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Recognized as an
American National Standard

An American National Standard implies a consensus of those substantially concerned
with its scope and provisions. An American National Standard is intended as a guide to
aid the manufacturer, the consumer, and the general public. The existence of an Amer-
ican National Standard does not in any respect preclude anyone, whether he has ap-
proved the standard or not, from manufacturing, marketing, purchasing, or using
products, processes, or procedures not conforming to the standard. American National
Standards are subject to periodic review and users are cautioned to obtain the latest
editions.
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v

Foreword

(This foreword is not a part of Accredited Standards Committee C2-1997, National Electrical Safety Code®.)

This publication consists of the parts of the National Electrical Safety Code® (NESC®) currently in effect.
The former practice of designating parts by editions has not been practical for some time. In the 1977 Edition,
Parts 1 and 4 were 6th Editions; Part 2 was a 7th Edition; Part 3, a revision of the 6th Edition; Part 2, Section
29, did not cover the same subject matter as the 5th Edition; and Part 3 had been withdrawn in 1970. In the
1987 Edition, revisions were made in all parts and revisions to all parts have been made in subsequent edi-
tions. It is therefore recommended that reference to the NESC be made solely by the year of the published
volume and desired part number. Separate copies of the individual parts are not available.

Work on the NESC started in 1913 at the National Bureau of Standards (NBS), resulting in the publication
of NBS Circular 49. The last complete edition of the Code (the 5th Edition, NBS Handbook H30) was issued
in 1948, although separate portions had been available at various times starting in 1938. Part 2—Definitions,
and the Grounding Rules, 6th Edition, were issued as NBS Handbook H81, ANSI C2.2-1960, in November
1961, but work on other parts was not actively in process again until 1970. 

In 1970 the C2 Committee decided to delete the Rules for the Installation and Maintenance of Electric
Utilization Equipment (Part 3 of the 5th Edition), now largely covered by the National Electrical Code (AN-
SI/NFPA 70), and the Rules for Radio Installations (Part 5 of the 5th Edition) from future editions. The Dis-
cussion of the NESC, issued as NBS Handbook H4 (1928 Edition) for the 4th Edition of the NESC, and as
NBS Handbook H39 for Part 2 of the Grounding Rules of the 5th Edition, was not published for the 6th Edi-
tion. 

The 1981 Edition included major changes in Parts 1, 2, and 3, minor changes in Part 4, and the incorpo-
ration of the rules common to all parts into Section 1. The 1984 Edition was revised to update all references
and to list those references in a new Section 3. Rounded metric values, for information only, were added.
Gender-related terminology was deleted. Sections 1—Introduction, 2—Definitions, 3—References, and 9—
Grounding Methods, were made applicable to each of the Parts 1, 2, 3, and 4. 

The 1987 Edition was revised extensively. Definitions were changed or added. Requirements affecting
grounding methods, electric supply stations, overhead line clearances and loading, underground lines, and
work rules were revised. 

The 1990 Edition included several major changes. General rules were revised. A significant change to the
method for specifying overhead line clearances was made and the rationale added as Appendix A. Require-
ments for clearances of overhead lines from grain bins and an alternate method for determining the strength
requirements for wood structures were added. Rules covering grounding methods, electric supply stations,
underground lines, and work rules were changed.

In the 1993 Edition, changes were made in the rules applicable to emergency and temporary installations.
In Section 9 and Parts 1, 2, and 3, rules were extended or clarified to include HVDC systems. The require-
ments for random separation of direct-buried supply and communication systems were modified for consis-
tency and clarity, as was the rule in Part 4 on tagging electric supply circuits.

For 1997, several changes were made that affected all or several parts of the Code. The most significant
of these, which is stated in Section 1, is to show numerical values in the metric (SI) system first, with the
customary inch-foot-pound values (inside parentheses) following.

The second general change was the addition of NOTES referring to several ANSI standards on safety
signs.

Finally, in order to reduce the probability of misinterpretation, words such as “minimize the possibility”
or “prevent” were changed to “limit the likelihood” or similar language. One exception to this type of change
is Part 4.

In Section 2, definitions of several items related to worker safety, and a definition of limited access high-
ways, were added. The definition of a generating station was changed and relocated as one type of an electric
supply station.

The list of references in Section 3 was reorganized and revised so as to include only documents referred
to in one or more sections of the Code.

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:10:29 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C2-1997

http://www.avadocuments.com/doc/ieee-c2-1997
http://www.avadocuments.com/doc/ieee-c2-1997


vi

In Section 9—Grounding Methods, changes were made in rules affecting the grounding of fences so as to
state only the methods of grounding to be used when the grounding of fences is required by other parts of the
Code. The wording of rules affecting Ampacity and Strength Underground Installations, Separation of
Grounding Conductors, and Communication Apparatus was changed for clarity.

In Section 9 and Parts 1 and 2, rules were extended or clarified to include HVDC Systems.
In Part 1—Electric Supply Stations, requirements for a safety clearance zone for fences relative to exposed

live parts were added. In most cases, requirements copied from the National Electrical Code®, NFPA 70
were replaced by direct references to the applicable rules of the NEC document. A requirement for short cir-
cuit protection of power transformers was added.

In Part 2—Overhead Lines, changes were made to the clearance rules applicable to emergency and tem-
porary installations to allow for the proper choice of methods for assuring safety. Footnotes to several tables
regarding the requirements applicable to ungrounded guys and ungrounded portions of span guys were add-
ed, as were clearance requirements for unguarded rigid live parts over or near swimming pools. Clearance
requirements between different facilities located on the same structure were changed. Strength requirements
contained in Sections 24, 25, and 26 were revised completely.

In Part 3—Underground Lines, the requirements for random separation of direct-buried supply and com-
munication cables were modified with respect to sequential marking of the identification symbol with other
data on the cable. A requirement for a continuous metallic shield for some communication cables was added.

