hinged panels.

(3) Height of Working Space. The work space shall be
clear and extend from the grade, floor, or platform to the
height required by 110.26(E). Within the height require-
ments of this section, other equipment that is associated
with the electrical installation and is located above or be-
low the electrical equipment shall be permitted to extend
not more than 150 mm (6 in.) beyond the front of the
electrical equipment.

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

(C) Entrance to Working Space.

(1) Minimum Required. At least one entrance of suffi-
cient area shall be provided to give access to working space
about electrical equipment.

(2) Large Equipment. For equipment rated 1200 amperes
or more that contains overcurrent devices, switching de-
vices, or control devices, there shall be one entrance to the
required working space not less than 610 mm (24 in.) wide
and 2.0 m (62 ft) high at each end of the working space.
Where the entrance has a personnel door(s), the door(s)
shall open in the direction of egress and be equipped with
panic bars, pressure plates, or other devices that are nor-
mally latched but open under simple pressure.

A single entrance to the required working space shall be
permitted where either of the conditions in 110.26(C)(2)(a)
or (C)(2)(b) is met.

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

(b) Extra Working Space. Where the depth of the
working space is twice that required by 110.26(A)(1), a
single entrance shall be permitted. It shall be located so that
the distance from the equipment to the nearest edge of the
entrance is not less than the minimum clear distance speci-
fied in Table 110.26(A)(1) for equipment operating at that
voltage and in that condition.
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(D) Ilumination. Illumination shall be provided for all
working spaces about service equipment, switchboards,
panelboards, or motor control centers installed indoors. Ad-
ditional lighting outlets shall not be required where the
work space is illuminated by an adjacent light source or as
permitted by 210.70(A)(1), Exception No. 1, for switched
receptacles. In electrical equipment rooms, the illumination
shall not be controlled by automatic means only.

(E) Headroom. The minimum headroom of working
spaces about service equipment, switchboards, panelboards,
or motor control centers shall be 2.0 m (6'% ft). Where the
electrical equipment exceeds 2.0 m (62 ft) in height, the
minimum headroom shall not be less than the height of the
equipment.

Exception: In existing dwelling units, service equipment
or panelboards that do not exceed 200 amperes shall be
permitted in spaces where the headroom is less than 2.0 m
(62 ft).

(F) Dedicated Equipment Space. All switchboards, panel-
boards, distribution boards, and motor control centers shall be
located in dedicated spaces and protected from damage.

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

(1) Indoor. Indoor installations shall comply with
110.26(F)(1)(a) through (F)(1)(d).

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

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

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

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

(d) Suspended Ceilings. A dropped, suspended, or simi-
lar ceiling that does not add strength to the building structure
shall not be considered a structural ceiling.
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(2) Outdoor. Outdoor electrical equipment shall be in-
stalled in suitable enclosures and shall be protected from
accidental contact by unauthorized personnel, or by vehicu-
lar traffic, or by accidental spillage or leakage from piping
systems. The working clearance space shall include the
zone described in 110.26(A). No architectural appurtenance
or other equipment shall be located in this zone.

110.27 Guarding of Live Parts.

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

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

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

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

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

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

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

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

III. Over 600 Volts, Nominal

110.30 General. Conductors and equipment used on cir-
cuits over 600 volts, nominal, shall comply with Part I of
this article and with the following sections, which supple-
ment or modify Part I. In no case shall the provisions of
this part apply to equipment on the supply side of the ser-
vice point.

110.31 Enclosure for Electrical Installations. Electrical in-
stallations in a vault, room, or closet or in an area surrounded
by a wall, screen, or fence, access to which is controlled by a

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

For installations other than equipment as described in
110.31(D), a wall, screen, or fence shall be used to enclose
an outdoor electrical installation to deter access by persons
who are not qualified. A fence shall not be less than 2.1 m
(7 ft) in height or a combination of 1.8 m (6 ft) or more of
fence fabric and a 300-mm (1-ft) or more extension utiliz-
ing three or more strands of barbed wire or equivalent. The
distance from the fence to live parts shall be not less than
given in Table 110.31.

Table 110.31 Minimum Distance from Fence to Live Parts

Minimum Distance to Live Parts

Nominal Voltage m ft
601 — 13,799 3.05 10
13,800 — 230,000 4.57 15
Over 230,000 5.49 18

Note: For clearances of conductors for specific system voltages and typi-
cal BIL ratings, see ANSI C2-2002, National Electrical Safety Code.

FPN: See Article 450 for construction requirements for
transformer vaults.

