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INTRODUCTION

Many instal ations incorporate individual or grouped cables which do not limit the flame
propagation under fire conditions. This deficiency can be attributed to conventional
cable constructions, such as polyethylene insulated PVC jacketed control cables; wiich
were popular in the sixties and early seventies. Such cables do not meet the flame
spread criteria when subjected to the vertical tray flame test which has been accepted in
one form or another. Other installations which fall in the same category include metal
sheathed or armored vortical shaft cables with overall polyethylene jacket and secured

with clamps at various intervals. Polyethiviene jacket is used because of its high resistance

to creep under preseure in the clamp area to support the sheer weight of the cable.

The foregoing installations include industrial, commercial, marine, nuclear or [ossii
generating stations and others.

To retard the flame propagation properues of cables in cable trays, protective coatings
are applied either along the entire length of the cable(s) or in certain sactions as deemed
necessary. The flame retardant coatings may be in a form of tapes, blankets, liquids or
mastics applied to individual or to grouped cables, both for retrofitting existing
installations or for new instaliations.

PURPOSE

——

The purpose of the standard is to provide a test procedure which may be used to
determine the ampacity derating required for fire protected cables in conduit, in
penetrations (fire stop) and in cable tray systems.
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SCOPE

This standard provides a detailed procedure for determining the ampacity derating
required for fire protected cable systems. The tests are intended to be used to
determine the ampacity derating of fire protecied systems which is to be applied
to the ampacity of cables deterramed by standard methods such as ICEA P-46-426
Power Cable Ampacity Volumes 1 & 2, and ICEA P-54-440 Cables in Open-top
Cable Trays.

2.1 General

The procedure presented in this standard includes the principles and methods of
testing. This test procedure will provide the ampacity derating of a fire protected
cable system.

22 Applicability

Fire protected cable systems outlined herein are intended for use in power
generating stations, both nuclear and fossil, as well as other applicable commercial
and industrial installations, both outdoors and indoor. The categories of cables
include, but are not limited to: power, contiol, and instrumentation including
signal and communication cabies. Testing of flame retardant coatings on
horizontal cables wil qualify the coatings for all orientations. The tests as
described herein are intended to be used in determining the derating factor, which
may be required for fire protected cables in conduits and trays. The ampacity of
the cable in raceway will tvpically have first been determined using accepted
practices such as ICEA P-46-426 Power Cable Ampacities Volumes | and [, and

" ICEA P-54-440 Cabies in Open-Top Cable Trays.

The user of flame retardant coatings is cautioned to determine that the coating is
compatible with the cable maternials with which it comes in contact and with the
environment in which it is installed. The user may specify tests in addition to
those specified in this standard to reflect the installation conditions, e.p., for
nuclear stations, the user may vish to add irradiation test or effects of added
weight; or for outdoor installations, the user may wish to add a U.V. resistance
test.

DEFINITIONS

These definitions establisk the meanings of words in the context of their use in
this standar-.




Firs Protected Cable Systems

Cable systems to which an application of & flame retardant barrier, fire resistive
barrier or coating (flame retardant coating) to protect cables from fires from any
cause har been applied.

Flame Retardant Coatings

A material applied to a completed cable or assambly of cables to prevent the
propagation of Jame when exposed to a flame source. Flame retardant coatings
include tapes, blankets, liquids, flame retardant mechanical system or mastics.

Fassive Fire Protection Systems

Systems which embody fire resistant construction such as coatings, barricrs, walls,

and penetrations (fire stops) as opposed to water sprinkler systems or gaseous
extinguishing systems.

Through-Penetration Fire-stop

A specific construction of devices, fill materials, or both, designed to resist the
penetration of fire through those openings in fire resistive floors or walls that are
intended to accommodat: electric cables, raceways and mechanical service
penetratons.

@ 2 s < s

Ampacity Derating Factor

A factor applicable to the ampacity rating of a cable (or other device) to account
for the adverse affects of some installation or environmental condition.

Racewsay

Any channel that is designed and used expressly for supporting or enclosing wires,
cabies, or bus bars. Raceways consist primarily of, but are not restricted to, cable
trays and conduits.

Cable Tray

A continuous rigid structure used to suppori cables. Cable trays include ladders,
troughs, channels and other similar structures. Conduits are not included in this
category.
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Enclosures

A surrounding case or housing used to protect the contained equipment and
prevent personnel frem 2ccidentally contacting live parts.

REFERENCES

The following standards were used as references in preparing this standard and
may be useful in the interpretation of its meaning:

ICEA P-46-426/IEEE S-135
Power Cable Ampacities, Vols. 1 and 2. Daied 1962 (Reprinted in 1984).

