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IEEE Standards documents are developed within the Technical Committees of the IEEE Societies and the Standards
Coordinating Committees of the IEEE Standards Board. Members of the committees serve voluntarily and without
compensation. They are not necessarily members of the Institute. The standards developed within IEEE represent a
consensus of the bread expertise on the subject within the Institute as well as those activities outside of IEEE which
have expressed an interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. 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.

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.

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 all 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 technical 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 on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
345 East 47th Street

New York, NY 10017

USA

IEEE Standards documents are adopted by the Institute of Electrical and Electronics Engineers without regard to
whether their adoption may involve patents on articles, materials, or processes. Such adoption does not assume
any liability to any patent owner, nor does it assume any obligation whatever to parties adopting the standards
documents.
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Foreword

(This Foreword is not a part of ANSI/IEEE Std 576-1989, IEEE Recommended Practice for Installation, Termination, and Testing
of Insulated Power Cable as Used in the Petroleum and Chemical Industry.)

This document has been generated to provide guidance for installation of electrical cable systems within the Petroleum
and Chemical Industry.

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 Chemical Industry
Committee of the Industry Applications Society of IEEE, which consisted of the following members:

H. R. Stewart, Jr., Chair

H. D. Danner Jim Hunt D. Voltz
William F. Ecton Richard Kirby Olin Willis
Layton Tuggle
The following persons were on the balloting committee that approved this document for submission to the IEEE
Standards Board:
D. C. Azbill S. W. Hagemoen T. P. Pearson
R. F. Barrett F. P. Hogan B. M. Polkinghorn
W. Beard R. H. Hulett R. Reynolds
B. A. Birkett R. M. Jackson S. W. Shannon
W. O. Brown B. C. Johnson R. H. Shipley
J. Caroff J. H. Kassebaum W. A. Short
J. Demos W.R. Keithly H. N. Siler
J. S. Dudor J. Kilgore A. W. Smith
M. Durham P. M. Kinney T. B. Smith
J. B. Dwyer J. C. La Cour H. R. Stewart
H. B. Dygert C. R. Lockerd J. A. Stewart
C. J. Erickson B. W. McCarty F. D. Szachta
E. J. Fagan R. L. McDaniel A. L. Verhiel
R. J. Fritz R. L. Nailen B. Wiseman
D. C. Grant L. W. Neel J. R. Zahn
J. P. Nelson
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When the IEEE Standards Board approved this standard on October 20, 1988, it had the following membership:

Donald C. Fleckenstein, Chair
Marco Migliaro, Vice Chair
Andrew G. Salem, Secretary

Arthur A. Blaisdell John W. Horch L. Bruce McClung
Fletcher J. Buckley Jack M. Kinn Donald T. Michael *
James M. Daly Frank D. Kirschner Richard E. Mosher
Stephen R. Dillon Frank C. Kitzantides L. John Rankine
Eugene P. Fogarty Joseph L. Koepfinger * Gary S. Robinson
Jay Forster * Irving Kolodny Frank L. Rose
Thomas L. Hannan Edward Lohse Helen M. Wood
Kenneth D. Hendrix John E. May, Jr. Karl H. Zaininger
Theodore W. Hissey, Jr. Lawrence V. McCall Donald W. Zipse

* Member Emeritus
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An American National Standard

IEEE Recommended Practice for
Installation, Termination, and Testing of
Insulated Power Cable as Used in the
Petroleum and Chemical Industry

1. General Provisions

1.1 Scope

This recommended practice provides a guide to installation, splicing, termination, and field-proof testing of cable
systems for the petrochemical industry. It is not intended to be a design document, although many of the problems of
installation can be avoided by designing cable layouts with 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.

1.3 References
The following publications shall be used in conjunction with this standard:

[1] ANSI/IEEE Std 404-1986, IEEE Standard for Cable Joints for Use with Extruded Dielectric Cable Rated 5000 V
Through 46 000 V and Cable Joints for Use with Laminated Dielectric Cable Rated 2500 Through 500 000 V!

[2] Engineering Data, Copper and Aluminum Conductor Electrical Cables. Ramsey, NJ: The Okonite Company.
[3] IEEE Std 400-1980, IEEE Guide for Making High-Direct-Voltage Tests on Power Cable Systems in the Field.?
[4] Installation Practices for Cable Raceway Systems. Ramsey, NJ: The Okonite Company.

[5] ANSI/NFPA 70, National Electrical Code. Batterymarch Park, Quincy, MA: National Fire Protection Association,
1986.

I ANSI/IEEE publications can be obtained from the Sales Department, American National Standards Institute, 1430 Broadway, New York, NY
10018, or from the Service Center, The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 088554-
1331.

2IEEE publications can be obtained from the Service Center, The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331,
Piscataway, NJ 08855-1331.
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2. Definitions
sidewall pressure: The pressure exerted on an insulated cable as the result of the cable's being pulled around a bend
during installation.

occupancy factor: The factor by which the forces are adjusted due to cable spacing in a conduit. Sometimes called
weight correction factor.

