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IEEE Standards

 

 documents are developed within the IEEE Societies and the Standards Coordinating Committees of the

IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus develop-

ment process, approved by the American National Standards Institute, which brings together volunteers representing varied

viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the Institute and serve

without compensation. While the IEEE administers the process and establishes rules to promote fairness in the consensus

development process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the information con-

tained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other dam-

age, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting

from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims

any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that

the use of the material contained herein is free from patent infringement. IEEE Standards documents are supplied 

 

“AS IS.”

 

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, market,

or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the

time a standard is approved and issued is subject to change brought about through developments in the state of the art and

comments received from users of the standard. Every IEEE Standard is subjected to review at least every five years for revi-

sion or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is reasonable to conclude

that its contents, although still of some value, do not wholly reflect the present state of the art. Users are cautioned to check

to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other services

for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or

entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a com-

petent professional in determining the exercise of reasonable care in any given circumstances.

 

I

 

nterpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific

applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate action to prepare

appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is important to ensure that any

interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the members of its soci-

eties and Standards Coordinating Committees are not able to provide an instant response to interpretation requests except in

those cases where the matter has previously received formal consideration. At lectures, symposia, seminars, or educational

courses, an individual presenting information on IEEE standards shall make it clear that his or her views should be considered

the personal views of that individual rather than the formal position, explanation, or interpretation of the IEEE. Current in-

terpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/index.html.

Errata, if any, for this and all other standards can be accessed at the following URL: http://standards.ieee.org/reading/ieee/

updates/errata/index.html. Users are encouraged to check this URL for errata periodically.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with

IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate

supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board

445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331USA

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of

Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To

arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive,

Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for educational

classroom use can also be obtained through the Copyright Clearance Center.

NOTE−Attention is called to the possibility that implementation of this standard may require use of subject

matter covered by patent rights. By publication of this standard, no position is taken with respect to the exist-

ence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying

patents for which a license may be required by an IEEE standard or for conducting inquiries into the legal valid-

ity or scope of those patents that are brought to its attention.
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Introduction

 

(This introduction is not part of IEEE Std 524-2003, IEEE Guide to the Installation of Overhead Transmission Line
Conductors.)

 

This guide provides general recommendations for the selection of methods, equipment, and tools that have

been found to be practical for the stringing and grounding of overhead transmission line conductors and

overhead groundwires. The following revisions have been made and are intended to improve the usefulness

of the document:

a) The IEEE Std 524, Guide to the Installation of Overhead Transmission Line Conductors and the

supplemental IEEE Std 524a, Guide to Grounding During the Installation of Overhead Transmission

Line Conductors have been combined into one document.

b) The stringing specification for fiber optic cables has been expanded

c) A clause on All Dielectric Self-Supporting (ADSS) cable has been added

d) SSAC conductor type designation has been changed to the current ACSS designation

e) Helicopter installation methods have been expanded

f) All units have been changed to conform with IEEE metric policy

 

Participants

 

At the time this standard was revised, the membership of the Task Group of the Working Group on the Con-

struction of Overhead Lines of the Towers, Poles, and Conductors Subcommittee, was as follows:

 

Neil Schmidt,

 

 

 

Chair

 

The following members of the balloting committee voted on this standard. Balloters may have voted for

approval, disapproval, or abstention. 

Bill Caulkins

Jim L. Clark

Denise Frey

Philip Givens

Ron Magnus

Douglas Proctor

Larry Slavin

Frank R. Thrash, Jr.

James Applequist

Anthony Baker

Robert Bratton

Sales Casals

James Christensen

Michael Clodfelder

F. Leonard Consalvo

Tommy Cooper

Nicholas DeSantis

Frank A. Denbrock

J. Frederick Doering

Randall Dotson

Dale Douglass

Marcia Eblen

Robert Emerson

Lowell Fink

Marcel Fortin

Denise Frey

George Gela

Phillip Givens

Charles W. Grose

Randall Groves

Richard Hensel

Eward Horgan Jr.

Magdi Ishac

Gael Kennedy

Henry Kientz

Robert Kluge

Donald Koonce

Stephen R. Lambert

James Larkey

Keith Lindsey

Gregory Luri

Otto Lynch

Faramarz Maghsoodlou

Thomas McCaffrey

Thomas McCarthy

Gary Michel

Yakov Motlis

Abdul Mousa

George Niles
John Olenik
Robert Oswald
Paulette Payne
Carlos Peixoto
Robert Peters
Craig Pon
Douglas Proctor
Patrick Quinn
Jerry Reding
Joseph Renowden
Thomas Rozek
James Ruggieri
Lluis Ramon 
Bob Saint
Neil Schmidt
Frank R. Thrash, Jr.
Cassio Vinhal
Daniel Ward
James Wilson
Luis E. Zambrano S.

Authorized licensed use limited to: IEEE Xplore. Downloaded on March 07,2026 at 06:42:30 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 524-2003

http://www.avadocuments.com/doc/ieee-524-2003
http://www.avadocuments.com/doc/ieee-524-2003


 

iv

 

Copyright 

 

©

 

 2004 IEEE. All rights reserved.

 

The final conditions for approval of this standard were met on 17 October 2003. When the IEEE-SA Stan-

dards Board conditionally approved this standard on 11 September 2003, it had the following membership:

 

Don Wright,

 

 Chair

 

Howard M. Frazier,

 

 

 

Vice Chair

 

Judith Gorman,

 

 

 

Secretary

 

*Member Emeritus

 

Also included are the following nonvoting IEEE-SA Standards Board liaisons:

 

Alan Cookson, 

 

NIST Representative

 

Satish K. Aggarwal, 

 

NRC Representative

 

Don Messina

 

IEEE Standards Project Editor

H. Stephen Berger

Joe Bruder

Bob Davis

Richard DeBlasio

Julian Forster*

Toshio Fukuda

Arnold M. Greenspan

Raymond Hapeman

Donald M. Heirman

Laura Hitchcock

Richard H. Hulett

Anant Jain

Lowell G. Johnson

Joseph L. Koepfinger*

Tom McGean

Steve Mills

Daleep C. Mohla

William J. Moylan

Paul Nikolich

Gary Robinson

Malcolm V. Thaden

Geoffrey O. Thompson

Doug Topping

Howard L. Wolfman

Authorized licensed use limited to: IEEE Xplore. Downloaded on March 07,2026 at 06:42:30 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 524-2003

http://www.avadocuments.com/doc/ieee-524-2003
http://www.avadocuments.com/doc/ieee-524-2003


 

Copyright 

 

©

 

 2004 IEEE. All rights reserved.

 

v

 

Contents

 

1. Overview.............................................................................................................................................. 1

1.1 Scope............................................................................................................................................ 1

1.2 Purpose......................................................................................................................................... 1

1.3 Application................................................................................................................................... 1

2. References............................................................................................................................................ 2

3. Definitions and cross reference of terminology................................................................................... 2

3.1 Definitions and terminology for conductor stringing equipment ................................................ 2

3.2 Acronyms................................................................................................................................... 21

4. Conductor stringing methods............................................................................................................. 22

4.1 Slack or layout method .............................................................................................................. 22

4.2 Tension method.......................................................................................................................... 22

5. Grounding equipment and methods ................................................................................................... 23

5.1 Protective grounding principles ................................................................................................. 23

5.2 Protection of personnel .............................................................................................................. 23

5.3 Hazards and electrical concepts ................................................................................................. 24

5.4 Grounding equipment, methods, and testing ............................................................................. 24

5.5 Transmission line construction grounding systems ................................................................... 34

6. Communications ................................................................................................................................ 40

7. Conductor reels .................................................................................................................................. 40

7.1 Reel types................................................................................................................................... 40

7.2 Reel handling ............................................................................................................................. 40

8. Special requirements for mobile equipment ...................................................................................... 40

8.1 Reel stand................................................................................................................................... 40

8.2 Helicopter................................................................................................................................... 41

8.3 Tensioner bullwheel characteristics........................................................................................... 41

8.4 Puller and tensioner operating characteristics............................................................................ 43

8.5 Pilot line winder operating characteristics................................................................................. 44

9. Travelers ............................................................................................................................................ 44

9.1 Sheave diameter ......................................................................................................................... 44

9.2 Configuration of groove............................................................................................................. 45

9.3 Bearings ..................................................................................................................................... 46

9.4 Material and construction .......................................................................................................... 46

9.5 Lining......................................................................................................................................... 47

9.6 Electrical characteristics ............................................................................................................ 47

9.7 Bundled configurations.............................................................................................................. 47

9.8 Helicopter travelers.................................................................................................................... 48

Authorized licensed use limited to: IEEE Xplore. Downloaded on March 07,2026 at 06:42:30 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 524-2003

http://www.avadocuments.com/doc/ieee-524-2003
http://www.avadocuments.com/doc/ieee-524-2003


 

vi

 

Copyright 

 

©

 

 2004 IEEE. All rights reserved.

 

9.9 Uplift rollers and hold-down blocks .......................................................................................... 48

9.10 Traveler suspension ................................................................................................................... 49

10. Typical procedures for stringing operations ...................................................................................... 49

10.1 Pull, tension, anchor, and splicing sites ..................................................................................... 49

10.2 Section between snub structures ................................................................................................ 51

10.3 Conductor splicing ..................................................................................................................... 52

10.4 Stringing procedures .................................................................................................................. 54

10.5 Sagging procedures.................................................................................................................... 60

10.6 Deadending precautions............................................................................................................. 65

10.7 Clipping-in ................................................................................................................................. 65

10.8 Damper installation.................................................................................................................... 66

10.9 Spacer and spacer damper installation....................................................................................... 66

11. Special conductors ............................................................................................................................. 66

11.1 ACSS — steel supported aluminum conductor ......................................................................... 67

11.2 T-2 Conductor — twisted bare conductors................................................................................ 67

11.3 Self-damping conductor (SDC) ................................................................................................. 69

11.4 Composite overhead groundwire with optical fibers (OPGW).................................................. 70

11.5 All-dielectric self supporting fiber cable (ADSS) ..................................................................... 71

 

Annex A  (informative) Bibliography............................................................................................................ 74

Annex B (informative) Electrical theory ....................................................................................................... 76

Annex C  (informative) Grounding electrical concepts................................................................................. 82

Annex D (informative) Travelers or snub structure load calculation ............................................................ 96

Annex E  (informative) Basic analysis for clipping offsets and sagging....................................................... 98

Annex F (informative) Efficiency of travelers during tension stringing ..................................................... 106

Annex G  (informative) Recommended bearing pressure on sheave linings............................................... 108

Annex H  (informative) All aluminum 1350 alloy conductor standard packages ....................................... 109

Annex I  (informative) ACSR conductor standard packages....................................................................... 111

Annex J (informative) Drum or reel winding .............................................................................................. 114

Annex K  (informative) Drum or reel capacities ......................................................................................... 115

Annex L (normative) Electric and magnetic field induction computer program presentation with sample

                               problems........................................................................................................................ 118

Annex M  (normative) Source code for the electric field induction program (EFINCUC.C) ..................... 124

Annex N  (normative) Source code for magnetic field induction program (MFINDUC.C) ....................... 134

Authorized licensed use limited to: IEEE Xplore. Downloaded on March 07,2026 at 06:42:30 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 524-2003

http://www.avadocuments.com/doc/ieee-524-2003
http://www.avadocuments.com/doc/ieee-524-2003


 

Copyright © 2004 IEEE. All rights reserved.