(A) Fire Resistivity of Electrical Vaults. The walls, roof,
floors, and doorways of vaults containing conductors and
equipment over 600 volts, nominal, shall be constructed of
materials that have adequate structural strength for the con-
ditions, with a minimum fire rating of 3 hours. The floors of
vaults in contact with the earth shall be of concrete that is
not less than 4 in. (102 mm) thick, but where the vault is
constructed with a vacant space or other stories below it,
the floor shall have adequate structural strength for the load
imposed on it and a minimum fire resistance of 3 hours. For
the purpose of this section, studs and wallboards shall not
be considered acceptable.

(B) Indoor Installations.

(1) In Places Accessible to Unqualified Persons. Indoor
electrical installations that are accessible to unqualified per-
sons shall be made with metal-enclosed equipment. Metal-
enclosed switchgear, unit substations, transformers, pull
boxes, connection boxes, and other similar associated
equipment shall be marked with appropriate caution signs.
Openings in ventilated dry-type transformers or similar
openings in other equipment shall be designed so that for-
eign objects inserted through these openings are deflected
from energized parts.
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(2) In Places Accessible to Qualified Persons Only. In-
door electrical installations considered accessible only to
qualified persons in accordance with this section shall com-
ply with 110.34, 110.36, and 490.24.

(C) Outdoor Installations.

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

FPN: For clearances of conductors for system voltages
over 600 volts, nominal, see ANSI C2-2002, National Elec-
trical Safety Code.

(2) In Places Accessible to Qualified Persons Only. Out-
door electrical installations that have exposed live parts
shall be accessible to qualified persons only in accordance
with the first paragraph of this section and shall comply
with 110.34, 110.36, and 490.24.

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

110.32 Work Space About Equipment. Sufficient space
shall be provided and maintained about electric equipment
to permit ready and safe operation and maintenance of such
equipment. Where energized parts are exposed, the mini-
mum clear work space shall not be less than 2.0 m (6'% ft)
high (measured vertically from the floor or platform) or less
than 900 mm (3 ft) wide (measured parallel to the equip-
ment). The depth shall be as required in 110.34(A). In all
cases, the work space shall permit at least a 90 degree
opening of doors or hinged panels.

110.33 Entrance and Access to Work Space.

(A) Entrance. At least one entrance not less than 610 mm
(24 in.) wide and 2.0 m (62 ft) high shall be provided to
give access to the working space about electric equipment.
Where the entrance has a personnel door(s), the door(s)
shall open in the direction of egress and be equipped with
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panic bars, pressure plates, or other devices that are nor-
mally latched but open under simple pressure.

(1) Large Equipment. On switchboard and control panels
exceeding 1.8 m (6 ft) in width, there shall be one entrance
at each end of the equipment. A single entrance to the
required working space shall be permitted where either of
the conditions in 110.33(A)(1)(a) or (A)(1)(b) is met.

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

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

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

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

110.34 Work Space and Guarding.

(A) Working Space. Except as elsewhere required or per-
mitted in this Code, the minimum clear working space in
the direction of access to live parts of electrical equipment
shall not be less than specified in Table 110.34(A). Dis-
tances shall be measured from the live parts, if such are
exposed, or from the enclosure front or opening if such are
enclosed.

Exception: Working space shall not be required in back of
equipment such as dead-front switchboards or control as-
semblies where there are no renewable or adjustable parts
(such as fuses or switches) on the back and where all con-
nections are accessible from locations other than the back.
Where rear access is required to work on de-energized
parts on the back of enclosed equipment, a minimum work-
ing space of 750 mm (30 in.) horizontally shall be provided.

(B) Separation from Low-Voltage Equipment. Where
switches, cutouts, or other equipment operating at 600 volts,
nominal, or less are installed in a vault, room, or enclosure
where there are exposed live parts or exposed wiring operating
at over 600 volts, nominal, the high-voltage equipment shall
be effectively separated from the space occupied by the low-
voltage equipment by a suitable partition, fence, or screen.
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Table 110.34(A) Minimum Depth of Clear Working Space at
Electrical Equipment

Table 110.34(E) Elevation of Unguarded Live Parts Above
Working Space

Nominal Minimum Clear Distance Elevation
Voltage to Nominal Voltage
Ground Condition 1 Condition 2 Condition 3 Between Phases m ft