In Part 4—Work Rules, a requirement that warning signs and tags comply with the provisions of applica-
ble ANSI standards, and extensive requirements for fall protection were added. The rule on tagging electric
supply circuits was revised to clarify its application to Supervisory Control and Data Acquisition (SCADA)
Systems.

A bibliography, Appendix B, was added to this edition, which consists of a list of resources identified in
notes or recommendations. Only those sources identified in rules are included in the references of Section 3.

Substantive changes in the 1997 edition are identified by a bar in the left-hand margin. In several cases,
rules have been relocated without substantive changes in the wording. In these cases, only the rule numbers
have been indicated as having been changed.

The Institute of Electrical and Electronics Engineers, Inc., was designated as the administrative secretariat
for C2 in January 1973, assuming the functions formerly performed by the National Bureau of Standards.

Comments on the rules and suggestions for their improvement are invited, especially from those who have
experience in their practical application. In future editions every effort will be made to improve the rules,
both in the adequacy of coverage and in the clarification of requirements. Comments should be addressed to:

Secretary
National Electrical Safety Code Committee
Institute of Electrical and Electronics Engineers, Inc.
445 Hoes Lane
P.O. Box 1331
Piscataway, NJ 08855-1331

A representative Committee on Interpretations has been established to prepare replies to requests for in-
terpretation of the rules contained in the Code. Requests for interpretation should state the rule in question
as well as the conditions under which it is being applied. Interpretations are intended to clarify the intent of
specific rules and are not intended to supply consulting information on the application of the Code. Requests
for interpretation should be sent to the address above.

If the request is suitable for processing, it will be sent to the Interpretations Committee. After consider-
ation by the committee, which may involve many exchanges of correspondence, the inquirer will be notified
of its decision. Decisions are published regularly and may be ordered.

The NESC as written is a voluntary standard. However, some editions and some parts of the Code have
been adopted, with and without changes, by some state and local jurisdictional authorities. To determine the
legal status of the National Electrical Safety Code in any particular state or locality within a state, the author-
ity having jurisdiction should be contacted. 
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Letter Symbols for Units

This code uses standard symbols for units. They have the following meanings:

A ampere
c centi (10–2)
cm centimeter
cm3 cubic centimeter
C degree Celsius
ft foot
g gram
g/cm3 grams per cubic centimeter
ha hectare
Hz hertz
h hour
h hecto (102)
in inch
J joule
k kilo (103)
kV kilovolt (1000 volts)
kvar kilovar
kVA kilovoltampere
kW kilowatt
l liter
lm lumen
m meter
m milli (10–3)
mA milliampere
mg milligram
mi mile (statute)
mV millivolt
min minute (time)
N newton
Pa pascal
lb pound
s second (time)
ft2 square feet
in2 square inch
var var
V volt
VA voltampere
W watt
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Section 1.
Introduction to the 

National Electrical Safety Code®

010. Purpose
The purpose of these rules is the practical safeguarding of persons during the installation, operation,
or maintenance of electric supply and communication lines and associated equipment. 

These rules contain the basic provisions that are considered necessary for the safety of employees and
the public under the specified conditions. This code is not intended as a design specification or as an
instruction manual.

011. Scope
These rules cover supply and communication lines, equipment, and associated work practices em-
ployed by a public or private electric supply, communications, railway, or similar utility in the exercise
of its function as a utility. They cover similar systems under the control of qualified persons, such as
those associated with an industrial complex or utility interactive system.
NESC® rules do not cover installations in mines, ships, railway rolling equipment, aircraft, or automo-
tive equipment, or utilization wiring except as covered in Parts 1 and 3. For building utilization wiring
requirements, see the National Electrical Code® (NEC®), NFPA 70-1993.1

012. General Rules
A. All electric supply and communication lines and equipment shall be designed, constructed, operated,

and maintained to meet the requirements of these rules.
B. The utilities, authorized contractors, or other entities, as applicable, performing design, construction,

operation, or maintenance tasks for electric supply or communication lines or equipment covered by
this code shall be responsible for meeting applicable requirements.

C. For all particulars not specified in these rules, construction and maintenance should be done in accor-
dance with accepted good practice for the given local conditions known at the time by those respon-
sible for the construction or maintenance of the communication or supply lines and equipment.

013. Application
A. New Installations and Extensions

1. These rules shall apply to all new installations and extensions, except that they may be waived or
modified by the administrative authority. When so waived or modified, safety shall be provided in
other ways. 
EXAMPLE: Alternative working methods, such as the use of barricades, guards, or other electrical protective
equipment, may be implemented along with appropriate alternative working clearances as a means of provid-
ing safety when working near energized conductors.

2. Types of construction and methods of installation other than those specified in the rules may be
used experimentally to obtain information, if done where qualified supervision is provided.

B. Existing Installations
1. Where an existing installation meets, or is altered to meet, these rules, such installation is consid-

ered to be in compliance with this edition and is not required to comply with any previous edition.
2. Existing installations, including maintenance replacements, that currently comply with prior edi-

tions of the Code, need not be modified to comply with these rules except as may be required for
safety reasons by the administrative authority.

1Information on references can be found in Section 3.
1
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3. Where conductors or equipment are added, altered, or replaced on an existing structure, the struc-
ture or the facilities on the structure need not be modified or replaced if the resulting installation
will be in compliance with either (a) the rules that were in effect at the time of the original instal-
lation, or (b) the rules in effect in a subsequent edition to which the installation has been previously
brought into compliance, or (c) the rules of this edition in accordance with Rule 013B1.

014. Waiver
The person responsible for an installation may modify or waive rules in the case of emergency or tem-
porary installations. 