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

minimum bending radius: The minimum radius that an insulated cable can be bent that will not cause mechanical
damage during installation.

electrical connection: The point at which two or more electrical conductors are joined together to establish electrical
continuity.

3. Pulling Tensions

3.1 Maximum Pulling Tension on Cable
3.1.1 Pulling Eye Attachment
With pulling eye attached to copper conductors, the maximum pulling strain should not exceed 0.008 times circular-

mil area (CM). With pulling eye attached to aluminum conductors, the maximum pulling strain should not exceed
0.006 times circular-mil area (CM).

Tm =0.008 x n x CM

Tm = Maximum tension, 1bs

n = number of conductors

CM = circular mil area of each conductor

Maximum limitation for this calculation is 5000 Ib for single conductor (1/C) cables and 6000 Ib for multiple
conductor cables.

3.1.2 Cable Grip Over Lead Sheath

With cable grip over lead sheath, the maximum pulling strain should not exceed 1500 lbs/sq in of lead sheath cross-
sectional area for commercial lead.

Tm = maximum tension (Ibs) = 4712t (D - 1)
t = sheath thickness (in)
D = overall diameter of cable (in)

3.1.3 Cable Grip Over Non-Leaded Cable

With cable grip over non-leaded cable, the maximum pulling strain should not exceed 1000 lbs and may not exceed the
maximum tension based on 0.008 or 0.006 x total conductor area.

3 ANSI/NFPA publications can be obtained from the Sales Department, American National Standards Institute, 1430 Broadway, New York, NY
10018, or from the National Fire Protection Association, Batterymarch Park, Quincy, MA 02269.
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3.2 Maximum Permissible Pulling Length for One Straight Section

Tm
Lm = —
W (1
where
Lm = pulling length, (ft) [straight section]
Tm = maximum tension (1bs)
w = weight of cable per foot (Ibs)
f = Coefficient of friction (usually 0.5)

3.3 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.

3.4 Pulling Tension Requirements in Ducts and Conduits
3.4.1 Straight Run of Cable

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

T =Ilwfv
where
T = pulling tension (1bs)
l = length of duct (ft)
w = weight of cable (Ib/ft)
f = coefficient of friction (usually 0.5) between cable(s) and duct or conduit surface
v = occupany factor

1 cable per ductv= 1.0
3 cables per ductv=V,. or V, from Fig 1

3.4.2 Curved Duct Sections

For curved duct sections, the following equation applies:

Ty=Tye/*
T, = Tension coming out of the bend (Ibs)
T, = Tension at the end of a straight section entering a bend (Ibs)
a = angle of bend in radians
f = coefficient of friction (usually 0.5)

3.4.2.1 Values of ef2.

Values of ¢/ commonly used are listed below:
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Bend Angle in Degrees Value of ef“*[Z]
15 1.14
30 1.30
45 1.48
60 1.70
75 1.94
90 2.20
105 2.50
120 2.86

*NOTE: Coefficient of friction is 0.5.

3.4.2.2 Minimizing Pulling Tension

In order to minimize the pulling tension on the cable(s), the cable should be fed into the duct run from the end nearest
the bend.

3.5 Check List Prior to Pulling Cable

1) Be sure there is adequate clearance between duct or conduit diameter and cable diameter. Do not exceed
recommended “percent fill” requirements.

2) Use adequate lubrication of the proper type to reduce friction in conduit and duct pulls. The grease and oil
type lubricants used on lead sheathed cables should not be used on non-metallic sheathed cables. There are a
number of commercially available wire pulling compounds that are suitable for use with non-leaded cables.

3) Avoid sharp bending of the cable at the first pulley in overhead installations by locating the pay-off reel far
enough away from the first pulley that the lead-in angle is kept relatively flat.

4)  After installation, check to determine that end seals are still intact and have not been damaged to the point
where water could enter. Apply plastic or rubber tape to help protect against invisible damage if the cable will
be subjected to immersion or rain. This is particularly important if there will be a delay of some time between
the pulling operation and splicing and terminating.

5) In installing armored cables on rack, use sufficient rollers to prevent the cable from dragging on the rack,
which might result in excessive tension. Avoid sharp bends in the cable by using one 3-sheave pulley at 45
degree bends and multi-roller sheave at 90 degree bends.

6) Keep adequate tension on the messenger in aerial cable installations to prevent sharp bends at pulleys. Do not
release the tension on the messenger until it is secured to poles on both ends.

3.6 Methods of Gripping Cables for Pulling
3.6.1 General

In general, insulated cables may be gripped either directly by the conductors or by a basket-weave pulling grip applied
over the cables. The method used depends on the anticipated maximum pulling tension. When pulls are relatively light,
a basket-weave grip is used. Heavier pulls will require connecting to the conductor either by means of pulling eyes or
by forming a loop with the conductor itself. In some instances, it is desirable to use a grip over the outer covering in
addition to the conductor connection to prevent any slippage of one with respect to the other.
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