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NOTICE AND DISCLAIMER
The information in this publication was considered technically sound by the consensus of persons engaged in the
development and approval of the document at the time it was developed. Consensus does not necessarily mean
that there is unanimous agreement among every person participating in the development of this document.

The Insulated Cable Engineers Association, Inc. (ICEA) standards and guideline publications, of which the
document contained herein is one, are developed through a voluntary consensus standards development process.
This process brings together persons who have an interest in the topic covered by this publication. While ICEA
administers the process and establishes rules to promote fairness in the development of consensus, it does not
independently test, evaluate, or verify the accuracy or completeness of any information or the soundness of any
judgments contained in its standards and guideline publications.

ICEA disclaims liability for personal injury, property, or other damages of any nature whatsoever, whether special,
indirect consequential, or compensatory, directly or indirectly resulting from the publication, use of, application, or
reliance on this document. ICEA disclaims and makes no guaranty or warranty, expressed or implied, as to the
accuracy or completeness of any information published herein, and disclaims and makes no warranty that the
information in this document will fulfill any of your particular purposes or needs. ICEA does not undertake to
guarantee the performance of any individual manufacturer or seller’s products or services by virtue of this standard
or guide.

In publishing and making this document available, ICEA is not undertaking to render professional or other services
for or on behalf of any person or entity, nor is ICEA undertaking to perform any duty owed by any person or entity
to someone else. Anyone using this document should rely on his or her own independent judgment or, as
appropriate, seek the advice of a competent professional in determining the exercise of reasonable care in any
given circumstances. Information and other standards on the topic covered by this publication may be available
from other sources, which the user may wish to consult for additional views or information not covered by this
publication.

ICEA has no power, nor does it undertake to police or enforce compliance with the contents of this document. ICEA
does not certify, test, or inspect products, designs, or installations for safety or health purposes. Any certification or
other statement of compliance with any health or safety-related information in this document shall not be attributable
to ICEA and is solely the responsibility of the certifier or maker of the statement.
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Foreword

This standard publication, 600 Volt Rated Cables of Ruggedized Design for Direct Burial Installation as Single
Conductors or Assemblies of Single Conductors, was developed by the Insulated Cable Engineers Association, Inc.
(ICEA)

ICEA standards and guides are adopted in the public interest and are designed to eliminate misunderstanding
between the manufacturer and the user and to assist the user in selecting and obtaining the proper product for his
particular need. Existence of an ICEA standard or guide does not in any respect preclude the manufacture or use
of products not conforming to the standard or guide. The user of this standard is cautioned to observe any health
or safety regulations and rules relative to the manufacture and use of the cable made in conformity with this
standard.

Request for interpretation of this standard must be submitted in writing to:

Insulated Cable Engineers Association, Inc.
www.icea.net

An official written interpretation will be provided. Suggestions for improvements gained in the use of this standard
will be welcomed by the Association.

The members of the ICEA working group contributing to the revision of this publication consisted of the following:

J. Weitzel — Chairman

J. Armstrong E. Bartolucci R. Bristol

W. Crawford A. Davila J. Fino

R. Fleming F. Kuchta P-M. Leblanc
M. Levitre J. Maximo B. Miller

J. Mumm R. Murphy K. Nuckles
K. Porter H. Soleski C. Spradlin
R. Szilagyi B. Temple T. West

S. Wetzel
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Section 1
GENERAL

11 SCOPE

This standard applies to the materials, constructions, and testing of single conductor cables and assemblies of
completed single conductor cables used for the distribution of electrical energy at phase-to-phase voltages not
exceeding 600 volts or phase to ground not exceeding 480 V, and at temperatures not exceeding 75 °C or 90
°C, as applicable to the construction. It requires the use of ruggedized extruded insulations to improve the
resistance of the cable to certain forms of mechanical damage associated with their intended use as directly
buried Secondary Distribution and Service Cables. These cables, when operated within the voltage and
temperature limits stated herein, are also suitable for use in other types of installations under the conditions
normally associated with those installations.

1.2 CONSTRUCTIONS

Single conductor cables and assemblies of single conductor cables shall use conductors not smaller than 8 AWG
and not larger than 1,000 kcmil. The conductors of a duplex assembly shall be of the same size. When allowed,
the neutral in an assembly of three cables for use in single-phase 3-wire circuits, or the neutral in an assembly
of four cables, may be reduced but shall not be less than 50% of the cross-sectional area of one phase conductor.

1.3 DESIGN OPTIONS

The user of this standard should recognize that it covers many options. The user should select the necessary
options required for a complete description of the desired cable.

1.3.1 Conductors

See Section 2.