 

1

 

IEEE Guide to the Installation of 
Overhead Transmission Line 
Conductors

 

1. Overview

 

1.1 Scope

 

This guide provides general recommendations for the selection of methods, equipment, and tools that have

been found to be practical for the stringing of overhead transmission line conductors and overhead ground-

wires. The guide also includes a comprehensive list of definitions for equipment and tools used in stringing

and for stringing terms commonly employed. This guide does not address special conductors such as those

used for river and canyon crossing. These conductors may be custom designed and often may require special

considerations.

 

1.2 Purpose

 

The purpose of this guide is to present in one document sufficient details of present day methods, materials,

and equipment to outline the basic considerations necessary for maintaining safe and adequate control of

conductors during stringing operations. References are given in Clause 2 and the bibliography in Annex A

for those desiring more detailed information. Because the terminology used for many hardware items and

for many stringing terms varies from place to place, a list of definitions is included to provide correlation

and clarification of the terms most commonly employed.

 

1.3 Application

 

This guide is broad enough, yet specific enough, to be applicable to the stringing of conventional overhead

transmission conductors and overhead groundwires (OHGW) of the following types: AAAC, AAC,

AACSR, ACAR, ACSR, ACSR/TW, CU, aluminum-clad steel OHGW, and galvanized steel OHGW.

 

1

 

Since stringing practices for different projects will be strongly influenced by the magnitude and nature of

each project and by local circumstances, alternate methods that have been successfully employed are pre-

sented. Information contained in this guide may not be sufficient for certain special cases, such as when

stringing extremely long spans, severe line angles, high tensions, or special conductors. In these cases, the

manufacturer should be consulted. The practices that are described in this guide provide for continuous con-

trol of the conductor from the initial setup to the ready-for-service condition. Any legal requirements of

national, state, or local regulations must, of course, be observed.

 

1

 

See 3.2 for definitions of all acronyms.
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The approach used within this guide is first to describe, in general terms, the stringing methods most com-

monly employed, then the specific requirements of the various tools and equipment used. Finally, this guide

describes the application of the methods and equipment used in the stringing process.

 

2. References

 

This guide shall be used in conjunction with the following publications. If the following publications are

superseded by an approved revision, the revision shall apply.

ASTM F855-97e1, Standard Specifications for Temporary Protective Grounds to Be Used on De-energized

Electric Power Lines and Equipment.

IEC 61230 (1993-09), Live working—Portable equipment for earthing or earthing and short-circuiting.

IEEE Std 80

 

™

 

-2000, IEEE Guide for Safety in AC Substation Grounding.

IEEE Std 935

 

™

 

-1989 (Reaff 2001), IEEE Guide on Terminology for Tools and Equipment to Be Used in

Live Line Working.

 

NOTE—The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Elec-
tronics Engineers, Inc.

 

3. Definitions and cross reference of terminology

 

Terminology for equipment and procedures associated with the installation of overhead transmission line

conductors varies widely throughout the utility industry. Therefore, definitions (see 3.1) have been included

to provide a correlation between the terminology used in this guide and industry synonyms. Note that these

synonyms are terms that are commonly used in the industry and, because many are not necessarily good

usage, they should therefore not be taken as equivalents to the guide terminology.

For the purposes of this guide, the following terms and definitions apply. 

 

The Authoritative Dictionary of

IEEE Standards Terms 

 

[B13]

 

2

 

 

 

should be referenced for terms not defined in this clause.

 

3.1 Definitions and terminology for conductor stringing equipment

 

3.1.1 Aerex:

 

 

 

See

 

 

 

explosives.

3.1.2 aerial platform: 

 

A device designed to be attached to the boom tip of a crane or aerial lift and support

a worker in an elevated working position. Platforms may be constructed with surrounding railings that are

fabricated from aluminum, steel, or fiber reinforced plastic. Occasionally, a platform is suspended from the

load line of a large crane. 

 

Syn: 

 

cage, platform.

3.1.3 alive:

 

 

 

See

 

 energized.

3.1.4 all terrain vehicle:

 

 

 

See

 

 

 

off-road vehicle.

3.1.5 alligator:

 

 

 

See

 

 running board.

 

2

 

The numbers in brackets correspond to those of the bibliography in Annex A.
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3.1.6 aluminum alloy conductor, steel reinforced:

 

 A composite conductor made up of a combination of

aluminum alloy and coated steel wires. In the usual construction, the aluminum wires surround the steel.

 

3.1.7 aluminum conductor, aluminum alloy reinforced:

 

 A composite conductor made up of a combina-

tion of aluminum and aluminum alloy wires. In the usual construction, the aluminum wires surround the alu-

minum alloy.

 

3.1.8 aluminum conductor, steel reinforced:

 

 A composite conductor made up of a combination of alumi-

num and coated steel wires. In the usual construction, the aluminum wires surround the steel.

 

3.1.9 aluminum conductor, steel supported:

 

 An ACSR with the aluminum wires annealed.

 

3.1.10 American Society for Testing and Materials:

 

 Founded in 1898, the society is a scientific and tech-

nical organization formed for the development of standards on characteristics and performance of materials,

products, systems, and service; and the promotion of related knowledge.

 

3.1.11 American Wire Gage: 

 

Also known as the Brown and Sharp gage, the gage was devised in 1857 by J.

R. Brown. This gage has the property such that its sizes represent approximately the successive steps in the

process of wire drawing. Also, its numbers are retrogressive; a larger number denotes a smaller wire corre-

sponding to the operations of drawing. These gage numbers are not arbitrarily chosen, but follow the

mathematical law upon which the gage is founded.

 

3.1.12 anchor:

 

 A device that serves as a reliable support to hold an object firmly in place. The general term

“anchor” is normally associated with cone, plate, screw, or concrete anchors. The terms snub, deadman, and

anchor log are usually associated with pole stubs or logs set or buried in the ground to serve as temporary

anchors. The latter are often used at pull and tension sites. 

 

Syn

 

:

 

 anchor log, deadman, 

 

and

 

 snub.

3.1.13 anchor log:

 

 

 

See

 

 

 

anchor.

3.1.14 anchor site:

 

 The location along the line where anchors are installed to temporarily hold the conduc-

tors in facilitating splicing, pulling, or tensioning.

 

3.1.15 Baker board: 

 

See

 

 

 

lineperson’s platform.

3.1.16 basket: 

 

See

 

 

 

bucket, woven wire grip.

3.1.17 bicycle:

 

 

 

See

 

 

 

cable car.

3.1.18 binder: 

 

See

 

 

 

load, binder.

3.1.19 bird: 

 

See

 

 

 

running board.

3.1.20 birdie:

 

 

 

See 

 

running board.

3.1.21 block:

 

 A device designed with one or more single sheaves, a wood or metal shell, and an attachment

hook or shackle. When rope is reeved through two of these devices, the assembly is commonly referred to as

a block and tackle. A set of fours refers to a block and tackle arrangement utilizing two 10 cm double sheave

blocks to obtain four load-bearing lines. Similarly, a set of fives or a set of sixes refers to the same number

of load-bearing lines obtained using two 12.5 cm or two 15 cm double sheave blocks, respectively. 

 

Syn:

 

 s

 

et

of fours, set of fives, set of sixes.

3.1.22 block ground: 

 

See

 

 

 

traveler ground.

Authorized licensed use limited to: IEEE Xplore. Downloaded on March 07,2026 at 06:42:30 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 524-2003

http://www.avadocuments.com/doc/ieee-524-2003
http://www.avadocuments.com/doc/ieee-524-2003


 

IEEE
Std 524-2003 IEEE GUIDE TO THE INSTALLATION OF

 

4

 

Copyright © 2004 IEEE. All rights reserved.

 

3.1.23 boatswain’s chair:

 

 A seat designed to be suspended on a line reeved through a block and attached to

a pulling device to hoist a workman to an elevated position. 

 

Syn:

 

 

 

bosun’s chair.

3.1.24 body resistance:

 

 Determined from the ratio of voltage applied to current flowing in a human body,

neglecting capacitive and inductive effects.

 

3.1.25 bonded:

 

 The mechanical interconnection of conductive parts to maintain a common electrical poten-

tial. 

 

Syn:

 

 

 

connected.

3.1.26 bosun’s chair:

 

 

 

See

 

 

 

boatswain’s chair.

3.1.27 boxing glove:

 

 

 

See

 

 

 

conductor lifting hook.

3.1.28 brake:

 

 

 

See

 

 

 

bullwheel tensioner.

3.1.29 bucket:

 

 A device designed to be attached to the boom tip of a line truck, crane, or aerial lift to sup-

port workers in an elevated working position. It is normally constructed of fiberglass to reduce its physical

weight, maintain strength, and obtain good dielectric characteristics. 

 

Syn:

 

 

 

basket.

3.1.30 buffalo:

 

 

 

See

 

 

 

conductor grip.

3.1.31 bull line:

 

 A high-strength line, normally synthetic fiber rope, used for pulling and hoisting large

loads. 

 

Syn:

 

 

 

bull rope, pulling line, threading line.

3.1.32 bull rope:

 

 

 

See

 

 

 

bull line.

3.1.33 bullet:

 

 

 

See

 

 connector link.

3.1.34 bullwheel:

 

 A wheel incorporated as an integral part of a bullwheel puller or tensioner to generate

pulling or braking tension on conductors or pulling lines, or both, through friction. A puller or tensioner nor-

mally has one or more pairs of wheels arranged in tandem incorporated in its design. The physical size of the

wheels will vary for different designs, but 43 cm face widths and diameters of 150 cm are common. The

wheels are power driven or retarded and lined with single or multiple groove neoprene or urethane linings.

Friction is accomplished by reeving the pulling line or conductor around the groove of each pair.

 

3.1.35 bullwheel puller:

 

 A device designed to pull pulling lines and conductors during stringing operations.

It normally incorporates one or more pairs of urethane or neoprene-lined, power-driven, single or multiple

groove bullwheels in which each pair is arranged in tandem. Pulling is accomplished by friction generated

against the pulling line that is reeved around the grooves of a pair of the bullwheels. The puller is usually

equipped with its own engine, which drives the bullwheels mechanically, hydraulically, or through a combi-

nation of both. Some of these devices function as either a puller or tensioner. 

 

Syn:

 

 

 

puller.