601-2500 V 900 mm 3ft) 12m@ft) 1.5m (51t 601-7500 V 2.8 9

2501-9000 V 1.2 m (4 ft) 1.5m @G ft)y 1.8 m (6 ft) 7501-35,000 V 2.9 914
9001-25,000 V 1.5 m (5 ft) 1.8 m (6 ft) 2.8 m (9 ft) Over 35 kV 29 m + 9.5 mm/kV 9% ft + 0.37 in./kV
25,001V-75 kV 1.8 m (6 ft) 2.5 m (8 ft) 3.0 m (10 ft) above 35 above 35

Above 75 kV 2.5 m (8 ft) 3.0m (10 ft)y 3.7 m (12 ft)

Note: Where the conditions are as follows:

Condition 1 — Exposed live parts on one side of the working space
and no live or grounded parts on the other side of the working space,
or exposed live parts on both sides of the working space that are
effectively guarded by insulating materials.

Condition 2 — Exposed live parts on one side of the working space
and grounded parts on the other side of the working space. Concrete,
brick, or tile walls shall be considered as grounded.

Condition 3 — Exposed live parts on both sides of the working space.

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

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

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

DANGER — HIGH VOLTAGE — KEEP OUT

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

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

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

(F) Protection of Service Equipment, Metal-Enclosed
Power Switchgear, and Industrial Control Assemblies.
Pipes or ducts foreign to the electrical installation and
requiring periodic maintenance or whose malfunction
would endanger the operation of the electrical system
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shall not be located in the vicinity of the service equip-
ment, metal-enclosed power switchgear, or industrial control
assemblies. Protection shall be provided where necessary to
avoid damage from condensation leaks and breaks in such
foreign systems. Piping and other facilities shall not be con-
sidered foreign if provided for fire protection of the electrical
installation.

110.36 Circuit Conductors. Circuit conductors shall be
permitted to be installed in raceways; in cable trays; as
metal-clad cable, as bare wire, cable, and busbars; or as
Type MV cables or conductors as provided in 300.37,
300.39, 300.40, and 300.50. Bare live conductors shall con-
form with 490.24.

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

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

110.40 Temperature Limitations at Terminations. Con-
ductors shall be permitted to be terminated based on the
90°C (194°F) temperature rating and ampacity as given
in Table 310.67 through Table 310.86, unless otherwise
identified.

IV. Tunnel Installations over 600 Volts, Nominal
110.51 General.

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

110.72

(B) Other Articles. The requirements of this part shall be
additional to, or amendatory of, those prescribed in Articles
100 through 490 of this Code. Special attention shall be
paid to Article 250.

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

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

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

110.54 Bonding and Equipment Grounding Conductors.

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

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

110.55 Transformers, Switches, and Electrical Equip-
ment. All transformers, switches, motor controllers, motors,
rectifiers, and other equipment installed below ground shall be
protected from physical damage by location or guarding.

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

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

110.58 Disconnecting Means. A switch or circuit breaker
that simultaneously opens all ungrounded conductors of the
circuit shall be installed within sight of each transformer or
motor location for disconnecting the transformer or motor.
The switch or circuit breaker for a transformer shall have an
ampere rating not less than the ampacity of the transformer
supply conductors. The switch or circuit breaker for a motor
shall comply with the applicable requirements of Article 430.
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110.59 Enclosures. Enclosures for use in tunnels shall be
dripproof, weatherproof, or submersible as required by the
environmental conditions. Switch or contactor enclosures
shall not be used as junction boxes or as raceways for
conductors feeding through or tapping off to other switches,
unless the enclosures comply with 312.8.

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

110.70 General. Electric enclosures intended for personnel
entry and specifically fabricated for this purpose shall be of
sufficient size to provide safe work space about electric
equipment with live parts that is likely to require examina-
tion, adjustment, servicing, or maintenance while ener-
gized. Such enclosures shall have sufficient size to permit
ready installation or withdrawal of the conductors em-
ployed without damage to the conductors or to their insu-
lation. They shall comply with the provisions of this part.

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

110.71 Strength. Manholes, vaults, and their means of ac-
cess shall be designed under qualified engineering supervi-
sion and shall withstand all loads likely to be imposed on
the structures.

FPN: See ANSI C2-2002, National Electrical Safety
Code, for additional information on the loading that can be
expected to bear on underground enclosures.

