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TSI TECENICAL MOTE 111781

ENCINEERING REPORT
> .

AMPACITY TEST FOR 600 VOLT POVER CABLES
INSTALLED IN A FIVE POOT LENCTE OF TWO INCE CORDUIT
PROTECTED WITE
THERMD-LAG 330-1 SUBLIMING COATING ENVELOFE EYSTEX

1.0 PURPOSE OF TEST

L ]

The purpose of this test was to determine the effect of the application
of @ 1/2 inch mivimuz dry file thickness of TEERM-LAC 330-1 Subliming
Coating on the temperature rise and ampacity of a 600 Volt #00 AWC
power cable installed in & five foot length of two inch conduit. This
test was conducted in accordance with AJEE Pub. Bo. 5-135-2, IPCEA

Pub. Bo. P=4b-426 "Power Cable Ampacities”.

TEST SET UP

The test was conducted at the laboratory facilities of TSI, Imc.,
3260 Bramnor Avenue, St. Louis. Missouri (53139), on October 23 and
October 24, 1981.

For test purposes, the condult test assextly was ;laced on tws 2" x 4"
vooder blocks within & &' by 5' wide by 29%" deep tust chamber constructed
of 3/8" plywsod. The test chagber, in turn, was placed on the surface of a
laboratory bench.

The desired level of azient texperature vas provided withiz the test
chaxber by means of three heat lamps located ir the top of the enclosure,
ané tws bot plates located at the bottom of the enclosure. The entrance
ané exit opecings for the pover cables, a1 one e of the test enclosure,
vere sealed by means of a 2" shroud of ceramic wool. Likewvise, the
entire surface of all pover cables, entering the test enclosure from the
junction with their power supply and power cables lesving the test
enclosure all the way to the epergizing variac, were covered with a 2"
ceramic wool shroud io order to minimize heat losses.



2.1 Conduit Test Assembly
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The conduit test sssexbly was constructed of & five foor® section of

2" fchedule 40 rigid steel conduit. The inside diameter of the rigid

steel conduit was 2.10" avéd the cross section ares of the conduit was

3.46 square inches. The test msseably vas used for the unprotected baseline
conduit tests. A separste but tdentical conduit sssembly was protected
vith the THERMO-LAG 330-1 Subliming Coating Envelope System.

Power Cables

A 21 foot length of #00 AWC power cable was folded into two loops and
then installed in each five foot length of two inck conduit. The power
cable was approximately 0.562 inches in diameter, had 0.25 square inches
{r the cross sectional ares, and was made of 19 strands of 0.0827 ifoch
diameter copper wire.

A sche=atic, which shows the cable tray test section mounted in the test

chagber together with tbe location of the azbient temperature thermocouples
vithir the test chamber, is presented in Figure 2:3:

Power Source

A 200 wolt, single phase, power sSource was used to energize the #00 AWS
pover cable comduit. The power source was equipped with a variac and
a current transformer as shown io Figure 2.2.

Bea: loss Reduction

The twe ends of the copduit together with the cables emerging fros the
conduit ends were wrapped with a 2 inch thick piece of THERMO-LAC 330-70
Ceraric Blanket. The ceramic blanket wrap was then secured to the conduit
an? the cables by wrapring it with duct tape. This step was taken to
reduce the amount of heat loss from withic the conduit sectior ané frot
the catle leagths tha: were pot located withiz the comduit sectioo.

Instrumentation

The test instruments and devices used during the ampacity test consisted
of three thermocouples, & thermocouple temperature recorder, an amzeter,
a voltmeter, & digital readout and & current tracsformer.

*See Addends for explanatiop of 5 ft. lemgth.
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Thermocouples

Tharee (3) thermocouples were irstalled 4p the cester of the 2"
conduit section. The first two thermocouples were located six
inches on each side of the midpoint along the length of the

conduit and the third was located an eadditional six inches avay

from the midpoint. They were exbedded 1o slits made 4in the cable
ipsulation.

The location, of the three thermocouples within the test assexbly,
is shown in Figure 2.3.

Thermocouple Recorder

A Brown Multipoiot Thermocouple Recorder was used to record the

texperature of the pover cable circuit at the locations previcusly
described.

