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INTRODUCTION

1 Scope

1.1

These requirements cover 60 — 250°C (140 — 482°F) single- and multiple-conductor cables for use

as fixed wiring within buildings (some are also marked for direct burial) principally for power-limited fire-
alarm circuits as described in Article 760 and other applicable parts of the National Electrical Code (NEC).
Cables covered by these requirements are:

a) Type FPLP (plenum cable),

b) Type FPLR (riser cable), and

c) Tyy

1.2 The calples covered in these requirements are rated for 300 volts but are not so marked

1.3 Acable
tape to indic

supplementing the type letters and is marked in accordance with 45.1(d). A"cable may consis

one or more

1.4 The ov
marker tape

1.5 Acable

complies with a 1000-Ibf crushing test. Direct-burial cable with wire armor, a metal braid, inte

armor, oras

1.6 Smoke

a) TY|
(A) o

transport environmental «airswithout the cable being enclosed in a raceway in that s

testeq
Asso

e FPL (cable for other than plenum and riser uses in general and in trays).

that contains one or more electromagnetic shields may be surface marked or h
hte that it is "shielded". A cable that contains one or more optical-fiber memb

Coaxial members.

brall jacket on a cable that has "sun res" or "sunlight resistant”" in a surface ma
complies with a 720-h sunlight-resistance test.

that has "dir bur", "direct burial", or "for dir€ct burial" in a surface marking or on
mooth or corrugated metal sheath has’a jacket over the metal covering.

and fire considerations are as, follows for the cables covered in these requireme

PE FPLP CABLE - Cable that is intended for installation in accordance with se
the National Electrical Code (ANSI/NFPA 70) in a duct, plenum, or other s

for smoke and_flame characteristics in accordance with the National Fi
iation Standard-Method of Test for Flame Travel and Smoke of Wires and Cab

Air-H

propggation distance that is not greater than 5 ft, 0 inch or 152 cm, a peak optical der
prodyced of:0:50 or less (32 percent light transmission), and an average optical den
prodyced-of'0.15 or less.

ndling Spaces, ANSI/NFPA 262. A cable that complies exhibits a max

See 44.1(h).

ave a marker
brs has "-OF"
t of or contain

rking or on a

0 marker tape
rlocked metal

hts:

ction 760-154
pace used to
pace is to be
re Protection
les for Use in
imum flame-
sity of smoke
sity of smoke

b) TYPE FPLR CABLE — Cable that is intended for use in vertical runs in a shaft, or for installations
in which the cable penetrates more than one floor, as specified in section 760-154 (B) of the
National Electrical Code ANSI/NFPA 70. This cable is to be tested for flame-propagation
characteristics in accordance with the Standard Test for Flame Propagation Height of Electrical and
Optical-Fiber Cables Installed Vertically in Shafts, UL 1666. A cable that complies has a flame-
propagation height less than 12 ft, 0 inch or 366 cm and temperatures are 850.0°F (454.4°C) or
less at a height of 12 ft, 0 inch or 366 cm.

c) TYPE FPL CABLE — Type FPL cable complies with a 70,000 Btu/h (20.5 kW) vertical-tray flame
test. The cable manufacturer chooses one of the following tests:

1) THE UL TEST REFERENCED IN 23.2.1 — This paragraph applies the test method

described as the UL Flame Exposure (smoke measurements are not appl

icable) in the

Standard Vertical-Tray Fire-Propagation and Smoke-Release Test for Electrical and Optical-

Fiber Cables, UL 1685, to cable that is surface marked or designated by a m

arker tape as
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"FPL". A cable of a given construction shall not exhibit char that reaches the upper end of
any specimen (a maximum of 8 ft, 0 inch or 244 cm).

2) THE FT4/IEEE 1202 TEST REFERENCED IN 23.3.1 — This paragraph applies the test
method described as the FT4/IEEE 1202 Type of Flame Exposure (smoke measurements
are not applicable) in the Standard Vertical-Tray Fire-Propagation and Smoke-Release Test
for Electrical and Optical-Fiber Cables, UL 1685. This test differs from the UL tests in
loading (more cables are used, with small cables bundled, and the spacing between cables
or bundles is limited), burner angle, and failure criterion. For compliance, this test damages
less than 150 cm (59 inches) of cable. A cable that complies either is not marked or it bears
the designation "FT4/IEEE 1202" or "FT4" legible on or through the outer surface or on a
marker tape [see marking in 44.1(i)].

d) Del
1.7 Deleted|
1.8 Deleted|
1.9 Theser
circuits. Thes
Standard for

Communicati

1.10 These
group of such

2 Units of Nleasurement

2.1 In addi
requirements

bted

equirements do not cover cables that contain conductors for €lectric-light, power, or Class 1
e requirements do not cover cables for Class 3 or Class’2 power-limited cirquits (see the
Power-Limited Circuit Cables, UL 13), communications cables (see the Btandard for
bns Cables, UL 444), or cables for non-power-limitéd fire-alarm circuits (NPLF types).
requirements do not cover the optical or other performance of any optical-fibgr member or
members. See 8.3.

each of the
bs employing

ion to being stated in the inch/pound units that are customary in the USA,
is also stated in units that miake the requirement conveniently usable in countri

the various
identical — re
calibrated in

3 Referenc

3.1
designated p
Whenever th
parts of the S

etric systems (practical SIand customary). Equivalent — although not neces
ults are to be expected from applying a requirement in USA or metric terms
etric units is to beused when a requirement is applied in metric terms.

sarily exactly
5. Equipment

s and Terms

made to the
ds, UL 1581.
e designated

r the.designation "UL 1581" is used in this wire standard, reference is to be
rt(s) of the Reference Standard for Electrical Wires, Cables, and Flexible Cor|
designation “UL 2556” is used in this standard, reference is to be made to th

3.2 Any undated reference to a code or standard appearing in the requirements of this standard shall be
interpreted as referring to the latest edition of that code or standard.

3.3 Nylon designates a thermoplastic material whose characteristic constituent is a polyamide formed by
the condensation of dibasic organic acids and diamines. Nylon used as a covering is unfilled and without
reinforcement but may contain stabilizers, flame retardants, pigment, and/or other additives.

3.4 PBT designates a thermoplastic polyester material whose characteristic constituent is polybutylene

terephthalate.

PBT used as a covering is unfilled and without reinforcement but may contain flame

retardants, pigment, and/or other additives.
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CONSTRUCTION

4 Materials

4.1

Each material used in a cable shall be compatible with all of the other materials used in the cable.

4.2 The power-limited fire-alarm circuit cables covered in these requirements shall comply in all respects

with the applicable requirements for construction details, test performance, and markings.

5 Conductors

a coaxia nber sha anded, shalt be round,
be of soft-arjnealed copper or shall be of copper-clad steel having 21 percent or higher-g
accordance yith ASTM B 869. All other conductors in a cable shall be of round soft-annea
solid copper|conductor and the individual wires (strands) of a stranded copper conductor s
and shall comply with ASTM B 3. The wires (strands) of a stranded conductor, shall have g
hand directign of lay. The length of lay of the wires (strands) of a stranded conductor shall

times the calculated diameter over the assembled conductor for 19 — 10.,AWG conductors

md either shall

onductivity in
led copper. A
hall be round
right- or left-
ot exceed 20
and shall not

exceed 30 timnes the calculated diameter over the assembled conductor for’26 — 20 AWG cohductors. The
nominal diameters of solid and stranded conductors that are indicatedyin Table 5.1 are not|requirements
but are for uge in calculating the dimensions required for various parts of the cable when using Table 13.1,
Table 13.2, Teble 14.1, Table 14.2 and Table 18.1.
Table 5.1
Conductor diameters
Solid conductor Nominal diametdr of stranded
AWG size of Nominal diameter Minimum diameter condugtor
conductor inch mm inch mm inch mm
26° 0.0159 0.404 0.01512 0.384° 0.0180 0.457
25° 0.0179 0455 0.01702 0.432° 0.0203 0.516
24 0.0201 0:511 0.01912 0.485° 0.0228 0.579
23 0.0226 0.574 0.0215° 0.546° 0.0256 0.650
22 0.0253 0.643 0.0240° 0.610° 0.0287 0.729
21 0.0285 0.724 0.02712 0.688° 0.0323 0.820
20 0:6320 0.813 0.03042 0.772° 0.0362 0.919
19 0.0359 0.912 0.03412 0.866° 0.0407 1.03
18 0.0403 1.02 0.0399 1.103 0.0456 1.16
17 0-0453 445 0-0448 4438 8-6543 1.30
16 0.0508 1.29 0.0503 1.278 0.0576 1.46
15 0.0571 1.45 0.0565 1.435 0.0647 1.64
14 0.0641 1.63 0.0635 1.613 0.0727 1.85
13 0.0720 1.83 0.0713 1.81 0.0816 2.07
12 0.0808 2.05 0.0800 2.03 0.0915 2.32
11¢ 0.0907 2.30 0.0900 2.28 0.103 2.62
10° 0.102 2.59 0.1010 2.56 0.116 2.95

copper conductors in all sizes are the same as those established for other cables.

@ The diameter (0.95 x nominal) and resistance (1.1 x nominal) requirements for the solid copper 26 — 19 AWG sizes are as
established by the communications-cable industry. The diameter (0.99 x nominal) and resistance (1.02 x nominal) requirements
for the solid copper 18 — 10 AWG sizes are the same as those established for other cables. The resistance values for stranded

Table 5.1 Continued on Next Page
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Table 5.1 Continued
Solid conductor Nominal diameter of stranded
AWG size of Nominal diameter Minimum diameter conductor
conductor inch mm inch mm inch mm

P26 and 25 AW

b) As t

G copper conductors are only for either of the following:

a) In a cable that has a breaking strength shown by test to be at least 25.0 Ibf or 111 N or 11.3 kgf in accordance with 41.
The strength test is not required for cables with four or more conductors.

he central conductor in a coaxial member.

°11and 10 AW,

coaxial membef.

o oo a0 <l Im AVALC Lorplataml Sl hiforatlo |
oCoppPertontutiorsantG o ant-Smanervvocopper-trat-Steerconauctorsare-onryrormecentrar

conductor in a

5.2 Each cq

16.1 and 16.4.

5.3 Allsolid
as a particuld

d-c resistancg or, as described in 5.4, by determination of the diametef.)The size of a strand

shall be verif]
area as desc
be as describ
cases.

5.4 Inplace

a) SO
minim
condu

nductor shall be continuous throughout the entire length of the finished'Cable

and stranded conductors are to be identified in the cable, tag;reel, and carton g
r AWG size. The size of the copper conductor shall be verified either by determ

ed either by determination of the d-c resistance or_ by{determination of the cri
ibed in 5.4. Determination of the conductor size by)measurement of the d-c re
ed in D-C Resistance Test of Copper Conductors, Section 17, and is the referee

| ID CONDUCTOR - The diameter of a solid copper conductor shall not be sm
Lim acceptable diameter indicated for the size in Table 5.1 (see 5.3) when the di
ctor is determined from measurements as follows:

1) Measurements @of the diameter of a solid copper conductor are to be m

— see test in

ize markings
nation of the
ed conductor
bss-sectional
Sistance is to
method in all

of complying with the d-c resistance requirement in 17.1, at the cable manufacturer's option,
a copper condluctor may instead comply with the following requirement:

bller than the
ameter of the

hde over the
means of a

metal-coated (see'6.1 and 6.2) or uncoated copper by optical means or byj
machinist's micrometer caliper having flat surfaces both on the anvil and on t

e end of the

spindle. In either case, the equipment is to be calibrated to read directly to gt least 0.001
inch or0.01 mm, with each division of a width that facilitates estimation of each
measurement to 0.0001 inch or 0.001 mm. The maximum and minimum digmeters at a
givern-point on the solid conductor are each to be recorded to the nearest 0J0001 inch or
0001 mm, added together, and divided by 2 without any rounding off of the sum or resulting

SAAOESET
aviilayvc.

2) Each minimum acceptable diameter indicated in Table 5.1 is an absolute minimum. The
unrounded average of the two diameter readings is therefore to be compared directly with

the minimum in the table for the purpose of determining whether the solid cond
does not comply with the diameter requirement.

uctor does or

b) STRANDED CONDUCTOR - The cross-sectional area of a stranded copper conductor of a
standard (see 5.3) AWG size and having only round strands shall not be smaller than the minimum
acceptable area indicated for the size in the 0.98 x nominal column in Table 20.1 of UL 1581. The
cross-sectional area of the stranded conductor is to be determined as the sum of the areas of its
component round strands.

5.5 Ajointin a solid conductor or in one of the individual wires of a stranded conductor shall be made in a
workmanlike manner, shall be smooth, and shall not have any sharp projections. A joint in a stranded
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conductor is to be made by separately joining each individual wire, or is to be made by machine brazing or
welding of the conductor as a whole provided that the resulting solid section of the stranded conductor is
not longer than 1/2 inch or 13 mm, there are no sharp points, and the distance between brazes or welds in
a single conductor does not average less than 3000 ft or 915 m in any reel length of insulated single
conductor. A joint made before insulation is applied to a conductor shall not increase the diameter of the
solid conductor or individual wire (strand). A joint made after insulating shall not increase the diameter of
the solid conductor or individual wire (strand) by more than 20 percent. Joints made after insulating shall
be made prior to further processing and shall be insulated by heat-shrinkable tubing or by applying the
original or investigated comparable insulation by means of a bonded patch or molding, and shall comply
with the requirements in this Standard. A jacket that is damaged to the point that the underlying assembly
is exposed or that is opened for the purpose of repairing a conductor either:

a) Shafbe strippedand Teplaced m its entirety, or

b) A decond duplicate jacket shall be applied over the first for the entire length of thé cable.
The total jac

flame or smo

et thickness shall not exceed any limitation determined for a particular‘cable in
ke-and-flame test or other test specified in this Standard.

an applicable

6 Metal Coating

6.1 If the insulation adjacent to a solid copper conductor or a conventional (not bunch-tinped) stranded

copper cond
in UL 2556,
bonded shal
complying w
or of another|

6.2 ltis a
conductor on

6.3 The mg
used in the
copper cond

ictor is of a material that corrodes unprotected copper’in the test Copper Corros
the solid conductor or the individual wires (strands) of the stranded conduct
be individually covered with a coating of tin ‘eomplying with ASTM B 33, of a
th ASTM B 189, of nickel complying with ASTM B 355, of silver complying with
metal or alloy (evaluation required).

cceptable to metal-coat a solid conductor or the individual wires (strands) ¢
which a coating is not needed for'corrosion protection.

ximum temperature rating of the cable is not specified relative to the diameter of
berving, wrap, or braid shielding described in 10.2(c). Otherwise, copper stra
Lictors shall not be used in a cable with a temperature rating higher than indicate

ion described
or that is not
tin/lead alloy
ASTM B 298,

f a stranded

copper wires
hds and solid
i in Table 6.1.

Table 6.1
Maximum temperature-rating of cable relative to diameter and coating of solid copper

or of copper conductor strands

conductors

Diameter of each strand or of the solid conductor
Smaller than 0.015 inch or 0.38 mm At least 0.015 inch or 0.38 mm
150°C (302°F) 200°C (392°F)

Metal coating of-copper strands or of
solid copper conductor

Uncoated or coated with tin or a tin/lead

alloy
Coated with silver 200°C (392°F)

over 200°C (392°F)

200°C (392°F)
over 200°C (392°F)

Coated with nickel

7 Insulation

7.1 Material and application

7.1.1 Each conductor shall be insulated for its entire length with one or more of the insulation materials
indicated in Table 7.1 or referenced in note @ to Table 7.1. The insulation shall be solid or, in the cases
indicated in the second column of Table 7.1, may be expanded (foamed). In any case, a solid dielectric
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skin (a thin, solid, extruded layer that may or may not be separable) of the same or other material from
Table 7.1 may be applied over the solid insulation or over the foam. The material insulation in an air-gap
coaxial member shall consist of a solid tube over a solid spacer (thread) that has a nominally circular cross
section and is applied to the conductor helically in a continuous length (length of lay is not specified).
Otherwise, the insulation shall be applied directly to the conductor, shall have a circular cross section, and
shall fit tightly to the conductor but shall not adhere excessively (no test). The insulation shall be uniform
and shall not have any defects (bubbles, open spots, rips, tears, cuts, or foreign material) that are visible
with normal or corrected vision without magnification.