Metal — aluminum 1350, AA-8000 series aluminum alloy, copper.
Size — 8 AWG to 1000 kcmil

1.3.2 Insulation

See Section 3.
75 °C or 90 °C Rated

1.3.3 Assembly

See Section 4.
Twisted or parallel - Two or more insulated conductors without an overall covering.
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14 OPERATING CONDITIONS

The design and construction of the cable shall be such that the cable will operate satisfactorily under maximum
conductor temperatures as shown in Table 1-1.

Table 1-1
CONDUCTOR MAXIMUM RATED TEMPERATURE
. Conductor Maximum Rated
Insulation o
Temperature, °C
Temperature
Rating, °C Normal Emergency Short
' Operation Overload Circuit
75 75 95 150
90 90 130 250

Exception:
When adequate knowledge of the thermal characteristics of a cable environment is lacking, the permissible

conductor temperature should be reduced by 10 °C or in accordance with available data.
141 Normal Operating Temperature

The 75 °C or 90 °C "Normal Operating" temperature is the highest allowable temperature that may be attained by
the hottest portion of a cable line during daily operating load cycles. It may be used in ampacity calculations where
adequate information is known about the overall thermal characteristics of the environment to assure that the normal
service temperature will not be exceeded.

1.4.2 Emergency Overload Temperature

The 95 °C or 130 °C "Emergency Overload" temperature is the highest allowable temperature that may be attained
by the hottest portion of a cable line during an emergency. Operation at that overload temperature shall not exceed
100 hours in any twelve consecutive months or 500 hours during the lifetime of the cable.

1.4.3 Short Circuit Temperature

The 150 °C or 250 °C "Short Circuit" temperature is the highest allowable temperature that may be attained by an
insulated conductor along any part of a cable line during a short circuit of a specified magnitude and number of
cycles. (See ICEA Publication P-32-382)

1.4.4 Rated Voltage
The "Rated Voltage" for the purpose of this standard is 600 volts phase-to-phase.
15 QUALIFICATION

Each manufacturer shall qualify their cable. The Qualification Tests in Section 6 and Engineering Information Tests
in Section 7 are intended to demonstrate the capability of the manufacturer to furnish cables with the desired
performance characteristics. Except as noted below an insulation resistance stability test, six abuse resistance
tests, and a sunlight resistance test shall be made initially on cable specimens whenever an insulating material is
changed. Insulations containing greater than 2.0 wt. % carbon black and having an average particle diameter of 35
nm or less are not required to be sunlight resistance tested. A flexure test shall be performed for engineering
information only. All data shall be recorded and retained. If requested, a manufacturer shall furnish copies of their
qualification tests on cable specimens with the type of insulation being supplied.
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1.6 TESTING

All cables shall comply with the requirements given in Sections 2, 3, 4, and those of Section 6 for Qualification
Tests. This standard does not require any specific frequencies for sampling (for test) of cable products or
components. One program of suggested sampling frequencies is given in ICEA Publication T-26-465/NEMA WC
54, if a frequency is not provided in this standard.

1.7 TEST METHODS

When cables are tested for the requirements in Sections 2, 3, or 4, the test method shall be in accordance with
Section 5 and ANSI/NEMA WC-53/ICEA T-27-581 except where modified in this document.

1.8 STANDARDS AND SPECIFICATIONS

In this standard, units are most often expressed in the English System. To convert from an English unit to the
appropriate metric unit, multiply the value of the English unit by the appropriate number from Appendix A.

U.S. customary units, except for temperature, are specified throughout this standard. Approximate International
System of Units (SI) equivalents are included for information only.

A list of standards and specifications referenced in this document are in Appendix D. The recommended bending

radii for insulated conductors and cable assemblies are in Appendix B. Minimum drum diameters of reels for singles
and assemblies are in Appendix C.
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Section 2
CONDUCTOR

2.0 GENERAL

Conductors shall meet the requirements of the appropriate ASTM standard referenced in this standard except cross-
sectional area compliance shall be determined by resistance as noted in 2.3. Diameters shall be in accordance with
2.4,

21 PHYSICAL AND ELECTRICAL PROPERTIES

The conductors used in the cable shall be copper in accordance with 2.1.1 or aluminum in accordance with 2.1.2
except as noted in 2.0. The outer layer of an uncoated stranded copper conductor may be coated to obtain free
stripping of an adjacent polymeric layer.

211 Copper Conductors

ASTM B3 for Soft or Annealed Uncoated Copper.

ASTM B5 for Electrical Grade Copper.

ASTM B8 for Class A or B Stranded Copper Conductors.

ASTM B33 for Soft or Annealed Tin-Coated Copper Wire.

ASTM B496 for Compact-Round Stranded Copper Conductors.

ASTM B784 for Modified Concentric Lay Stranded Copper Conductor.

ASTM B787 for 19-Wire Combination Unilay-Stranded Copper Conductors.