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

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

(1) Optical fiber cables as covered in Article 770

(2) Power-limited fire alarm circuits supplied in accor-
dance with 760.41(A)

(3) Class 2 or Class 3 remote-control and signaling cir-
cuits, or both, supplied in accordance with 725.41

Documents
Document Shari??g‘plub


http://www.avadocuments.com/doc/nfpa-70-2005
http://www.avadocuments.com/doc/nfpa-70-2005

110.73

ARTICLE 110 — REQUIREMENTS FOR ELECTRICAL INSTALLATIONS

110.73 Equipment Work Space. Where electric equipment
with live parts that is likely to require examination, adjust-
ment, servicing, or maintenance while energized is installed in
a manhole, vault, or other enclosure designed for personnel
access, the work space and associated requirements in 110.26
shall be met for installations operating at 600 volts or less.
Where the installation is over 600 volts, the work space and
associated requirements in 110.34 shall be met. A manhole
access cover that weighs over 45 kg (100 Ib) shall be consid-
ered as meeting the requirements of 110.34(C).

110.74 Bending Space for Conductors. Bending space for
conductors operating at 600 volts or below shall be provided
in accordance with the requirements of 314.28. Conductors
operating over 600 volts shall be provided with bending space
in accordance with 314.71(A) and 314.71(B), as applicable.
All conductors shall be cabled, racked up, or arranged in an
approved manner that provides ready and safe access for per-
sons to enter for installation and maintenance.

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

110.75 Access to Manholes.

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

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

(1) Optical fiber cables as covered in Article 770

(2) Power-limited fire alarm circuits supplied in accor-
dance with 760.41

(3) Class 2 or Class 3 remote-control and signaling cir-
cuits, or both, supplied in accordance with 725.41

(B) Obstructions. Manhole openings shall be free of pro-
trusions that could injure personnel or prevent ready egress.
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(C) Location. Manhole openings for personnel shall be lo-
cated where they are not directly above electric equipment or
conductors in the enclosure. Where this is not practicable,
either a protective barrier or a fixed ladder shall be provided.

(D) Covers. Covers shall be over 45 kg (100 1b) or other-
wise designed to require the use of tools to open. They shall
be designed or restrained so they cannot fall into the man-
hole or protrude sufficiently to contact electrical conductors
or equipment within the manhole.

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

110.76 Access to Vaults and Tunnels.

(A) Location. Access openings for personnel shall be lo-
cated where they are not directly above electric equipment
or conductors in the enclosure. Other openings shall be
permitted over equipment to facilitate installation, mainte-
nance, or replacement of equipment.

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

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

110.78 Guarding. Where conductors or equipment, or both,
could be contacted by objects falling or being pushed through
a ventilating grating, both conductors and live parts shall be
protected in accordance with the requirements of 110.27(A)(2)
or 110.31(B)(1), depending on the voltage.

110.79 Fixed Ladders. Fixed ladders shall be corrosion
resistant.
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ARTICLE 200 — USE AND IDENTIFICATION OF GROUNDED CONDUCTORS 200.6

Chapter 2 Wiring and Protection

ARTICLE 200
Use and Identification of Grounded
Conductors

200.1 Scope. This article provides requirements for the
following:

(1) Identification of terminals
(2) Grounded conductors in premises wiring systems
(3) Identification of grounded conductors

FPN: See Article 100 for definitions of Grounded Conduc-
tor and Grounding Conductor.

200.2 General. All premises wiring systems, other than
circuits and systems exempted or prohibited by 210.10,
215.7, 250.21, 250.22, 250.162, 503.155, 517.63, 668.11,
668.21, and 690.41 Exception, shall have a grounded con-
ductor that is identified in accordance with 200.6.

The grounded conductor, where insulated, shall have
insulation that is (1) suitable, other than color, for any un-
grounded conductor of the same circuit on circuits of less
than 1000 volts or impedance grounded neutral systems of
1 kV and over, or (2) rated not less than 600 volts for
solidly grounded neutral systems of 1 kV and over as de-
scribed in 250.184(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 that is grounded. For the
purpose of this section, electrically connected shall mean con-
nected so as to be capable of carrying current, as distinguished
from connection through electromagnetic induction.

200.6 Means of Identifying Grounded Conductors.

(A) Sizes 6 AWG or Smaller. An insulated grounded con-
ductor of 6 AWG or smaller shall be identified by a con-
tinuous white or gray outer finish or by three continuous
white stripes on other than green insulation along its entire
length. Wires that have their outer covering finished to
show a white or gray color but have colored tracer threads
in the braid identifying the source of manufacture shall be
considered as meeting the provisions of this section. Insu-
lated grounded conductors shall also be permitted to be
identified as follows:
(1) The grounded conductor of a mineral-insulated, metal-
sheathed cable shall be identified at the time of instal-
lation by distinctive marking at its terminations.