3.1.36 bullwheel tensioner:

 

 A device designed to hold tension against a pulling line or conductor during the

stringing phase. Normally, it consists of one or more pairs of urethane or neoprene-lined, power-braked, sin-

gle or multiple groove bullwheels in which each pair is arranged in tandem. Tension is accomplished by fric-

tion generated against the conductor that is reeved around the grooves of a pair of the bullwheels. Some

tensioners are equipped with their own engines, which retard the bullwheels mechanically, hydraulically, or

through a combination of both. Some of these devices function as either a puller or tensioner. Other tension-

ers are only equipped with friction type retardation. 

 

Syn:

 

 

 

brake, retarder, tensioner.

3.1.37 bundle, two-conductor, three-conductor, four-conductor, multi-conductor: 

 

A circuit phase con-

sisting of more than one conductor. Each conductor of the phase is referred to as a subconductor. A two-con-

ductor bundle has two subconductors per phase. These may be arranged in a vertical or horizontal

configuration. Similarly, a three-conductor bundle has three subconductors per phase. These usually are
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arranged in a triangular configuration with the vertex of the triangle up or down. A four-conductor bundle

has four subconductors per phase. These normally are arranged in a square configuration. Although other

configurations are possible, those listed are the most common. 

 

Syn:

 

 

 

twin-bundle, tri-bundle, quad-bundle.

3.1.38 butt ground:

 

 

 

See

 

 

 

structure base ground.

3.1.39 cable:

 

 

 

See

 

 

 

conductor.

3.1.40 cable buggy:

 

 

 

See

 

 

 

conductor car.

3.1.41 cable car:

 

 A seat or basket-shaped device, designed to be suspended by a framework, and two or

more sheaves arranged in tandem to enable a workman to ride a single conductor, wire, or cable. 

 

Syn:

 

 

 

bicy-

cle, cable trolley, conductor car.

3.1.42 cable clamp: 

 

A device designed to clamp cables together. It consists of a “U” bolt threaded on both

ends, two nuts, and a base, and is commonly used to make temporary bend back eyes on wire rope. 

 

Syn:

 

 

 

clip,

Crosby, Crosby clip.

3.1.43 cable trolley: 

 

See

 

 

 

cable car.

3.1.44 cage:

 

 

 

See

 

 

 

aerial platform.

3.1.45 carrying:

 

 

 

See

 

 

 

energized.

3.1.46 carrying current:

 

 

 

See

 

 

 

energized. 

3.1.47 cat:

 

 

 

See

 

 

 

crawler tractor.

3.1.48 chain binder:

 

 

 

See

 

 

 

load, binder.

3.1.49 chain hoist:

 

 

 

See

 

 

 

hoist.

3.1.50 chain tugger:

 

 

 

See

 

 

 

hoist.

3.1.51 Chinese finger: See woven wire grip.

3.1.52 Chicago grip: See conductor grip.

3.1.53 choker: See traveler sling.

3.1.54 clamping-in: See clipping-in.

3.1.55 clearance: (1) The condition in which a circuit has been de-energized to enable work to be performed

more safely. A clearance is normally obtained on a circuit presenting a source of hazard prior to starting

work. Syn: outage, permit, restriction. (2) The minimum separation between two conductors, between

conductors and supports or other objects, or between conductors and ground or the clear space between any

objects.

3.1.56 clip: See cable clamp.

3.1.57 clipping: See clipping-in.

3.1.58 clipping-in: The transferring of sagged conductors from the travelers to their permanent suspension

positions and the installing of the permanent suspension clamps. Syn: clamping-in, clipping.
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3.1.59 clipping offset: A calculated distance, measured along the conductor from the plumb mark to a point

on the conductor at which the center of the suspension clamp is to be placed. When stringing in rough ter-

rain, clipping offsets may be required to balance the horizontal forces on each suspension structure.

3.1.60 clock: See dynamometer.

3.1.61 Coffing: See hoist.

3.1.62 Coffing hoist: See hoist.

3.1.63 come-along: See conductor grip.

3.1.64 compression joint: A tubular compression fitting designed and fabricated from aluminum, copper, or

steel to join conductors or overhead groundwires. It is usually applied through the use of hydraulic or

mechanical presses. However, in some cases, automatic, wedge, and explosive-type joints are utilized. Syn:

conductor splice, sleeve, splice.

3.1.65 conductor: A wire, or combination of wires not insulated from one another, suitable for carrying an

electric current. It may be, however, bare or insulated. Syn: cable, wire.

3.1.66 conductor car: A device designed to carry workmen and ride on sagged bundle conductors, thus

enabling them to inspect the conductors for damage and install spacers and dampers where required. These

devices may be manual or powered. Syn: cable buggy, cable car, spacer buggy, spacer cart, spacing

bicycle.

3.1.67 conductor grip: A device designed to permit the pulling of conductor without splicing on fittings,

eyes, etc. It permits the pulling of a continuous conductor where threading is not possible. The designs of

these grips vary considerably. Grips such as the Klein (Chicago) and Crescent utilize an open-sided rigid

body with opposing jaws and swing latch. In addition to pulling conductors, this type is commonly used to

tension guys and, in some cases, pull wire rope. The design of the come-along (pocket-book, suitcase, four

bolt, etc.) incorporates a bail attached to the body of a clamp that folds to completely surround and envelope

the conductor. Bolts are then used to close the clamp and obtain a grip. Syn: buffalo, come-along, Crescent,

four bolt, grip, Chicago grip, Kellem, Klein, pocketbook, seven bolt, six bolt, slip-grip, suitcase.

3.1.68 conductor hook: See conductor lifting hook.

3.1.69 conductor lifting hook: A device resembling an open boxing glove designed to permit the lifting of

conductors from a position above them. It is normally used during clipping-in operations. Suspension

clamps are sometimes used for this purpose. Syn: boxing glove, conductor hook, lifting shoe, lip.

3.1.70 conductor payout station: See tension site.

3.1.71 conductor safety: A sling arranged in a vertical basket configuration, with both ends attached to the

supporting structure and passed under the clipped-in conductor(s). These devices, when used, are normally

utilized with bundled conductors to act as a safety device in case of insulator failure while workers in con-

ductor cars are installing spacers between the subconductors, or as an added safety measure when crossing

above energized circuits. These devices may be fabricated from synthetic fiber rope or wire rope.

3.1.72 conductor splice: See compression joint.

3.1.73 connected: See bonded.

3.1.74 connector: See connector link.
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3.1.75 connector link: A rigid link designed to connect pulling lines and conductors together in series. It

will not spin and relieve torsional forces. Syn: bullet, connector, link, slug.

3.1.76 control span: See sag span.

3.1.77 counterpoise: See ground grid.

3.1.78 crawler: See crawler tractor.

3.1.79 crawler tractor: A tracked unit employed to pull pulling lines, sag conductor, level or clear pull and

tension sites, and miscellaneous other work. It is also frequently used as a temporary anchor. Sagging

winches on this unit are usually arranged in a vertical configuration. Syn: cat, crawler, tractor, dozer.

3.1.80 Crescent: See conductor grip.

3.1.81 Crosby: See cable clamp.

3.1.82 Crosby clip: See cable clamp.

3.1.83 crossing structure: A structure built of poles and, sometimes, rope nets. It is used whenever conduc-

tors are being strung over roads, power lines, communications circuits, highways, or railroads, and is nor-

mally constructed in such a way as to prevent the conductor from falling onto or into any of these facilities

in the event of equipment failure, broken pulling lines, loss of tension, etc. Syn: guard structure, H-frame,

rider structure, temporary structure.

3.1.84 D-board: See lineperson’s platform.

3.1.85 dead: See de-energized.

3.1.86 deadend board: See lineperson’s platform.

3.1.87 deadend loop: See jumper.

3.1.88 deadend platform: See lineperson’s platform.

3.1.89 deadman: See anchor.

3.1.90 de-energized: Free from any electric connection to a source of potential difference; not having a

potential different from that of the ground. The term is used only with reference to current-carrying parts

that are sometimes alive (energized). To state that a circuit has been de-energized means that the circuit has

been disconnected from all intended electrical sources. However, it could be electrically charged through

induction from energized circuits in proximity to it, particularly if the circuits are parallel. Syn: dead.

3.1.91 diving board: See lineperson’s platform.

3.1.92 dolly: See traveler.

3.1.93 dolly car: See traveler rack.

3.1.94 double drum hoist: See puller, two drum, three drum.

3.1.95 double drum winch: See puller, two drum, three drum.

3.1.96 Dozer: See crawler, tractor.

Authorized licensed use limited to: IEEE Xplore. Downloaded on March 07,2026 at 06:42:30 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 524-2003

http://www.avadocuments.com/doc/ieee-524-2003
http://www.avadocuments.com/doc/ieee-524-2003


IEEE
Std 524-2003 IEEE GUIDE TO THE INSTALLATION OF

8 Copyright © 2004 IEEE. All rights reserved.

3.1.97 drum puller: A device designed to pull conductor(s) during stringing operations. It is normally

equipped with its own engine which drives the drum(s) mechanically, hydraulically, or through a combina-

tion of both. It may be equipped with synthetic fiber rope or wire rope to be used as the pulling line. The

pulling line is payed out from the unit, pulled through the travelers in the sag section, and attached to the

conductor. The conductor is then pulled in by winding the pulling line back onto the drum. This unit is

sometimes used with synthetic fiber rope acting as a pilot line to pull heavier pulling lines across canyons,

rivers, etc. Syn: hoist, single drum hoist, single drum winch, tugger. 

3.1.98 dynamite: See explosives.

3.1.99 dynamometer: A device designed to measure loads or tension on conductors. Various models of

these devices are used to tension guys or sag conductors. Syn: clock, load cell.

3.1.100 earth wire: See overhead groundwire.

3.1.101 electric field induction (capacitive coupling): The process of generating voltages and/or currents

in conductive objects or electrical circuits by the induction process that results from time-varying quasi-

static electric fields. 

NOTES:

1—The term “electric field induction” is preferred over “electric induction” because the latter may be taken to mean
electric flux density. 

2—Electric field induction was formerly called electrostatic induction. This usage is deprecated because electrostatic
fields are time invariant.

3.1.102 electromagnetic field induction (electromagnetic coupling): The induction process that results

from time-varying electromagnetic fields.

3.1.103 energized: Electrically connected to a source of potential difference, or electrically charged so as to

have a potential different from that of the ground. Syn: alive, current carrying, hot, live.

3.1.104 equipotential: An identical state of electrical potential for two or more items.

3.1.105 equipotential work zone (area, site): A work zone (area, site) where all equipment is intercon-

nected by jumpers, grounds, ground rods, and/or grids that will provide acceptable potential differences

between all parts of the zone under worst-case conditions of energization.

3.1.106 explosives: Mixtures of solids, liquids, or a combination of the two that, upon detonation, transform

almost instantaneously into other products that are mostly gaseous and that occupy much greater volume

than the original mixtures. This transformation generates heat, which rapidly expands the gases, causing

them to exert enormous pressure. Dynamite and Primacord are explosives as manufactured. Aerex, Triex,

and Quadrex are manufactured in two components and are not true explosives until mixed. Explosives are

commonly used to build construction roads, blast holes for anchors, structure footings, etc. Syn: Aerex,

dynamite, fertilizer, powder, Primacord, Quadrex, Triex.