ICEA P-54-440/NEMA WC-51
Ampacities - Cable in Open Top Cable Trays. Dated 1986.

TEST DESCRIPTION
5.1  General

This section describes the method for derermining awapacities of cable passing
through single tray and conduit with and without a passive fire protection system. .

5.1.1 Applicability

This methoc shall be applicable to a single cable or groups of cabies
enclosed in & passive fire protection system. Cables waay be
contamed i a raceway or as dictared by the actual installation.

5.1.2 Method of Testing

Ampacity derating for cables of 2 passive fire protective system shall
be by testing. Testing shall be performed using the configurations
depicted in Figures 1 and 2. As an alternative, tests may be
performed using representative assembly which can be anaiyzed to
show its applicability to actual installed conditions. Results are also
applicable for 1000 voits and higher rated cables.



5.2

Test Specimens

521

523

5.24

335

5.2.6

Cable Selection

The cable to be utilized is chosen as one which is representative of a
wide range of cables. The selection of a 3 conductor cross link
polyethylene insulated, #6 AWG 600 volts copper cable with an
overall chlorosulfonated polyethylene (i.e. hypalon) jacket was
chosen as representative.

Cable Fill

Cable fill is the ratio of cable area to the inside area of the tray
expressed in percentage. A 40 percent cable fill, as determined
from actual measurement shall be used for cable trays.

Cable Layout

The length of both the conduit and the tray shall be twelve feet.
One to two feet of cable shall extend out each end and shall be
wrapped with unfaced fiberglass blanket mnsulation (or efectrically-

heated tape) as necessary (o eliminate heat flow out of raceway
ends.

Conduit

The conduit system shall be 4 inch and 1 inch steel rigid conduit, 12
feet long supported every 18 inches from each end by a horizontal
piece of "H"-shaped or 2" x 2" square structural tubing.

Tray

The tray shall be a 4 inch deep, 24 inch wide ladder-back steel cable
tray 12 feet and support similarly to the ceaduit system. The tray
and conduit systems, if tested together, inust be at least 36 inches
apart along their lengths.

Through-Penetration Fire-stops

A through-penetration fire-stop intended for installation in a fire
resistive floor assembly, wall assembly, or both, is to be instalied in a
wall section so that the electrical cables pass horizontally through
the wall. The through-penetration fire-stop is to be installed in



accordance with all requirements specified for the fire-stop being
tested.

The sample wall section is to be representative of that specified for
the through-penetration fire-stop. The thickness of the wall section
is to be equal to the maximum thickness of the fir-cstop system or
device. The size of the through opening i.> the wall section is to be
representative of the through opening size specified for the through-
penetration fire-stop.

The fire protective system is to be installed around the ¢lectrical
cable(s) and raceway(s) in accordance with all requircments
specified for the system.

53  Test Facility

5.3.1

332

Test Room

The ampacity test shall be conducted in an enclosure as defined in
Figure 3. The tesi specimen shall be suitably enclosed such that
temperature around the specimen shall be controlied at the test
temperature of 40°C+2°C. The enclosure surrounding the test
specimen shall be of even temperature, but must not cause drafts on
the test specimen. The temperature inside the enclosure shall be
measured at no less than threc places one foot from the specimen,
and in thie horizontal plane of the test specimen. The temperature
of the enclosure shall be taken as the average of the steady state
measurcments.

Cable Installation
5321 Tray

The tray is to be loaded with three conductor #6 AWG, 3/c
copper cable, with an overall chlorosulfonated polyethylene
jacket. The tray fill should be based on 40 percent fill.

Tray cables should be installed in an orderly, symmetric manner,
s0 as to limit the flow of air through the bundle, and to facilitate
inter and intra-laboratory repeatability of these tests. The
cables shall be connected as a single series electrical circuit,
which contains all conductors in the system. The tray is to be
supported by (wo horizontal pieces of "H"-shaped or a suitabie
support system, located as shown in Figure 3. A 3" x 25" piece
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of 1" thick mineral fiber blanket shall be placed between the
tray and support system to form a thermal break. Thermal
insulation (e.g., fiberglass or electrically-heated tape) shall be
wrapped around the cabls which extends out of both ends of the
tray to allow adjustment of ena temperatures. The end
temperatures must be adjusted such that the average values for
the thermocouples at locations 1 and 3 are within 4°C of the
average for location 2 to minimizs axial heat flow

Conduit

Since the application of the fire protection system may result in
differing derating for different conduit sizes, two sizes of
condu:ts shall be tested:

1 inch rigid steel conduit with one 3/c No 6 AWG
copper cable
4 inch ngid sieel conduit with one 3/c, 750 Kemil
copper cable

Derating for botk sizes shall be reported. Lowest factor shall be
used for ampaciiy derating. The bundle shall be instrumented
with thermiocouples as shown in Figure 2, ted with wraps every
2 feet, and pulled into position in the conduit. The cables shall
be connected as a single secries electrical circuit, which contains
all conductors in the system. The conduit is to be supported by
two horizontal pieces of "H" shaped or 2" x 2" stiuctural square
tubing with a minimum of 36 inches clearance from the tray or
walls of the enclosure. The attachment points between the
conduit and the supporting beam are to be insulated with 1"
thick mineral fiber blanket to form a thermal break similar to
the tray system. Insulation (or electrically-heated tape) shall be
wrapped around the cable which extends cut of both ends of the
conduit to allow adjustment of end temperatures. 1The end
temperatures must be adjusted such that the average values for
the thermocoupies at locations 1 and 3 are within 4°C of the
werage for location 2, to minimize axial heat flow. In other
words, the ends should be close to the same temperatures as the
middle, thereby minimizing axial heat flow




5323 Through-Penetration Fire-stops

The electrical cable(s) and raceway(s) penetrating the sample
wall section are to be representative of those specified for the
through-penetration fire-stop and are to be of sutficient length
to project a minimum of 24 inches beyond bath sides ot the wall
section. For this purpose maximum thickness of fire-stop shall
be measured. Thermocouples on the electrical cabies in
through-penetration fire-stops are to be located so that
temperatures are measured in the interior of the fire-step and at
the fire-stop mid-depth as in figure 5.

5.3.24 Qnentation

The test specimens shall be mounted and the tests run in the
horizontal direction so as to eliminate any possibility of a
"chimney-effect" which could cause air movement within the
system.

5.3.25 Thermocouple Placement

Thermocouples (24 gage, Type K [Special Grade] Chromel-
Alumel, accuracy +1.15°C) shall be installed by slitting the cable
insulation and jacket and placing the thermojunction in intimate
physical contact with the conductor strands, as illustrated in
Figure 4. The cable shall then be restored as ciosely as possible
to its original condition, and the slit sealed with a single-layer
spiral wrap of electrical tape. Since the test is evaluating the
temperature at the hottest position, rather than the average of
all thermocouples, the cables within the bundle have been
instrumented, instead of those near the outside. For both the
conduit and tray systems, thermocouples shall be placed at each
of three vertical planes along their lengths, as illustrated in
Figures 1 and 2. The tray system shall be instrumented with 13
thermocouples at each plane, for a total of 39 thermocouples,
and the conduit system shall be monitored with 1 thermocouple
at each plane, for a total of 3 thermocouples.

5.3.2.6  Installation of Passive Fire Protection Systems

The tray and/or conduit is to be lifted off it’s support after the
completion of the baseline test, the passive fire protective
system applied in accordance with the manufacturer’s
instructions, and the entire assembly lowered onto the horizontal



support, thereby minimizing any heat sink effect from the
support system. After installation, the passive fire protection
system shall be allowed to equilibrate (or cure) to a state of
constant moisture content, if applicable. Moisture content (in
icims of percent moisture) shall be taken 4 hours or less before
the test is begun and within 4 hours after completion of the t<st,
using either a hand-held moisture meter, or standard 120°C
oven-dry methods). Such moisture de ermination is to be ma.
on the top and bottom exterior surfaces of both the tray and
conduit systems at their mid-length, and the results of top and
bottom averaged.

5.4  Test Procedure
5.4.1 Baseline Evaluation

At least one baseline experiment for each system (conduit and
tray) using Sections 5.4.2, 5.4.4, and 5.4.5 shall be conducted to
establish the cable ampacity prior to application of the fire
protective system. The ampacity value measured should be
compared to the IZ:E-ICEA Power Cable ampacities
standards.