2005 Edition NATIONAL ELECTRICAL CODE

Full document details: NFPA 70 2005

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

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

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

(B) Sizes Larger Than 6 AWG. An insulated grounded

conductor larger than 6 AWG shall be identified by one of

the following means:

(1) By a continuous white or gray outer finish.

(2) By three continuous white stripes along its entire length
on other than green insulation.

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

(C) Flexible Cords. An insulated conductor that is in-
tended for use as a grounded conductor, where contained
within a flexible cord, shall be identified by a white or gray
outer finish or by methods permitted by 400.22.

(D) Grounded Conductors of Different Systems. Where
grounded conductors of different systems are installed in
the same raceway, cable, box, auxiliary gutter, or other type
of enclosure, each grounded conductor shall be identified
by system. Identification that distinguishes each system
grounded conductor shall be permitted by one of the fol-
lowing means:

(1) One system grounded conductor shall have an outer
covering conforming to 200.6(A) or 200.6(B).

(2) The grounded conductor(s) of other systems shall have
a different outer covering conforming to 200.6(A) or
200.6(B) or by an outer covering of white or gray with
a readily distinguishable colored stripe other than green
running along the insulation.

(3) Other and different means of identification as allowed
by 200.6(A) or 200.6(B) that will distinguish each sys-
tem grounded conductor.

This means of identification shall be permanently posted at
each branch-circuit panelboard.

(E) Grounded Conductors of Multiconductor Cables.
The insulated grounded conductors in a multiconductor
cable shall be identified by a continuous white or gray outer
finish or by three continuous white stripes on other than
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200.7 ARTICLE 200 — USE AND IDENTIFICATION OF GROUNDED CONDUCTORS

green insulation along its entire length. Multiconductor flat
cable 4 AWG or larger shall be permitted to employ an
external ridge on the grounded conductor.

Exception No. 1: Where the conditions of maintenance
and supervision ensure that only qualified persons service
the installation, grounded conductors in multiconductor
cables shall be permitted to be permanently identified at
their terminations at the time of installation by a distinctive
white marking or other equally effective means.

Exception No. 2: The grounded conductor of a multiconduc-
tor varnished-cloth-insulated cable shall be permitted to be
identified at its terminations at the time of installation by a
distinctive white marking or other equally effective means.

FPN: The color gray may have been used in the past as an
ungrounded conductor. Care should be taken when working
on existing systems.

200.7 Use of Insulation of a White or Gray Color or
with Three Continuous White Stripes.

(A) General. The following shall be used only for the
grounded circuit conductor, unless otherwise permitted in
200.7(B) and 200.7(C):

(1) A conductor with continuous white or gray covering

(2) A conductor with three continuous white stripes on
other than green insulation

(3) A marking of white or gray color at the termination

(B) Circuits of Less Than 50 Volts. A conductor with
white or gray color insulation or three continuous white
stripes or having a marking of white or gray at the termi-
nation for circuits of less than 50 volts shall be required to
be grounded only as required by 250.20(A).

(C) Circuits of 50 Volts or More. The use of insulation that
is white or gray or that has three continuous white stripes for
other than a grounded conductor for circuits of 50 volts or
more shall be permitted only as in (1) through (3).

(1) If part of a cable assembly and where the insulation is
permanently reidentified to indicate its use as an un-
grounded conductor, by painting or other effective
means at its termination, and at each location where the
conductor is visible and accessible. Identification shall
encircle the insulation and shall be a color other than
white, gray, or green.

(2) Where a cable assembly contains an insulated conduc-
tor for single-pole, 3-way or 4-way switch loops and
the conductor with white or gray insulation or a mark-
ing of three continuous white stripes is used for the
supply to the switch but not as a return conductor from
the switch to the switched outlet. In these applications,
the conductor with white or gray insulation or with
three continuous white stripes shall be permanently re-
identified to indicate its use by painting or other effec-
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tive means at its terminations and at each location
where the conductor is visible and accessible.

(3) Where a flexible cord, having one conductor identified
by a white or gray outer finish or three continuous
white stripes or by any other means permitted by
400.22, is used for connecting an appliance or equip-
ment permitted by 400.7. This shall apply to flexible
cords connected to outlets whether or not the outlet is
supplied by a circuit that has a grounded conductor.

FPN: The color gray may have been used in the past as an
ungrounded conductor. Care should be taken when working
on existing systems.