A. Emergency Installations
1. The clearances required in Section 23 may be decreased for emergency installations. See Rule

230A.
2. The strength of material and construction for emergency installations shall be not less than that

required for Grade N construction. See Rule 263.
3. Emergency installations shall be removed, replaced, or relocated, as desired, as soon as practical.

B. Temporary Overhead Installations
When an installation is temporary, or where facilities are temporarily relocated to facilitate other

work, the installation shall meet the requirements for non-temporary installation except that the
strength of material and construction shall be not less than that required for Grade N construction. See
Rule 263.

015. Intent
A. The word “shall” indicates provisions that are mandatory.
B. The word “should” indicates provisions that are normally and generally practical for the specified

conditions. However, where the word “should” is used, it is recognized that, in certain instances, ad-
ditional local conditions not specified herein may make these provisions impractical. When this oc-
curs, the difference in conditions shall be appropriately recognized and Rule 012 shall be met.

C. The word “RECOMMENDATION” indicates provisions considered desirable, but that are not intend-
ed to be mandatory.

D. The word “NOTE” or the word “EXAMPLE” used in a rule indicates material provided for informa-
tion or illustrative purposes only. “NOTES” and “EXAMPLES” are not mandatory and are not con-
sidered to be a part of Code requirements.

E. Footnotes to a table have the force and effect required or allowed by the rule that specifies the use of
the table.

F. A “RECOMMENDATION,” “EXCEPTION,” or “NOTE” applies to all text in that rule above its lo-
cation that is indented to the same level.

016. Effective Date
This edition may be used at any time on or after the publication date. Additionally, this edition shall
become effective no later than 180 days following its publication date for application to new installa-
tions and extensions where both design and approval were started after the expiration of that period,
unless otherwise stipulated by the administrative authority.
EXCEPTION: Rule 350G shall become effective not later than January 1, 1996.
NOTE: A period of 180 days is allowed for utilities and regulatory authorities to acquire copies of the new edition
and to change regulations, internal standards, and procedures as may be required. There is neither an intention to
require or imply that this edition be implemented before 180 days from the publication date, nor an intention to
prohibit earlier implementation.

017. Units of Measure
A. Numerical values in the requirements of this code are stated in the metric system2 and in the custom-

ary inch-foot-pound system. In text the metric value is shown first with the customary inch-foot-

2Le Systeme Internationale d’Unites (The International System of Units [or SI] in the modern version of the metric system). For basic
information and conversion factors, see IEEE Std 268-1992 [B22], listed in Appendix B.
2
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pound (inside parentheses) following. Extensive detailed tables are duplicated. The first, marked m,
contains metric (SI) values; the second, marked in, ft, or lb, contains the inch-foot-pound values. Ten-
sions are stated in newtons, the SI unit of force.
The SI values and the customary inch-foot-pound values are not, nor are they intended to be, identical
measures. The values shown in each system of measurement have been rounded to convenient num-
bers in order to simplify measurement and to minimize errors. The values shown in each system are
functional equivalents for safety purposes.
The values required in this code have been carefully developed and evaluated to ensure that the in-
tended levels of safety are provided in both systems; neither is distinguishable from the other for safe-
ty purposes. The values specified in either system of measurement may be used, or the values of the
two systems may be intermixed, as desired.3

B. The dimensions of physical items referenced in this code, such as wires and ground rods, are “nominal
values” assigned for the purpose of convenient designation. Due to manufacturing limitations or other
restraints, other standards may set tolerances, variations, or ranges for the dimensions of such items.

3It is recognized that many equivalent utility system components may be purchased in both SI and customary units.
3
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Section 2.
Definitions of Special Terms

The following definitions are for use with the National Electrical Safety Code. For other use, and for def-
initions not contained herein, see IEEE Std 100-1992.

administrative authority. The governmental authority exercising jurisdiction over application of this code.

alive or live. See: energized.

ampacity. The current-carrying capacity, expressed in amperes, of an electric conductor under stated thermal
conditions.

anchorage. A secure point of attachment to which the fall protection system is connected.

automatic. Self-acting, operating by its own mechanism when actuated by some impersonal influence—as,
for example, a change in current strength; not manual; without personal intervention. Remote control that
requires personal intervention is not automatic, but manual.

backfill (noun). Materials such as sand, crushed stone, or soil, that are placed to fill an excavation.

ballast section (railroads). The section of material, generally trap rock, that provides support under railroad
tracks.

belt, line-worker’s body. A belt that consists of a belt strap and D-rings, and may include a cushion section
or a tool saddle.

bonding. The electrical interconnecting of conductive parts, designed to maintain a common electrical
potential.

cable. A conductor with insulation, or a stranded conductor with or without insulation and other coverings
(single-conductor cable) or a combination of conductors insulated from one another (multiple-conductor
cable). 

spacer cable. A type of electric supply line construction consisting of an assembly of one or more covered
conductors, separated from each other and supported from a messenger by insulating spacers.

cable jacket. A protective covering over the insulation, core, or sheath of a cable.

cable sheath. A conductive protective covering applied to cables.
NOTE: A cable sheath may consist of multiple layers, of which one or more is conductive.

cable terminal. A device that provides insulated egress for the conductors. Syn: termination.

circuit. A conductor or system of conductors through which an electric current is intended to flow.

circuit breaker. A switching device capable of making, carrying, and breaking currents under normal circuit
conditions and also making, carrying for a specified time, and breaking currents under specified abnormal
conditions such as those of short circuit.
4
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clearance. The clear distance between two objects measured surface to surface.

climbing. The vertical movement (ascending and descending) and horizontal movement to access or depart
the worksite.

common use. Simultaneous use by two or more utilities of the same kind.

communication lines. See: lines.

conductor. 
1. A material, usually in the form of a wire, cable, or bus bar, suitable for carrying an electric current.
2. bundled conductor. An assembly of two or more conductors used as a single conductor and employ-

ing spacers to maintain a predetermined configuration. The individual conductors of this assembly are called
subconductors. 