3.1.107 fault (components): A physical condition that causes a device, a component, or an element to fail to

perform in a required manner, for example, a short-circuit, a broken wire, and an intermittent connection.

3.1.108 fault current (general): A current that flows from one conductor to ground or to another conductor

owing to an abnormal connection (including an arc) between the two. A fault current flowing to ground may

be called a ground fault current.

3.1.109 fertilizer: See explosives.
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3.1.110 finger line: A lightweight line, normally sisal, manila, or synthetic fiber rope, that is placed over the

traveler when it is hung. It usually extends from the ground and passes through the traveler and back to the

ground. It is used to thread the end of the pilot line or pulling line over the traveler and eliminates the need

for workmen on the structure. These lines are not required if pilot lines are installed when the travelers are

hung. Syn: finger rope.

3.1.111 finger rope: See finger line.

3.1.112 four bolt: See conductor grip.

3.1.113 grip: See conductor grip.

3.1.114 ground (earth) (ground system): A conducting connection, whether intentional or accidental, by

which an electric circuit or equipment is connected to the earth, or to some conducting body of relatively

large extent that serves in place of the earth. 

NOTE—It is used for establishing and maintaining the potential of the earth (or of the conducting body) or approxi-
mately that potential, on conductors connected to it, and for conducting body current to and from the earth (or the con-
ducting body).

3.1.115 ground chain: See structure base ground.

3.1.116 ground electrode: See ground rod.

3.1.117 ground gradient mat: See ground grid.

3.1.118 ground grid: A system of interconnected bare conductors arranged in a pattern over a specified area

either on or buried below the surface of the earth. Normally, it is bonded to ground rods driven around and

within its perimeter to increase its grounding capabilities and provide convenient connection points for

grounding devices. The primary purpose of the grid is to provide safety for workmen by limiting potential

differences within its perimeter to safe levels in case of high currents that could flow if the circuit being

worked became energized for any reason or if an adjacent energized circuit faulted. Metallic surface mats

and gratings are sometimes utilized for this same purpose. When used, these grids are employed at pull, ten-

sion, and midspan splice sites. Syn: counterpoise, ground gradient mat, ground mat.

3.1.119 ground mat: See ground grid.

3.1.120 ground rod: A rod that is driven into the ground to serve as a ground terminal, such as a copper-

clad rod, solid copper rod, galvanized iron rod, or galvanized iron pipe. Copper-clad steel rods are com-

monly used during conductor stringing operations to provide a means of obtaining an electrical ground using

portable grounding devices. Syn: ground electrode.

3.1.121 ground roller: See running ground.

3.1.122 ground source: See ground (earth).

3.1.123 ground stick: See personal ground.

3.1.124 ground system (general): Consists of all interconnected grounding connections in a specific area.

Syn: grounding system.

3.1.125 grounded (conductor stringing equipment): Connected to earth or to some extended conducting

body that serves instead of the earth, whether the connection is intentional or accidental. 
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3.1.126 grounding clamp: A device used in making a connection between the electrical apparatus or con-

ductors and the ground bus or grounding electrode.

3.1.127 guard structure: See crossing structure.

3.1.128 H-frame: See crossing structure.

3.1.129 hard line: See pulling line.

3.1.130 hoist: An apparatus for moving a load by the application of a pulling force and not including a car or

platform running in guides. These devices are normally designed using roller or link chain and built-in lever-

age to enable heavy loads to be lifted or pulled. They are often used to deadend a conductor during sagging

and clipping-in operations and during the tensioning of guys. Syn: chain hoist, chain tugger, Coffing,

Coffing hoist, drum puller.

3.1.131 hold-down block: A device designed with one or more single groove sheaves to be placed on the

conductor and used as a means of holding it down. This device functions essentially as a traveler used in an

inverted position. It is normally used in midspan to control conductor uplift caused by stringing tensions, or

at splicing locations to control the conductor as it is allowed to rise after splicing is completed. Syn: splice

release hold-down block roller, hold-down traveler.

3.1.132 hold-down roller: See hold-down block.

3.1.133 hold-down traveler: See hold-down block.

3.1.134 hook ladder: See tower ladder.

3.1.135 hose clamp: See strand restraining clamp.

3.1.136 hot: See energized.

3.1.137 hub: A reference point established through a land survey. A hub or point on tangent (POT) is a ref-

erence point for use during construction of a line. The number of such points that are established will vary

with the job requirements. Monuments, however, are usually associated with state or federal surveys and are

intended to be permanent reference points. Any of these points may be used as a reference point for transit

sagging operations, provided that all necessary data pertaining to them is known. It is quite common to

establish additional temporary hubs as required for this purpose. Syn: monument, point on tangent.

3.1.138 Insulated Cable Engineers Association: Founded in 1925, the Insulated Cable Engineers Associa-

tion is a professional society of insulated cable engineers to promote the reliability of covered and insulated

conductors for the transmission and distribution of electric energy, control, and instrumentation of equip-

ment and communications.

3.1.139 insulated ground stick: An insulated rod, fabricated from fiberglass reinforced plastic, with spe-

cialized connection hardware, operating mechanism, and of sufficient length to allow for safe gripping and

installation of grounding clamps.

3.1.140 insulator lifter: A device designed to permit insulators to be lifted in a string to their intended posi-

tion on a structure. Syn: insulator saddle, potty seat.

3.1.141 insulator saddle: See insulator lifter.
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3.1.142 isolated: (1) Physically separated, electrically and mechanically, from all sources of electrical

energy. Such separation may not eliminate the effects of electrical induction. (2) An object that is not readily

accessible to persons unless special means for access are used.

3.1.143 Jacob’s ladder: See rope ladder.

3.1.144 jumper: (1) The conductor that connects the conductors on opposite sides of a deadend structure.

Syn: deadend loop. (2) A conductor placed across the clear space between the ends of two conductors or

metal pulling lines that are being spliced together. Its purpose, then, is to act as a shunt to prevent workers

from accidentally placing themselves in series between the two conductors.

3.1.145 Kellem: See conductor grip, woven wire grip.

3.1.146 Klein: See conductor grip.

3.1.147 leader: See pilot line.

3.1.148 leader cone: A tapered cone made of rubber, neoprene, or polyurethane that is used to lead a con-

ductor splice through the travelers, thus making a smooth transition from the smaller diameter conductor to

the larger diameter splice. It is also used at the connection point of the pulling line and running board to

assist in a smooth transition of the running board over the travelers, thus significantly reducing the shock

loads. Syn: nose cone, tapered hose.

3.1.149 lead line: See pilot line.

3.1.150 level: See transit.

3.1.151 life line: See safety life line.

3.1.152 lifting shoe: See conductor lifting hook.

3.1.153 light line: See pulling line.

3.1.154 lineperson’s platform: A device designed to be attached to a wood pole or metal structure, or both,

to serve as a supporting surface for workers engaged in deadending operations, clipping-in, insulator work,

etc. The designs of these devices vary considerably. Some resemble short cantilever beams, others resemble

swimming pool diving boards, and still others as long as 12 m are truss structures resembling bridges. Mate-

rials commonly used for fabrication are wood, fiberglass, and metal. Syn: Baker board, D-board, deadend

board, deadend platform, diving board.

3.1.155 link: See connector link.

3.1.156 lip: See conductor lifting hook.

3.1.157 live: See energized.

3.1.158 load binder: A toggle device designed to secure loads in a desired position. It is normally used to

secure loads on mobile equipment. Syn: binder, chain binder.

3.1.159 load cell: See dynamometer.

3.1.160 logger: See wheel tractor.
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3.1.161 magnetic field induction (inductive coupling): The process of generating voltages and/or currents

in conductive objects or electric circuits by the induction process that results from time-varying quasi-static

magnetic fields. 

NOTES: 

1—“Magnetic field induction” was formerly called “electromagnetic induction.” This usage is now deprecated because
electromagnetic induction refers to the combined electric and magnetic field effects.

2—The term “magnetic field induction” is preferred over “magnetic induction” because the latter may be taken to mean
magnetic flux density. 

3—The fields in the vicinity of a transmission line can be adequately described as an electric field and a magnetic field.
Electromagnetic may imply one or both of these fields. There should be no questions as to what is meant when the elec-
tric field or the magnetic field is discussed.

3.1.162 marker: See plumb marker pole.

3.1.163 master ground: A portable device designed to short circuit and connect (bond) a de-energized cir-

cuit or piece of equipment, or both, to an electrical ground. Normally located remote from, and on both sides

of, the immediate work site. The master ground is primarily used to provide safety for personnel during con-

struction, and during reconstruction, it is used to provide safety for personnel during construction, recon-

struction, or maintenance operations. Syn: ground set, ground stick.

3.1.164 moving ground: See running ground.

3.1.165 monkey tail: See running board.

3.1.166 monument: See hub.

3.1.167 nose cone: See leader cone.

3.1.168 off-road vehicle: A vehicle specifically designed and equipped to traverse sand, swamps, muddy

tundra, or rough mountainous terrain. Vehicles falling into this category are usually all wheel drive or

tracked units. In some cases, units equipped with special air bag rollers having a soft footprint are utilized.

Syn: all terrain vehicle, swamp buggy.

3.1.169 offset marker (pole): See plumb marker pole.

3.1.170 Optical Ground Wire: Concentric-lay-stranded composite conductor for use as overhead ground-

wire with telecommunication capability. The conductor is constructed with a central optical fiber core sur-

rounded by helically laid aluminum-clad wires, aluminum alloy wires, galvanized steel wires, or

combinations thereof.

3.1.171 outage: See clearance.

3.1.172 overhead groundwire (lightning protection): Multiple grounded wire or wires placed above phase

conductors for the purpose of intercepting direct strokes in order to protect the phase conductors from the

direct strokes. Syn: earth wire, shield wire, skywire, static wire.

3.1.173 payout site: See tension site.

3.1.174 peanut: See rope connector.

3.1.175 permit: See clearance.
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3.1.176 personal ground: A portable device designed to connect (bond) a de-energized conductor or piece

of equipment, or both, to an electrical ground. It is distinguished from a master ground in that it is utilized at

the immediate site when work is to be performed on a conductor or piece of equipment that could acciden-

tally become energized. Syn: ground stick, working ground, red head.

3.1.177 pilot line: A lightweight line, normally synthetic fiber rope, used to pull heavier pulling lines that, in

turn, are used to pull the conductor. Pilot lines may be installed with the aid of finger lines or by helicopter

when the insulators and travelers are hung Syn: lead line, leader, P-line, sock line, straw line.