7.1.2 Either of the following materials that the manufacturer wishes to use as insulation or a jacket shall
be evaluated for the requested temperature rating as described in the test Dry Temperature Rating of New
materials (Long Term Aging Test) in UL 2556:

a) Malerial generically different from any insulation or jacket material that is named in
the copstruction (new material).

Table 7.1 for

b) Maferial that is named in Table 7.1 yet does not comply with the short-term'tests spgcified for the
material in Specific Materials, Section 50 of UL 1581.

The temperature rating of materials (a) and (b) shall be the temperature¢ating for the cable d
specified in 13.1. The thicknesses of insulation and/or jacket using materials (a) and/or (b
required for the specific cable type. Investigation of the electrical, meChanical, and physical ¢
of the cable using material (a) and/or (b) shall show the material(s)to be comparable in perfo
insulation or jacket material named in Table 7.1 for the required\temperature rating. The inves
include tests|such as crushing, impact, abrasion, deformation, heat shock, insulation res

etermined as

shall be as
naracteristics
'mance to an
tigation shall
istance, and

dielectric volt

7.2 Propertjes

7.2.1 Unagé¢d and heat-aged insulation requirements for all cables to be rated 60°C

7.2.1.1 Spefimens of solid single-layered unaged insulation removed from finished insulated conductors
shall have a rhinimum tensile strength 6f 1200 Ibf/in? or 8.27 MN/m? or 827 N/cm? or 0.844 kgf/mm? and a
minimum elomgation of 100 percentwhen tested in accordance with the test Physical Properties (Ultimate
Elongation arnd Tensile Strength) in UL 2556. For all insulated conductor types, specimens gpproximately
12 inches or B00 mm long, shall be placed in a circulating air oven conforming to ASTM D $423 (Type Il
ovens) and D
(249.8 +3.6°H
allowed to co
diameter no ¢
cracks using a 3
side of the tube of msulatlon sllced off with a knife or razor-blade and the conductor removed to permlt
examination of the inner surface of the insulation. There shall be no cracks on either the inside or the
outside surface of the insulation.

5374 and.maintained at a temperature of 100 £2°C (212 £3.6°F) for 7 d (168 h] or 121 £2°C

7.2.2 Unaged and heat-aged insulation requirements for all cables to be rated 75°C or greater

7.2.2.1 Specimens of solid single-layered insulations removed from finished insulated conductors shall
comply with the values of unaged elongation and tensile strength shown in the applicable physical-
properties table for the material referenced in Table 7.1 when tested in accordance with the test Physical
Properties (Ultimate Elongation and Tensile Strength) in UL 2556. Specimens of solid single-layered
insulations except PVDF and PVDF copolymer rated 125°C shall comply with the values of aged retention
of elongation and tensile strength shown in the applicable physical-properties table for the material
referenced in Table 7.1 when tested in accordance with the test Physical Properties (Ultimate Elongation
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and Tensile Strength) in UL 2556. PVDF and PVDF copolymer rated 125°C, foamed, and multi-layered
insulations shall comply with 7.2.2.2.

7.2.2.2 Specimens of PVDF and PVDF copolymer rated 125°C, foamed, or multiple-layered insulations
approximately 300 mm (12 inches) long shall be placed in a circulating air oven conforming to ASTM D
5423 (Type Il ovens) and D 5374 and aged for the appropriate time and temperature for the insulation
adjacent to the conductor. When the insulation is foamed, the aging shall be as specified for the solid
insulation. After removal from the oven, the specimens shall be allowed to cool to room temperature and
then wound tightly, for six close turns, around a mandrel having a diameter no greater than that of the
insulated conductor under test. The insulation shall be examined for cracks using a lens having
magnification of 5X. The insulated conductor shall then be straightened, one side of the tube of insulation
sliced off with a knife or razor-blade, and the conductor removed to permit examination of the inner surface

of the insulat

7.2.3 Unaged and heat-aged jacket requirements for all cables to be rated 60°C

7.2.3.1 Spe
in the appli
accordance
jacketed con
aging test as
elongation a
Physical Pro

on. There shall be no cracks on either the inside or the outside surface of thensg

cimens of jacket removed from completed cable shall comply withithe unaged
able physical-properties table for the material referenced.in Table 7.1 wh
vith the test Physical Properties (Ultimate Elongation and Tensil€ Strength) in UL
ductor types, jacket material removed from a length of finished cable shall co
follows: 7 d (168 h), 100 +2°C (212 £3.6°F), and at least 50 percent retention

nd 75 per cent retention of unaged tensile strengthiwhen tested in accordancs
perties (Ultimate Elongation and Tensile Strength) inUL 2556.

ulation.

values shown
en tested in
2556. For all
mply with the
bf the unaged
with the test

7.2.4 Unaged and heat-aged jacket requirements forall cables to be rated 75°C or greater

7.24.1 Spe
in the appli
accordance
Specimens S
properties ta
Properties (\
tensile stren
used to dete
rated 125°C.

7.24.2 Age
not show an
mandrel of th

cimens of jacket removed from compléeted cable shall comply with the unaged
able physical-properties table for\the material referenced in Table 7.1 wh
with the test Physical Properties, (Ultimate Elongation and Tensile Strength)
hall be aged for the length of time and at the temperature shown in the applic
ble for the material referené¢ed in Table 7.1 and tested in accordance with the
ltimate Elongation and (Tensile Strength) in UL 2556. Minimum retention of e
jth requirements in the applicable physical-properties table referenced in Tabls
mine compliance~This shall apply to all jacket materials except PVDF and PVD
For these materials, the flexibility test described in 7.2.4.2 shall be used.

d specimehns of PVDF and PVDF copolymer jackets rated 125°C in place on t
cracks_on either the inside or outside surface after specimens are wound ont
e diameter indicated in 7.2.4.3.

values shown
en tested in
in UL 2556.
hble physical-
test Physical
ongation and
e 7.1 shall be
F copolymers

ne cable shall
D a cylindrical

7.2.4.3 The specimens that are to be aged shall be conditioned in accordance with the tes

Conditioning

of Specimens in UL 2556 for the length of time and at the temperature indicated for the jacket material in
Table 7.1 and Table 47.1 in UL 1581. The conditioning shall be followed by 16 — 96 h of rest in still air at
room temperature before the specimens are wound onto a mandrel. The aged specimens shall be wound
at room temperature for six complete turns (adjacent turns touching) onto a circular mandrel having a
diameter twice that of the diameter over the overall jacket. Each specimen shall be unwound before being
examined.
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Table 7.1
Index to insulations and jackets
terialsy Tomparaturs Ratingof | Tompaatus Ratingof | AoPmcrbe T
7.21and7.2.2)
90°C (194°F) 90°C (194°F)
cp solid solid 50.1
75°C (167°F) 75°C (167°F)
solid solid 50.1
Thermoplastic CPE - 90°C (194°F)
Sohd 508
- 90°C (194°F)
Thermoset CPH sold 2029
- 75°C (167°F)
solid 50.30
ECTFE 150°C (302°F) 150°C (302°F)
ETFE solid solid 50.63
foamed - —
FEP 200°C (392°F) 200°C/392°F)
solid solid 5070
foamed - —
- 90°C (194°F)
NBRIPVC solid 50,83
- 75°C (167°F)
solid 50.80
- 90°C (194°F)
Neoprene solid 50.124
S 75°C (167°F)
solid 50.123
HDFRPE 75°C (167°F) 75°C (167°F)
LDFRPE solid solid 50.133
foamed - —
HDPE 75°C (167°F)
solid - 50.136
foamed - —
LDPE F5E(67 )
solid - 50.136
foamed - —
PFA, MFA 200°C (392°F)° 200°C (392°F)
solid solid 50.137
foamed - -
250°C (482°F)° 250°C (482°F)° 50.137
75°C (167°F)
Polypropylene PP, FRPP solid - 50.139
foamed - -
PTFE 250°C (482°F)° 250°C (482°F) 50.219

Table 7.1 Continued on Next Page
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Table 7.1 Continued

Material(s)?

Temperature Rating of

Temperature Rating of

Applicable table of physical
properties in UL 1581 (see

Insulation Jacket 7.2.1 and 7.2.2)
TFE solid solid
foamed — -
105°C (221°F) 105°C (221°F)
solid solid 50.182
90°C (194°F) 90°C (194°F)
PVC
solid solid 50.182
75°C (167 F) 75°C (167 F)
solid solid 50)182
105°C (221°F)
solid — 50J183
1. 90°C (194°F)
SRPVC (semirjgid PVC)
solid - 50]183
75°C (167°F) 75°C (167°F)
solid solid 50J183
150°C (302°F) 150°G(302°F)
solid solid 50{185
f d — -
PVDF and PVIDF copolymer oame
125°C (257°F) 125°C (257°F)
solid solid 50J185
foamed - -
200°C (392°F) 200°C (392°F)
- solid solid 50210
Silicone rubbe
150°C (302°F) 150°C (302°F)
salid solid 50210
105°C (221°F) 105°C (221°F)
solid solid 50223
TPE
90°C (194°F) 90°C (194°F)
solid solid 50224
105°C (221°F) 105°C (221°F) 50245
XL: solid solid
XLPE 90°C (194°F) 90°C (194°F)
XLPVC
XLEVA solid solid 50.237
blends of these 75°C (167°F) 75°C (167°F)
solid solid 50.241
105°C (221°F) 105°C (221°F)
XLPO
solid solid 50.233

F)]. See 6.3 and Table 6.1.

& See 7.1.2 for the long-term evaluation of an insulation or jacket material not named in the first column for not complying with the
short-term tests referenced in the last column.
b 150°C (302°F) is the limit for the cable temperature rating [see 13.1(b)] where conductor strands are used that are smaller in

diameter than 0.015 inch or 0.38 mm and are uncoated or are coated with tin or a tin/lead alloy. The indicated rating higher than
150°C (302°F) applies where, regardless of diameter, the strand are coated with silver [200°C or (392°F)] or nickel [250°C (482°



https://ulnorm.com/api/?name=UL 1412 2020.pdf

14 UL 1424 JUNE 26, 2020

7.3 Thicknesses

7.3.1  The dimensions of the spacer (thread) portion of the material insulation in an air-gap coaxial
member are not specified. The average thickness and the minimum thickness at any point of the tube
portion of an air-gap coaxial member shall not be less than indicated in Table 7.3. The thicknesses of the
integral insulation (solid) and jacket on a flat, parallel cable shall not be less than indicated in Table 7.2.
The average thickness and the minimum thickness at any point of solid insulation (including any skin) on
single-conductor cable shall not be less than indicated in Table 7.4. The average thickness and the
minimum thickness at any point of solid insulation (including any skin) in a coaxial member and on every
other conductor, including each conductor in nonintegral flat cable, shall not be less than indicated in Table
7.3. The thicknesses of foamed insulation (including any skin) shall be evaluated based on the
performance of the finished cable when tested in accordance with this standard. In any case, the
thicknesses ¢f solid and foamed insulations (including any skin) are to be determined. by means of

measurements made as described in the test Thickness in UL 2556, with the following' mo
stranded conductors that leave one or more strand impressions in the insulation that’are

accommodat

a) Th
applic
insula
(inclug

microrneter microscope.

b) On
meas
avera

7.3.2  Thickn

7.4) of insulafion having an average thickness or\minimum thickness at any point of not morg

inch or 0.152
optical instru
these measu
a simply mar
insulation, wit

7.3.3 For7.]
finished insul
the longitudin
minimum wal
together and
(see 7.3.4 -

!

A

a pin of 1 mm (0.04 in) in diameter:

e 0.003-inch (3-mil) or 0.08-mm thickness-reduction allowance“mentioned in

ion that is from a stranded conductor as mentioned above“and has an averq
ing any skin) of at least 0.015 inch or 0.38 mm where thé measurements are 1

ly an optical method as applicable from 7.3.2 and 7.3.3 is to be used f
rements of insulation that is from a stranded\conductor as mentioned above
e thickness (including any skin) less than 0.015 inch or 0.38 mm.

ess measurements of a nylon or simjlak covering (see note ° to Table 7.3 and n

mm (including any skin) are to"be made by means of a micrometer microsd
ent that is calibrated to readdirectly to at least 0.0001 inch (0.1 mil) or 0.001

ipulated optical device that is accurate to 0.001 inch (1 mil) or 0.01 mm may
h each measurement.recorded to the nearest 0.001 inch or 0.01 mm.

B.1(b), the conductor and any covering over the insulation or skin are to be remg
ated conduectar.*A thin slice of the insulation plus any skin is then to be cut per|
al axis ofthe resulting hollow tube. Measurements are to be taken of the m
thicknesses of the slice. The recorded maximum and minimum thicknesses arsg

ifications for
too small to

UL 2556 is

bble to both average and minimum at any point measurements,-and is to be applied only to

ge thickness
nade using a

or thickness
and has an

bte © to Table
than 0.0060
ope or other
mm. Each of

ments is to be recorded to.the nearest 0.0001 inch or 0.001 mm. Otherwise, under 7.3.1(b),

be used for

ved from the
pendicular to
aximum and
to be added

divided by 2 without any rounding off of the sum but with the resulting averag
7.3.7) to the same degree as stated in for the recorded measurements.

rounded off
he average

thickness so determined and the recorded minimum thickness are to be faken as the average and
minimum-at-any-point thicknesses that are to be compared with Table 7.3 or with whatever lesser
thicknesses are established for the construction as the result of the insulation-crushing test described in
Crushing Resistance Test of Insulation, Section 31.
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Table 7.2

Thicknesses of integral insulation (solid) and jacket on 2-, 3-, or 4-conductor flat, parallel cable and
distance between conductors

Nominal thickness away
from tear area(s)
(vertical dashed line
through web or webs in
Figure 7.1) and outside
Point P or X (Defined in

Minimum thickness at
any point before
separation measured
outside Point P or X

Minimum thickness at
any point after

Minimum distance
between copper

Integral flat cable

Figure 7.2) (Defined in Figure 7.2) separation conductors
A? B® c? D?
Size of (Information only — not a
conductor$ Requirement)
AWG Inch mm Inch mm Inch mm in mm
22-12 0.020 0.51 0.018 0.46 0.010 0.25 0.030 0.76
@ Dimensions A — D are illustrated in Figure 7.1.
Figure 7.1

See Table 7.2 for dimensions’A~D

SB0O6 3¢
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Figure 7.2

Definition of regions of valley slopes on which thickness measurements are not to be made in
integral flat cables

3B0636-5

Constructions with a Cross Section Having a Definite Point P at the Outer End of Each Valley Slope

OP in each cas¢ is a straight line from the center O of a conductor to P on the same segment of the cross segtion. Thickness
measurements afe not to be made on any valley slope.