3. covered conductor. A conductor covered with a dielectric having no rated insulating strength or hav-
ing a rated insulating strength less than the voltage of the circuit in which the conductor is used. 

4. fiber-optic conductor. See: fiber-optic cable—communication or fiber-optic cable—supply.
5. grounded conductor. A conductor that is intentionally grounded, either solidly or through a noninter-

rupting current-limiting device. 
6. grounding conductor. A conductor that is used to connect the equipment or the wiring system with a

grounding electrode or electrodes. 
7. insulated conductor. A conductor covered with a dielectric (other than air) having a rated insulating

strength equal to or greater than the voltage of the circuit in which it is used. 
 8. lateral conductor. A wire or cable extending in a general horizontal direction at an angle to the general

direction of the line conductors, and entirely supported on one structure. 
9. line conductor. (Overhead supply or communication lines.) A wire or cable intended to carry electric

currents, extending along the route of the line, supported by poles, towers, or other structures, but not includ-
ing vertical or lateral conductors. 

10. open conductor. A type of electric supply or communication line construction in which the conduc-
tors are bare, covered, or insulated and without grounded shielding, individually supported at the structure
either directly or with insulators. Syn: open wire.

conductor shielding. An envelope that encloses the conductor of a cable and provides an equipotential sur-
face in contact with the cable insulation.

conduit. A structure containing one or more ducts.
NOTE: Conduit may be designated as iron-pipe conduit, tile conduit, etc. If it contains only one duct it is called single-
duct conduit; if it contains more than one duct it is called multiple-duct conduit, usually with the number of ducts as a
prefix, for example, two-duct multiple conduit.

conduit system. Any combination of duct, conduit, conduits, manholes, handholes, and vaults joined to form
an integrated whole.

current-carrying part. A conducting part intended to be connected in an electric circuit to a source of volt-
age. Non-current-carrying parts are those not intended to be so connected.

de-energized. Free from any electrical connection to a source of potential difference and from electric
charge; not having a potential different from that of the earth.
NOTE: The term is used only with reference to current-carrying parts that are sometimes energized (alive). Syn: dead.

designated person. A qualified person designated to perform specific duties under the conditions existing.
Syn: designated employee.
5
uthorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:10:29 UTC from IEEE Xplore.  Restrictions apply. 

ails: IEEE C2-1997

http://www.avadocuments.com/doc/ieee-c2-1997
http://www.avadocuments.com/doc/ieee-c2-1997


SECTION 2. DEFINITIONSdis fal

A

Full document det
disconnecting or isolating switch. A mechanical switching device used for changing the connections in a
circuit, or for isolating a circuit or equipment from a source of power.
NOTE: It is required to carry normal load current continuously, and also abnormal or short-circuit current for short inter-
vals as specified. It is also required to open or close circuits either when negligible current is broken or made, or when no
significant change in the voltage across the terminals of each of the switch poles occurs. Syn: disconnector, isolator.

duct. A single enclosed raceway for conductors or cable.

effectively grounded. Intentionally connected to earth through a ground connection or connections of suffi-
ciently low impedance and having sufficient current-carrying capacity to limit the buildup of voltages to lev-
els below that which may result in undue hazard to persons or to connected equipment.

electric supply equipment. Equipment that produces, modifies, regulates, controls, or safeguards a supply
of electric energy. Syn: supply equipment.

electric supply lines. See: lines.

electric supply station. Any building, room, or separate space within which electric supply equipment is lo-
cated and the interior of which is accessible, as a rule, only to qualified persons. This includes generating sta-
tions and substations, including their associated generator, storage battery, transformer, and switchgear rooms
or enclosures, but does not include facilities such as pad-mounted equipment and installations in manholes
and vaults.

1. generating station. A plant wherein electric energy is produced by conversion from some other form
of energy (for example, chemical, nuclear, solar, mechanical, or hydraulic) by means of suitable apparatus.
This includes all generating station auxiliaries and other associated equipment required for the operation of
the plant. Not included are stations producing power exclusively for use with communications systems.

2. substation. An enclosed assemblage of equipment, e.g., switches, circuit breakers, buses, and trans-
formers, under the control of qualified persons, through which electric energy is passed for the purpose of
switching or modifying its characteristics.

enclosed. Surrounded by case, cage, or fence designed to protect the contained equipment and limit the like-
lihood, under normal conditions, of dangerous approach or accidental contact by persons or objects.

energized. Electrically connected to a source of potential difference, or electrically charged so as to have a
potential significantly different from that of earth in the vicinity. Syn: alive or live.

equipment. A general term including fittings, devices, appliances, fixtures, apparatus, and similar terms used
as part of or in connection with an electric supply or communications system.

exposed. Not isolated or guarded.

fall arrest system. The assemblage of equipment, such as a line-worker’s body belt, aerial belt, or full body
harness in conjunction with a connecting means, with or without an energy absorbing device, and an anchor-
age to limit the forces a worker can experience during a fall.

fall prevention system. A system, which may include a positioning device system, intended to prevent a
worker from falling from an elevation.

fall protection program. A program intended to protect workers from injury due to falls from elevations.

fall protection system (hardware). Consists of either a fall prevention system or a fall arrest system.
6
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fiber-optic cable—communication. A fiber-optic cable meeting the requirements for a communication line
and located in the communication space of overhead or underground facilities.

fiber-optic cable—supply. A fiber-optic cable located in the supply space of overhead or underground
facilities.

fireproofing (of cables). The application of a fire-resistant covering.

generating station. See electric supply station. 

grounded. Connected to or in contact with earth or connected to some extended conductive body that serves
instead of the earth.

grounded effectively. See: effectively grounded.

grounded system. A system of conductors in which at least one conductor or point is intentionally grounded,
either solidly or through a noninterrupting current-limiting device.