3.1.178 pilot-line winder: A device designed to payout and rewind pilot lines during stringing operations. It

is normally equipped with its own engine, which drives a drum or a supporting shaft for a reel mechanically,

hydraulically, or through a combination of both. These units are usually equipped with multiple drums or

reels, depending upon the number of pilot lines required. The pilot line is payed out from the drum or reel,

pulled through the travelers in the sag section, and attached to the pulling line on the reel stand or drum

puller. It is then rewound to pull the pulling line through the travelers. A pilot-line winder can be a unit sim-

ilar to a bullwheel puller and often has the reel winder as an integral part of the machine. Syn: insulator sad-

dle. See insulator lifter.

3.1.179 pilot rope: See pilot line.

3.1.180 platform: See aerial platform.

3.1.181 P-line: See pilot line.

3.1.182 plier clamp: See strand restraining clamp.

3.1.183 plumb mark: A mark placed on the conductor located vertically below the insulator point of sup-

port for steel structures and vertically above the pole center line at ground level for wood pole structures

used as a reference to locate the center of the suspension clamp.

3.1.184 plumb marker pole: A small diameter, lightweight pole with a marking device attached to one end,

having sufficient length to enable a worker to mark the conductor directly below him/her from a position on

the bridge or arm of the structure. This device is utilized to mark the conductor immediately after comple-

tion of sagging. Syn: marker, offset marker (pole).

3.1.185 pocketbook: See conductor grip.

3.1.186 point on tangent: See hub.

3.1.187 potty seat: See insulator lifter.

3.1.188 powder: See explosives.

3.1.189 Primacord: See explosives.

3.1.190 protector joint: A split sleeve that fits over a conductor compression joint used to protect the joint

from bending or damage if the joint must pass through travelers. The joint protector usually has split rubber

collars at each end to protect the conductor from damage where it exits at each end of the sleeve.

3.1.191 pull setting: See sag section.

3.1.192 pull site: The location on the line where the puller, reel winder, and anchors (snubs) are located.

This site may also serve as the pull or tension site for the next sag section. Syn: reel setup, tugger setup.
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3.1.193 puller: See bullwheel puller.

3.1.194 puller, two drum, three drum: The definition and application for this unit is essentially the same

as that for the drum puller. It differs in that this unit is equipped with two or three drums and thus can pull

one, two, or three conductors individually or simultaneously. See drum puller. Syn: double drum hoist,

triple drum hoist, double drum winch, three drum winch, triple drum winch, two drum winch, tugger.

3.1.195 pulley: See sheave.

3.1.196 pulling line: A high-strength line, normally synthetic fiber rope or wire rope, used to pull the con-

ductor. However, on reconstruction jobs in which a conductor is being replaced, the old conductor often

serves as the pulling line for the new conductor. In such cases, the old conductor must be closely examined

for any damage prior to the pulling operations. Syn: bull line, hard line, light line, sock line, pulling rope.

3.1.197 pulling rope: See pulling line.

3.1.198 pulling vehicle: Any piece of mobile ground equipment capable of pulling pilot lines, pulling lines,

or conductors. However, helicopters may be considered as a pulling vehicle when utilized for the same

purpose.

3.1.199 quad-bundle: See Bundle, two-conductor, three-conductor, four-conductor, multi-conductor.

3.1.200 Quadrex: See explosives.

3.1.201 red head: See personal ground.

3.1.202 reel puller: A device designed to pull a conductor during stringing operations. It is normally

equipped with its own engine, which drives the supporting shaft for the reel mechanically, hydraulically, or

through a combination of both. The shaft, in turn, drives the reel. The application of this unit is essentially

the same as that for the drum puller. Some of these devices function as either a puller or tensioner. See drum

puller.

3.1.203 reel setup: See pull site, tension site.

3.1.204 reel stand: A device designed to support one or more conductor or groundwire reels having the pos-

sibility of being skid, trailer, or truck mounted. These devices may accommodate rope or conductor reels of

varying sizes and are usually equipped with reel brakes to prevent the reels from turning when pulling is

stopped. They are used for either slack or tension stringing. The designation of reel trailer or reel truck

implies that the trailer or truck has been equipped with a reel stand (jacks) and may serve as a reel transport

or payout unit, or both, for stringing operations. Depending upon the sizes of the reels to be carried, the

transporting vehicles may range from single-axle trailers to semi trucks with trailers having multiple axles.

Syn: reel trailer, reel transporter, reel truck.

3.1.205 reel trailer: See reel stand.

3.1.206 reel transporter: See reel stand.

3.1.207 reel truck: See reel stand.

3.1.208 reel winder: A device designed to serve as a recovery unit for a pulling line. It is normally equipped

with its own engine, which drives a supporting shaft for a reel mechanically, hydraulically, or through a

combination of both. The shaft, in turn, drives the reel. It is normally used to rewind a pulling line as it

leaves the bullwheel puller during stringing operations. This unit is not intended to serve as a puller, but

sometimes serves this function where only low tensions are involved. Syn: takeup reel.
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3.1.209 restriction: See clearance.

3.1.210 retarder: See bullwheel tensioner.

3.1.211 rider structure: See crossing structure.

3.1.212 roller: See sheave.

3.1.213 rolling ground: See running ground, traveler ground.

3.1.214 rope connector: A special high strength steel link used to join two lengths of pulling rope by means

of the eye splice at each end. Although designed to pass easily through the grooves of the bullwheels on the

puller, it should not be passed under full load. Syn: peanut.

3.1.215 rope ladder: A ladder having vertical synthetic or manila suspension members and wood, fiber-

glass, or metal rungs. The ladder is suspended from the arm or bridge of a structure to enable workers to

work at the conductor level, hang travelers, perform clipping-in operations, etc. Syn: Jacob’s ladder.

3.1.216 ruling span: A calculated span length that will have the same changes in conductor tension due to

changes of temperature and conductor loading as will be found in a series of spans of varying lengths

between deadends.

3.1.217 running board: A pulling device designed to permit stringing more than one conductor simulta-

neously with a single pulling line. For distribution stringing, it is usually made of lightweight tubing with the

forward end curved gently upward to provide smooth transition over pole crossarm rollers. For transmission

stringing, the device is either made of sections hinged transversely to the direction of pull or of a hard nose

rigid design, both having a flexible pendulum tail suspended from the rear. This configuration stops the con-

ductors from twisting together and permits smooth transition over the sheaves of bundle travelers. Syn: alli-

gator, bird, birdie, monkey tail, sled.

3.1.218 running ground: A portable device designed to connect a moving conductor or wire rope, or both,

to an electrical ground. These devices are normally placed on the conductor or wire rope adjacent to the pull-

ing and tensioning equipment located at either end of a sag section. They are  primarily used to provide

safety for personnel during construction or reconstruction operations. Syn: ground roller, moving ground,

rolling ground, traveling ground.

3.1.219 safety life line: A safety device normally constructed from synthetic fiber rope and designed to be

connected between a fixed object and the body belt of a worker working in an elevated position when his/her

regular safety strap cannot be utilized. Syn: life line, safety line, scare rope.

3.1.220 safety line: See safety life line.

3.1.221 sag: The distance measured vertically from a conductor to the straight line joining two points of sup-

port. Unless otherwise stated, the sag referred to is at the midpoint of the span.

3.1.222 sag board: See target sag.

3.1.223 sag section: The section of line between snub structures. More than one sag section may be required

in order to sag properly the actual length of conductor that has been strung. Syn: pull setting, stringing

section.
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3.1.224 sag span: A span selected within a sag section and used as a control to determine the proper sag of

the conductor, thus establishing the proper conductor level and tension. A minimum of two, but normally

three, sag spans are required within a sag section in order to sag properly. In mountainous terrain or where

span lengths vary radically, more than three sag spans could be required within a sag section. Syn: control

span.

3.1.225 sag target: A device used as a reference point to sag conductors. It is placed on one structure of the

sag span. The sagger, on the other structure of the sag span, can use it as a reference to determine the proper

conductor sag. Syn: sag board, target.

3.1.226 sagger: See wheel tractor.

3.1.227 scare rope: See safety life line.

3.1.228 scope: See transit.

3.1.229 secondary shock: A shock of a magnitude such that it will not produce direct physiological harm,

but may cause involuntary muscle reactions. The results of secondary shock are annoyance, alarm, and

aversion (see [B7] and [B27]).

3.1.230 self-damping conductor: An aluminum conductor steel reinforced that is designed to control aeo-

lian vibration by integral damping. Trapezoidal aluminum wires and annular gaps are utilized.

3.1.231 set of fives: See block.

3.1.232 set of fours: See block.

3.1.233 set of sixes: See block.

3.1.234 seven bolt: See conductor grip.

3.1.235 shaped wire compact conductor: See trapezoidal wire. 

3.1.236 sheave: (1) The grooved wheel of a traveler or rigging block. Travelers are frequently referred to as

sheaves. Syn: pulley, roller, wheel, traveler. (2) A shaft-mounted wheel used to transmit power by means

of a belt, chain, band, etc.

3.1.237 sheave ground: See traveler ground.

3.1.238 shield wire: See overhead groundwire.

3.1.239 single drum hoist: See drum puller.

3.1.240 single drum winch: See drum puller.

3.1.241 site marker: See transit.

3.1.242 six bolt: See conductor grip.

3.1.243 skidder: See wheel tractor.

3.1.244 Skookum: See snatch block.

3.1.245 skywire: See overhead groundwire.
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3.1.246 slack stringing: The method of stringing conductor slack without the use of a tensioner. The con-

ductor is pulled off the reel by a pulling vehicle and is dragged along the ground, or the reel is carried along

the line on a vehicle and the conductor is deposited on the ground. As the conductor is dragged to, or past,

each supporting structure, the conductor is placed in the travelers, normally with the aid of finger lines.

3.1.247 sled: See running board.

3.1.248 sleeve: See compression joint.

3.1.249 sleeving trailer: See splicing cart.

3.1.250 slip-grip: See conductor grip.

3.1.251 slug: See connector link.

3.1.252 snatch block: A device normally designed with a single sheave, wood or metal shell, and hook. One

side of the shell usually opens to eliminate the need for threading of the line. It is commonly used for lifting

loads on a single line or as a device to control the position or direction, or both, of a fall line or pulling line.

Syn: Skookum, Washington, Western.

3.1.253 snub: See anchor.

3.1.254 snub structure: A structure located at one end of a sag section and considered as a zero point for

sagging and clipping offset calculations. The section of line between two such structures is the sag section,

but more than one sag section may be required in order to sag properly the actual length of conductor that

has been strung. Syn: O structure, zero structure.

3.1.255 sock: See woven wire grip.

3.1.256 sock line: See pulling line.

3.1.257 spacer buggy: See conductor car.

3.1.258 spacer cart: See conductor car.

3.1.259 spacing bicycle: See conductor car.

3.1.260 splice: See compression joint.

3.1.261 splice release block: See hold-down block.

3.1.262 splice site: The location along the line where the conductors are temporarily anchored to join the

conductors together to form a splice.

3.1.263 splicing cart: A unit that is equipped with a hydraulic compressor (press) and all other necessary

equipment for performing splicing operations on conductor. Syn: sleeving trailer, splicing trailer, splicing

truck.