Calibration of each thersocouple was checked against a standard
thermometer by comparing the thermocouple readings at roow
temperature and in boiling water. The deviation was less than
1°C from the known temperature in each case.

Arxeter

The ampeter used to measure cursent in the power cable circuit was
placed in series with the power cable and ome of the output lines
fror the currest transformer. The ammeter was & General Electric
Dnit wvith & readout range fros 0-300 amperes. The current

transformer was & Westioghouse Unit vith a maxims output of
&D0 mmperes.

Voltmeter
The voltmeter used in the #00 AWC power cable circuit bai a

readout range of 0-50 amperes.

Axrient Temperature Dipul Resadout

An Omege Engipeering Unit was used to provide a digital readout
of the ambient temperature during the test.
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3.0 TEST PROCEDURE

The ampacity test wvas conducted in two separate but interrelated phases.
The first phase consisted of establishing a base line ampacity for

the power cables whep installed in the unprotected conduit test sssembly.
The second phase consisted of determining the amierage dersting which
occurs when the conduit test assesbly is enclosed by s protective
envelope of THERMD-LAG 330-1 Subliming Coating Envelope Systex. These
twvo test phases are described in the following paragraphs.

A

3.1 Upprotected Conduit Test Assexbly

The base line ampacity test was started by epergizing the power sources
to produce ac initial asperage of 160 amperes iz the #0C AWC power
catle circuit. This amperage level was then maintained ic the powver
circuit until ome of the thermocouple temperatures stabilized within
the designated temperature band of 194 = 3°F (90 2 2°C). The elapsed
time for this pre-test period was circa four bours.

Throughout this and the subseguent one hour test phase, the axzbient
tezperature withic the test enclosure was maintained at 104 2 S°F
(40 2 3°C).

Once the base line test was initiated, it was continued for ome hour.
During the test the amperages, io the power cable, the bot spot cable
thermocouple temperature, and the ambient temperature, were recorded
&t 5 mioute intervals.

The recorded base line amperage of 152 amperes wvas ther corrected te
reflect & 40°C ambient temperature test condition and » 90°C conductor
tezperature, using the correction tables preseated in the AIEE Pub.

Ne. §-135-2, IPCEA Pub. No. P-4b-426 entitled: "Power Cable Ampacities”.

After correction, the base line a=serage became 153.16 axperes.

The base line test azpersge and temperature together with the asperage
correctior calculations are shown in Table 1.
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BASE LINE TEST DATA

Average Maximum #00 AWC
Ambient Cable Power
Texperature Texmperature Cable

Time . ¥ Azperage
3:00 PM 106 194 182
3:05 P¥ 106 194 152
3:10 PM 105 184 152
¥:15 PN 105 193 152
3:20 P¥ 105 163 152
3:25 PHM 105 183 152
3:30 PM 104 193 152
3:35 PM 105 193 152
3:40 PM 105 193 152
3:45 P 105 193 152
3:50 PM 104 193 152
3:55 PM 104 193 152
4:00 PM 104 193 152
4:05 FH¥ 104 193 152
Averape Aztient Temperature: 104.79°F  (40.46°C)
Averape Catle Temperature: 193.21°F (89.56°C)
Tezperature Correlatior Per L 15490 - &0 x 23L.5 + 85.5¢
IPCEA P-46—426: $9.5 - 4044 23L.5+ 90

1« 152 (1.01) = 153.16 Amperes



3.2 Conduit Test Assembly Protected With A Subliming Coating

L.

Upon completion of the base line test, the other conduit test sssembly,
costed with 1/2 inch minimus dry fils thickoess of THERMO-1AL 330-]1
Subliming Coating, was {nstalled in the test fixture.

The test was started with the current flow establisbhed at 155 amperes
in the power cable circuit. This curreat level, which vas developed
in the first test phase, was maintained until the temperature limit
of 194°F (90°C) was reached by the hottest cable thermocouple. At
this point, the amperage vas gradually reduced wotil the hottest
cable thermocouple stabilized within the designated tesmperature band
of 194 = 3°F (90 = 7C).

After the temperature had stabilized for one bour, the test run vae
initisted and coutinued for anotber bour. During the test num, the
circuit amperages, the hot spot cable thermoxouple temperature and
the ambient temperature were recorded at 5 mioute intervals.