ASTM B835 for Compact Round Stranded Copper Conductors Using Single Input Wire Constructions.
ASTM B902 for Compressed Round Stranded Copper Conductors Using Single Input Wire Constructions.

©CoNoO~WNE

2.1.2 Aluminum Conductors

ASTM B230 for Electrical Grade Aluminum 1350-H19.

ASTM B231 for Class A or B Stranded Aluminum 1350 Conductors.

ASTM B233 for Electrical Grade Aluminum 1350 Drawing Stock.

ASTM B400 for Compact-Round Stranded Aluminum 1350 Conductors.

ASTM B609 for Electrical Grade Aluminum 1350 Annealed and Intermediate Tempers.

ASTM B786 for 19-wire Combination Unilay-Stranded Aluminum 1350 Conductors.

ASTM B800 for 8000 Series Aluminum Alloy Annealed and Intermediate Tempers.

ASTM B801 for 8000 Series Aluminum Alloy Wires, Compact Round, Compressed and Concentric-Lay Class
A or B Stranded Conductors.

9. ASTM B836 for Compact Round Stranded Aluminum Conductors Using Single Input Wire Constructions.

10. ASTM B901 for Compressed Round Stranded Aluminum Conductors Using Single Input Wire Constructions.

NGO AWNE

2.2 CONDUCTOR SIZE UNITS
Conductor size shall be expressed by cross-sectional area in thousand circular mils (kcmil). The AWG equivalents

for the smaller kemil sizes are shown in Table 2-4. The metric equivalents for the AWG sizes are found in Table 2-
4 (Metric).
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2.3 CONDUCTOR DC RESISTANCE PER UNIT LENGTH

The dc (direct current) resistance per unit length of each conductor in a production or shipping length of completed
cable shall not exceed the value determined from the schedule of maximum dc resistance specified in Table 2-1
when using the appropriate nominal value specified in Table 2-3 or Table 2-3M. The dc resistance shall be
determined in accordance with 2.3.1 or 2.3.2.

Where the outer layer of an uncoated stranded copper conductor is tin coated, the direct current resistance of the
resulting conductor shall not exceed the value specified for an uncoated conductor of the same size.

When a sample is taken from a multiple conductor cable, the resistance shall comply with the appropriate maximum
resistance value specified for a single conductor cable.

23.1 Direct Measurement of dc Resistance per Unit Length

The dc resistance per unit length shall be determined by dc resistance measurements made in accordance with
ANSI/NEMA WC-53/ICEA T-27-581 to an accuracy of 2 percent or better. If measurements are made at
temperatures other than 25 °C, the measured value shall be converted to resistance at 25 °C by using the methods
specified in ANSI/NEMA WC-53/ICEA T-27-581.

2.3.2 Calculation of dc Resistance per Unit Length

The dc resistance per unit length at 25 °C shall be calculated using the following formula:

R=kZ
A
Where:
R = Conductor resistance in /1000 ft.
k = Weight increment factor, as given in Table 2-2 or calculated per applicable ASTM standard.
p = Volume resistivity in Qecmil/ft., determined in accordance with ASTM B193 using round wires.
A = Cross-sectional area of conductor in kemil, determined in accordance with ANSI/NEMA WC-

53/ICEA T-27-581.

When the volume resistivity is expressed in hano-ohm meter (nQQem) and area is expressed in square millimeters
(mm?), the resistance is expressed in milliohms per meter (m</m).
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Table 2-1
SCHEDULE FOR ESTABLISHING MAXIMUM DIRECT CURRENT RESISTANCE PER UNIT LENGTH OF
COMPLETED CABLE CONDUCTORS

Cable Type Maximum dc Resistance
Single Conductor Cables Table 2-3 or Table 2-3M Value Plus 2%
and Flat Parallel Cables (Rmax =R x 1.02)

Table 2-3 or Table 2-3M Value Plus 2%

Twisted Assemblies of

" 0
Single Conductor Cables Plus an Additional 2% For

One layer of Conductors
(Rmax =R x 1.02 x 1.02)

For conductor stranding types or sizes not listed in Table 2-3 or Table 2-3M, the nominal direct current resistance
per unit length of a completed single conductor cable shall be calculated using the following formula:

f -3
R=—1
A 0
Where:
R = Conductor Resistance in Q / 1000 ft.
f = Factor from Table 2-5
A = Nominal Cross-Sectional Area of Conductor in kemil, determined in accordance with ANSI/NEMA WC-
53/ICEA T-27-581
Table 2-2
WEIGHT INCREMENT FACTORS
Conductor Type/Size Welgr(lli)liactor
Solid, All Sizes 1.00
Stranded, Class A, B, C, and D and Unidirectional Strand Up to 1000 kcmil 1.02
*  Based on applicable ASTM specifications.
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