§B0636-6

Constructions wit
OP in each case is a straight line from the center O of a conductor to T, the point of tangency, on the adjacent segment of the cross
section. Thickness measurements are not to be made deeper on a valley slope than point X, which is the intersection of the line OT
with the valley slope. Thickness measurements are to be made on each slope segment TX.
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Table 7.3
Thicknesses? of solid insulation (including any skin) in jacketed ribbon cable and in nonintegral
round and flat multiple-conductor cable

Insulation whose unaged tensile strength Is less than

2000 Ibf/in? or

13.79 MN/m? or
1379 N/cm? or
1.41 kgfimm?

PVC with a covering® of
nylon (see 3.3), PBT (see

PVC (1) with an unaged
tensile strength of at
least
2000 Ibf/in? or
13.79 MN/m? or
1379 N/icm? or
1.41 kgfimm?,
and (2) with or without a
covering® of nylon (see
3.3), PBT (see 3.4), or

3.4), or similar

similar. thermoplastic

table where th
described in C

b Measured by
shall not be le

abrasion com
2556.

s than 0.0020 inch (2.0 mils) or 0.050 mm.

means of the micrémeter microscope described in 7.3.2, the minimum thickness at any point of the

A covering of § material otherthan nylon is to be evaluated. The investigation is to demonstrate that the other mate
temperature rgting, flexibility; flammability, and other characteristics critical to the application provide the particular
with a compargble coyering. Investigation of the mechanical-abuse characteristics is to include at least the crushin
rison tests that are described in the tests Crush Resistance, Impact Resistance and Abrasion Resi

Size of thermoplastics material mhterial
conductor or or
TPE with a covering® of ECTFE|ETFE, FEP,
Nylon HDPE, PFA, PTFE (TFE),
LDPE, PVC, or TPE (all or PVDF, PVIDF Copolymer,
without a nylon or XL (without a nylonror TFE, Sem|rigid PVC, PP,
CP or silicone rubber similar covering) similar covering) ol XLPO
A B C D
Minimum Minimum Minimum Minimum
Minimum thickness Minimum thickness Minimum thickness Minimum thickness
average atany average atany average atany average atany
thickness point thickness point thickness point thickness| point
AWG Inch
26-20 0.015 0.013 0.012 0.010 0.009 0.008 0.0060 0.0050
19-15 0.015 0.013 0.015 0.013 0.009 0.008 0.009 0.008
14 -10° 0.020 0.018 0.020 0.018 0.012 0.010 0.012 0.010
AWG mm
26 - 20 0.38 0.33 0.30 0.25 0.23 0.20 0.152 0.127
19-15 0.38 0.33 0.38 0.33 0.23 0.20 0.23 0.20
14 -10° 0.51 0.46 051 0.46 0.30 0.25 0.30 0.25
@ Solid insulatipn for a given size range indicated in column 1 is for average and point thicknesses thinner than indigated in this

e insulation on the smallest.conductor in the indicated size range complies with the insulation crushing test
ushing Resistance Test.of Insulation, Section 31.

ylon covering

rial thickness,
Construction
, impact, and
tance in UL

°11 and 10 AWG copper conductors and 10 AWG and small copper-clad steel conductors are only for the central conductor in a
coaxial member. Copper-clad steel conductors shall have 30 percent or higher conductivity in accordance with ASTM B 452
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Table 7.4

Thicknesses? of solid insulation (including any skin) on 18 — 12 AWG conductors in single or

multiple-conductor non-jacketed cable

covering shall ]

. . Minimum average thickness of Minimum thickness at any point
Insulation Material . - . .
insulation of insulation
inch mm inch mm
Without a nylon or 0.020 0.51 0.018 0.46
CP, HDFRPE, similar covering
LDFRPE, HDPE, . b
LDPE. PPPVC With a covering® of 0.015 0.38 0.010 0.25
SRPVC, TPE, XL, or | NYlon (see 3.3), PBT
XLPO (see 3.4), or similar
+hnrmnplacﬁn material
ECTFE, ETFE,|FEP, PA, PTFE (TFE), PVDF, or 0.015 0.38 0.013 0.33
PVDF copolymer
& Thinner solid insulation is to be evaluated.
b Measured by fneans of the micrometer microscope described in 7.3.2, the minimum thickness at any:point of the nlylon or similar

ot be less than 0.0040 in (4.0 mils) or 0.102 mm. See the second paragraph of note $to Table 7.3

7.3.4 Roun

7.3.41 Afig

a) If th
even,

b) If th
4, and

A figure in the

Hing off to the nearest 0.0001 inch

ure in the fourth decimal place is to remain unchanged:

e figure in the fifth decimal place is 0 — 4 and the\figure in the fourth decimal pl
Or

e figure in the fifth decimal place is 5 and-the figure in the fourth decimal place
so forth).

fourth decimal place is to be increased by 1:

ace is odd or

s even (0, 2,

c) If the figure in the fifth decimal.place is 6 — 9 and the figure in the fourth decimal place is odd or
even, pr
d) If the figure in the fifth.decimal place is 5 and the figure in the fourth decimal place ig odd (1, 3, 5,
and sg forth).

7.3.5 Rounging off tothe nearest 0.001 inch

7.3.5.1 Afigure inithe third decimal place is to remain unchanged:
a) If the-figure-in-the-fourth-decimal-placeis-6—4and-the-figurein-the-third-deeimat-ptace is odd or
even, or

b) If the figure in the fourth decimal place is 5 and the figure in the third decimal place is even (0, 2,

4, and

so forth).

A figure in the third decimal place is to be increased by 1:

c) If the figure in the fourth decimal place is 6 — 9 and the figure in the third decimal place is odd or
even, or

d) If the figure in the fourth decimal place is 5 and the figure in the third decimal place is odd (1, 3,

5, and

so forth).
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7.3.6 Rounding off to the nearest 0.001 mm

7.3.6.1

A figure in the third decimal place is to remain unchanged:

a) If the figure in the fourth decimal place is 0 — 4 and the figure in the third decimal place is odd or

even,

or

b) If the figure in the fourth decimal place is 5 and the figure in the third decimal place is even (0, 2,

4 and

so forth).

A figure in the third decimal place is to be increased by 1:

c) Ift
even,

d) If t

7.3.7 Roun

7.3.7.1 Afi

a) If the figure in the third decimal place is 0 — 4 and the figure in the second decimal g

even,

b) If t

2, 4, and so forth).

A figure in th

c) If the figure in the third decimal place’is 6 — 9 and the figure in the second decimal g

even,

d) If t:l;

5, an

ne figure in the fourth decimal place is 5 and the figure in the third decimal plac
5, andl so forth).

or

ding off to the nearest 0.01 mm

jure in the second decimal place is to remain unchanged:

or

ne figure in the third decimal place is 5 and the figure in the second decimal pla

b second decimal place is to be increased by 1:

or

e figure in the third decimal place is 5 and the figure in the second decimal plac
so forth).

8 Coaxial

8.1 Each ¢
insulation (w
gap construg
which is opti

and Optical-Fiber Members

baxial member shall consist of a single central conductor covered in turn with sg
th orswithout a skin) complying (including thicknesses) with Insulation, Section
ion complyrng wrth 7.1; a shreld(s) (outer conductor) complylng wrth section 10

Place is odd or

b is odd (1, 3,

lace is odd or

ce is even (0,

lace is odd or

e is odd (1, 3,

lid or foamed
7, or the air-
and a jacket,

member whose

outer surface is the outer surface of the cable (see Table 12.1) The jacket on a coaxral member used
within a cable shall comply with Table 9.1. The jacket on a coaxial member shall comply with section 13 if

the jacket on

the member constitutes the overall cable jacket.

8.2 An optical-fiber member shall consist of the following:

a) One or more glass fibers that are individually coated and tight buffered and then are jacketed in
any thickness with one of the insulation materials named in Table 7.1 or referenced in note @ to
Table 7.1, or are enclosed in a nonmetallic tape, wrap, or braid that provides complete coverage
and is electrically nonconductive.

b) One or more glass fibers that are individually coated, optionally tight buffered, and then are
enclosed in a loose buffer tube. A loose buffer tube:
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1) Shall be of any thickness of one of the insulations named or referenced in Table 7.1, or

2) Shall be enclosed in a jacket of one of the insulations named or referenced in Table 7.1,

or

3) Shall be enclosed in a nonmetallic tape, wrap, or braid that provides complete coverage
and is electrically nonconductive.

The construction of the glass fiber, of the coating, and of a tight buffer is not specified. The construction of
a loose buffer tube that is covered by a jacket is not specified. The construction of a nonmetallic tape,
wrap, or braid is not specified. Non-current-carrying metal or other electrically conductive parts may be
included in an optical-fiber member but an optical-fiber member shall not have any electrical elements. An

optical-fiber nffember may Include one or more strength elements. ... |

8.3 The engrgy that an optical-fiber cable carries in some laser systems presents agotential risk of eye,
or other injury, to people. Consequently, where optical-fiber cables are installed dn a laser
recommendations of the ANSI Z136 laser systems safety standards should be applied. To
optical-fiber gable installers, users, service personnel, and anyone who handles the optic
component of the system after installation, 45.1 specifies a tag, reel, or carton marking.

9 Individual Covering

9.1 An indivjdual covering shall comply with Table 9.1.

Table 91

Individual covering

system, the
help protect
bl-fiber cable

Member or insulated
conductor that is
covered

Jacket

Nylon covering (not a
jacket)

Nonmetallic braid

Coating
coding (|

for color
hot a jacket)

Coaxial membdr used
within a cable

Optical-fiber mgmber

PVC insulation [other
than semirigid) iwhose
thicknesses comnply.
with column C gf Table

Acceptable but not
required?

Jacket or other
completé coverage
required(see 8.2)

Required covering® of
nylon (see 3.3), PBT
(see 3.4), or similar
thermoplastic material

7.3

Semirigid PVC
insulation

PVC insulation whose
thicknesses comply
with column B of Table
7.3

Acceptable but not
required® covering® of
nylon (see 3.3), PBT
(see 3.4) or, similar
thermoplastic material

Acceptable but not
required® covering® of
nylon (see 3.3), PBT
(see 3.4), or similar
thermoplastic material

Table 9.1 Continued on Next Page
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Table 9.1 Continued

Member or insulated
conductor that is
covered

Jacket

Nylon covering (not a
jacket)

Nonmetallic braid

Coating for color
coding (not a jacket)

Silicone insulation

Any insulation not
having nylon or similar
covering or a braid

Nylon® or braid is
required®

Nylon® or braid is
required®

Acceptable but not
required®

@ An individual f
covered or si

® The thicknes

°The nylon or

with Cable Jacket, Section 13. The thicknesses of the jacket are to be determined as described in the test Thicknes

4 No thicknessgs are specified for a color coating.

larly covered PVC are not acceptable) and of the thicknesses specified in Table 7.3, and otherwise

E and nylon-

s in UL 2556.

at any point of a required or optional nylon or similar covering shall not be less than 0.002 ineh or 0J05 mm when
measured as described in the test Thickness in UL 2556. See the second paragraph of note ° to Table7!3.

raid covering is optional on conductors with insulation that has a tensile strength of 1200 Ibf/in or greater or an
insulation thickness at least 50% more than required in Table 7.3.

hall comply

10 Electromagnetic Shield(s)

10.1 Anels

is acceptabl¢ over an individual insulated conductor, ovér a pair of insulated conductors
several groups of insulated conductors with or without.one or more optical-fiber members in
re cable assembly. Several shields may.be used in a given cable. Insulating material as

over the ent

indicated in [Table 7.1 or referenced in note 2 to Jable 7.1 may be provided in any thickn

shields. The
shield shall

Test of Condlictors, Section 16).

10.2 An eléctromagnetic shield shall’be of metal and shall consist of one or more of the

otherwise is

a)Al
unco
the m
drain

b) A

ctromagnetic shield is not required other than as.the outer conductor in a coaxia

electrostatic/electromagnetic performance of a shield is not specified. When
be electrically continuous throughout the entire length of the finished cable (s

not specified:

etal(s) pafflof the tape. The tape may be applied with the metal(s) side in or out,
wire is.not specified. A drain wire may be solid or stranded.

corrugated or smooth single-metal or bi-metal tape applied longitudinally

| member but
over one or
any group, or

ess between
provided, the

ee Continuity

following but

minated shieldtape of polymeric material and metal(s) with or without a bare mgtal-coated or
ted (uncoated.not acceptable with an aluminum-faced tape) copper drain wire ih contact with

The size of a

helically, or
table with an

nt rl lead itk raanthao it o o meaial ol e atad L tod ot o
I e (}UI\UU VWILTT UT wWithTUuult - UdiT 1T iarvtudivu vl urivuattvu (urnovuatcvu 11Ut acvuc

aluminum tape) copper drain wire in contact with the metal tape (a specific version of this shield is
described in 10.3). The tape may be polymer-coated on one side if there is a drain wire or on both
sides if a drain wire is not used. Any inward-facing coating may bond to the insulation in the case of
a coaxial member but, where the metal tape is applied over more than one conductor or member,
any inward-facing coating shall not bond to the conductors or coaxial members or optical-fiber
members in the cable. The size of a drain wire is not specified. A drain wire may be solid or
stranded. Interlocked aluminum tape shall comply with the requirements for a metal covering but, if
the cable has an overall cable jacket, the strip thickness and width are not specified. Interlocked
zinc-coated steel tape shall comply with the requirements for a metal covering (see Metal
Covering, Section 14), with the following modifications for cable that has an overall cable jacket:

1) NOT SPECIFIED for DIRECT-BURIAL CABLE — Strip thickness and strip wi

dth.

2) NOT SPECIFIED for OTHER CABLE — Edge coating, strip thickness, and strip width.
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c) A serving, wrap, or braid of aluminum wires or of metal-coated or uncoated (uncoated not
acceptable in contact with aluminum wires) copper wires. See 6.3. If the overall cable jacket is
thinner in average thickness than 0.013 inches or 0.33 mm and is thinner at any point than 0.010
inch or 0.25 mm, a wrap or other protective covering shall be provided over the wire serving, wrap,
or braid (see note ° to Table 12.1). The construction of the protective covering is not specified but
the covering shall keep bobbin ends and other wire projections from penetrating the overall cable
jacket during and after application of the overall jacket.

d) An investigated equivalent of any of the above.

10.3 The specific metal sheath to which reference is made in 19.2 is to be a version of the shield covered
in 10.2(b). The metal sheath shall consist of a metal tape that is 0.008 inch or 0.2 mm thick with or without

a coating on pne side of vinyl or other resin that is bonded to the metal. The tape shall be ¢
smooth and shall be applied longitudinally to the cable assembly with a positive overlap:
coating used| shall face outward. An inward-facing coating may be used but shall-not
conductors off coaxial members or optical-fiber members in the cable.

11 Binder(
11.1 Anygr
such groups
or an open,

comply with

0.010 inch or
inch or 0.20
Thickness in

described in ]
12 Assemb

121 A mult
The use of fill
length and ¢
Preassemblie
jacketed roun
have the pai

members, anfl groups of members shall not be laid straight. In any case, the length of lay is
In any parallgl orscabled nonintegral cable, different conductors and members may be i

different matgrialss The conductors in a multiple-conductor cable may be of any mixt
Stranding, and-metal r\nmpl\]/ing with- Table 6.1

pup of conductors (with or without one or more optical-fiber’'members in the grou
ithin the cable, may be enclosed in a binder consisting of a binder jacket (extjuded binder)
keleton wrap of nonmetallic threads or tape. Excépt*for thickness, a binde
Cable Jacket, Section 13. The average thickness\of a binder jacket shall not

UL 2556. The material, construction, manner of application, and other details g
tape binder gre not specified. See note ¢ to Table\12.1 for core and cable wraps. A me

)

0.25 mm. The minimum thickness at any point of\a binder jacket shall not be les
mm. The thicknesses of a binder jacket are-to be determined as describe

0.1 and 10.2 may serve as a binder.
ly of Multiple-Conductor Cable

ple-conductor cable is t¢ be constructed essentially flat or round as described i
ers is optional. The conductors or members shall be cabled in any group or ass
irection of lay are-\not specified. Any group or assembly shall be esse
s of two or more.cabled conductors or members may be used in a group or
d cable consisting of 12 or fewer twisted pairs or 2, 3, or 4 single insulated cor
s or insulafed conductors laid straight but otherwise all conductors, groups o

orrugated or
Any bonded
bond to the

D), or several

jacket shall
be less than
s than 0.008
d in the test
f a thread or
tal shield as

n Table 12.1.
mbly but the
tially round.
assembly. A
ductors may
conductors,
hot specified.
sulated with

lrre of sizes,
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Table 12.1
Assembly of Cable

Conductors and members

Acceptable constructions of cable

2 or more insul

2,3, 0r4insulz

2 or more insu
or

2 or more ther
or

2 or more coax
or

1 or more coax

1 or more optid

1 or more twist

1 or more optid

2 or more coax
or

1 or more coa

1 or more optid
or

1 or more cabl

twisted pairs o

groups (cores)

assembly of cg

group(s) of ong

1 or more insu
and/or

2 or more ther
and/or

1 or more coax

ated copper conductors

ited copper conductars

JACKETED RIBBON CABLE: Insulated conductors complying
with Table 7.3 laid parallel and bonded together or conductors
laid parallel and insulated in accordance with Table 7.3 with an

integral extruded web of unspecified thickness b
In each case, the flat assembly shall be covered

etween them.
with an overall,

nonintegral jacket that complies section 13. Fillers integral with

the jacket are not required.