3.1.264 splicing trailer: See splicing cart.

3.1.265 splicing truck: See splicing cart.

3.1.266 static charge: Any electric charge at rest, e.g., charge on capacitor. Static charge is often loosely

used to describe discharge conditions resulting from electric field coupling.
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3.1.267 static wire: See overhead groundwire.

3.1.268 step potential: See step voltage.

3.1.269 step voltage: The potential difference between two points on the earth’s surface separated by a dis-

tance of one pace (assumed to be 1 m) in the direction of maximum potential gradient. This potential differ-

ence could be dangerous when current flows through the earth or material upon which a worker is standing,

particularly under fault conditions. Syn: step potential.

3.1.270 strand restraining clamp: An adjustable circular clamp commonly used to keep the individual

strands of a conductor in place and to prevent them from spreading when the conductor is cut. Syn: block,

cable binding, hose clamp, plier clamp, vise grip.

3.1.271 straw line: See pilot line.

3.1.272 stringing: The pulling of pilot lines, pulling lines, and conductors over travelers supported on struc-

tures of overhead transmission lines. Quite often, the entire job of stringing conductors is referred to as

stringing operations, beginning with the planning phase and terminating after the conductors have been

installed in the suspension clamps.

3.1.273 stringing block: See traveler.

3.1.274 stringing section: See sag section.

3.1.275 stringing sheave: See traveler.

3.1.276 stringing traveler: See traveler.

3.1.277 structure: See snub structure.

3.1.278 structure base ground: A portable device designed to connect (bond) a metal structure to an elec-

trical ground. It is primarily used to provide safety for personnel during construction, reconstruction, or

maintenance operations. Syn: butt ground, ground chain, structure ground, tower ground.

3.1.279 structure ground: See ground structure base.

3.1.280 suitcase: See conductor grip.

3.1.281 swamp buggy: See off-road vehicle.

3.1.282 switching surge: A transient wave of overvoltage in an electrical circuit caused by a switching

operation. When this occurs, a momentary voltage surge could be induced in a circuit adjacent and parallel

to the switched circuit in excess of the voltage induced normally during steady state conditions. If the adja-

cent circuit is under construction, switching operations should be minimized to reduce the possibility of haz-

ards to the workmen.

3.1.283 swivel: See swivel link.

3.1.284 swivel link: A swivel device designed to connect pulling lines and conductors together in series or

to connect one pulling line to the drawbar of a pulling vehicle. The device will spin and help relieve the tor-

sional forces that build up in the line or conductor under tension. Syn: swivel.
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3.1.285 T-2™: A two-conductor twisted construction designed to control wind-induced motion. 

NOTE—T-2 Conductor is a registered trademark of CPI, Consumer Products, Inc. a wholly owned subsidiary of Rey-
nolds Metals Company.

3.1.286 tag line: A control line, normally manila or synthetic fiber rope, attached to a suspended load to

enable a worker to control its movement. Syn: tag rope.

3.1.287 tag rope: See tag line.

3.1.288 takeup reel: See reel winder.

3.1.289 tapered hose: See leader cone.

3.1.290 target: See target sag.

3.1.291 temporary structure: See crossing structure.

3.1.292 tension site: The location on the line where the tensioner, reel stands, and anchors (snubs) are

located. This site may also serve as the pull or tension site for the next sag section. Syn: conductor payout

station, payout site, reel setup. 

3.1.293 tension stringing: The use of pullers and tensioners to keep the conductor under tension and posi-

tive control during the stringing phase, thus keeping it clear of the earth and other obstacles that could cause

damage.

3.1.294 tensioner: See bullwheel tensioner.

3.1.295 threading line: A lightweight flexible line, normally manila or synthetic fiber rope, used to lead a

conductor through the bullwheels of a tensioner or pulling line through a bull wheel puller. Syn: bull line,

threading rope.

3.1.296 threading rope: See threading line.

3.1.297 three drum winch: See puller, two drum, three drum.

3.1.298 touch potential: See touch voltage.

3.1.299 touch voltage: The potential difference between a grounded metallic structure and a point on the

earth’s surface separated by a distance equal to the normal maximum horizontal reach, approximately 1 m.

This potential difference could be dangerous and could result from induction or fault conditions, or both.

Syn: touch potential.

3.1.300 tower ground: See structure base ground.

3.1.301 tower ladder: A ladder complete with hooks and safety chains attached to one end of the side rails.

These units are normally fabricated from fiberglass, wood, or metal. The ladder is suspended from the arm

or bridge of a structure to enable workers to work at the conductor level, to hang travelers, perform clipping-

in operations, etc. In some cases, these ladders are also used as lineperson’s platforms. Syn: hook ladder.

3.1.302 tractor: See crawler tractor, wheel tractor.

3.1.303 transit: An instrument primarily used during construction of a line to survey the route, to set hubs

and point on tangent (POT) locations, to plumb structures, to determine downstrain angles for locations of

anchors at the pull and tension sites, and to sag conductors. Syn: level, scope, site marker.
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3.1.304 trapezoidal wire: Conductors that are designed to increase the aluminum area for a given diameter

of conductor by the use of trapezoidal shaped aluminum wires.

3.1.305 traveler: A sheave complete with suspension arm or frame used separately or in groups and sus-

pended from structures to permit the stringing of conductors. These devices are sometimes bundled with a

center drum or sheave and another traveler, and are used to string more than one conductor simultaneously.

For protection of conductors that should not be nicked or scratched, the sheaves are often lined with noncon-

ductive or semi conductive neoprene or nonconductive urethane. Any one of these materials acts as a pad-

ding or cushion for the conductor as it passes over the sheave. Traveler grounds must be used with lined

travelers in order to establish an electrical ground. Syn: block, dolly, sheave, stringing block, stringing

sheave, stringing traveler.

3.1.306 traveler ground: A portable device designed to connect a moving conductor or wire rope, or both,

to an electrical ground. It is primarily used to provide safety for personnel during construction or reconstruc-

tion operations. This device is placed on the traveler (sheave, block, etc.) at a strategic location where an

electrical ground is required. Syn: block ground, rolling ground, sheave ground.

3.1.307 traveler rack: A device designed to protect, store, and transport travelers. It is normally designed to

permit efficient use of transporting vehicles, spotting by helicopters on the line, and stacking during storage

to utilize space. The exact design of each rack is dependent upon the specific travelers to be stored. Syn:

dolly car.

3.1.308 traveler sling: A sling of wire rope, sometimes utilized in place of insulators, to support the traveler

during stringing operations. Normally, it is used when insulators are not readily available or when adverse

stringing conditions might impose severe downstrains and cause damage or complete failure of the insula-

tors. Syn: choker.

3.1.309 traveling ground: See running ground.

3.1.310 tri-bundle: See Bundle, two-conductor, three-conductor, four-conductor, multi-conductor.

3.1.311 Triex: See explosives.

3.1.312 triple drum hoist: See puller, two drum, three drum.

3.1.313 triple drum winch: See puller, two drum, three drum.

3.1.314 tugger: See drum puller; puller, two drum, three drum.

3.1.315 tugger setup: See pull site.

3.1.316 twin-bundle: See Bundle, two-conductor, three-conductor, four-conductor, multi-conductor.

3.1.317 two drum winch: See puller, two drum, three drum.

3.1.318 uplift roller: A small single-grooved wheel designed to fit in or immediately above the throat of the

traveler and keep the pulling line in the traveler groove when uplift occurs due to stringing tensions.

3.1.319 vise grip: See strand restraining clamp.

3.1.320 Washington: See snatch block.

3.1.321 Western: See snatch block.
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3.1.322 wheel: See sheave.

3.1.323 wheel tractor: A wheeled unit employed to pull pulling lines, sag conductor, and miscellaneous

other work. Sagging winches on this unit are usually arranged in a horizontal configuration. It has some

advantages over crawler tractors in that it has a softer footprint, travels faster, and is more maneuverable.

Syn: logger, sagger, skidder, tractor.

3.1.324 wire: See conductor.

3.1.325 wire mesh grip: See woven wire grip.

3.1.326 wire rope splice: The point at which two wire ropes are joined together. The various methods of

joining (splicing) wire ropes together include hand tucked woven splices, compression splices that utilize

compression fittings but do not incorporate loops (eyes) in the ends of the ropes, and mechanical splices that

are made through the use of loops (eyes) in the ends of the ropes held in place by either compression fittings

or wire rope clips. The latter are joined together with connector links or steel bobs and, in some cases, are

rigged eye to eye. Woven splices are often classified as short or long. A short splice varies in length from 2

to 5 m for 6 to 38 mm diameter ropes, respectively, while a long splice varies from 4 to 14 m for the same

size ropes.

3.1.327 working ground: See personal ground.

3.1.328 woven wire grip: A device designed to permit the temporary joining or pulling of conductors with-

out the need of special eyes, links, or grips. Syn: basket, Chinese finger, wire mesh grip, Kellem, sock.

3.1.329 zero structure: See snub structure.

3.2 Acronyms

AAAC all aluminum alloy conductor, concentric-lay-stranded

AAC all aluminum conductor, concentric-lay-stranded.

AACSR aluminum alloy conductor, steel reinforced 

ACAR aluminum conductor, aluminum alloy reinforced 

ACSR aluminum conductor, steel reinforced

ACSS aluminum conductor, steel supported

ADSS all-dielectric self supporting optical cable 

ASTM American Society for Testing and Materials

ATV all terrain vehicle

AWG American Wire Gage

CU Copper conductor

FAA Federal Aviation Administration
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ICEA Insulated Cable Engineers Association

OHGW overhead groundwire

OPGW optical ground wire

SDC self-damping conductor

TW trapezoidal wire

4. Conductor stringing methods

Unless specifically stated otherwise, all references to the term “conductor” in this document include over-

head groundwires (OHGWs). Conductor stringing systems currently employed in the power industry are

almost as numerous as the organizations that string conductors. Outlined in 4.1 and 4.2 are the basic meth-

ods currently in use, but they are invariably modified to accommodate equipment readily available and the

ideas and philosophies of the responsible supervisors. In addition to a description of the various methods

being used are comments relative to application and a listing of equipment applicable to each method. This

list is not all inclusive since, for example, a reel winder would not be necessary as a separate piece of equip-

ment if this function is designed into the puller or tensioner being used, nor would a loader be required if the

reel stand were self-loading.

4.1 Slack or layout method 

Using this method, the conductor is dragged along the ground by means of a pulling vehicle, or the reel is

carried along the line on a vehicle and the conductor is deposited on the ground. The conductor reels are

positioned on reel stands or jacks, either placed on the ground or mounted on a transporting vehicle. These

stands are designed to support the reel on an arbor, thus permitting it to turn as the conductor is pulled out.

Usually, a braking device is provided to prevent overrunning and backlash. When the conductor is dragged

past a supporting structure, pulling is stopped and the conductor is placed in travelers attached to the struc-

ture before proceeding to the next structure.