The test azperage of 142 smperes was then corrected to reflect a

40°C ambient temperature conditioo anc & 90°C conductor texperature

test condition using the correctiom table presented in the AIEE Pub.

No. §-135-2, IPCEA Pub. No. P—46-426 entitled: "Power Cable Ampacities”.
After correction, the test Amperage became 141.77 mmperes.

The tes: amperages and temperatures together with the axperage conditiorn
factors are showr in Table 2.

ANALYSIS OF TEST RESULTS

The hottest cable thermocouple temperature, tojether with the axbient
texperatures and pover catle mEper1sge readings, were recorded at 5
ginute intervels during each of the tests. Tuese test results, whick

are shovs in Tatle 1 and Table 2, arve anslyzed and discussed ip the
following paragraphs.



TABLE 2
TEST DATA FOR A FIVE POOT LENCTH OF TWO INCE CONDUTT

PROTECTED WITH THERMO-LAGC 330-1 SUBLIMING COATINCG ENVELOPE SYSTEM

Average Maximam 100 AWC
Ant {ent Cable Fower
Temperature Tempersture Cable
Tive Ui AR i Azperage
2:30 PM 102 193 142
2:35 P¥ 102 183 142
2:40 PM 102 183 162
2:45 PR 103 183 142
2:50 PM 103 193 142
2:55 PH 103 193 142
3:00 PM 103 193 142
3:05 PM 103 183 142
3:10 P¥ 103 183 142
3:15 103 183 142
3:20 P¥ 103 193 142
3:25 PM 103 183 142
3:30 PM 103 193 142
3:35 PH 103 193 142
Average Amtient Temperature: 102.786°F (35.37C)
Average Cadle Tezperature: 183°f (85.44°C)

Tez~erature Correlation Per
1PLEL P-4b-426: I » 142\,3 - 40 § 230.5 « BS.4d
B9.40 - 35.33 234.5+ 90

1= 141.72 Amperes

10
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Doprotected Conduit Test Ass amd i

The temperature readings for the bot spot thermocouple remained within
the 194 ¢ 3°F (90 = 2°C) tesmperature rauge éuring the one bour test
period. The tempersture ranged betwees 193 snd 194°F during the test.

The power cable current resained constant st 152 amperes throughout
the ome bour test. The ambient temperature within the test enclosure
average 104.79°F with all temperature readings falling within the
prescribed test range of 104 2 5°F (4D 2 3°C) during the test.

Conduit Test Assembly Protected With A Subliming Coating

The temperature reading for the hottest thermocouple rose to 193°F
(90°C) when the power cable circult wes energized at the 155 amperes
level established 4o the base line test. The pover cable current then
vas reduced to 142 azperes and the temperature readings from this
thermocouple stabilized at 193°F for the remainder of the test.

The power cable current remained at 142 smperes througbout the one
hour test period. The ambient temperature wvithic the test chasder
sverage 102.786°F within the prescribed test range of 104 = 5°F
(40 * 3°C) during the test.

CONT.CEIONS
R

The test results indicete that the ampacity of three lengths of #00 AWC
powe: cable, imstalled io & 2 inch diameter rigid steel conduit, sbhould
be devated by 7.47%1 when the conduit is protected with a 1/2 inch

wirizx dry file thickoess of TEERMO-LAC 330-1 Subliming Coating Envelope
Systen

Tris derating factor was calculated by subtracting the test azpacity
of 141.72 azoeres from the base line axperage of 153,16, dividing by
the base line value of 153,161 and thes multiplying by 100. Or this
basis, the dersting factor was determined to be 7.473%.

The derating factors apply to the thickness of the THIRMO-LAC 330-1
Subliming Coating Eovelope Systex & tested, and tolerances esployed
4n this test progras which was 0.625" 2 0.125", dry.

The test results obtained for derating the #00 AVC power cable may be
used for all sizes of cable with similar meterisal. This is bued-on

J. Stolpe's work which indicates that derating should be independent
of cable size.

11



Recent IEEE draft bulletins for ampacity derating tests, suggest the use of
racevay sections larger than the 5 foot section used for this test. Since
this test was conducted in Kovember 1981, the 1EEE raceway length could ot
be anticipated. However, the 5 foot racewsy used in this test will not in
any way invalidate the test results.