INTEGRAI FI AT CARI E* Conductors laid paral

ated copper conductors
nocouple-extension wires

ial members

ial member and

al-fiber member or

ed pairs of insulated copper conductors and
al-fiber of coaxial members

ial members

ial member and
al-fiber members

bd groups (cores) consisting of one or more
insulated copper conductors and additional
consisting of coaxial or optical-fiber-members an

axial and/or optical-fiber membersy.or a cabled
or more twisted insulated pairs,

ated copper conductdrs3®

nocouple-extension wires®°

ial member(8)>?

extruded with integral insulation and jacket com
Table 7.2.

NONINTEGRAL FLAT CABLE: The separate ins
conductors members complyingwith Table 7.3,
pairs and the members, paid parallel under an o
nonintegral jacket that complies with Cable Jack
Either the jacket shall comedown to an intercon
unspecified thickness'between the conductors,
members, or fillers that are integral with the jack
provided®. The.degree to which the integral filler
is not specified,except that the fill shall maintain
the flat construction.

MULTIPLE CORE FLAT CABLE: The jacketed n
parallel or the jacketed single or assembly of mg
jacketed groups® of pairs laid parallel. The overd
comply with Cable Jacket, Section 13, and are t
together or extruded with an integral web betwe
separation, the jackets shall not be reduced in tt
or otherwise adversely affected.

ROUND CABLE: The single insulated conducto
round assembly® of conductors and/or member(
described in 12.1, under an overall nonintegral j
complies with Cable Jacket, Section 13.

el and
lying with

ulated

br the twisted
erall,

let, Section 13.
hecting web of
ires, or

bt are to be

5 fill the valleys
the stability of

embers laid

mbers and the

Il jackets are to
be bonded

bn them. Upon

ickness, torn,

. or the single
5) cables as
hcket that

@ A single insu
may be surfac
insulated copp|

pted conductor, added for use in voice communications during installation of a cable (conductor then
e marked as a communications conductor. The conductor shall comply with the requirements in this
prcircuit conductor and is not required to be included in the cable surface marking.

abandoned),
btandard for an

appropriate as

a core wrap. See 11.1 for binders.

4 Not required on constructions having only two separate insulated conductors.

® Plus one or more optical-fiber member(s), however the cable shall not consist of only an optical-fiber member(s). Each optical-
fiber member shall be assembled into the cable as if it were an electrical conductor— that is, the optical-fiber member(s) shall be
laid parallel with the coaxial member(s) or cabled with the same direction and length of lay as the electrical conductors, as
indicated for the construction. It is appropriate for a group of optical-fiber members that does not have an electrical conductor or
conductors in the group to include one or more non-current-carrying electrically conductive parts such as a metal strength element
or a metal vapor barrier. The construction of these parts is not specified.

¢t is sppropriate for an assembly or a group under a jacket to be enclosed in a core wrap (cable wrap) consisting of a serving,
wrap, tape, or other construction. The core wrap shall completely cover the assembly or group. The material, construction, manner
of application, and other details of a nonmetallic core wrap are not specified. A metal shield as described in 10.1 and 10.2 is
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13 Cable Jacket

13.1 In the absence of any metal covering on the cable, an overall cable covering consisting of a jacket
complying with (a) or (b) of this paragraph, as applicable, shall be extruded over each multiple-conductor
nonintegral construction described in Table 12.1. Any jacket that is provided shall be tight enough to
maintain the configuration however it shall not adhere to the underlying assembly (no test). The assembly
shall be completely covered and well centered in the jacket. The jacket shall not have any defects
(bubbles, open spots, rips, tears, cuts, or foreign material) that are visible with normal or corrected vision

without magn

ification.

a) For a cable in which the insulation is rated 60 — 105°C (140 — 221°F), the jacket shall be of one
of the jacket materials indicated in Table 7.1 or referenced in note @ to Table 7.1 and shall be of the

thickn
Table

jacket
tempe

bsses Indicated in Table 13.1 (fluoropolymer) or Table 13.2 (other than fluorop
13.2 (heavier jacket) when measured as described in the test Thickness(in-U
material shall have a temperature rating that is not more than 15°C (27%F) Id
rature rating of the insulation in the cable. The temperature rating of thie cable is
perature rating of the insulation. See 7.1.2.

olymer) or in
L 2556. The
wer than the
the same as

et shall be of
nd shall be of

L 2556. The

relatiopship between the temperature ratings of the insulation and the cable jacket is [not specified
but th¢ temperature rating of the cable is that of whichever insulation or jacket in the ¢able has the
lowes{ temperature rating. See note ° to Table 7.1 arid.also 7.1.2.
13.2 Cableg on which a jacket thicker than indicated'in Table 13.1 or Table 13.2 is necessary to enable
the cable to gomply with any applicable flame or other test described or referenced in these fequirements
shall be madé¢ with whatever greater thicknesses of jacket may be needed for this purpose.|In this case,

the minimum

thickness at any point of the heavier jacket shall not be less than 80 percent of

the average

thickness of the heavier jacket.

Table 13.1
5ses® 9 of nonintegral fluoropolymer cable jacket of ECTFE, FEP, PFA, PVDFF, PVDF

COPOLYMER, or TFE

Thickne

Calculatefl diameter ofiround
assempbly z:iderjacket Minimum acceptable average Minimum acceptable thickness at any
calculated equivalentdiameter® of flat thickness of jacket point of jackpt
assemnyT.lnderjacket see 5.1
inch inch
0-0.250 0.008° 0.006°
Over 0.250 but not over 0.350 0.010° 0.008°
Over 0.350 but not over 0.500 0.013 0.010
Over 0.500 but not over 0.700 0.015 0.012
Over 0.700 but not over 1.500 0.020 0.016
mm mm
0-6.35 0.20° 0.15°
Over 6.35 but not over 8.89 0.25° 0.20°
Over 8.89 but not over 12.70 0.33 0.25
Over 12.70 but not over 17.78 0.38 0.30

Table 13.1 Continued on Next Page
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Table 13.1 Continued

Calculated diameter of round
assembly under jacket
or
calculated equivalent diameter® of flat
assembly under jacket see 5.1

Minimum acceptable average
thickness of jacket

Minimum acceptable thickness at any

point of jacket

Over 17.78 but not over 38.10

0.51

0.41

2 A thicker jacket may be required to enable the cable to comply with one or more tests. See 13.2

® The equivalent diameter of a flat assembily is to be calculated as 1.1284 x (TW)"2, in which T is the thickness of the assembly
and W is the width of the assembly.

¢ A jacket that is applied dlrectly over the W|re serving, wrap, or braid mentioned in 10.2(c) (no |nterven|ng wrap or other protective

covering) shall than 0.010
inch or 0.25 m
9 A jacket of th|ckness other than indicated in this table is acceptable if, upon evaluation, it has been found to.cdniply with the
applicable reqdiirements of this standard. Evaluation of thinner jackets may include but not be limited to crush,)impdct, and
abrasion tests)
Table 13.2
Thicknesses® © of nonintegral cable jacket of CP, thermoset CPE, thermoplastic CPE| NBR/PVC,
neogrene, PVC, semirigid PVC, silicone rubber, TPE, XL, LDFRPE, HDFRPE, or XLPO
Calculated Jacket whose tensile strength is less than Jacket whosge tensile
diameter of 2500 Ibf/in? or strength is|at least
round 17.21 MN/m? or 2500 Ibf/|n? or
assembly 1724 N/cm? or 17.21 MN[m? or
under jacket 1.76 kgf/mm? 1724 N/c? or
2
or ca!culatec PVC Other material 1,76 kgfimm
equivalent
diameter® off Minimum Minimum Minimum Minimum Minimum Minimum
flat assembly average thickness at average thickness at average thickness at
under jacket thickness of any point of thickness of any point of thickness of any point of
see 5.1 jacket jacket jacket jacket jacket jacket
inch inch
0-0.350 0.023 0.018 0.030 0.024 0.013 0.010
Over 0.350 byt 0.027 0:022 0.030 0.024 0.018 0.014
not over 0.40
Over 0.400 byt 0.032 0.026 0.030 0.024 0.018 0.014
not over 0.70
Over 0.700 byt 0.045 0.036 0.045 0.036 0.030 0.024
not over 1.00
Over 1.000 byt 0.045 0.036 0.060 0.048 0.030 0.024
not over 1.50
Over 1.500 but 0.060 0.048 0.075 0.060 0045 0.036
not over 1.800
mm mm
0-8.89 0.58 0.46 0.76 0.61 0.33 0.25
Over 8.89 but 0.69 0.56 0.76 0.61 0.46 0.36
not over 10.16
Over 10.16 but 0.81 0.66 0.76 0.61 0.46 0.36
not over 17.78
Over 17.78 but 1.14 0.91 1.14 0.91 0.76 0.61
not over 25.40
Over 25.40 but 1.14 0.91 1.52 1.22 0.76 0.61
not over 38.10

Table 13.2 Continued on Next Page
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Table 13.2 Continued
Calculated Jacket whose tensile strength is less than Jacket whose tensile
diameter of 2500 Ibf/in? or strength is at least
round 17.21 MN/m? or 2500 Ibf/in? or
assembly 1724 N/cm? or 17.21 MN/m? or
under jacket 1.76 kgf/mm? 1724 Nicm? or
2
or ca!culated PVC Other material 1,76 kgf/mm
equivalent
diameter® of Minimum Minimum Minimum Minimum Minimum Minimum
flat assembly average thickness at average thickness at average thickness at
under jacket thickness of any point of thickness of any point of thickness of any point of
see 5.1 jacket jacket jacket jacket jacket jacket
Over 38.10 but 1.52 1.22 1.90 1.52 1.14 0.91
not over 45.72
@ A thicker jackgt is required to enable some cables to comply with one or more tests. See 13.2
® The equivalerjt diameter of a flat assembly is to be calculated as 1.1284 x (TW)"2, in which T is the thickriéss-of th¢ assembly

and W is the wi

© A jacket thickr
applicable requ
abrasion tests.

ith of the assembly.

ess other than indicated in this table is acceptable if, upon evaluation, it has been found‘to comply with the
rements of this standard. Evaluation of thinner jackets may include but not be limited to crush, impa¢t, and

14 Metal Covering

141

14.1.1 Wire
cable. See t
Interlocked S

General

bn any round
sion Test of

armor, a metal braid, interlocked metal armor, ‘or a metal sheath is acceptable
bsts in Crushing Test for Cable Marked for Direct Burial, Section 32, Ten

eel or Aluminum Armor, Section 36, and Flexibility Test for Cable Having Interl

ocked Armor

or a Smooth|or Corrugated Metal Sheath, Section;37. Any metal covering that is provided shall be as
follows:
a) A smooth metal sheath shall comply with 14.1.2 and 14.2.1 — 14.2.4.
b) A welded and corrugated metal sheath shall comply with 14.1.2, 14.1.3, 14.3.1, and|14.3.2.
c) An éxtruded and corrugated metal sheath shall comply with 14.1.2, 14.1.3, 14.4.1, and 14.4.2.
d) Intgrlocked metalarmor shall comply with 14.1.2 and 14.5.1 — 14.5.9. See 10.2(b).
e) Wire armor-or a metal braid shall be applied over a jacket that complies with Gable Jacket,
Sectign 13
14.1.2 The O Re p—rorHHRgtheHtero6kea RO 2 oe-coRthHou ‘utthelength

of the cable. A sheath shall not have flaws that affect its integrity — that is, a sheath shall not h

ave any weld

openings, cracks, splits, foreign inclusions, or the like. The strip from which interlocked armor is formed

may be spliced (see 14.5.3) but there shall not be any cut or broken ends.

14.1.3 The number of convolutions per unit length of a welded or extruded corrugated metal sheath is
not specified but is to be judged on the basis of the performance of the finished cable in the tests specified

in this standard.

14.2 Smooth metal sheath

14.2.1

A smooth metal sheath shall be of an aluminum-base alloy having a copper content of 0.40

percent or less, of commercially pure lead, or of an alloyed lead. The sheath shall be tightly formed around

the underlying cable.
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14.2.2 The metal sheath shall be applied over a jacket complying with Cable Jacket, Section 13; over a
separator, binder, or other covering; or directly over the cable construction described in Table 12.1 without
any intervening jacket, separator, or other covering.

14.2.3 The average thickness and the minimum thickness at any point of the smooth sheath shall not be
less than indicated in Table 14.1. The thicknesses of the smooth sheath are to be determined by means of
a machinist's micrometer caliper that has a hemispherical surface on the anvil, has a flat surface on the
end of the spindle, and is calibrated to read directly to at least 0.001 inch or 0.01 mm. The spindle shall be
round.

Exception: When the performance of the sheath meets the requirements in the Standard for Metal-Clad

Cables, UL 1

569, dimensions of the sheath may differ from those shown in Table 14.1

14.2.4 A sn

may be stripped from the entire length of the cable and the cable may be resheathed.

14.3 Welde¢d and corrugated metal sheath

1431 AW
content of 0.4
the underlyin
14.2.2. See ]

nooth or corrugated metal sheath that does not comply with the requirements’in

elded and corrugated metal sheath shall be of an aluminum-base alloy hay
L0 percent or less, a copper alloy, or a bronze alloy. The sheath shall be tightly f
g cable and shall be welded and corrugated. The shéath shall be applied a
4.24.

14.3.2 The
corrugated s|
tape is to be
round and ar

Exception: W
Clad Cables,

14.4 Extru

14.41 An
content of O
sheath shall

heath is made shall not be less than 0.022inch or 0.56 mm. The thickness of
determined by means of a machinist's micrometer caliper having an anvil and sy
e not larger than 0.200 inch or 5.1 mmsin‘diameter, with flat surfaces on each.

hen the performance of the metal sheath meets the requirements in the Stand|
UL 1569, dimensions of the metal tape may differ from those required in 14.3.2.

Hed and corrugated metal sheath

pxtruded and corrugated metal sheath shall be of an aluminum-base alloy ha
40 percent or'ess. The sheath shall be tightly formed around the underlyir
be applied.as-indicated in 14.2.2. See 14.2.4.

this standard

ing a copper
brmed around
5 indicated in

minimum thickness at any point of the unformed metal tape from which the¢ welded and

the unformed
indle that are

ard for Metal-

ing a copper
g cable. The

Table 14.1
Thicknesses of smooth aluminum sheath
Calculated diameter under aluminum Mils mm
see 5.1 Minimum Minimum Minimum Minimum
inch mm acceptable acceptable acceptable acceptable
average thickness at any average thickness at any
thickness point thickness point

0-0.400 0-10.16 35 32 0.89 0.81
Over 0.400 but not | Over 10.16 but not 45 41 1.14 1.04

over 0.740 over 18.80

Table 14.1 Continued on Next Page
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Table 14.1 Continued

Calculated diameter under aluminum Mils mm
see 5.1 Minimum Minimum Minimum Minimum
inch mm acceptable acceptable acceptable acceptable
average thickness at any average thickness at any
thickness point thickness point
Over 0.740 but not | Over 18.80 but not 55 50 1.40 1.27
over 1.050 over 26.67
Over 1.050 but not | Over 26.67 but not 65 59 1.65 1.50
over 1.300 over 33.02
Over 1.300 butjnot | Over 33.02 but not 75 68 1.90 1.73
over 1.550 over 39.67
Over 1.550 butjnot | Over 39.37 but not 85 77 2.16 1.96
over 1.800 over45.72
Over 1.800 Over 45.72 95 86 2.41 2.18
14.4.2 The minimum thickness at any point of the unformed metal tube from which the e¢xtruded and

corrugated sh
14.2.3.

Exception: W
Clad Cables,

eath is made shall not be less than 0.022 inch or 0:56 mm when determined a$ indicated in

hen the performance of the metal sheath ineets the requirements in the Standard for Metal-
UL 1569, dimensions of the metal tube may differ from those required in 14.4.2.