200.9 Means of Identification of Terminals. The identifi-
cation of terminals to which a grounded conductor is to be
connected shall be substantially white in color. The identi-
fication of other terminals shall be of a readily distinguish-
able different color.

Exception: Where the conditions of maintenance and super-
vision ensure that only qualified persons service the installa-
tions, terminals for grounded conductors shall be permitted to
be permanently identified at the time of installation by a dis-
tinctive white marking or other equally effective means.

200.10 Identification of Terminals.

(A) Device Terminals. All devices, excluding panelboards,
provided with terminals for the attachment of conductors and
intended for connection to more than one side of the circuit
shall have terminals properly marked for identification, unless
the electrical connection of the terminal intended to be con-
nected to the grounded conductor is clearly evident.

Exception: Terminal identification shall not be required for
devices that have a normal current rating of over 30 amperes,
other than polarized attachment plugs and polarized recep-
tacles for attachment plugs as required in 200.10(B).

(B) Receptacles, Plugs, and Connectors. Receptacles,
polarized attachment plugs, and cord connectors for plugs
and polarized plugs shall have the terminal intended for
connection to the grounded conductor identified as follows:

(1) Identification shall be by a metal or metal coating that
is substantially white in color or by the word white or
the letter W located adjacent to the identified terminal.

(2) If the terminal is not visible, the conductor entrance
hole for the connection shall be colored white or
marked with the word white or the letter W.

FPN: See 250.126 for identification of wiring device
equipment grounding conductor terminals.

(C) Screw Shells. For devices with screw shells, the ter-
minal for the grounded conductor shall be the one con-
nected to the screw shell.
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ARTICLE 210 — BRANCH CIRCUITS

210.3

(D) Screw Shell Devices with Leads. For screw shell de-
vices with attached leads, the conductor attached to the
screw shell shall have a white or gray finish. The outer
finish of the other conductor shall be of a solid color that
will not be confused with the white or gray finish used to
identify the grounded conductor.

FPN: The color gray may have been used in the past as an

ungrounded conductor. Care should be taken when working
on existing systems.

(E) Appliances. Appliances that have a single-pole
switch or a single-pole overcurrent device in the line or
any line-connected screw shell lampholders, and that are
to be connected by (1) a permanent wiring method or (2)
field-installed attachment plugs and cords with three or
more wires (including the equipment grounding conduc-
tor), shall have means to identify the terminal for the
grounded circuit conductor (if any).

200.11 Polarity of Connections. No grounded conductor
shall be attached to any terminal or lead so as to reverse the
designated polarity.

ARTICLE 210
Branch Circuits

I. General Provisions

210.1 Scope. This article covers branch circuits except for
branch circuits that supply only motor loads, which are
covered in Article 430. Provisions of this article and Article
430 apply to branch circuits with combination loads.

210.2 Other Articles for Specific-Purpose Branch Cir-
cuits. Branch circuits shall comply with this article and also
with the applicable provisions of other articles of this Code.
The provisions for branch circuits supplying equipment listed
in Table 210.2 amend or supplement the provisions in this
article and shall apply to branch circuits referred to therein.

210.3 Rating. Branch circuits recognized by this article shall
be rated in accordance with the maximum permitted ampere
rating or setting of the overcurrent device. The rating for other
than individual branch circuits shall be 15, 20, 30, 40, and 50
amperes. Where conductors of higher ampacity are used for
any reason, the ampere rating or setting of the specified over-
current device shall determine the circuit rating.

Exception:  Multioutlet branch circuits greater than 50
amperes shall be permitted to supply nonlighting outlet
loads on industrial premises where conditions of mainte-
nance and supervision ensure that only qualified persons
service the equipment.
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Table 210.2 Specific-Purpose Branch Circuits

Equipment

Article Section

Air-conditioning and
refrigerating equipment

Audio signal processing,
amplification, and
reproduction equipment

Busways

Circuits and equipment
operating at less than 50
volts

Central heating equipment
other than fixed electric
space-heating equipment

Class 1, Class 2, and Class 3
remote-control, signaling,
and power-limited circuits

Closed-loop and programmed
power distribution

Cranes and hoists

Electric signs and outline
lighting

Electric welders

Elevators, dumbwaiters,
escalators, moving walks,
wheelchair lifts, and
stairway chair lifts