guarded. Covered, fenced, enclosed, or otherwise protected, by means of suitable covers or casings, barrier
rails or screens, mats or platforms, designed to limit the likelihood under normal conditions, of dangerous ap-
proach or accidental contact by persons or objects.
NOTE: Wires that are insulated but not otherwise protected are not normally considered to be guarded. See exceptions
under applicable rules.

handhole. An access opening, provided in equipment or in a below-the-surface enclosure in connection with
underground lines, into which personnel reach but do not enter, for the purpose of installing, operating, or
maintaining equipment or cable or both.

harness. A component with a design of straps that is fastened about the worker in a manner so as to contain
the torso and distribute the fall arrest forces over at least the upper thighs, pelvis, chest, and shoulders with
means for attaching it to other components and subsystems.
NOTE: Wherever the word “harness” is used in this code, it refers to full body harness.

in service. Lines and equipment are considered in service when connected to the system and intended to be
capable of delivering energy or communication signals, regardless of whether electric loads or signaling ap-
paratus are presently being served from such facilities.

insulated. Separated from other conducting surfaces by a dielectric (including air space) offering a high re-
sistance to the passage of current.
NOTE: When any object is said to be insulated, it is understood to be insulated for the conditions to which it is normally
subjected. Otherwise, it is, within the purpose of these rules, uninsulated.

insulation (as applied to cable). That which is relied upon to insulate the conductor from other conductors
or conducting parts or from ground.

insulation shielding. An envelope that encloses the insulation of a cable and provides an equipotential sur-
face in contact with the cable insulation.

insulator. Insulating material in a form designed to support a conductor physically and electrically separate
it from another conductor or object.

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

isolated by elevation. Elevated sufficiently so that persons may safely walk underneath.
7
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isolator. See: disconnecting or isolating switch.

jacket. A protective covering over the insulation, core, or sheath of a cable.

joint use. Simultaneous use by two or more kinds of utilities.

lanyard. A flexible line or webbing, rope, wire rope, or strap that generally has a connector at each end for
connecting the line-worker’s body belt, aerial belt, or full body harness to an energy absorbing device, life-
line, or anchorage.

limited access highways. As used herein, limited access highways include both fully controlled highways
and partially controlled highways where access is controlled by a governmental authority for purposes of im-
proving traffic flow and safety. Fully controlled access highways have no grade crossings and have carefully
designed access connections.

lines. 
1. communication lines. The conductors and their supporting or containing structures that are used for

public or private signal or communications service, and which operate at potentials not exceeding 400 V to
ground or 750 V between any two points of the circuit, and the transmitted power of which does not exceed
150 W. When operating at less than a nominal voltage of 90 V, no limit is placed on the transmitted power of
the system. Under specified conditions, communication cables may include communication circuits exceed-
ing the preceding limitation where such circuits are also used to supply power solely to communications
equipment.
NOTE: Telephone, telegraph, railroad-signal, data, clock, fire, police-alarm, cable-television, and other systems conform-
ing with the above are included. Lines used for signaling purposes, but not included under the above definition, are con-
sidered as supply lines of the same voltage and are to be so installed. 

2. electric supply lines. Those conductors used to transmit electric energy and their necessary supporting
or containing structures. Signal lines of more than 400 V are always supply lines within the meaning of the
rules, and those of less than 400 V may be considered as supply lines, if so run and operated throughout. Syn:
supply lines.

manhole. A subsurface enclosure that personnel may enter used for the purpose of installing, operating, and
maintaining submersible equipment and cable.

manhole cover. A removable lid that closes the opening to a manhole or similar subsurface enclosure.

manhole grating. A grid that provides ventilation and a protective cover for a manhole opening.

manual. Capable of being operated by personal intervention.

minimum approach distance. The closest distance a qualified employee is permitted to approach either an
energized or a grounded object, as applicable for the work method being used.

out of service. Lines and equipment are considered out of service when disconnected from the system and
not intended to be capable of delivering energy or communications signals.

pad-mounted equipment. A general term describing enclosed equipment, the exterior of which enclosure is
at ground potential, positioned on a surface-mounted pad.

positioning device system. A system of equipment or hardware that, when used with its line-worker’s body
belt or full body harness, allows a worker to be supported on an elevated vertical surface, such as a pole or
tower, and work with both hands free.
8
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positioning strap. A strap with snaphook(s) to connect to the D-rings of a line-worker’s body belt or full
body harness.

prestressed-concrete structures. Concrete structures that include metal tendons that are tensioned and an-
chored either before or after curing of the concrete.

pulling iron. An anchor secured in the wall, ceiling, or floor of a manhole or vault to attach rigging used to
pull cable.

pulling tension. The longitudinal force exerted on a cable during installation.

qualified. Having adequate knowledge of the installation, construction, or operation of apparatus and the haz-
ards involved.

qualified climber. A worker who, by reason of training and experience, understands the methods and has
routinely demonstrated proficiency in climbing techniques and familiarity with the hazards associated with
climbing.

raceway. Any channel designed expressly and used solely for holding conductors.

random separation. Installed with no deliberate separation. 

readily climbable. Having sufficient handholds and footholds to permit an average person to climb easily
without using a ladder or other special equipment.

remotely operable (as applied to equipment). Capable of being operated from a position external to the
structure in which it is installed or from a protected position within the structure.

roadway. The portion of highway, including shoulders, for vehicular use.
NOTE: A divided highway has two or more roadways. See also: shoulder; traveled way.

rural districts. All places not urban. This may include thinly settled areas within city limits.

sag.
1. The distance measured vertically from a conductor to the straight line joining its two points of support.