This method is chiefly applicable to the construction of new lines in cases in which maintenance of conduc-

tor surface condition is not critical and where terrain is easily accessible to a pulling vehicle. The method is

not usually economically applicable in urban locations where hazards exist from traffic or where there is

danger of contact with energized circuits, nor is it practical in mountainous regions inaccessible to pulling

vehicles.

Major equipment required to perform slack stringing includes reel stands, pulling vehicle(s), and a splicing

cart.

4.2 Tension method

Using this method, the conductor is kept under tension during the stringing process. Normally, this method

is used to keep the conductor clear of the ground and obstacles, which might cause conductor surface dam-

age, and clear of energized circuits. It requires the pulling of a light pilot line into the travelers, which in turn

is used to pull in a heavier pulling line. The pulling line is then used to pull in the conductors from the reel

stands using specially designed tensioners and pullers. For lighter conductors, a lightweight pulling line may

be used in place of the pilot line to directly pull in the conductor. A helicopter or ground vehicle can be used

to pull or lay out a pilot line or pulling line. The tension method of stringing is applicable where it is desired

to keep the conductor off the ground to minimize surface damage or in areas where frequent crossings are
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encountered. The amount of right-of-way travel by heavy equipment is also reduced. Usually, this method

provides the most economical means of stringing conductor. The helicopter use is particularly advantageous

in rugged or poorly accessible terrain.

Major equipment required for tension stringing includes reel stands, tensioner, puller, reel winder, pilot line

winder, splicing cart, and helicopter or pulling vehicle.

5. Grounding equipment and methods

5.1 Protective grounding principles

A grounding system shall be established at transmission line construction sites that will provide a safe envi-

ronment for the transmission line construction workers. The grounding system and equipment to be used for

each situation should be established by the user knowing the degree of exposure to electrical hazards and the

soil conditions for that site. Generally, the most significant hazard results from work in proximity to ener-

gized lines.

The approach used within this guide is first to present methods of protecting personnel, develop electrical

concepts, and describe hazards during transmission line construction. Then, in conjunction with ASTM

F855-97e13, specific criteria and testing requirements of the grounding equipment to be met are discussed.

Next, the application of methods and equipment to the process of grounding during the installation of over-

head transmission lines is described. And finally, a floppy disk, documentation, and instructions on using the

computer programs are presented to aid in determining appropriate grounding equipment and grounding sys-

tems for the various situations encountered during installation of overhead transmission line conductors.

All equipment, conductors, anchors, and structures within a defined work area must be bonded together and

connected to the ground electrode. The recommended procedures of personnel protection are as follows:

a) Establishment of equipotential work zones

b) Selection of grounding equipment for the worst-case fault

c) Discontinuation of all work when the possibility of lightning exists, which may affect the work site

In addition to the grounding system, the best safety precaution is to treat all equipment as if it could become

energized.

5.2 Protection of personnel

The main concern of this guide is the protection of personnel from injury. The personnel at the work site

must be protected against electric field coupling and magnetically induced voltages and currents caused by

energized adjacent lines. Personnel must be protected from the hazards that result from accidental line ener-

gization or faults. Personnel protection can be achieved by placing adequate protective ground systems at

the work area.

All appropriate line components and equipment within the work area should be bonded together to create an

equipotential work zone. A non-conductive barrier (see Figure 6) placed around the work area (includes the

ground electrode) will reduce the exposure to touch and step voltages. Grounding equipment should be

selected and installed in a manner that will minimize the likelihood of cables striking personnel during fault

conditions.

3Information on references can be found in Clause 2.
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5.3 Hazards and electrical concepts

5.3.1 Source of hazards

Electrical charges may appear on a de-energized transmission line due to one or a combination of the follow-

ing factors:

a) Charges induced by electric or magnetic field coupling, or both, with energized adjacent lines espe-

cially under fault conditions and lightning strokes

b) De-energized lines accidentally energized

c) Static charge induced on de-energized lines due to atmospheric conditions 

In addition to electrical hazards, there is the hazard posed by violent mechanical movements of cables dur-

ing fault current exposure.

5.3.2 Ground protection

The purpose of grounds and grounding procedures is to reduce electrical shock hazards to an absolute mini-

mum. Unfortunately, people who work on and around high-voltage equipment can falsely assume that only

energized high-voltage circuits are really dangerous. Shocks from voltages well below 50 V can

a) Cause surprise to the extent that balance may be lost and falls may occur, with the risk of bodily

injury 

b) Cause an involuntary recoil so that physical contact with moving machinery may occur, with the

risk of bodily injury

c) Cause a muscular paralysis so that release of grip on the source of shock cannot occur

Adequate grounding shall be established at construction work areas. The methods required and equipment

used should be based on exposure to maximum system electrical hazards and soil conditions at the site. 

All equipment, conductors, anchors, and structures within the work area shall be bonded together and

grounded. The recommended method of personnel protection is the establishment of equipotential work

zones to limit touch and step voltage to a safe level. An acceptable equipotential zone may be accomplished

by the proper use of low-resistance shunts, jumpering, and grounding equipment. Grounding equipment

includes personal grounds, master grounds, structure base grounds, running grounds, traveler grounds,

ground grids, and ground rods. Definitions and discussions of these terms can be found in Clause 3 of this

guide.

5.4 Grounding equipment, methods, and testing

5.4.1 Equipment

All grounding equipment must be sized to carry the maximum steady-state induced currents as well as the

largest fault current and clearing time likely to be encountered for a time period long enough to allow the

line protection system to operate. After the grounding equipment has carried fault current, all components of

the grounding system should be immediately replaced, and later inspected and reconditioned, if necessary,

before reuse. Ground cables that have carried fault current should be replaced and not reused.

Personal grounds, master grounds, structure base grounds, running grounds, traveler grounds, ground grids,

and ground rods are devices used in a grounding system.

High-quality clamps with a steady-state and fault-current capability equal to the grounding cables should be

used. They should clamp positively on the object being grounded. Clamps with serrated clamping jaw

inserts are preferred to ensure proper contact.
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Resistance readings for all grounding systems should be established and all grounding electrodes used

should be checked to ensure that their resistance is below an acceptable maximum value. Resistance from

the main contact to the attached cable contact should be less than that for an equal length of maximum size

cable(s) for which the clamp is rated.

5.4.1.1 Grounding cable

Grounding cables should be flexible and be of Type I or Type II per clause 32.3 of ASTM F855-97e1. Cable

size should be capable of sustaining maximum fault current, with full asymmetry, when part of a portable

grounding assembly, as demonstrated by tests per clause 12.3 of ASTM F855-97e1 or per clause 6.6 of IEC

61230 (1993-09).

5.4.1.2 Master ground

A master ground (see Figure 1) is a portable device designed to short circuit and connect (bond) a de-ener-

gized circuit or piece of equipment, or both, to a ground electrode. It is normally located remote from, and

on both sides of, the immediate work site, and primarily used to provide safety for personnel during con-

struction, reconstruction, or maintenance operations.

Figure 1—Master ground
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5.4.1.3 Personal ground

A personal ground (see Figure 2a and Figure 2b) is a portable device designed to connect (bond) a de-ener-

gized conductor or piece of equipment, or both, to a ground electrode. It is distinguished from a master

ground in that it is utilized at the immediate site when work is to be performed on a conductor or piece of

equipment that could accidentally become energized.

5.4.1.4 Structure base ground

A structure base ground (see Figure 3) is a portable device designed and used to connect (bond) equipment

to a metal structure. It is primarily used to provide safety for personnel during construction, reconstruction,

or maintenance operations.

Figure 2—Personal ground

a)

b)

Figure 3—Structure base ground
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5.4.1.5 Running ground

A running ground (see Figure 4) is a portable device designed to connect a moving conductor or wire rope,

or both, to a ground electrode. This device is normally placed on the conductor or wire rope adjacent to the

pulling and tensioning equipment located at either end of a sag section. It is primarily used to provide safety

for personnel during construction or reconstruction operations.

5.4.1.6 Traveler ground

A traveler ground (see Figure 5) is a portable device designed to connect a moving conductor or wire rope,

or both, to a ground electrode. It is primarily used to provide safety for personnel during construction or

reconstruction operations. This device is placed on the traveler (sheave, block, etc.) at strategic locations

where electrical grounds are required.

A traveler with a ground is usually sensitive to direction pull. Care shall be exercised in hanging the traveler.

Usually the ground is to the pulling end. It shall be connected with temporary grounding, or to some conduc-

tive medium that is at ground potential. Care shall be taken in regard to the length of the grounding cable and

Figure 4—Running ground

Figure 5—Traveler ground

a) Application of traveler ground b) Individual traveler ground

Authorized licensed use limited to: IEEE Xplore. Downloaded on March 07,2026 at 06:42:30 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 524-2003

http://www.avadocuments.com/doc/ieee-524-2003
http://www.avadocuments.com/doc/ieee-524-2003


IEEE
Std 524-2003 IEEE GUIDE TO THE INSTALLATION OF

28 Copyright © 2004 IEEE. All rights reserved.

the anchor point. Too short of a cable may pull with block movement, and too long of a cable may become

entangled with the sheaves and rollers, thus destroying the cable and conductor. The traveler ground should

have a suitable grounding stud located in an accessible position to enable placing and removing the ground

clamps, with a ground stick when necessary. The traveler ground will also help protect the sheave linings. 

5.4.1.7 Ground grids

A ground grid (see Figure 6a and Figure 6b) is a system of interconnected bare conductors, metallic surface

mats, and/or grating, arranged in a pattern over a specified area. Normally, it is bonded to ground rods driven

around and within its perimeter to increase its grounding capabilities and provide convenient connection

points for grounding devices. The primary purpose of the grid is to provide safety for workers by limiting

potential differences within its perimeter to safe levels in case of high currents that could flow if the circuit

being worked became energized for any reason or if an adjacent energized circuit faulted. When used, these

grids are employed at pull, tension, and splice sites.

Figure 6—Ground grid

b) Elevation

a) Plan view
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5.4.1.8 Ground rod

A ground rod (see Figure 7) is a rod that is driven into the ground to serve as a ground terminal, such as a

copper-clad rod, solid copper rod, galvanized iron rod, or galvanized iron pipe. The ground rod is commonly

used during conductor stringing operations to provide a means of obtaining a ground electrode using porta-

ble grounding devices.

If a ground rod is free of paint, grease, and oil, the contact resistance between the rod and the earth is negli-

gible. Therefore, the main resistance is contained in the body of earth immediately surrounding the ground

rod.

When a current flows from a ground rod into the earth, it flows outward in all directions. It can be assumed

that the current flows through a series of concentric spherical-like shells, surrounding the ground rod (see

Figure 8).

The shell immediately surrounding the electrode has the smallest cross sectional area (highest resistance); as

the distance from the electrode is increased, each shell is correspondingly larger in cross section (lower

resistance). Therefore, when a current flows, the voltage drop next to the ground rod is very high and

decreases as it moves out from the rod.