Fire alarm systems

Fixed electric heating
equipment for pipelines
and vessels

Fixed electric space-heating
equipment

Fixed outdoor electric
deicing and snow-melting
equipment

Information technology
equipment

Infrared lamp industrial
heating equipment

Induction and dielectric
heating equipment

Marinas and boatyards

Mobile homes, manufactured
homes, and mobile home
parks

Motion picture and television
studios and similar
locations

Motors, motor circuits, and
controllers

Pipe organs

Recreational vehicles and
recreational vehicle parks

Switchboards and
panelboards

Theaters, audience areas of
motion picture and
television studios, and
similar locations

X-ray equipment

440.6, 440.31,
440.32
640.8

368.17
720

422.12

725

780

610.42
600.6

630
620.61

760
4274
4243

426.4

645.5
42248, 4243
665
555.19
550

530

430

650.7
551

408.52
520.41,
520.52, 520.62

660.2, 517.73
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2104 ARTICLE 210 — BRANCH CIRCUITS

210.4 Multiwire Branch Circuits.

(A) General. Branch circuits recognized by this article
shall be permitted as multiwire circuits. A multiwire circuit
shall be permitted to be considered as multiple circuits. All
conductors shall originate from the same panelboard or
similar distribution equipment.

FPN: A 3-phase, 4-wire, wye-connected power system
used to supply power to nonlinear loads may necessitate
that the power system design allow for the possibility of
high harmonic neutral currents.

(B) Devices or Equipment. Where a multiwire branch cir-
cuit supplies more than one device or equipment on the same
yoke, a means shall be provided to disconnect simultaneously
all ungrounded conductors supplying those devices or equip-
ment at the point where the branch circuit originates.

(C) Line-to-Neutral Loads. Multiwire branch circuits
shall supply only line-to-neutral loads.

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

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

FPN: See 300.13(B) for continuity of grounded conductor
on multiwire circuits.

210.5 Identification for Branch Circuits.

(A) Grounded Conductor. The grounded conductor of a
branch circuit shall be identified in accordance with 200.6.

(B) Equipment Grounding Conductor. The equipment
grounding conductor shall be identified in accordance with
250.119.

(C) Ungrounded Conductors. Where the premises wiring
system has branch circuits supplied from more than one nomi-
nal voltage system, each ungrounded conductor of a branch
circuit, where accessible, shall be identified by system. The
means of identification shall be permitted to be by separate
color coding, marking tape, tagging, or other approved means
and shall be permanently posted at each branch-circuit panel-
board or similar branch-circuit distribution equipment.

210.6 Branch-Circuit Voltage Limitations. The nominal
voltage of branch circuits shall not exceed the values per-
mitted by 210.6(A) through 210.6(E).

(A) Occupancy Limitation. In dwelling units and guest
rooms or guest suites of hotels, motels, and similar occupan-
cies, the voltage shall not exceed 120 volts, nominal, between
conductors that supply the terminals of the following:

(1) Luminaires (lighting fixtures)
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(2) Cord-and-plug-connected loads 1440 volt-amperes,
nominal, or less or less than "4 hp

(B) 120 Volts Between Conductors. Circuits not exceed-

ing 120 volts, nominal, between conductors shall be permit-

ted to supply the following:

(1) The terminals of lampholders applied within their volt-
age 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 the following:

(1) Listed electric-discharge luminaires (lighting fixtures)

(2) Listed incandescent luminaires (lighting fixtures), where
supplied at 120 volts or less from the output of a step-
down autotransformer that is an integral component of
the luminaire (fixture) and the outer shell terminal is
electrically connected to a grounded conductor of the
branch circuit

(3) Luminaires (lighting fixtures) equipped with mogul-
base screw shell lampholders

(4) Lampholders, other than the screw shell type, applied
within their voltage ratings

(5) Auxiliary equipment of electric-discharge lamps

(6) Cord-and-plug-connected or permanently connected
utilization equipment

(D) 600 Volts Between Conductors. Circuits exceeding

277 volts, nominal, to ground and not exceeding 600 volts,

nominal, between conductors shall be permitted to supply

the following:

(1) The auxiliary equipment of electric-discharge lamps
mounted in permanently installed luminaires (fixtures)
where the luminaires (fixtures) are mounted in accor-
dance with one of the following:

a. Not less than a height of 6.7 m (22 ft) on poles or
similar structures for the illumination of outdoor ar-
eas such as highways, roads, bridges, athletic fields,
or parking lots

b. Not less than a height of 5.5 m (18 ft) on other
structures such as tunnels

(2) Cord-and-plug-connected or permanently connected
utilization equipment other than luminaires (fixtures)

FPN: See 410.78 for auxiliary equipment limitations.

Exception No. 1 to (B), (C), and (D): For lampholders of
infrared industrial heating appliances as provided in 422.14.