Unless otherwise stated in the rule, the sag referred to is the sag at the midpoint of the span. See Fig D-1.
2. initial unloaded sag. The sag of a conductor prior to the application of any external load.
3. final sag. The sag of a conductor under specified conditions of loading and temperature applied, after

it has been subjected for an appreciable period to the loading prescribed for the loading district in which it is
situated, or equivalent loading, and the loading removed. Final sag shall include the effect of inelastic defor-
mation (creep). 

4. final unloaded sag. The sag of a conductor after it has been subjected for an appreciable period to the
loading prescribed for the loading district in which it is situated, or equivalent loading, and the loading re-
moved. Final unloaded sag shall include the effect of inelastic deformation (creep). 

5. total sag. The distance measured vertically from the conductor to the straight line joining its two points
of support, under conditions of ice loading equivalent to the total resultant loading for the district in which it
is located. 

6. maximum total sag. The total sag at the midpoint of the straight line joining the two points of support
of the conductor. 
9
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7. apparent sag of a span. The maximum distance between the wire in a given span and the straight line
between the two points of support of the wire, measured perpendicularly from the straight line. See Fig D-1. 

8. sag of a conductor at any point in a span. The distance measured vertically from the particular point
in the conductor to a straight line between its two points of support. 

9. apparent sag at any point in the span. The distance, at the particular point in the span, between the wire
and the straight line between the two points of support of the wire, measured perpendicularly from the straight
line.

separation. The distance between two objects, measured surface to surface, and usually filled with a solid or
liquid material.

service drop. The overhead conductors between the electric supply or communication line and the building or
structure being served.

shoulder. The portion of the roadway contiguous with the traveled way for accommodation of stopped vehi-
cles for emergency use and for lateral support of base and surface course.

side-wall pressure. The crushing force exerted on a cable during installation.

span length. The horizontal distance between two adjacent supporting points of a conductor.

span wire. An auxiliary suspension wire that serves to support one or more trolley contact conductors or a
light fixture and the conductors that connect it to a supply system.

structure conflict. A line so situated with respect to a second line that the overturning of the first line will
result in contact between its supporting structures or conductors and the conductors of the second line, assum-
ing that no conductors are broken in either line.

substation. See: electric supply station.

supply equipment. See: electric supply equipment.

STRAIGHT LINE BETWEEN

POINTS OF SUPPORT

MIDPOINT

APPARENT SAG

SLOPING SPAN

Figure D-1
Sag and Apparent Sag
10
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:10:29 UTC from IEEE Xplore.  Restrictions apply. 

etails: IEEE C2-1997

http://www.avadocuments.com/doc/ieee-c2-1997
http://www.avadocuments.com/doc/ieee-c2-1997


SECTION 2. DEFINITIONSsup uti

A

Full document det
supply station. See: electric supply station.

supporting structure. The main supporting unit (usually a pole or tower).

susceptiveness. The characteristics of a communication circuit, including its connected apparatus, that deter-
mine the extent to which it is adversely affected by inductive fields.

switch. A device for opening and closing or for changing the connection of a circuit. In these rules, a switch
is understood to be manually operable, unless otherwise stated.

switchboard. A type of switchgear assembly that consists of one or more panels with electric devices mount-
ed thereon, and associated framework.

tag. Accident prevention tag (DANGER, PEOPLE AT WORK, etc.) of a distinctive appearance used for the
purpose of personnel protection to indicate that the operation of the device to which it is attached is restricted.

tension, unloaded. 
1. initial. The longitudinal tension in a conductor prior to the application of any external load.
2. final. The longitudinal tension in a conductor after it has been subjected for an appreciable period to the

loading prescribed for the loading district in which it is situated, or equivalent loading, and the loading re-
moved. Final unloaded tension shall include the effect of inelastic deformation (creep). 

termination. See: cable terminal.

transferring (as applied to fall protection). The act of moving from one distinct object to another (e.g., be-
tween an aerial device and a structure).

transformer vault. An isolated enclosure either above or below ground with fire-resistant walls, ceiling, and
floor, in which transformers and related equipment are installed, and which is not continuously attended dur-
ing operation. See also: vault.

transitioning (as applied to fall protection). The act of moving from one location to another on equipment
or a structure. 

traveled way. The portion of the roadway for the movement of vehicles, exclusive of shoulders and full-time
parking lanes.

urban districts. Thickly settled areas (whether in cities or suburbs) or where congested traffic often occurs.
A highway, even though in thinly settled areas, on which the traffic is often very heavy, is considered as
urban.

utility. An organization responsible for the installation, operation, or maintenance of electric supply or com-
munications systems.

utility interactive system. An electric power production system that is operating in parallel with and capable
of delivering energy to a utility electric supply system.

utilization equipment. Equipment, devices, and connected wiring that utilize electric energy for mechanical,
chemical, heating, lighting, testing, or similar purposes and are not a part of supply equipment, supply lines,
or communication lines.
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vault. A structurally solid enclosure above or below ground with access limited to personnel qualified to in-
stall, maintain, operate, or inspect the equipment or cable enclosed. The enclosure may have openings for
ventilation, personnel access, cable entrance, and other openings required for operation of equipment in the
vault.

voltage. 

1. The effective (rms) potential difference between any two conductors or between a conductor and
ground. Voltages are expressed in nominal values unless otherwise indicated. The nominal voltage of a sys-
tem or circuit is the value assigned to a system or circuit of a given voltage class for the purpose of convenient
designation. The operating voltage of the system may vary above or below this value. 

2. voltage of circuit not effectively grounded. The highest nominal voltage available between any two
conductors of the circuit.
NOTE: If one circuit is directly connected to and supplied from another circuit of higher voltage (as in the case of an
autotransformer), both are considered to be of the higher voltage, unless the circuit of the lower voltage is effectively
grounded, in which case its voltage is not determined by the circuit of higher voltage. Direct connection implies electric
connection as distinguished from connection merely through electromagnetic or electrostatic induction. 