Figure 7—Ground rods
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5.4.2 Methods

5.4.2.1 Soil resistance and use of ground rods

The resistivity of the earth plays a significant role in how effectively a fault current or induced current is

drained off. The resistivity of the ground varies with the type, moisture content, and temperature of the soil.

These variables affect the ground resistance in a direct, proportionate relationship. Therefore, seasonal

changes cause major fluctuations in the ground resistance.

A grounding system with a low resistance when the soil moisture content is high could easily exhibit an

excessively high resistance and hence, an unsafe condition during the drier part of the year when the soil

moisture content is very low.

The resistance of the grounding system is very important as it determines the voltage rise between the

ground rods, grids, and the earth, as well as the voltage gradients that will be created when the current flows

into the ground.

The following three components contribute to the resistance of the grounding system:

a) The resistance of the connections between the grounding leads, phase conductor, and the ground

rod(s), and the resistance of the grounding lead itself.

b) The contact resistance between the ground rod and the soil.

c) The resistance of the body of earth immediately surrounding the rod. Of the three components

involved in “resistance,” the resistance of the earth is the most critical and the most difficult to cal-

culate and minimize.

Figure 8—Resistive components of a ground rod
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To achieve the best results, ground rods should be driven into undisturbed earth. The practice of placing rods

adjacent to poles or footing is the least effective. Methods of installation vary from sledge hammer to

sophisticated hydraulic equipment. Some types of power installation enable driving multiple sectional rods

easily and effectively in undisturbed earth (see Figure 9).

5.4.2.2 Effect of rod depths and multiple rods

The distance a ground rod extends into the earth has a great effect on its measured ground resistance. A shal-

low driven rod will usually have a high year-round resistance because of its small effective resistance area,

and will always be subject to excessive seasonal variations due to varying moisture contents in the soil. Mul-

tiple sectional deep rods will have a larger effective resistance area and may approach a permanent moisture

level; therefore, its resistance will be much lower.

Figure 9—Power driven ground rod

a)

b) c) d)
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In effect, a series of multiple-driven rods become a set of resistances in parallel; however, the parallel resis-

tance law is not precisely applicable (because of the concentric shells of earth are overlapping). For the best

results from a practical point of view, the spacing between the rods should not be less than the depth of the

individual rods.

5.4.2.3 Recommended methods

The following are recommended methods on the use of ground rods in grounding:

a) Use deep driven multiple sectional ground rods where soil conditions permit or are required.

b) Use additional multiple sectional ground rods to increase the current capacity of ground electrode.

c) Add additional grounds where possible along the line under construction to decrease the current

flow through the individual ground connection source.

5.4.3 Testing

It is essential that equipment used in grounding during stringing provide adequate performance for a given

application. Therefore, determination of the equipment performance characteristics should be made either

by the user or provided by the manufacturer or both. This subclause includes recommended test procedures

for equipment used in overhead stringing that are not covered in other standards.

This guide makes no attempt to establish ratings, safety factors, categories, or classes of grounding

equipment.

5.4.3.1 Testing of grounding equipment

Grounding electrode installations for electrical equipment and systems are necessary to protect personnel

and equipment. In order to accomplish this purpose the grounding installation should provide an adequately

low ground resistance and be capable of conducting the available current without causing damage to itself or

creating a hazard to equipment or personnel.

The currents that a grounding electrode may be required to carry can be considered to be the following:

a) Low ac of long duration—such as unbalance, low fault current, or induced current that occurs when

the current is not large enough to interrupt the supply.

b) High ac of short duration—such as fault current that occurs when protective equipment operates

normally.

c) Impulse current—such as surge current that occurs during a lightning stroke. 

All components of the grounding system should be of a design that has been tested and proven to have ade-

quate current-carrying capabilities as well as very low resistance.

5.4.3.2 Information to be obtained from tests

In order to evaluate the operational characteristics of grounding equipment, the relationship between current

levels, duration of applied current voltage drop across the device, and mechanical durability must be

obtained. This information is best obtained from manufacturer’s design test information.

5.4.4 Examples of test setups

Figure 10, Figure 11, and Figure 12 are recommended test setups for traveler grounds, running grounds,

clamps, and ground rods.
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High current source

and measuring devices

> 2 m Cable tension to a typical

minimum..

4 m

1 m

ground assembly,

cable and clamps

reference: figure 6a of IEC 61230

Figure 10—Typical electrical and mechanical arrangement for testing traveler grounds

High current source

and measuring devices

> 2 m Cable tension to a typical

minimum..

4 m

1 m

ground assembly,

cable and clamps

reference: figure 6a of IEC 61230

restraining rope, insulating

Figure 11—Typical electrical and mechanical arrangement for testing running grounds
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5.5 Transmission line construction grounding systems

5.5.1 General

In order to have a totally effective grounding system, the grounding system shall

a) Protect personnel from step and touch voltages by providing an equipotential zone(s) or a low-

impedance path to ground, thereby reducing step and touch voltages to an acceptable level to protect

personnel and equipment.

b) Withstand and dissipate fault and surge currents.

c) Provide rugged mechanical properties.

The value of a grounding system depends on a low-resistance path. All equipment shall be kept in excellent

condition. All surfaces to which grounding clamps are to be connected shall be cleaned to ensure proper

contact. Frequent inspection of all components is essential.

5.5.1.1 Metering

Resistance readings for designing all grounding systems should be established and all grounding electrodes

used should be checked to ensure that their resistance is below an acceptable maximum value.

5.5.1.2 Ground equipment

The installation and removal of grounding devices should be performed with an insulated ground stick. 

Figure 12—Typical electrical arrangement for testing clamps
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.

The object being grounded with an insulated ground stick should not be teased or buzzed with the grounding

clamp. The clamp should be poised by the object, snapped on quickly and firmly, and tightened. If an arc is

drawn, the clamp should not be withdrawn, but kept on the conductor, thus grounding the line.

When induced currents are of such magnitude that they will cause a hazardous arc during ground removal, a

load interrupter device may be used in conjunction with the grounding equipment.

Ferrules pressed onto the cable should be used to join the cable to the connector. Grounding cables should

not be coiled in order to reduce their length or wrapped around any metallic objects.

5.5.1.3 Mechanical restraint

It is very important to give attention to restraint of grounding jumpers to minimize possible severe mechani-

cal movement should a fault occur.

5.5.1.4 Ground wires

Grounding methods and procedures when stringing ground wires are the same as those for conductors.

5.5.2 Grounding of stringing equipment

For any given situation, the bonding together of all stringing and related equipment and electrical grounds in

a common array is of major importance. The degree of grounding protection required for a given stringing

operation is dependent upon the exposure to electrical hazards that exist within the project area. For a project

in a congested area with exposure to numerous parallel lines and crossing situations, or with probability of

adverse weather conditions or both, extensive grounding requirements are called for i.e., use of ground

grids. At locations where ground grids are deemed necessary, adequate measures must be utilized to ensure

effective contact with the ground electrode. Burying the grid conductor or placing metallic grid mats on the

ground surface and using ground rods may accomplish these measures. All grid conductors and ground rods

shall be interconnected, and all equipment, structures, anchors, metallic pulling lines, conductor, and over-

head ground wire within the area shall be bonded to the grid.

The area of the grid shall be sufficient to enable all equipment to be placed and all work performed within its

perimeter. It is desirable to install temporary barriers to control access to the grid area. In addition, an insu-

lated walkway should be provided for isolation of personnel from step voltage while walking to and from the

work area.

5.5.2.1 Pull site

Puller equipment should be effectively grounded to a driven rod, rods, or other suitable grounding sources,

in the following order of preference:

1) Substation ground grids

2) Ground grid mats, where deemed necessary

3) Tower or steel pole grounds

4) Pole ground

CAUTION
Grounding cables must be connected to the ground electrode first, then to the object being grounded. Personnel
should never be in series with a ground lead. When removing grounds, the ground must be removed from the 

grounded object first and then from the ground electrode.
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The first tower away from the puller should use traveler grounds, and the puller should incorporate the use

of a running ground bonded to the grounding subconductors, which should be bonded together. Clearly

marked warning barriers should be used at the puller site to identify the hazardous areas. Rubber gloves and

protectors (overgloves) should be worn by personnel working on the ground in the designated area during

stringing operations.

5.5.2.2 Tension site

Tensioning equipment should be effectively grounded to the best source in order of preference during string-

ing operations. Tensioners, reel carts, and reel trailers should be connected to a ground electrode and bonded

together. The first tower away from the tensioner should incorporate the use of a traveling ground bonded to

the grounding source used at the tension site. When pulling bundled conductors, the subconductors should

be bonded together. Clearly marked barriers should be used at the tensioner site to identify the hazardous

areas. Rubber gloves and protectors (overgloves) should be worn by personnel working on the ground in the

designated area during stringing operations.

5.5.2.3 Anchor site

In addition to the grounding system at the anchor site, the first tower in either direction should have grounds

in use until clipping-in has been accomplished. All subconductors and all phases should be jumpered

together at the anchor site and connected to the ground electrode. Bypass jumpers should be installed to tie

each end of each phase together.

5.5.2.4 Splicing site

Splicing vehicles should be effectively grounded prior to making splices in the conductors. The ground sys-

tem should remain in place until the spliced conductors are raised to clear the splicing site. When the splice

is completed, the jumper connecting the phases and subconductors together may be removed prior to raising

the conductor with the winch line above the splicing site and out of reach of all ground personnel. These pro-

cedures should be repeated until all splices are complete and all phases are raised to clear the splice site.

5.5.3 Grounding during stringing operation

5.5.3.1 Installation of pilot and pulling line

During installation of conductive pulling lines, running grounds should be installed on the pulling line at the

tension and puller sites. In addition, traveler grounds should be used on the first tower away from the

tensioner or puller or both, on either side of energized line crossings, and at intervals of not more than 3 kilo-

meters4 along the line being strung. The tensioner and puller machines should be effectively grounded and

bonded to the wire rope and reel stands.

When installing semiconducting lines, care should be taken to prevent deterioration of lines due to excessive

leakage currents that may occur at traveler or running ground locations.

5.5.3.2 Installation of conductors and ground wire

During stringing operations, conductors and ground wire should be grounded at the first tower away from

the tensioner and puller and on either side of energized line crossings and at intervals of not more than 3

kilometers5 apart along the line while pulling. When pulling a bundled conductor, all subconductors shall be

42 miles
52 miles
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grounded and bonded together. Reel stands should be bonded to tension machines and connected to a ground

electrode during stringing operations.

5.5.3.3 Conductor in field snubs

At the field snub site, a driven rod or rods are used as a grounding source in addition to the first tower in

either direction having traveler grounds in use until clipping-in has been accomplished. All subconductors

and all phases should be jumpered together at the field snub site and connected to the ground electrode.

Bypass jumpers should be installed to tie each end of each phase together.

Figure 13—Puller equipped with pulling line connected to pilot line

Figure 14—Tensioner with conductor connected to pulling line and ground connection 

between conductor tensioner and reel trailer
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