14.5 Interl

1451 Arm
—14.5.9. Dim
a metal shea

1452 The
percent or |

including edg
all points, an
value of the ¢

have any bur

cked armor

2and 14.5.2
indicated for

r shall consist of interlocked steel or aluminum strip and shall comply with 14.1
nsions of the metal strip shall comply with 14.5.9. The strip shall be applied as
in 14.2.2.

htent of 0.40
all surfaces,
here firmly at

strip shall be made of steel or of an aluminum-base alloy with a copper co
s. Steel strip_shall be protected against corrosion by a coating of zinc on
s and splicés. The coating on each surface shall be evenly distributed, shall ad

shall be smooth and free from blisters and all other defects that can diminish the protective
ating.

and shall not
rs, sharp edges, pits, scars, cracks, or other ﬂaws that can damage the underlying cable or

any jacket over the armor. Splices shall not materially increase the width or thickness of the strip nor shall
they lessen the mechanical strength of the strip or adversely affect the formed armor.

1454 Zinc-
27,600 N/cm?

kgf/mm?. The

coated steel strip shall have a tensile strength of not less than 40,000 Ibf/in? or 276 MN/m? or
or 28.1 kgf/mm? and not more than 70,000 Ibf/in? or 483 MN/m? or 48,300 N/cm? or 49.2
tensile strength shall be determined on longitudinal specimens consisting of the full width of

the strip when practical and otherwise on a straight specimen slit from the center of the strip. The test shall
be made prior to application of the strip to the cable.
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Table 14.2
Dimensions of metal strip for interlocked armor

Calculated diameter under i i Minimum acceptable thickness at any point of the formed
armor Maximum acceptable width strip removed from the finished cable
see 5.1 of unformed strip?
- Steel Aluminum
inch mils
0-0.500 500 17 22
Over 0.500 but not over 1.000 750 17 22
Over 1.000 but not over 1.500 875 17 22
Over 1.500 but not over 2.000 875 22 27
Over[2-000 000 22 a7
nm mm
0-[2.7 12.7 0.43 56
Over 12.7 buf not over 25.4 19.0 0.43 0456
Over 25.4 bug not over 38.1 222 0.43 0}56
Over 38.1 bug not over 50.8 222 0.56 069
Ovef 50.8 25.4 0.56 069

@ The acceptal]
acceptable told

le tolerances for the width of steel strip are plus 10 mils and minus 5 mils_or plus 0.2 mm and minus
rances for the width of aluminum strip are plus and minus 10 mils or plus-and minus 0.2 mm.

D.1mm. The

14.5.5 Zingcoated steel strip shall have an elongation of notless than 10 percent in 10 inch
than 10 pergent in 254 millimeters. The elongation shall.be determined as the permane
length of a fnarked section of the strip (originally 10 inches or 254 mm in length) meas

specimen hag fractured. The test shall be made prior te‘application of the strip to the cable.

14.5.6 Finished zinc-coated steel strip, prior to\being applied to the cable, shall have a zin
remains adhérent without flaking or spalling when the strip is subjected to a 180° bend over &
is 1/8 in or 32 mm in diameter. The zinc ceating is to be considered as complying with this r|
is bent around the specified mandrel, the coating does not flake or fly off and
be removed from the strip by rubbing'with the fingers.

14.5.7 Loosening or detachment during the adherence test and superficial (small) pa
formed by meechanical polishing of the surface of the zinc-coated steel strip do not constity
rejection.

14.5.8 Unfgrmed and formed zinc-coated steel strip shall comply with the copper sulphate t
coating desgribed in Copper Sulphate Test of Zinc Coating on Steel Strip for and from Inte

E

es or not less
t increase in
red after the

c coating that

mandrel that
equirement if,
none of it can

ticles of zinc
te reason for

st of the zinc
rlocked Steel

Armor, Sectipn.34.

14.5.9 The width of unformed aluminum strip or of unformed zinc-coated steel strip shall not be greater
than indicated in Table 14.2. The minimum thickness at any point of the formed metal strip removed from
the finished cable shall not be less than indicated in Table 14.2 when measured by means of a machinist's
micrometer caliper having an anvil and spindle that are round and are not larger than 0.020 inch or 5.1 mm
in diameter, with flat surfaces on each.

Exception: When the performance of the armor meets the requirements in the Standard for Metal-Clad
Cables, UL 1569, dimensions of the armor may differ from those shown in Table 14.2.

15 Jacket over Metal Covering

15.1  Ajacket is required over a metal covering that is on any cable intended for direct burial. A jacket is
not required over a metal covering on other cable [see 10.2(b)]. Any jacket provided over a metal covering
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shall comply with Cable Jacket, Section 13. The same calculated (see 5.1) core dimension that is used in
determining the thicknesses of a section 13 cable jacket that is not over a metal covering is to be used in
determining the thicknesses required for an over-metal jacket — that is, an over-metal jacket need not be
thicker than a cable jacket that is not over a metal covering.

PERFORMANCE
16 Continuity Test of Conductors and Shields

16.1 The cable shall be tested for continuity of each conductor and shield before the Dielectric Voltage-

Withstand Test is performed. The continuity testing is to be conducted in one of the following ways on 100
percent of prcrll 1ction hy the cahle manufacturer at the cahle fnr\fnry:

a) The finished cable is to be tested on each master reel before the final rewind opgration or as
indiviqual shipping lengths after the final rewind operation. A master reel is anyreel|containing a
single|length of finished cable that is intended to be cut into shorter lengths,for,shipping.

b) Thg¢ assembled cable is to be tested before the overall covering isapplied. In this case, one
shipping length from each master reel of the finished cable is also_to'be tested. If any|conductor or
shield|in the finished cable in that length is found not to be contifuots, 100 percent of the finished
cable pn the master reel from which the length was taken is to be-tested.

16.2 To determine whether or not the finished cable complies\with the requirement in 5.2 ¢r 10.1, each
conductor or ghield taken separately is to be connected in series with a light-emitting diode [(LED), lamp,
buzzer, bell, qr other indicator, and an appropriate low-voltage a-c or d-c power supply.

17 D-C Resjistance Test of Copper Conductors

17.1  The difect-current resistance of any length of metal- coated or uncoated copper conddyctor in ohms
per 1000 copductor feet or in ohms per conductor kilometer shall not be higher than the maximum
acceptable value indicated for the marked size of the conductor (see 5.3) in Table 17.1 (solid conductors)
or 17.2 (strarjded conductors) when measured at or adjusted to a temperature of 20°C (6$°F) or 25°C
(77°F). The direct-current resistance of each conductor in a finished multiple-conductor cdble shall not
exceed the sjngle-conductor value“in Table 17.1 or Table 17.2 multiplied by whichever of fthe following
factors is applicable:

Construction Multiplier
Cabled in one layer 1.02
Cabled in morel|than ofetayer 1.03
Cabled as one pair 1.04
Cabled as an assembly of pairs or other precabled units 1.04

17.2 The method is not specified but measurements are to be made to an accuracy of 2 percent or better
by means of a Kelvin-bridge ohmmeter or its equivalent (see 17.3 concerning measurement at other
temperatures). If the results of any measurement are not acceptable, the results of referee measurements
made under the conditions outlined in 17.4 — 17.10 are to be taken as conclusive. An option of determining
the conductor diameter or area instead of its d-c resistance is described in paragraph 5.4 for solid and
stranded copper conductors of a standard (see 5.2) AWG size.

17.3 The resistance of an uncoated or metal-coated copper conductor measured at any temperature
other than 20°C (68°F) or 25°C (77°F) is to be adjusted to the resistance at 20°C (68°F) or 25°C (77°F) by
means of the applicable multiplying factor from Table 17.3. If the resistance measurements are made at a
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temperature higher than 20°C (68°F) and the resistance values read are less than those specified in Table
17.1 or Table 17.2, the conductor is acceptable without use of the factors in Table 17.3.

17.4 A referee determination of the direct-current resistance of a conductor is to be made to an accuracy
of 0.2 percent or better by means of the general-purpose Kelvin-bridge or its investigated equivalent using
a straight specimen of the conductor that is 24 — 48 inches or 610 — 1220 mm long. See note ? to Table
17.3.

17.5 Each general-purpose Kelvin-bridge current electrode is to be attached to a specimen in a way —
conductor not damaged or bent, conductor in full-length contact with the electrode, uniform pressure by
the electrode at all points of contact, and so forth — that results in an essentially uniform distribution of

current.

17.6  The| distance between each general-purpose Kelvin-bridge potential €lectrpde and its
corresponding current electrode is to equal or exceed 1.5 times the circumference of the conductor
specimen. The resistance of the Kelvin-bridge yoke between the reference standard and th¢ specimen is
not to be mofe than 0.1 percent of the resistance of the reference standard or.the specimen| whichever is
less, unless gompensation is made for the potential leads or the coil and lead ratios are balar|ced.
17.7 Each general-purpose Kelvin-bridge potential electrode shall contact the conductor specimen with a
surface that |s a sharp knife edge (see 17.10). The length of the éenductor specimen between the knife
edges is to bp measured to the nearest 0.01 inch or 0.2 mm.
17.8 When using the general-purpose Kelvin-bridge, the conductor specimen, all equipment, and the
surrounding pir are to be in thermal equilibrium with oneZanother at one temperature in the[range of 15—
30°C (59 — 86°F). All of the referee resistance measurements are to be made at that one temperature. See
17.3 and not¢ @ to Table 17.3.
Table 17.1
Maximum acceptable direct=current resistance of solid copper conductorg
. Uncoated Coated
Awﬁfs'ze 20°C 25°C 20°C D5°C
conductor | |[Ohms per Ohmsper | Ohms per Ohms per | Ohms per Ohms per | Ohms pef Ohms per
1000 feet kilometer 1000 feet kilometer 1000 feet kilometer 1000 feet kilometer

28 66.6 219 67.9 223 69.3 227 70.6 232

27 52.4 172 53.4 175 54.4 179 55.5 182

26 45% 148 46.0 151 46.9 154 47.8 157

25 356 7 36.3 119 370 127 377 124

24 28.6 93.8 29.2 95.8 315 103 32.1 105

23 22.3 73.2 227 74.5 23.2 76.1 23.7 77.8

22 18.0 59.1 18.4 60.4 19.8 65.0 20.2 66.3

21 14.1 46.3 14.4 47.2 147 48.2 15.0 49.2

20 11.1 36.4 1.3 371 1.6 38.1 1.8 38.7

19 8.86 29.1 9.04 29.7 9.21 30.2 9.39 30.8

18 6.52 21.4 6.64 21.8 6.78 222 6.91 22.7

17 5.15 16.9 5.25 17.2 5.36 17.6 5.46 17.9

Table 17.1 Continued on Next Page
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Table 17.1 Continued

Uncoated Coated
Awifs'ze 20°C 25°C 20°C 25°C
conductor | Ohms per Ohms per | Ohms per Ohms per Ohms per  Ohms per Ohms per  Ohms per
1000 feet kilometer 1000 feet kilometer 1000 feet kilometer 1000 feet kilometer
16 4.10 13.5 4.18 13.7 4.26 14.0 4.35 14.3
15 3.24 10.6 3.30 10.8 3.37 11.1 3.43 11.3
14 2.57 8.45 2.62 8.61 2.68 8.78 2.72 8.96
13 2704 8769 2708 882 2712 6796 2716 7.09
12 1.62 5.31 1.65 5.42 1.68 5.53 1.71 5.64
11 1.29 4.22 1.32 4.30 1.34 4.39 N37 4.48
10 1.02 3.34 1.04 3.41 1.06 3.48 1.08 3.55
Table 17.2
Maximum acceptable direct-current resistance of stranded-copper conductofs
Uncoated Coated
Awifs'ze 20°C 25°C 20°C 45°c
conductor | Ohms per Ohms per | Ohms per Ohms per | Ohms per Ohms per Ohms per| Ohms per
1000 feet kilometer 1000 feet kilometer 1000 feet kilometer 1000 feet kilometer
28 67.9 223 69.3 227 70.7 232 72.0 236
27 53.4 175 54.5 179 55.6 182 56.6 186
26 42.7 140 43.6 143 44 .4 145 45.2 148
25 33.7 111 34.4 113 35.0 115 35.7 117
24 26.7 87.6 2702 89.2 27.7 90.9 28.4 93.2
23 21.1 69.2 21.5 70.5 21.9 719 22.3 73.2
22 16.9 55.4 17.2 56.4 175 57.4 17.9 58.7
21 13.3 43.6 13.6 44.6 13.9 45.6 14.1 46.3
20 10.5 34.4 10.7 33.1 10.9 35.8 11.1 36.4
19 8.39 27.5 8.66 28.4 8.71 28.6 8.87 29.1
18 6:66 21.9 6.79 22.3 6.92 22.7 7.04 23.1
17 529 174 5.40 17.7 BA47 179 557 18.3
16 419 13.7 4.27 14.0 4.35 14.3 4.44 14.6
15 3.30 10.8 3.37 11.1 3.44 11.3 3.50 11.5
14 2.62 8.60 2.67 8.76 2.73 8.96 2.77 9.09
13 2.08 6.82 2.12 6.96 2.16 7.09 2.20 7.22
12 1.65 5.41 1.68 5.51 1.71 5.61 1.74 5.71
11 1.32 4.33 1.35 443 1.37 4.49 1.40 4.59
10 1.04 3.41 1.06 3.48 1.08 3.54 1.10 3.61
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Table 17.3
Factors for adjusting d-c resistance of conductors?

Temperature of conductor Multiplying factor for Temperature of conductor Multiplying factor for

adjustment to resistance at adjustment to resistance at

°C °F 25°C (77°F) 20°C (68°F) °C °F 25°C (77°F) 20°C (68°F)
0 32.0 1.107 1.085 45 113.0 0.928 0.911
33.6 1.102 1.081 46 114.8 0.925 0.908
2 35.6 1.098 1.076 47 116.6 0.922 0.905
37.4 1.093 1.072 48 118.4 0/918 0.901
39.2 1.089 1.067 49 120.2 0.915 0.898
41.0 1.084 1.063 50 122.0 0.912 0.895
42.8 1.079 1.059 51 123.8 0.909 0.892
44.6 1.075 1.054 52 125.6 0.906 0.889
46.4 1.070 1.050 53 127.4 0.902 0.885
9 48.2 1.066 1.045 54 129.2 0.899 0.822
10 50.0 1.061 1.041 55 131.0 0.896 0.879
11 51.8 1.057 1.037 56 132.8 0.893 0.876
12 53.6 1.053 1.033 57 134.6 0.890 0.873
13 55.4 1.048 1.028 58 136.4 0.887 0.870
14 57.2 1.044 1.024 59 138.2 0.884 0.867
15 59.0 1.040 1.020 60 140.0 0.881 0.864
16 60.8 1.036 NO16 61 141.8 0.878 0.861
17 62.6 1.032 1.012 62 143.6 0.875 0.858
18 64.4 1.028 1.008 63 145.4 0.872 0.856
19 66.2 024 1.004 64 147.2 0.869 0.853
20 68.0 1.020 1.000 65 149.0 0.866 0.850
21 69.8 1.016 0.996 66 150.8 0.863 0.847
22 VAN 1.012 0.992 67 152.6 0.860 0.844
23 73.4 1.008 0.989 68 154.4 0.858 0.842
24 75.2 1.004 0.985 69 156.2 0.855 0.839
25 77.0 1.000 0.981 70 158.0 0.852 0.836
26 78.8 0.996 0.977 71 159.8 0.849 0.833
27 80.6 0.992 0.973 72 161.6 0.846 0.830
28 82.4 0.989 0.970 73 163.4 0.844 0.828
29 84.2 0.985 0.966 74 165.2 0.841 0.825
30 86.0 0.981 0.962 75 167.0 0.838 0.822
31 87.8 0.977 0.958 76 168.8 0.835 0.819
32 89.6 0.974 0.955 77 170.6 0.833 0.817

Table 17.3 Continued on Next Page
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Table 17.3 Continued

Temperature of conductor Multiplying factor for Temperature of conductor Multiplying factor for
adjustment to resistance at adjustment to resistance at
°C °F 25°C (77°F) | 20°C (68°F) °C °F 25°C (77°F) | 20°C (68°F)
33 91.4 0.970 0.951 78 172.4 0.830 0.814
34 93.2 0.967 0.948 79 174.2 0.828 0.812
35 95.0 0.963 0.944 80 176.0 0.825 0.809
36 96.8 0.959 0.941 81 177.8 0.822 0.807
37 98.6 0.956 0.937 82 179.6 0.820 0.804
38 100.4 0.952 0.934 83 181.4 0.817 0.802
39 102.2 0.949 0.930 84 183.2 0.815 0.799
40 104.0 0.945 0.927 85 185.0 0.812 0.797
41 105.8 0.942 0.924 86 186.8 0.810 0.794
42 107.6 0.938 0.921 87 188.6 0.807 0.792
43 109.4 0.935 0.917 88 190.4 0.805 0.789
44 11.2 0.931 0.914 89 192.2 0.802 0.787
90 194.0 0.800 0.784
@ No referee registance measurement is to be made at a temperature-eutside the range of 15— 30°C (59 — 86°C). S¢e 17.8.
17.9 Becayse the general-purpose Kelvin-bridgé measuring current raises the tempefature of the
specimen, thg magnitude of the current is to be.as low as possible and the time of its use is to|be brief. Too
much currentf too much time, or both, are beihg used for a measurement if any change in |resistance is
detected with|the galvanometer in two suctessive readings.
17.10 The gontact surfaces of the general-purpose Kelvin-bridge current electrodes, the surface of the
conductor sp¢cimen, and the knife*edges of the general-purpose Kelvin-bridge potential elegtrodes are to
be clean angl undamaged.Contact-potential imbalance is to be minimized by having fhe potential

electrodes made of the same material. Contact-potential error is to be eliminated by taking two readings in
direct succesgion: the firstwith the current flowing in one direction and the second with the cyrrent flowing
in the other direction( If 'the two readings are within 0.25 percent of one another, the average of the two
readings is tq be taken as the referee value of the resistance of the specimen. If the two rg@adings differ
from one anther by 0. 25 percent or more, the spemmen is to be turned end for end and tyo additional
readings ide —the-third with the
current flowing in one direction and the fourth with the current flowing in the other dlrect|on If the third and
fourth readings are within 0.25 percent of one another, the average of the third and fourth readings is to be
taken as the referee value of resistance of the specimen. If the third and fourth readings differ from one
another by 0.25 percent or more, the equipment and procedure are to be checked for compliance with
17.4— 17.9 and the referee determination is to be repeated (two or four readings as necessary) using the
same specimen or a new specimen.