Exception No. 2 to (B), (C), and (D): For railway proper-
ties as described in 110.19.
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ARTICLE 210 — BRANCH CIRCUITS 210.9

(E) Over 600 Volts Between Conductors. Circuits ex-
ceeding 600 volts, nominal, between conductors shall be
permitted to supply utilization equipment in installations
where conditions of maintenance and supervision ensure
that only qualified persons service the installation.

210.7 Branch Circuit Receptacle Requirements.

(A) Receptacle Outlet Location. Receptacle outlets shall
be located in branch circuits in accordance with Part III of
Article 210.

(B) Multiple Branch Circuits. Where two or more branch
circuits supply devices or equipment on the same yoke, a
means to simultaneously disconnect the ungrounded con-
ductors supplying those devices shall be provided at the
point at which the branch circuits originate.

210.8 Ground-Fault Circuit-Interrupter Protection for
Personnel.

FPN: See 215.9 for ground-fault circuit-interrupter protec-
tion for personnel on feeders.

(A) Dwelling Units. All 125-volt, single-phase, 15- and
20-ampere receptacles installed in the locations specified in
(1) through (8) shall have ground-fault circuit-interrupter
protection for personnel.

(1) Bathrooms

(2) Garages, and also accessory buildings that have a floor
located at or below grade level not intended as habit-
able rooms and limited to storage areas, work areas,
and areas of similar use

Exception No. 1 to (2): Receptacles that are not readily
accessible.

Exception No. 2 to (2): A single receptacle or a duplex re-
ceptacle for two appliances located within dedicated space for
each appliance that, in normal use, is not easily moved from
one place to another and that is cord-and-plug connected in
accordance with 400.7(A)(6), (A)(7), or (A)(8).

Receptacles installed under the exceptions to 210.8(A)(2)
shall not be considered as meeting the requirements of
210.52(G)

(3) Outdoors

Exception to (3): Receptacles that are not readily acces-
sible and are supplied by a dedicated branch circuit for
electric snow-melting or deicing equipment shall be permit-
ted to be installed in accordance with 426.28.

(4) Crawl spaces — at or below grade level

(5) Unfinished basements — for purposes of this section,
unfinished basements are defined as portions or areas of the
basement not intended as habitable rooms and limited to
storage areas, work areas, and the like
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Exception No. 1 to (5): Receptacles that are not readily
accessible.

Exception No. 2 to (5): A single receptacle or a duplex re-
ceptacle for two appliances located within dedicated space for
each appliance that, in normal use, is not easily moved from
one place to another and that is cord-and-plug connected in
accordance with 400.7(A)(6), (A)(7), or (A)(8).

Exception No. 3 to (5): A receptacle supplying only a perma-
nently installed fire alarm or burglar alarm system shall not
be required to have ground-fault circuit-interrupter protection.

Receptacles installed under the exceptions to 210.8(A)(5)
shall not be considered as meeting the requirements of
210.52(G).

(6) Kitchens — where the receptacles are installed to serve
the countertop surfaces

(7) Laundry, utility, and wet bar sinks — where the recep-
tacles are installed within 1.8 m (6 ft) of the outside
edge of the sink

(8) Boathouses

(B) Other Than Dwelling Units. All 125-volt, single-

phase, 15- and 20-ampere receptacles installed in the loca-

tions specified in (1) through (5) shall have ground-fault

circuit-interrupter protection for personnel:

(1) Bathrooms

(2) Commercial and institutional kitchens — for the purposes
of this section, a kitchen is an area with a sink and per-
manent facilities for food preparation and cooking

(3) Rooftops

(4) Outdoors in public spaces—for the purpose of this sec-
tion a public space is defined as any space that is for
use by, or is accessible to, the public

Exception to (3) and (4): Receptacles that are not readily
accessible and are supplied from a dedicated branch circuit
for electric snow-melting or deicing equipment shall be
permitted to be installed in accordance with the applicable
provisions of Article 426.

(5) Outdoors, where installed to comply with 210.63

(C) Boat Hoists. Ground-fault circuit-interrupter protec-
tion for personnel shall be provided for outlets that supply
boat hoists installed in dwelling unit locations and supplied
by 125-volt, 15- and 20-ampere branch circuits.

210.9 Circuits Derived from Autotransformers. Branch
circuits shall not be derived from autotransformers unless
the circuit supplied has a grounded conductor that is elec-
trically connected to a grounded conductor of the system
supplying the autotransformer.
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