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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

development 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 contained in its standards.

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

damage, 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 revision 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

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

Interpretations: 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 societies 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.

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 08855-1331

USA

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

existence 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 validity or scope of those patents that are brought to its attention.

IEEE is the sole entity that may authorize the use of certification marks, trademarks, or other designations to indicate
compliance with the materials set forth herein.
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Introduction

(This introduction is not a part of IEEE Std 576-2000, IEEE Recommended Practice for Installation,
Termination, and Testing of Insulated Power Cable as Used in Industrial and Commercial Applications.)

This document has been generated to provide guidance for installation of electrical cable systems in

industrial and commercial applications. It has long been recognized that the majority of cable failures

are a result of mechanical damage during installation. The use of this document should reduce

the possibility of electrical failure in a cable system. There are many specific details involved in the

installation of cable systems that are subject to differences of opinion. This document covers only

the major problem areas.

This document will be revised from time to time to incorporate the latest information available.

This document was prepared by the Cable Installation Working Group of the Petroleum and
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Andrew Bagley Paul S. Hamer Sam L. Ralston

Leo Berg Frank P. Hogan Milton H. Ramsey

Frederick Bried Richard H. Hulett Quentin Reynolds

Robert Buente John Hus Charles L. Roach

William F. Casper Ben C. Johnson Larry J. Robicheaux
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IEEE Recommended Practice for
Installation, Termination, and Testing
of Insulated Power Cable as Used in
Industrial and Commercial
Applications

1. Overview

1.1 Scope

This recommended practice provides a guide for installing, splicing, terminating, and field proof

testing of cable systems in industrial and commercial applications. It is not intended to be a design

document, although many of the problems of installation can be avoided by designing cable layouts

within the installation limits of this recommended practice.

1.2 Purpose

The purpose of this recommended practice is to provide a uniform guide of installation limits that will

avoid premature cable failure due to improper installation and mechanical damage during installation.

It is intended to provide a reference that can be specified for cable installations.

2. References

This recommended practice should be used in conjunction with the following publications:

Accredited Standards Committee C2-1997, National Electrical Safety Code� (NESC�).1

Copyright � 2001 IEEE. All rights reserved. 1

1The NESC is available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,

NJ 08855-1331, USA (http://standards.ieee.org/).
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AEIC CS8-00, Specifications for Extruded Dielectric Shielded Power Cables Rated 5 than 46 kV.2

AIEE Paper 53-389, Pipe-Line Design for Pipe Type Feeders, R. C. Rifenburg, published December

1953.3

ANSI Std C2-1997, National Electrical Safety Code.4

IEEE Std 48-1996, IEEE Standard Test Procedures and Requirements for Alternating Current Cable

Terminations 2.5 kV Through 765 kV.5

IEEE Std 400-1991, IEEE Guide for Making High-Direct-Voltage Test on Power Cable Systems in the

Field.

IEEE Std 404-1993, IEEE Standard for Cable Joints for Use with Extruded Dielectric Cable Rated

5000V Through 138 000V and Cable Joints for Use with Laminated Dielectric Cable Rated 2500V

Through 500 000V.

IEEE Std 442-1981 (Reaff 1996), IEEE Guide for Soil Thermal Resistivity Measurements.

IEEE Std 1242-1999, IEEE Guide for Specifying and Selecting Power, Control, and Purpose Cable

for Petroleum and Chemical Plants.

IEEE P1493, Draft Guide for the Evaluation of Solvents Used for Cleaning Electrical Cables

and Accessories.6

NFPA 70-1999, National Electrical Code� (NEC�).

3. Definitions

3.1 electrical connection: The point at which two or more electrical conductors are joined together to

establish electrical continuity.

3.2 jamming: The wedging of cables in a conduit when three cables lie side by side in a flat plane.

3.3 minimum bending radius: The minimum radius to which an insulated cable can be permanently

bent that will not result in mechanical damage to the cable. In a bend, the radius is measured to the

inside curve of the cable, not to the centerline of the cable.

3.4 sidewall pressure: The pressure exerted on an insulated cable as the result of the cable’s being

pulled around a bend during installation.

2 Copyright � 2001 IEEE. All rights reserved.

2AEIC publications are available from the Association of Edison Illuminating Companies. 600N, 18th Street, P.O. Box 2641,

Birmingham, Al. 35291-0992, USA (http://www.acic.org/). AEIC publications are also available from Global Engineering

Documents, 15 Inverness Way East, Englewood, CO 80112-5704, USA (http://global.ihs.com/).
3AIEE...
4ANSI publications are available from the Sales Department, American National Standards Institute. 11 West 42nd Street, 13th

Floor, New York, NY 10036, USA (http://www.ansi.org/).
5IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331,

Piscataway, NJ 08855-1331, USA (http://standards.ieee.org/).
6This IEEE standards project was not approved by the IEEE-SA Standards Board at the time this publication went to press. For

information on obtaining a draft, contact the IEEE.
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3.5 weight: In non-technical work and often in engineering, weight is commonly used as a synonym

for mass. In this document, however, it is used as in physics, to refer to the apparent force of gravity

on a object. Like other force quantities, it is expressed in newtons in the International System (SI)

and in pounds-force in the inch-pound system.