18 Cold Bend Test of Insulation

18.1 After being conditioned for 4 h in circulating air that is precooled to and maintained at a temperature
of =20.0°C, +3.0°C, -2.0°C (-4.0°F, +5.4°F, —3.6°F), the insulation or integral insulation and jacket on
specimens removed from the finished cable (before being conditioned) shall not crack on the inside or
outside surface when the specimens are individually wound onto a round mandrel in the cold chamber as
described in 18.2— 18.4.
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18.2 A circular metal mandrel is to be used in this test. The diameter of the mandrel is to be as indicated
in Table 18.1. The single mandrel is to be securely mounted in the chamber in a position that facilitates the
winding.

18.3 For testing the integral insulation and jacket of flat cable, 24-inch or 610-mm lengths of the
complete flat cable are to be used as flat specimens. The insulated conductors and any coaxial members
are to be removed from a 24-inch or 610-mm length of other finished cable and are to be separated from
one another and individually placed as round specimens in the precooled cold chamber. Any jacket and
the shield (s) are to be removed from coaxial members before these members are placed in the cold
chamber. The specimens and mandrel are to be conditioned for 4 h in circulating air that is precooled to
and maintained at a temperature of —20.0°C, +3.0°C, -2.0°C (-4.0°F, +5.4°F, -3.6°F). At the end of the
fourth hour, the specimens are to be wound individually, and in quick succession, for 5 full turns onto the
mandrel, with adjacent turns touching (1 complete turn is to be used for flat cable). The wipding of each
specimen is {o be at an approximately uniform rate of 5 seconds per turn. The winding,i$ to he done in the
cold chambey.

18.4 With g minimum of handling and while remaining in the coiled form, each specimen is {o be slid from
the mandrel,|removed from the test chamber, and placed on a horizontal surface. The spegimens are to
rest on that qurface undisturbed for at least 60 min in still air to warm to a.room temperature gf 24.0 +8.0°C
(75.2 £14.4°F). Each specimen is then to be examined for cracks on thetinside and outside sprfaces of the
insulation or| of the integral insulation and jacket. Cracks on the, inside surface can bg detected as
circumferentfal depressions in the outer surface of a specimen{of*material other than a fluoropolymer.
Circumferentjial depressions in a fluoropolymer surface are likelyto be yield marks (locally stronger points)
rather than indicators of cracking.

Table 18.1
Cold bend mandrel diameter

Calculated diameter over round specimen or calctlated Diameter of mandrel
ength of minor axis of flat cable
See 5.1

inch mm inch nmm

0-0.083 0-2.11 0.250 635

Over 0.083 buf not over 0.104 Over2.11 but not over 2.64 0.313 7195
Over 0.104 buf not over 0.125 Oyver 2.64 but not over 3.18 0.375 9553
Over 0.125 bug not over 0.146. Over 3.18 but not over 3.71 0.438 111
Over 0.146 buf not over 0.167 Over 3.71 but not over 4.24 0.500 12.7
Over 0.167 buf not oyer.0-188 Over 4.24 but not over 4.78 0.563 14.3
Over 0.188 buf not'aver 0.208 Over 4.78 but not over 5.28 0.625 1%.9
Over 0.208 butnatiaover 0 229 Quer 5 28 bhut nat over 5 82 0 R88 1Y.5
Over 0.229 but not over 0.250 Over 5.82 but not over 6.35 0.750 19.1
Over 0.250 but not over 0.271 Over 6.35 but not over 6.88 0.813 20.7
Over 0.271 but not over 0.292 Over 6.88 but not over 7.42 0.875 22.2
Over 0.292 but not over 0.333 Over 7.42 but not over 8.46 1.000 254

19 Cold Bend Test of Complete Cable

19.1 After being conditioned for 4 h in circulating air that is precooled to and maintained at a temperature
of —20.0°C (-4.0°F), -30.0°C (-22.0°F), -40.0°C (-40.0°F), -50.0°C (-58.0°F), -60.0°C (-76.0°F), or -70.0°C
(-94° F), specimens of the complete cable shall not be damaged when the specimens are individually
wound onto a round mandrel as described in 19.2 and 19.3. See 44.1(0) and (p) regarding marking or not
marking the cable with its low-temperature rating.
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19.2 Four straight test lengths of the complete finished cable are to be cooled for 4 h in circulating air that
is precooled to and maintained at one of the following temperatures: —20.0°C (-4.0°F), -30.0°C (-22.0°F),
-40.0°C (-40.0°F), -50.0°C (-58.0°F), -60.0°C (-76.0°F), or -70.0°C (-94°F). Tolerances of +3.0, -2.0°C
(+5.4°F, -3.6°F) apply to each of these temperature. At the end of the fourth hour, the specimens are to be
removed from the cold chamber one at a time and are to be wound individually for 3 full turns around a
circular wooden mandrel of a diameter equal to 8 times the calculated diameter or length of minor axis of
the outside of a cable that does not contain any shield, 15 times the calculated diameter or length of minor
axis of the outside of a cable that contains the specific metal sheath described in 10.3, or equal to 12 times
the calculated diameter or length of minor axis of the outside of a cable that contains one or more shields
(coaxial members are included here if they are not covered under x 15). There is not to be any more
tension applied to a specimen than is necessary to keep the surface of the specimen in contact with the
mandrel. Adjacent turns are to touch one another. The winding of each specimen is to be conducted at an

approximatel
chamber and

uniform rate of 5 seconds per turn, and the time taken to remove a specimen
complete the winding is not to exceed 30 s. As an alternative, the test maybe

the cold chanjber using wood or metal mandrels.
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normal or corrected vision without magnification.

20 Smoke and Fire Testing of Type FPLP<Cable

20.1 TypeH
of the Nation
and Cables f
tested in sets
largest diam

21 Fire Tes

21.1  Type
Propagation

PLP cable shall comply withrthe flame-spread and smoke-density limits stated i

al Fire Protection Association Standard Method of Test for Flame Travel and S

br Use in Air-Handling: Spaces, ANSI/NFPA 262, when specimens of the finish
as described in. NFPA 262. Typically, the test specimens of this cable are the
ers of the cable-that the manufacturer intends to produce in the construction.

ing of Type FPLR Cable

[ openings in
detected as
pther than a
harks (locally
these faults,
The cable is
ations are to

n Appendix A
oke of Wires
ed cable are
smallest and

st for Flame

PLR cable shaII comply W|th the flame propagatlon Ilmlts stated in the Te

1666) when

specimens of the finished cable are tested in sets as described in UL 1666 See 1. 6(b) For cables whose
insulated conductors comply with the FT2/Horizontal Flame as described in UL 2556, the results of this
test using (typically) the smallest diameter of cable that the manufacturer intends to produce in the
construction are to be considered representative of the performance of finished cables of the same
construction that are of any diameter.

21.2 For cables with HDPE, LDPE, or PP insulation, and for cables whose insulated conductors comply
with the FT2/Horizontal Flame as described in UL 2556, the test specimens are to be representative of the
entire size range in each construction. Typically, the test specimens of this cable are the smallest and
largest diameters of cable that the manufacturer intends to produce in the construction.

22 VW-1 (Vertical-Specimen) Flame Test

Deleted
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23 Alternative Vertical-Tray Flame Tests on Type FPL Cable

23.1
2311 Cho

23.1.11

General

ice of test

The cable manufacturer shall specify either the UL test referenced in 23.2.1 or the FT4/IEEE

1202 test referenced in 23.3.1 for each construction of that manufacturer's cable that is surface marked or
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d by any change that reduces the tape metal thickness, shield wire size, and/q
ny reduction in one or more of these elements during-pfoduction requires re-eva
eat of the flame test.

e FPL cable of a given construction shall hot exhibit char that reaches the upp|
maximum of 8 ft, 0 inch or 244 cm) when sets of cable specimens as describg
parately installed in a vertical ladder type of cable tray and are subjected to 2(

under UL Flame Exposure (smoke measurements are not applicable) in
Fire-Propagation and Smoke=Release Test for Electrical and Optical-Fiber Cabl

cables whose insulated conductors comply with the FT2/Horizontal Flame as dg
sults of a vertical-tray: flame test using two sets of specimens of the cable t
7 mm in diameteér (equivalent diameter for a cable that is not round: calculate
hich T is the thickness of the cable, and W is the width of the cable) typically
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cables with |-|n|:>|=, | nDI:, or PP inclll:\i‘inn’ and for cables whose insulated cond
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comply with the FT2/Horizontal Flame as described in UL 2556, the test specimens are to be
representative of the entire size range in each construction. Typically, the test specimens of this cable are
two sets each of the smallest and largest diameters (see parenthetical note in 23.2.2) of cable that the
manufacturer intends to produce in the construction. A tested size does not comply when the damage to
the insulation and/or the overall cable jacket reaches the upper end of the individual cable length.

23.3 FT4/IEEE 1202 Test

23.3.1 Finished cable that is surface marked or designated by a marker tape as "FPL" shall not exhibit a
char length in excess of 1.5 m or 4 ft, 11 inches when each of five sets of specimens as detailed in 23.2.2
or 23.2.3 is tested as described under FT4/IEEE 1202 Type of Flame Exposure (smoke measurements
are not applicable) in the Standard Vertical-Tray Fire-Propagation and Smoke-Release Test for Electrical
and Optical-Fiber Cables, UL 1685. Where char length in excess of 1.5 m or 4 ft, 11 inches is reached on
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any individual cable in any set of specimens tested, compliance in tests of additional sets of specimens is
required to qualify the full size range desired by the manufacturer. See 44.1(i).

23.4 \Vertical-tray fire and smoke-release test for cables with "ST-1" marking

23.4.1 Each type of power limited fire alarm cable that is surface marked "ST-1" in accordance with 44.1
(q) shall comply with the limits for smoke release and cable char height stated in the Standard for Vertical-
Tray Fire-Propagation and Smoke-Release Test for Electrical and Optical-Fiber Cables, UL 1685, when
sets of specimens as described in 23.4.2 are tested in either of the flame exposures described in UL 1685
with smoke measurements included.

23.4.2 The test-specime be—¢ s—complete; shed—cable- e—test-specimens shall be
representative of the entire size range that the manufacturer intends to produce in each|construction
made. Specimens for a UL 1685 fire test typically consist of the smallest, largest, and lan|intermediate
diameter that|the manufacturer intends to produce in each construction made. Where the UL 1685 limits
are exceeded by the smoke released and/or the cable char height for any set of specimens tested,
compliance in tests of additional sets of specimens is required to qualify the full'size range desired by the
manufacturer

24 Sunlight Resistance Test

241 Anyca
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25 Spark Test after Insulating

25.1 The ingulation on each conductor:and coaxial member for and in every length of cable[shall comply

with a spark test. One hundred percent-of production shall be tested by the manufacturer at th
faults are acdeptable in any insulated conductor for a direct-burial cable; in a cable for wet |
coaxial member; in a single-conductor cable; or in an integral flat cable. For other cables,
conductor shall show more than an average of one fault per 3000 ft or 915 m in any reel ler
insulated confuctor.

25.2 The spark testiindicated in 25.1 is to be a d-c spark test of 2500 V or an a-c rms spark {
or, as an altefnative for cable employing foamed insulation that is not more than 0.008 in o

e factory. No
pcations; in a
no insulated
gth of single

st of 1750 V
r 0.20 mm in

average thickness, does not have a skin, and complies with the a-c dielectric volta

ge-withstand

requirement in 26.2, a spark test employing an essentially sinusoidal 48 — 62 Hz rms potential of 1250 V,
or 1750 V d-c. The test is to be conducted on each conductor and coaxial member after it is insulated and
before any subsequent operation. The test equipment and method are to be as described in the test Spark
in UL 2556.

26 Dielectric Voltage-Withstand Test

26.1 The insulation on each conductor and coaxial member in every length of finished nonintegral cable
shall withstand without breakdown either a direct potential of 2500 V applied for at least 2 s, or a 48 — 62
Hz essentially sinusoidal rms test potential of 1500 V applied for at least 2 s. In the case of a coaxial
member or a single, shielded, insulated conductor, the test potential shall be applied between the
conductor and the shield, with the shield connected to earth ground. In all other cases, the test potential
shall be applied between each conductor taken separately and all other conductors and any shield (s)
and/or metal covering connected together and to earth ground. The test equipment and method are to be
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as described in the test Dielectric Voltage-Withstand in UL 2556. The equipment is to apply the test
potential automatically for each 2 s test. The test potential may be applied manually for tests longer than 2
s. In all cases, the full test potential is to be applied throughout the test interval that is chosen by the cable
manufacturer.

26.2 For cable employing foamed insulation that is not more than 0.008 inch or 0.20 mm in average
thickness, does not have a skin, and has been subjected to a spark test at an a-c potential of 1250 V or, at
a d-c potential of 1750 V, the cable manufacturer shall conduct the following dielectric voltage-withstand
test in place of the d-c test at 2500 V or the a-c test at 1500 V described in 26.1. The insulation shall
withstand, without breakdown, a 48 — 62 Hz essentially sinusoidal rms potential of 2000 V, or a d-c

potential of 2850 V, applied for at least 2 s.

26.3 Thed
by the cable

a) Th
indivi
single
b) Th
shipp

electric testing is to be conducted in one of the following ways on 100 percent
manufacturer at the cable factory:

e finished cable is to be tested on each master reel before the final‘rewind oy
jual shipping lengths after the final rewind operation. A master reel is any ree
length of finished cable that is intended to be cut into shorter lengths for shippin

e assembled cable is to be tested before the overall covering is applied. In t
ng length from each master reel of the finished cable(is also to be tested.

of production

eration or as
containing a
g.

his case, one
If there is a

dielegtric breakdown of the insulation on any conductor in the finished cable in that length, 100
percent of the finished cable on the master reel from which the length was taken is to be tested.
27 Test forlInsulation Resistance at 60.0°F (15.6°C)
271 The insulation on each conductor and coaxial member in finished cable shall exhibitf an insulation
resistance af 60.0°F (15.6°C) of not less than 100, megohms based on 1000 conductor fe¢t, or not less
than 30.5 mggohms based on a conductor kilometer, when the cable is tested as described in 27.2— 27.8.
27.2 The insulation-resistance test is not'a routine production test at the factory. It is to be [conducted as

a routine par

27.3 Them
megohm brig
readings tha
550-V or high

27.4 Coaxi
and outer co

of the factory-inspectionfollow-up work.

easuring equipment-and test procedure shall be applicable but otherwise are nd
ge used for these-measurements shall be of applicable range and calibration,
are accurate.to-10 percent or less of the value indicated by the meter, and shall
er open-circuit potential.

bl cableris to be tested dry with the insulation-resistance readings made betwe

t specified. A
shall present
have a 100 —

en the center

1ductors on spemmens that are at Ieast 50 ft or 15 m Iong Flat paraIIeI cable a

insulated cor

d individually

A-tap water for at

least 6 h at room temperature before the |nsulat|on resistance reading is taken. The immersion vessel is to
have an electrode for grounding the water to the earth (this may be the inside surface of a metal tank if that
surface is not painted or otherwise insulated from the water). For the test in water, the immersed length of
each specimen is to be at least 50 ft or 15 m, and at least 2.5 ft or 750 mm at each end of each specimen
is to extend out of the water and is to be kept dry as leakage insulation.