3. voltage of a constant-current circuit. The highest normal full-load voltage of the circuit.

4. voltage of an effectively grounded circuit. The highest nominal voltage available between any con-
ductor of the circuit and ground unless otherwise indicated. 

5. voltage to ground of:

a. a grounded circuit. The highest nominal voltage available between any conductor of the circuit and
that point or conductor of the circuit that is grounded. 

b. an ungrounded circuit. The highest nominal voltage available between any two conductors of the cir-
cuit concerned. 

6. voltage to ground of a conductor of:

a. a grounded circuit. The nominal voltage between such conductor and that point or conductor of the
circuit that is grounded.

b. an ungrounded circuit. The highest nominal voltage between such conductor and any other conductor
of the circuit concerned.

wire gages. Throughout these rules the American Wire Gage (AWG), formerly known as Brown & Sharpe
(B&S), is the standard gage for copper, aluminum, and other conductors, excepting only steel conductors,
for which the Steel Wire Gage (Stl WG) is used.
NOTE: The Birmingham Wire Gage is obsolete.

worksite (as applied to fall protection). The location on the structure or equipment where, after the worker
has completed the climbing (horizontally and vertically), the worker is in position to perform the assigned
work or task.
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Section 3.
References

The following standards form a part of the National Electrical Safety Code to the extent indicated in the
rules herein.4

ANSI C29.1-1988, American National Standard Test Methods for Electrical Power Insulators. [Rules 272,
273, and 277 NOTE 1a]5

ANSI C29.2-1992, American National Standard for Wet-Process Porcelain and Toughened Glass Insulators
(Suspension Type). [Rules 272 and 441B4c]

ANSI C29.3-1986 (R1995), American National Standard for Wet-Process Porcelain Insulators (Spool Type).
[Rule 272]

ANSI C29.4-1989 (R1995), American National Standard for Wet-Process Porcelain Insulators (Strain Type).
[Rule 272]

ANSI C29.5-1984 (R1995), American National Standard for Low- and Medium-Voltage Pin Type Wet-Pro-
cess Porcelain Insulators. [Rule 272]

ANSI C29.6-1984, American National Standard for High-Voltage Pin Type Wet-Process Porcelain Insula-
tors.6 [Rule 272]

ANSI C29.7-1983, American National Standard for High-Voltage Line-Post Type Wet-Process Porcelain In-
sulators.7 [Rules 272 and 277 NOTE 2]

ANSI C84.1-1995, American National Standard for Voltage Ratings for Electric Power Systems and Equip-
ment (60 Hz). [Rule 441]

ANSI O5.1-1992, American National Standard Specifications and Dimensions for Wood Poles. [Rule 261]

ANSI Z535.1-1991, Safety Color Code. [Rule 323C4 NOTE, Rule 380G2 NOTE, and Rule 411D]

ANSI Z535.2-1991, Environmental and Facility Safety Signs. [Rule 323C4 NOTE, Rule 380G2 NOTE, and
Rule 411D]

ANSI Z535.3-1991, Criteria for Safety Symbols. [Rule 323C4 NOTE, Rule 380G2 NOTE, and Rule 411D]

ANSI Z535.4-1991, Product Safety Signs and Labels. [Rule 323C4 NOTE, Rule 380G2 NOTE, and
Rule 411D]

4The standards listed here were the editions used in this revision of the code. In some cases, newer editions may be in effect. Contact
the publisher for information about availability.
5ANSI publications are available from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor,
New York, NY 10036, USA.
6ANSI C29.6-1984 has been withdrawn; however, copies can be obtained from the Sales Department, American National Standards
Institute.
7ANSI C29.7-1983 has been withdrawn; however, copies can be obtained from the Sales Department, American National Standards
Institute.
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ANSI Z535.5-1991, Accident Prevention Tags (for Temporary Hazards). [Rule 323C4 NOTE, Rule 380G2
NOTE, and Rule 411D]

ANSI/ASME B15.1-1984, Safety Standards for Mechanical Power Transmission Apparatus. [Rule 122]

ANSI/SIA A92.2-1992, American National Standard for Vehicle Mounted Elevated and Rotating Aerial De-
vices. [Rule 446]

ASCE 74, Guidelines for Electrical Transmission Line Structural Loading.8 [Rule 250C]

ASTM D 178-88, Standard Specification for Rubber Insulating Matting.9 [Rule 124]

IEEE Std 4-1995, IEEE Standard Techniques for High-Voltage Testing (ANSI).10 [Rule 441]

IEEE Std 100-1992, The New IEEE Standard Dictionary of Electrical and Electronics Terms (ANSI).
[Section 2, General]

IEEE Std 516-1987, IEEE Guide for Maintenance Methods on Energized Power-Lines (ANSI). [Rules 441
and 446]

IEEE Std 1313-1993, IEEE Standard for Power Systems—Insulation Coordination (ANSI). [Rule 124]

NFPA 30-1990, Flammable and Combustible Liquids Code.11 [Rule 127]

NFPA 58-1992, Storage and Handling of Liquefied Petroleum Gases. [Rule 127]

NFPA 59-1992, Storage and Handling of Liquefied Petroleum Gases at Utility Plants. [Rule 127]

NFPA 59A-1990, Production, Storage, and Handling of Liquefied Natural Gas (LNF). [Rule 127]

NFPA 70-1993, National Electrical Code (NEC). [Rules 011, 124 and 127]

NFPA 496-1989, Standard for Purged and Pressurized Enclosures for Electrical Equipment. [Rule 127]

NFPA 8503-1992, Standard for the Installation and Operation of Pulverized Fuel Systems (revision and re-
designation of ANSI/NFPA 85F-1988). [Rule 127]

8ASCE publications are available from the American Society of Civil Engineers, 345 East 47th Street, New York, NY 10017, USA.
9ASTM publications are available from the American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken,
PA 19428-2959, USA.
10IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscat-
away, NJ 08855-1331, USA.
11NFPA publications are available from Publications Sales, National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101,
Quincy, MA 02269-9101, USA.
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Section 9.
Grounding Methods for Electric Supply

and Communications Facilities

90. Purpose
The purpose of Section 9 of this code is to provide practical methods of grounding, as one of the
means of safeguarding employees and the public from injury that may be caused by electrical
potential.