3.6 weight correction factor: A dimensionless factor (� 1) by which cable tensions and sidewall

pressure are adjusted due to different cable arrangements, when cable is pulled around bends or in

conduit. For example, for three cables in a triangular configuration in conduit, the top cable does not

touch the conduit, but its weight will cause increased tensions and sidewall pressures for the other

two cables.

4. Pulling tensions

4.1 Maximum pulling tension on cable

4.1.1 Pulling eye attachment

With pulling eye attached to copper conductors, the maximum pulling tension should not exceed

0.008 times circular-mil area (Cm). With pulling eye attached to aluminum conductors, the maximum

pulling tension should not exceed 0.006 times circular-mil area (Cm ).

Tm ¼ 0:008� n � Cm ðcopperÞ

Tm ¼ 0:006� n � Cm ðaluminumÞ

)

ð1Þ

where

Tm is the maximum tension, lbf,

n is the number of conductors,

Cm is the circular mil area of each conductor,

or

Tm ¼ 0:036� n � Cm ðcopperÞ

Tm ¼ 0:027� n � Cm ðaluminumÞ

)

ð1aÞ

where

Tm is the maximum tension, N,

n is the number of conductors,

Cm is the circular mil area of each conductor.

Maximum limitation for this calculation is 22 240N (2268 kgf ) (5000 lbf ) for single conductor

(1/C ) cables and 44 480N (4536 kgf ) (10 000 lbf ) for three multi-conductor cables. This limitation is

due to unequal distribution of tension forces when pulling multiple conductors.

4.1.1.1 Cable manufacturer

Consult the cable manufacturer for maximum allowable/recommended pulling tension.

4.1.1.2 Tension gauge

When the calculated pulling tension is close to (or within 10% of ) the maximum pulling tension, the

use of a tension gauge during the pulling is recommended.

Copyright � 2001 IEEE. All rights reserved. 3
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4.1.2 Cable grip over lead sheath

With cable grip over lead sheath, with commercial lead, the maximum pulling tension on the lead

sheath should not exceed 10.33N/mm2 (1500 lbf/in2).

4.1.3 Cable grip over non-leaded cable

With cable grip over non-leaded cable, the maximum pulling tension should not exceed 4400N

(1000 lbf) and may not exceed the maximum tension as given in Equation (1).

4.2 Maximum pulling lengths

The maximum permissible pulling length, Lm, for one straight section is given by

Lm ¼
Tm

wfWc

ð2Þ

where

Tm is the maximum tension in kgf (lbf),

w is the weight of cable(s) kg/m (lb/ft),

f is the coefficient of dynamic friction,

Wc is the weight correction factor.

Wc is 1.0 if there is one cable per duct; for more than one cable per duct see Figure 1.

4.3 Small conductor cables

In the case of small conductors where the permissible load is limited by 0.008 times the total circular-

mil area of the conductors, the permissible load on the sheath may be added to that permitted on the

conductor if the conductor and sheath are joined securely to the pulling eye.

4.4 Pulling tension requirements in duct and conduit

4.4.1 Straight run of cable

For a straight run of cable, the tension is given by the following equation:

T ¼ LwfWc ð3Þ

where

T is the pulling tension in kgf (lbf),

L is the length of duct in m (ft),

w is the weight of cable(s) in kg/m (lb/ft),

4 Copyright � 2001 IEEE. All rights reserved.
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f is the coefficient of dynamic friction between cable(s) and duct or conduit surface,

Wc is the weight correction factor:

One cable per duct, Wc ¼ 1.0

Three cables per duct, Wc is taken from Figure 1 or 5.2.

4.4.2 Curved duct sections

For curved duct sections, the following equation applies:

To ¼ Tie
fa ð4Þ

where

To ¼ tension coming out of the bend (N) (lbf),

Ti ¼ tension at the end of a straight section entering a bend (N) (lbf),

a ¼ angle of bend in radians,

f ¼ coefficient of dynamic friction.

Equation (4) is a commonly used approximation in lieu of the exact bend equation.

4.4.2.1 Values of efa

The values for e fa are given in Table 1 for various values of f. The coefficient of friction is a function

of the side wall bearing pressure and appropriate values of e fa should be chosen to reflect this.

As sidewall bearing pressure increases, the coefficient of friction decreases. Values of friction from

high sidewall pressures may approach 0.1.

4.4.2.2 Typical values for coefficient of friction

Table 2 gives typical values of the low sidewall bearing pressure dynamic coefficient of friction

with properly applied pulling lubricant. The actual values may be obtained from the lubricant

manufacturer for the specific type of lubricant used. The coefficient of friction for high sidewall

bearing pressure may be a lower value.

Copyright � 2001 IEEE. All rights reserved. 5

Table 1—Values of efa

Bend angle
in degrees

Value of efa

f ¼ 0.1 f ¼ 0.2 f ¼ 0.35 f ¼ 0.5

15 1.03 1.05 1.10 1.14

30 1.05 1.11 1.20 1.3

45 1.08 1.17 1.32 1.48

60 1.11 1.23 1.44 1.69

75 1.14 1.3 1.58 1.92

90 1.17 1.37 1.73 2.19

105 1.2 1.44 1.90 2.5

120 1.23 1.52 2.08 2.85
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