27.5 If at the time of immersion the temperature of any part of the coil or reel of finished cable differs by
more than 5.0°F (2.8°C) from the temperature of the water, one of the following is to be done to make
certain that the water, the insulation, and the conductor are at the same temperature at the time that the
insulation resistance is measured:

a) The insulation and the conductor are to be considered to be at the same temperature as the
water in which they are immersed whenever the same d-c resistance of the conductor is obtained
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in each of three successive measurements made at intervals of 30 min by means of a Kelvin-bridge
ohmmeter that presents readings accurate to 2 percent or less of the value indicated by the meter.

b) The water is to be heated or cooled, as necessary, to within 5.0°F (2.8°C) of the temperature of
the insulation and conductor before the coil or reel is immersed.

27.6 The water and the entire length of the immersed insulated conductor, nylon or similarly covered
insulated conductor, or flat cable are to be at any one temperature in the range of 40.0 — 95.0°F (4.4 —
35.0°C) at the time that the insulation resistance is measured. If their temperature at this time is other than
60.0°F (15.6°C), the resulting insulation resistance is to be multiplied by the applicable factor M indicated
in Table 27.1.

27.7 Atest at 60.0°F (15.6°C) is to be made for a coil or reel that does not show acceptable

the water temperature is other than 60.0°F (15.6°C).

results when

27.8 If coils|or reels are connected together for the insulation-resistance test and acceptable results are
not obtained,|the individual coils or reels are to be retested to determine which: ones havg at least the
required insulation resistance.
Table 27.1
Multiplying factor M? for adjusting insulation resistance to-60°F (15.6°C) from anotHer room
temperature
Ma
Temperature CP, XL, and PVC" and semirigid PVC®
°F °C XLPO | Il I v
40 4.4 0.53 0.12 0.17 0.21 0.31
41 5.0 0.55 0.13 0.19 0.23 0.33
42 5.6 0.57 0.15 0.21 0.25 0.35
43 6.1 0.59 0.16 0.22 0.27 0.37
44 6.7 060 0.18 0.25 0.29 0.39
45 7.2 0.62 0.20 0.27 0.31 0.42
46 7.8 0.64 0.23 0.29 0.34 0.44
47 83 0.66 0.25 0.32 0.36 0.47
48 8.9 0.68 0.28 0.35 0.39 0.49
49 SE: 0-70 031 0738 043 0.53
50 10.0 0.73 0.35 0.42 0.46 0.56
51 10.6 0.76 0.39 0.46 0.50 0.59
52 1.1 0.78 0.43 0.50 0.54 0.63
53 11.7 0.80 0.48 0.55 0.58 0.67
54 12.2 0.83 0.54 0.60 0.63 0.70
55 12.8 0.86 0.60 0.65 0.68 0.75
56 13.3 0.88 0.66 0.71 0.74 0.79
57 13.9 0.91 0.73 0.78 0.80 0.84

Table 27.1 Continued on Next Page
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Table 27.1 Continued

Ma
Temperature CP, XL, and PVCP and semirigid PVC®

°F °C XLPO I Il I v

58 14.4 0.94 0.82 0.85 0.86 0.90
59 15.0 0.97 0.90 0.92 0.93 0.95
60 15.6 1.00 1.00 1.00 1.00 1.00
61 16.1 1.03 1.1 1.09 1.08 1.06
62 16.7 1.07 1.24 1.19 1.17 1.13
63 17.2 1.10 1.38 1.30 1.26 1.19
64 17.8 1.13 1.53 1.41 1.36 1.26
65 18.3 1.17 1.70 1.54 1.47 1.34
66 18.9 1.20 1.88 1.69 1.59 1.42
67 19.4 1.24 2.09 1.84 1.72 1.51
68 20.0 1.28 2.31 1.99 1.85 1.60
69 20.6 1.32 2.57 2.18 2.00 1.69
70 211 1.36 2.85 2.38 217 1.79
71 21.7 1.40 317 2.34 2.34 1.90
72 22.2 1.45 3.52 2.53 2.53 2.02
73 22.8 1.50 3.90 3.08 2.72 2.14
74 23.3 1.55 4.31 3.35 2.94 2.27
75 23.9 1.59 478 3.65 3.18 2.40
76 24.4 1.64 5.30 3.98 3.43 2.54
77 25.0 1.69 5.88 4.34 3.70 2.70
78 25.6 1.75 6.51 4.73 4.00 2.86
79 264 1.80 7.27 5.16 4.33 3.03
80 26.7 1.86 8.07 5.61 4.67 3.21
81 27.2 1.90 8.98 6.12 5.04 3.40
82 27.8 1.97 9.92 6.69 5.45 3.60
83 28.3 2.02 11.0 7.28 5.89 3.82
84 28.9 2.10 12.2 7.92 6.35 4.05
85 29.4 2.15 13.5 8.67 6.84 4.30
86 30.0 2.23 14.9 9.31 7.30 4.53
87 30.6 2.30 16.6 10.1 7.93 4.81
88 31.1 2.37 18.5 11.0 8.50 5.09
89 31.7 2.43 20.6 12.0 9.23 5.40

Table 27.1 Continued on Next Page
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Table 27.1 Continued

Ma
Temperature CP, XL, and PVC" and semirigid PVC®

°F °C XLPO I [ I v

90 32.2 2.53 23.0 13.1 9.95 5.72

91 32.8 2.60 25.3 14.3 10.7 6.08

92 33.3 2.68 28.2 15.6 11.6 6.44

93 33.9 2.76 31.2 17.0 12,5 6.83

94 34.4 2.86 35.0 18.5 13.5 7.24

95 35.0 2.94 39.00 20.3 14.6 7.68
@M = 1.00 for sflicone rubber, ECTFE, ETFE, FEP, FRPE, HDPE, LDPE, PFA, PP, PVDF, PVDF copolymer,|PTFE, gnd TFE. M is
to be determindd individually for each TPE compound by means of the method described in Test Procedure for Detgrmining the
Multiplying-Facfor Column for Adjusting Insulation Resistance, Section 29.
® Normally, one|of the four columns, I, I, IlI, IV in this table is to be assigned to each PVC and semirigid PVC compopind used.
However, if a PY/C compound or a semirigid PVC compound cannot be made to fit into any of the four patterns (columns in this
table), applicable values of M are to be determined by means of the method described in Test Procedure for Determjning the
Multiplying-Facfor Column for Adjusting Insulation Resistance, Section 29.

28 LongTe

28.1
shall have an

Im Insulation-Resistance Test in Water

Insulated conductors from cable that is marked to indicate that it is rated for use in

insulation resistance in tap water that is netdess than indicated in the applicabl
e during immersion. The tap water is to have a temperature of 50 £1.0°C (122

28.2 at any ti
period of imrfersion is 12 weeks or more. See 28:3 for the requirement covering the max

decrease of t

e insulation resistance.

et locations
e formulas in
+1.8°F). The
mum rate of

ng formulas,

et for wire in

28.2 The iIsuIation-resistance values are to be calculated by using one of the followi
whichever is applicable:
a) (Ingh-pound):
_ D
IR 550 = 0.166 x 10g10§
in which:
IR5p-clis\the minimum insulation resistance in megohms based on 1000 conductor fg
water at 50°C (122°F).

D is the diameter over the insulation in inches; and

d is the diameter of the metal conductor in inches;

b) (SI)

D
IR 55.- = 0.051 x 10g10§

in which:

IRs50-¢c is the minimum insulation resistance in megohms based on a conductor kilometer for wire in
water at 50°C (122°F).
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D is the diameter over the insulation in mm; and

d is the diameter of the metal conductor in mm;

28.3 For every continuous period of 3 weeks during the latter half of the 12-week immersion, a smooth
curve drawn covering the entire immersion period and showing the average of the measured readings of
insulation resistance shall not decrease at a rate exceeding 4 percent per week. A coil that shows a
greater percent decrease in insulation resistance during the extended immersion than specified in 28.2
shall be tested for additional 1-week immersion periods and the coil is to be evaluated based on the last 12
weeks of immersion.

28.4 To determine whether or not the insulation complies with the requirements in 28.2 and 28.3 the

center 50-fogt (20-meter) sections of three 55-foot (22-meter) coils of the insulated condu

immersed in
are to be bro

tap water at the specified temperature for the duration of the test. The ends'of'e
Light well away from the tank, and the water is to be maintained at the speécified t

28.5 The ipsulation-resistance test equipment and procedures shall be applicable. Other

not specified
shall present
potential of
galvanomete
each reading
achieve a nu
correct readi

. A megohm bridge used for this purpose shall be of applicable ‘range and ¢
readings that are accurate to 10 percent or less of the valug indicated by thg
100 — 500 V shall be applied to the insulation for 60. s prior to each r
r indication shall be given 60 s to stabilize before the’ reading is recorded. Th
shall be 60 s in the case of range switching or forymetering equipment req
I. Delay is not required for instant-reading equipment that has been demonstrat
ngs without a 60-s delay.

ctor are to be
hch specimen
emperature.

wise they are
blibration and
meter. A d-c
bading. Each
e duration of
uiring time to
bd to produce

29 Test Procedure for Determining the Multiplying<Factor Column for Adjusting Insulation

Resistance

29.1 Two {
average thic
under consid

ness is 10 — 15 mils or 0.25 — 0:38 mm are to be selected as representative of
eration. The specimens are to be of a length (at least 200 ft or 60 m) that yie

resistance values that are stable within the calibrated range of the measuring instrument

water-bath te

29.2 The f
circulating fa
the water to
16 h before
50.0°F (10.0

mperature.

WO specimensgare’ to be immersed in a water bath equipped with heating,
cilities. The ends of the specimens are to extend at least 2 ft or 600 mm above
reduce electrical leakage. The specimens are to be left in the water at room te
hdjusting the bath temperature to 50.0°F (10.0°C) or before transferring the sqg
C) bath:

pecimens, conveniently of a 16~ 20 AWG solid conductor with a wall of inslilation whose

the insulation
ds insulation-
at the lowest

cooling, and
he surface of
mperature for
ecimens to a

29.3 Thed-

T resistance of the metat conductor is 1o be measured at applicaole mtervals o

time until the

temperature remains unchanged for at least 5 min. The insulation is then to be considered as being at the
temperature of the bath indicated on the bath thermometer.

29.4 Each of the two specimens is to be exposed (29.3 applies) to successive water temperatures of
50.0, 61.0, 72.0, 82.0, and 95.0°F (10.0, 16.1, 22.2, 27.8, and 35.0°C) and returning, 82.0, 72.0, 61.0, and
50.0°F (27.8, 22.2, 16.1, and 10.0°C). Insulation-resistance readings are to be taken at each temperature
after equilibrium is established.

29.5 The two sets of readings (four readings in all) taken at the same temperature are to be averaged for
the two specimens. These four average values and the average of the single readings at 95.0°F (35.0°C)
are to be plotted on semilog paper. A continuous curve (usually a straight line) is to be drawn through the
five points. The value of insulation resistance at 60.0°F (15.6°C) is then to be read from the graph.
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29.6 The resistivity coefficient C for a 1.0°F (0.55°C) change in temperature is to be calculated to two
decimal places by dividing the insulation resistance at 60.0° F (15.6° C) read from the graph by the
insulation resistance at 61.0°F (16.1°C). In Table 29.1, C heads the column of multiplying factors M that
applies to the particular insulation.

Table 29.1
Multiplying factor M? for adjusting insulation resistance to 60.0°F (15.6°C)

Temperature Resistivity Coefficient C for 1.0°F (0.55°C)

°F °C 1.03 1.04 1.05 1.06 1.07 1.08 1.09 1.10 1.1 1.12
40 4.4 0.55 0.46 0.38 0.31 0.26 0.22 0.18 0.15 0.12 0.10
41 50 0.48 0.40 0.33 0.28 0.28 0.23 0.19 0.16 0.14 0.12
42 5p 0.59 0.49 0.42 0.35 0.30 0.25 0.21 0.18 0.15 0.13
43 61 0.60 0.51 0.44 0.37 0.32 0.27 0.23 0.20 0.17 0.15
44 6 0.62 0.53 0.46 0.39 0.34 0.29 0.25 0.22 0.19 0.16
45 7p 0.64 0.56 0.48 0.42 0.36 0.32 0.28 0.24 0.21 0.18
46 78 0.66 0.58 0.50 0.44 0.39 0.34 0.30 0.26 0.23 0.20
47 8P 0.68 0.60 0.53 0.47 0.42 037 0.33 0.29 0.26 0.23
48 8p 0.70 0.56 0.56 0.50 0.44 0.40 0.36 0.32 0.29 0.26
49 9p 0.72 0.65 0.59 0.53 0.48 0.42 0.39 0.35 0.32 0.29
50 10,0 0.74 0.68 0.61 0.56 0.51 0.46 0.42 0.39 0.35 0.32
51 106 0.77 0.70 0.64 0.59 0.54 0.50 0.46 0.42 0.39 0.36
52 11 0.79 0.73 0.68 0.63 0.58 0.54 0.50 0.47 043 0.40
53 1|7 0.81 0.76 0.71 0.67 0.62 0.58 0.55 0.51 048 0.45
54 1242 0.84 0.79 075, 0.70 0.67 0.63 0.60 0.56 0.%4 0.51
55 128 0.86 0.82 0.78 0.75 0.71 0.68 0.65 0.62 0.%9 0.57
56 133 0.89 086 0.82 0.79 0.76 0.74 0.71 0.68 0.46 0.64
57 139 0.92 089 0.86 0.84 0.82 0.79 0.77 0.75 0.13 0.71
58 1444 094 0.93 0.91 0.89 0.87 0.86 0.84 0.83 0.31 0.80
59 150 0:97 0.95 0.94 0.95 0.94 0.93 0.92 0.91 0.90 0.89
60 156 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
61 16.1 1.03 1.04 1.05 1.06 1.07 1.08 1.09 1.10 1.11 1.12
62 16.7 1.06 1.08 1.10 1.12 1.17 1.17 1.19 1.21 1.23 1.25
63 17.2 1.09 1.12 1.16 1.19 1.23 1.26 1.30 1.33 1.37 1.40
64 17.8 1.13 1.17 1.22 1.26 1.31 1.36 1.41 1.46 1.52 1.57
65 18.3 1.16 1.22 1.28 1.34 1.40 1.47 1.54 1.61 1.69 1.76
66 18.9 1.19 1.27 1.34 1.42 1.50 1.59 1.68 1.77 1.87 1.97
67 19.4 1.23 1.32 1.41 1.50 1.61 1.71 1.83 1.95 2.08 2.21
68 20.0 1.27 1.37 1.48 1.59 1.72 1.85 1.99 2.14 2.20 2.48

Table 29.1 Continued on Next Page
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Table 29.1 Continued

Temperature Resistivity Coefficient C for 1.0°F (0.55°C)
°F °C 1.03 1.04 1.05 1.06 1.07 1.08 1.09 1.10 1.11 1.12
69 20.6 1.30 1.42 1.55 1.69 1.84 2.00 2.17 2.36 2.56 2.77
70 21.1 1.34 1.48 1.63 1.79 1.97 2.16 2.37 2.59 2.84 3.11
71 21.7 1.38 1.54 1.71 1.90 2.10 2.33 2.58 2.85 3.15 3.48
72 222 1.43 1.60 1.80 2.01 2.25 2.52 2.81 3.14 3.50 3.90
73 22.8 1.47 1.67 1.89 2.13 2.41 2.72 3.07 3.45 3.88 4.36
74 2%.8 1.51 1.73 1.98 2.26 2.58 2.94 3.34 3.80 4131 4.89
75 28.9 1.56 1.80 2.08 2.40 2.76 3.17 3.64 4.18 4J78 5.47
76 24.4 1.60 1.87 2.18 2.54 2.95 3.43 3.97 459 531 6.13
77 25.0 1.65 1.95 2.29 2.69 3.16 3.70 4.33 5.05 590 6.87
78 1.70 2.03 2.41 2.85 3.38 4.00 472 5.56 654 7.69
79 1.75 2.11 2.53 3.03 3.62 4.32 5.14 6.12 706 8.61
80 7 1.81 2.19 2.65 3.21 3.87 466 5.60 6.73 8106 9.65
81 21.2 1.86 2.28 2.79 3.40 4.14 5.03 6.11 7.40 8§95 10.8
82 21.8 1.92 2.37 2.93 3.60 4.43 5.44 6.66 8.14 9093 12.1
83 28.3 1.97 2.46 3.07 3.82 2,74 5.87 7.26 8.95 11. 13.6
84 9 2.03 2.56 3.23 4.05 5.07 6.34 7.91 9.85 12.2 15.2
85 29.4 2.09 2.67 3.39 4.29 5.43 6.85 8.62 10.8 18.6 17.0
2 Calculated frm the formula M = C*8% jn which C.is determined as described in 29.1 — 29.6 and t is the temperature of the cable
in degrees F.
30 Shrinkhack Test on Thermoplastic Insulation
30.1  With gny skin over it in place, the insulation indicated in Table 30.1 on 6-inch or 150-nm specimens
of each coaxial member.and of each base color of insulated conductor from the finished cpble shall not
shrink back ffom the ends of the conductor a total length greater than 3/8 inch or 9.5 mm when any shield,
jacket, or other covering over the insulation is removed and the specimens are conditioned iph a preheated
full-draft circtilating-air oven for 1 h at the temperature indicated for the insulation in Table $0.1 and then
are cooled tg room temperature by still air outside the oven. The test is to be conducted ag described in

30.2-30.4.