91. Scope
Section 9 of this code covers methods of protective grounding of supply and communication conduc-
tors and equipment. The rules requiring grounding are in other parts of this code.

These rules do not cover the grounded return of electric railways nor those lightning protection
wires that are normally independent of supply or communication wires or equipment.

92. Point of Connection of Grounding Conductor
A. Direct Current Systems That Are to Be Grounded

1. 750 V and below
Connection shall be made only at supply stations. In three-wire dc systems, the connection shall
be made to the neutral.

2. Over 750 V
Connection shall be made at both the supply and load stations. The connection shall be made to
the neutral of the system. The ground or grounding electrode may be external to or remotely lo-
cated from each of the stations.

One of the two stations may have its grounding connection made through surge arresters pro-
vided the other station neutral is effectively grounded as described above.
EXCEPTION: Where the stations are not geographically separated as in back-to-back converter stations, the
neutral of the system should be connected to ground at one point only.

B. Alternating Current Systems That Are to Be Grounded
1. 750 V and below

The point of the grounding connection on a wye-connected three-phase four-wire system, or on
a single-phase three-wire system, shall be the neutral conductor. On other one-, two, or three-
phase systems with an associated lighting circuit or circuits, the point of grounding connection
shall be on the common circuit conductor associated with the lighting circuits.

The point of grounding connection on a three-phase three-wire system, whether derived from
a delta-connected or an ungrounded wye-connected transformer installation not used for lighting,
may be any of the circuit conductors, or it may be a separately derived neutral.

The grounding connections shall be made at the source, and at the line side of all service
equipment.

2. Over 750 V
a. Nonshielded (Bare or Covered Conductors or Insulated Nonshielded Cables)

Grounding connection shall be made at the neutral of the source. Additional connections may
be made, if desired, along the length of the neutral, where this is one of the system conductors.

b. Shielded
(1) Surge-Arrester Cable-Shielding Interconnection

Cable-shielding grounds shall be bonded to surge-arrester grounds, where provided, at
points where underground cables are connected to overhead lines.

(2) Cable Without Insulating Jacket
15
uthorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:10:29 UTC from IEEE Xplore.  Restrictions apply. 

ails: IEEE C2-1997

http://www.avadocuments.com/doc/ieee-c2-1997
http://www.avadocuments.com/doc/ieee-c2-1997


SECTION 9. GROUNDING METHODS92B2b(3) 92D1

A

Full document det
Connection shall be made to the neutral of the source transformer and at cable termination
points.

(3) Cable With Insulating Jacket
Additional bonding and connections between the cable insulation shielding or sheaths and
the system ground are recommended. In multi-grounded shielded cable systems, the
shielding (including sheath) shall be grounded at each cable joint exposed to personnel
contact. Where multi-grounded shielding cannot be used for electrolysis or sheath-current
reasons, the shielding sheaths and splice-enclosure devices shall be insulated for the volt-
age that may appear on them during normal operation.

Bonding transformers or reactors may be substituted for direct ground connection at
one end of the cable.

3. Separate Grounding Conductor
If a separate grounding conductor is used as an adjunct to a cable run underground, it shall be con-
nected either directly or through the system neutral to the source transformers, source transformer
accessories, and cable accessories where these are to be grounded. This grounding conductor shall
be located in the same direct burial or duct bank run (or the same duct if this is of magnetic mate-
rial) as the circuit conductors.
EXCEPTION: The grounding conductor for a circuit that is installed in a magnetic duct need not be in the
same duct if the duct containing the circuit is bonded to the separate grounding conductor at both ends.

C. Messenger Wires and Guys
1. Messenger Wires

Messenger wires required to be grounded shall be connected to grounding conductors at poles or
structures at maximum intervals as listed below:
a. Where messenger wires are adequate for system grounding conductors (Rules 93C1, 93C2,

and 93C5), four connections in each 1.6 km (mile).
b. Where messenger wires are not adequate for system grounding conductors, eight connections

in each 1.6 km (mile), exclusive of service grounds.
2. Guys

Guys that are required to be grounded shall be connected to one or more of the following:
a. A grounded metallic supporting structure.
b. An effective ground on a nonmetallic supporting structure.
c. A line conductor that has at least four ground connections in each mile of line in addition to

the ground connections at individual services.
3. Common Grounding of Messengers and Guys on the Same Supporting Structure

a. Where messengers and guys on the same supporting structure are required to be grounded,
they shall be bonded together and grounded by connection to:
(1) One grounding conductor that is grounded at that structure, or to
(2) Separate grounding conductors or grounded messengers that are bonded together and

grounded at that structure, or to
(3) One or more grounded line conductors or grounded messengers that are (a) bonded to-

gether at this structure or elsewhere and (b) multi-grounded elsewhere at intervals as spec-
ified in Rules 92C1 and 92C2.

b. At common crossing structures, messengers and guys that are required to be grounded shall be
bonded together at that structure and grounded in accordance with Rule 92C3a.
EXCEPTION: This rule does not apply to guys that are connected to an effectively grounded overhead
static wire.

D. Current in Grounding Conductor
Ground connection points shall be so arranged that under normal circumstances there will be no ob-
jectionable flow of current over the grounding conductor. If an objectionable flow of current occurs
over a grounding conductor due to the use of multi-grounds, one or more of the following should be
used:
1. Abandon one or more grounds.
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