5.4.2 Current

The circuit shall be energized with 60 Hz, single phase
a'ternating current sufficient to reach a steady-state temperature
of 90°C at the hottest single point monitored at location 2 (see
Figures 1 & 2). The current values measured shall be reported
to the nearest 0.1 ampere. The use of a constant-current
ampiifier is highly recommended as a power source, since the
increasing temperatures of the conductor circuit cause resistance
changes. Alternatively large variable transformers may be used,
with constant readjustment to maintain a set current flow

5.43 Temperature Measurement

All temperatures shall be recorded at infervals no greater than 1
minute. The current in each test circuitfshall be gdjusted so as
to give an equilibrium temperature o it the hottest
point monritored within location #2 (those located at the center
of the system). The average temperatures of thermocouple
locations #1 and #3 shall be within £4°C of the average of
thermocouple location #2. Each cable circuit shall be
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considered to be in steady state conditicn when a three-hour
period has elapsed since any perturbation of the system
occurred (current adjustment, box temperature change,
additional insulation placed on ends, etc.) and the rate of
change of the average of all monitored conductor temperatures
in that circuit does not exceed +0.55°C for the conduit’ and
+0.35°C for tray'. Re-adjustment of the current flow to a circuit
in order to maintain a given amperage value is not to be
considered a perturbation.

In order to statistically assure thermal equilibrium, the conductor
temperatures should be averaged at each sampling period and a
linear regression analysis (least-squares fit) performed on the
data obtained from that and all other averages taken over the
preceding 60 minute period. The slope of the line obtained will
be in units of “C/hour. As soon as the absolute value of the
slope of these data becomes less than 0.55 (conduit) or 0.35
(tray), equilibrium has been reached. The degrees of freedom
obtained by averaging many thermocouple locations (3 for
conduit, 39 for tray), allows the precision to exceed the =1.1°C
limit of any one thermocouple. The only practical mzthod of
obtaining the required accuracy in determining thermal
equilibrium is through the use of computerized data retrieval.
As an example of the least-squares technique, consider the tray
system in Figure 1. At each sampling time, an average

. temperature of thermocouples 1 through 39 will be calculated.
This value will then be added to the top of an array iarge
enough to hold 60 minutes worth of these averages, and the
oldest value discarded. A linear regression fit is then performed
on the array and presented on the video screen to the operator.
When the next data sampling is completed, the entire process is
repeated, thus yield a linear regression fit of the data from the
previous 60 minutes. As cach new data point is added to array,
all previous ones are shifted down one time increment, until
each is finally discarded due to the fixed size of the array.

' Chosen as the 95% confidence limits for Special Grade, Type K thermocouples at
90°C.
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LINEAR REGRESSION (LEAST SQUARES METHOD) FIT:

YemX + b X = LXIn
Y « LYin
m_ZIXZY
m = -
ryt . X
n
b=Y - mX

Where:
Y = Average Conductor Temperature (°C)
X = Time Increment (min)
m - Slope of line (C/min)
h = Y-Avxis intercept (°C)

544 Fnclosure Temperature

The temperature within the test enclosure shall be controlled to
40°C £2°C. Some induced 1ir movement within the enclosure is
necessary to achieve uniform steady-state temperatures, but care
must be taken to avoid direct air currents against the test specimens.
Method of amoient temperature control within the test endlosure i
important ard care must be taken to 2 oid any additional heat
loading on the cables by radietion fron. heat source.

EVALUATION OF TESTS

By a simple comparison of the baseline and test specimen ampacities, a deraung
factor / in be calculateA,

Data Interpretation: Ampacity Derating Factor

The maamun ¢urent currying capacity she!l be determined by derating applied
as dictated by the test. The dorating factor as determined by the test is 0 be
ce'culatew as follows:

11
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% Ampacity Derating Factor = (I, - 1)/ I, x 100

Where:
Iy = Current in amperes required to attain a 1emperature
of 90 °C for the baseline (un-protected) system.
However, if 1, is larger than published ampacity i.e.
ICEA P-46-426, P-54-440 then published ampacity
<hall be used for 1,

I, = Current in amperes required to attain a temperature
of 20 °C for the systum as protected by (he passive
fire protection systemn:.

p f DOCUMENTATION OF TESTING

Following he procedure outlined in this standard, provide percentaye ampacity
deiating and record the following specific data.

* Description of cables and raceway, if different from specifieu herein.
. All thermocouple data

o All current and voltage values

. Current and conductor temperature values ohserved at equilibriura
. Weight of passive fire protectior eystem {Ib/ft)

» Average thickness of tire protective system (irches)

B Details of installation of fire protective system

The documentation of records shall be provided in the form of @ FINAL
REPORT. The report shali contain for permanent record all information
pertaining to the test including the Test Plan, laboratory notebook, &/l raw data,
interp: stations, and observations. The report shall provide tie documentation of
all the apove parameters and cvidence of calibration to NIST standards for
equipment used in obtaining this Cata (including b»fore and after calibration of
thermocouples), anu appropriate resolution of any (2st anomalies. All
calculations, conclusions or interpretations shall have been checked and approved

by authorized individuals certified by the testing organization to be knowledgeable
of the techniques used.
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