Table 30.1

Conditioning temperature®

Insulation

Conditioning temperature

Insulation that melts or deforms at 121°C

Cables rated 60 — 105°C

115.0 £2.0°C
(239.0 +3.6°F)
121.0 £2.0°C
(249.8 +3.6°F)

Table 30.1 Continued on Next Page
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Table 30.1 Continued

Insulation

Cables rated 125 — 250°C

Conditioning temperature
150.0 £2.0°C
(302.0 £3.6°F)

@ Insulation consisting of more than one material is to be conditioned at the lowest temperature indicated for any of the materials
used.

30.2 The center 8-inch or 200-mm portions are to be cut from several straight lengths of the finished
cable thatare 5 - 6 ft or 1.5 — 1.8 m long. Each cut is to be clean and perpendicular to the longitudinal axis
of the cable. The ends of the conductor(s) are to be clean and square. The conductors of a flat, parallel
cable are to ; i pe discarded.
The insulateq conductors are to be separated from one another without any of the twjst.in them being
straightened and without the conductors being bent. Each 8-inch or 200-mm length of.insulated conductor
is to be short¢ned to 6 inches or 150 mm by cleanly and squarely trimming both ends. Ah eqyal quantity of
each base cojor of insulated conductor from the cable is to be taken for the test.

30.3 Afull-d
talc (see 30.4
the insulation
one another

sbestos-free
indicated for
out touching
temperature
d specimens
temperature,
nductor. The

raft circulating-air oven with a flat, horizontal bed of ceramic orglass beads, of 2
), or of felt in place in the oven is to be preheated for 60 min‘te the temperature
in Table 30.1. The specimens are then to be placed on thé bed in the oven wit
r anything else other than the bed. The oven is to be.@perated at the indicated
for 60 min adfitional time, and then, without disturbing the specimens on the bed, the bed an
together are fo be removed and placed on a flat, horizontal surface that is in still air at room
each specimen is to be measured for shrinkage of the insulation back from each end of the cg
total of the twp measurements on each specimen is not tobe greater than 3/8 inch or 9.5 mm.

30.4 The talc used in this test is to be certified by the supplier as being in compliapce with the

Occupational| Safety and Health Administration\(US Department of Labor) standard for
exposure to asbestos 29 CFR Part 1910 (OSHA regulation 1910.93a and OSHA Field Direg
The certificatjon is to be made on the basis that the talc contains no asbestos or asbestifg

occupational
tive #74-92).
rm materials

within detectgble limits when examined by-X-ray diffraction and electron microscopy.

31 Crushing Resistance Test.of\Insulation

sulation on a
he point that
made on an
hnd stranded
in the same

31.1 An avgrage of at least.300 Ibf or 1334 N or 136 kgf shall be necessary to crush the in
conductor taken from thesfinished nonintegral flat cable, 2-core flat cable, or round cable to

the conductof contacts¢he earth-grounded metal of the testing machine. The test is to be
insulated solifd conduetor as described in 31.3 — 31.5, with the results qualifying both solid

conductors having,the same form of insulation (solid or foamed) of the same material

thicknesses. ee’31.2.

31.2 Solid insulations that have thicknesses complying with Table 7.3 (nonintegral cable) have
acceptable crushing strength without this test. All foamed insulation is to be tested.

31.3 The insulated conductors and/or coaxial members are to be removed from a length of the finished
nonintegral cable having solid conductors and are to be individually straightened with the fingers after all
coverings over the insulation other than any skin are removed. Specimens 7 inches or 180 mm long are to
be cut from the straight insulated conductors. Each of the five specimens is to be tested separately by
being crushed twice between 2-inch-wide or 50-mm-wide, flat, horizontal steel plates in a compression
machine whose jaws close at the rate of 0.20 £0.02 in/min or 5.0 £0.5 mm/min. The edges of the plates
are not to be sharp. The length of a specimen is to be parallel to the 2-inch or 50-mm dimension of the
plates, 1 inch or 25 mm of the specimen is to extend outside the plates at one end of the specimen, and 4
inches or 100 mm of the specimen to extend outside the plates at the other end of the specimen.
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31.4 The plates are to be connected together, to the metal of the testing machine, and to earth ground.
The specimens, the apparatus, and the surrounding air are to be in thermal equilibrium with one another at
a temperature of 24.0 £8.0°C (75.2 +14.4°F) throughout the test. The machine is to be started and the
specimen is to be subjected to the increasing force of the plates moving toward one another until a short
circuit occurs (as indicated by a low-voltage indicator such as a buzzer, lamp, or LED) between the
conductor in the specimen and one or both of the earth-grounded plates. The maximum force exerted on
the specimen before the short circuit occurs is to be recorded as the crushing force for that end of the
specimen.

31.5 After the short circuit occurs, the machine is to be reversed and the plates separated. The specimen
is to be turned end for end, rotated 90°, reinserted (from the end opposite the one originally inserted)

between the

lates as described in 31.3, and crushed as described in 31.4. The two crushing

forces are to

be averaged
specimens is

32 Crushin

32.1

conductor, 1
cable at the

evaluated as

32.2 Therg
of all other d

same or a

performance

32.3 Thec

second, ide

FinisH
withstand wi

for each specimen. The average of all ten of the crushing forces obtaine
to be used as the value to compare with the requirement.

g Test for Cable Marked for Direct Burial

ed cable that is marked [see 44.1 (f)] to indicate that the .cable is for direc
hout rupture of the outermost cable covering, and without\rupture of the insu
DOO Ibf or 4448 N or 454 kgf applied for 60 s by a flat horizontal steel plate th3
point at which the cable is laid over a steel rod. The t€st shall be conducted a
described in 32.2 — 32.6.

sults of this test for a given construction are te.be'taken as representative of thg
ables of the same construction containing eeither more conductors of the san
arger number of conductors in a round’cable is to be considered represe
of those conductors in both round and.flat cables.

hble is to be crushed between a flat, horizontal steel plate and a solid steel rod
tical plate. The crushing is t0” be achieved by the application of dead w

compression|machine whose jaws close @t'the rate of 0.50 £0.05 in/min or 10 +1 mm/min. E
be 2 inches or 50 mm wide. A solid steel rod 3/4 inches or 19 mm in diameter and of a leng
least 6 inchgs or 150 mm is to be bolted or otherwise secured to the upper face of the low

longitudinal

xes of the plates-and the rod are to be in the same vertical plane. The sp

 for the five

t burial shall
lation on any
t crushes the
nd the results

performance
e size or the
htative of the

mounted on a
eight or in a
bch plate is to
th equal to at
er plate. The
ecimens, the

apparatus, apd the surrounding’air are to be in thermal equilibrium with one another at a t¢mperature of
24.0 £8.0°C (75.2 +14.4°F).throughout the test.

vith the cable
hed are to be
test is begun.
WO remaining

32.4 The cable is to)be tested in a continuous length of at least 36 inches or 915 mm, v
being crushdd at three points along that length. The points at which the cable is to be crus
measured arjd.marked with chalk or another innocuous means on the test length before the
The first markT '

marks are to be made at succeeding intervals of 9 in or 230 mm down the length of the cable.

32.5 The cable at the first mark is to be placed and held on the steel rod, with the longitudinal axis of the
cable horizontal, perpendicular to the longitudinal axis of the rod, and in the vertical plane that laterally
bisects the upper and lower plates and the rod. Flat parallel cable with integral insulation and jacket is to
be tested flatwise. The upper steel plate is to be made snug against the cable. In a test using a dead
weight or weights, weight exerting the force indicated in 32.1 is to be placed gently on the upper plate. In a
test using a compression machine, the upper plate is to be moved downward at the rate of 0.50 £0.05
in/min or 10 +1 mm/min thereby increasing the force on the cable until the level indicated in 32.1 is
reached. That level of force is to be held constant for 60 s and is then to be reduced to zero by removing
the dead weight(s) or, in the compression machine, by raising the upper steel plate at the rate of 0.50
10.05 zin/min or 10 £1 mm/min until the cable is free.
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32.6 The test length of the cable is to be advanced and crushed at each of the successive marks for a
total of three crushes. The overall jacket or metal covering and the insulation on each conductor are to be
examined at each of the three points at which the cable was crushed. The cable is not acceptable if the
overall covering or any of the insulation is split, torn, cracked, or otherwise ruptured at any of the three
points. Flattening of the jackets, or the insulation, or both of these without rupture is acceptable.

33 Mechanical Water Absorption Test of Insulation in Direct-Burial Cable

33.1 The mechanical water absorption (MWA) of the insulation on the conductors in a direct-burial cable
shall not be more than 20.0 milligrams mass per square inch of exposed surface or shall not be more than
3.1 milligrams mass per square centimeter of exposed surface, when specimens of the insulated
conductors are tested as described in 33.2 — 33.7

33.2 The dgable jacket and any other covering (s) outside of the insulation are to\be
specimens are to be selected before application of the jacket and other covering(s), leaving 1
completely exposed. The surface of each finished, insulated conductor is to be ¢leaned of
particles of fgreign material by means of a cloth wet with ethyl alcohol. Three specimens 11

long are then|to be cut from conductors having each different insulation. The specimens are
a vacuum of| 29 — 30 mmHg over calcium chloride for 48 h at 70.0 £1.0°C (158.0 £1.8

removed, or
he insulation
all fibers and
n or 280 mm
o be dried in
°F) and are

subsequently|to be cooled to room temperature in a desiccator. Each-Specimen is to be w
nearest milligram mass promptly after removal from the desiccator, @ndthis weight is to be

ighed to the
signated as

W,. Each spgcimen is then to be bent into the form of a U around)a circular mandrel having a diameter

four times that of the specimen.

33.3 The water bath is to consist of a vitreous-enameledssteel or glass vessel containing tag water and is

to be automa
vessel is to |
having holes

e provided with a close-fitting sheet-metal cover plate of brass or other non
hat accommodate the specimens.

33.4 The ends of each specimen are to be inserted through two holes in the cover plate, w
or 250 mm df each specimen exposed.below the plate. Rubber stoppers having holes bo
specimens tightly, or accurately drilled close-fitting metal washers of the same nonferrous
cover plate mentioned in 33.3 are to.be used to complete closure of the holes in the cover
assist in holding the specimens-iniplace. The water level is to be maintained flush with the ung

cover plate. No water is to touch-the ends of the specimen above the cover plate.

33.5 The sgecimens are'to remain in the water for 168 h, after which the cover plate and sj
to be removedl from.thelvessel and transferred to a similar vessel filled with tap water at room
The rubber stoppers' or the metal washers are then to be taken off of one specimen at

specimen is tb.be ‘femoved and shaken to dispose of loose water, and any remaining surfac

tically controlled to maintain the water ata.temperature of 82.0 £1.0°C (179.6 i1.8°F). The

rrous metal

ith 10 inches
red to fit the
metal as the
plate and to
erside of the

ecimens are
temperature.
a time, each
e moisture is

to be blotted ; ; :
nearest milligram mass within 3 min after removal from the water, and this weight is to be d
W.

] again to the
esignated as

33.6 The specimens are then to be dried in a vacuum of 29 — 30 mmHg over calcium chloride for 48 h at
a temperature of 70.0 £1.0°C (158.0 +1.8°F), cooled to room temperature in a desiccator, and weighed to
the nearest milligram mass promptly after removal from the desiccator. This weight is to be designated as
Ws.

33.7 Moisture absorption (MWA) in milligrams mass per square inch of exposed surface or in milligrams
mass per square centimeter of exposed surface is to be determined for each specimen by means of
whichever of the following formulas is applicable
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in which:
W1 is

W, is

A
MWA = g if W;is less than]

m-m ...
———, if W;is less than W

MWA =
S

the original weight of the specimen in milligrams mass,

the weight of the specimen in milligrams mass after immersion,

Wsis

Sist]
(circu

The insulatio
exceeds the

34 Copper

341 Thec
strip to comp

a)As
depog

coppgr sulphate.

b)Ad

34.2 The
Society (ACS
or other che

dolution (©f,'copper sulphate is to be made from distilled water and the Ameri

the weight of the specimen in milligrams mass after final drying, and

he area of the immersed surface of the specimen in square inches or in\squar
mference x length immersed).

h is not acceptable for use in direct-burial cable if the MWA for:any specimen of
imit specified in 33.1.

Sulphate Test of Zinc Coating on Steel Strip for and'from Interlocked Steel

bating of zinc on steel strip for and from interlocked steel armor shall enable spe
y with all of the following requirements. This is‘indicated in 14.5.8.

pecimen of the zinc-coated steel strip tested before forming shall not show a br
it of copper on any surface, including edges, after two 60-s immersions in

pecimen of the partially uncoiled-steel armor from finished cable:

1) Shall not show a bright,; adherent deposit of copper after one 60-s immersio
of copper sulphate, and

2) Shall not show a bright, adherent deposit of copper on more than 25 p
surface, including edges, after two 60-s immersions in the copper sulphate sol

) reagent grade of cupric sulphate (CuSQ,). In a copper container or in a glass,

cupric sulpha

mcally nonreactlve contalner |n WhICh a brlght plece of copper is present aq

e centimeters

hat insulation

Armor

cimens of the

ght, adherent
a solution of

h in a solution

ercent of any
ition.

tan Chemical
polyethylene,
uantity of the

pecific gravity

slightly higher than 1 186 after the solutlon is cooled to a temperature of 18 3° C (65 0° F) Any free acid
that might be present is to be neutralized by the addition of approximately 1 gram of cupric oxide (CuQ) or
1 gram of cupric hydroxide [Cu(OH),] per liter of solution. The solution is to be diluted with distilled water to
obtain a specific gravity of exactly 1.186 at a temperature of 18.3°C (65.0°F). The solution is then to be

filtered.

34.3 At one end of a length of finished cable that has armor formed of zinc-coated steel strip, the armor
is to be unwound from the outside:

a) To expose to view both edges and the inner surface of the formed strip, and

b) To facilitate working cheesecloth between the turns onto the inner surface to dry that surface
during the test.
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