The length of raceway will affect two parameters:

1) The temperature oscillations in both the cable conductor and
the surrounding ambient sir in the test box.

2) End effects where the cable enters and exits the test box.

fact of these parameters will be considered below:

1) Temperature Oscillstions

The temperature oscillations are a function (among other things) of
the air volume between the raceway and the test box, axt the total
ares of fire barriers oo the raceway - both of which are a linear
function of the raceway length. During the tests, the temperature
variations for both the conductor temperature and the am ient test
box temperature were within the allowable * 2°C during the ome hour
test period. 1p addition, the average value for conducter temper2ture
and test box ambient tempersature were normalized to the base g0 C/40"C
using the currest correction formula givex in IPECA Putlicatio:

Mo, P-4b-426 (1962) or page I11, equation (5).

2) Ené Effect

e

A short raceway will be wuloerable to end effects whict are caused
by the localizel hot spots vhere the raceway enters ars exits thne
test box. These hot spots are caused by the ceramic firer packing,
and are typically in the range of 5°C temperature rise. The hot
spots will cause a temperature gradient is both the inwarc¢ anc
outvard direction. The temperature gradient will exaist for only
several inches into the test box, not enough to affect the test

results, since the conductor thermocouple locations are vell into
the test box.

(a)
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1. T. L. REPORT NO Bé&-10-5
ENGCINEERING REPCRT ON AN AMPACITY TEST FOR 600 VOLT POWER CAELES
INSTALLED IN A FIVE FOOT LENCTH OF TWO INCH CONDUIT
PROTECTED WITH A
THREE HOUR FIRE RATED DESIGY OF THE

THERMO-LAC 330 FIRE BARRIER SYSTEM

The purpose of the test wae to detertine the efiect of the aprlication
of 2 troree hour fire rated desigr (one inck (1") mirimum dry filr
tricknese) of the TEERMO-LAG 330 Fire Barrier Svstez, on the terdverature
rise a=: ancacity of & 600 volt #£00 AVC power catle, installel ir 2 five
fort lenpth of twe dnch conduit. This test was cenducted ir stzoréanc
visk ATET Publication Ne. 5-1133-2, IPCE: Put., No. P=4€-426 (19:2)
e-*ited: “Pover Catle A-pacities.”

o o lr‘-:--,h\.
- wrihe bW

Pir ot

—ne tee: wae confucted at the laborstory facilitier of Thermal Science.
In ("T81") 4= B2, louis, Misscuri, on 26 Serie=her 1884, an? wirnesss:
b, & re-resentztive of Industrial Testing Ladboretcries, Inc. ir
€2 . Yeoie, Missouri. The durarior ef the szraiity derating test vas
e ot fira dves CRis RES LIS COTPEYLL I 3hE bRes Jinf
epBgdud e Dwanlseslserd gorivirgr g TO] Sllgiowaece =
Ty Doerker JEEL . OF THE SRSt UnNTIYDLectel refr prELltlt

For test purposes, the conduit test assemblv was placed on twe 2"x4"
voode- blocks with & 4' by 5' wide by 29%" dee; test chamber constructed
of 3/B" plywood. The test chamber, in turn, was placed on the surface of
& laboratory bench..



.
-

‘ “'!1

-3

3.1

La¥
(P

The desired level of ambient temperature was provided within the test
chamber by means of three heat lamps located in the top of the enclosure
and two hot plates located at the bottom of the enclosure. The entrance
and exit openings for the power cables, at one end of the test enclosure,
wvere sealed by means of & 2" shroud of ceramic wool. Likevise, the
entire surfsce of all power cables, entering the test enclosure from the
junction with their power supply and power cables leaving the test
enclosure all the way to the energizing variac, were covered with a 2"
ceracic wool shroud in order to minizize heat losses.

Conduit Test Assembly

The conduit test assem>ly was constructed of a five {oct‘ section of

2" gehedule 40 rigid steel conduit. The inside diaseter of the rigic
greel confuit was 2.10 inches and the cross-sectional area of the coaduit
was 3.4€ sguare inches. The test assexmbly was used for the unprotectecd
base line conduit tests. A separate but identical conduit assembly was
protected with 8 three hour fire rated design of the THERMO-LAC 330 Fire
Barrier Systez Preshaped Conduit Sections.

Fowey Catles

A 21 foot length of #00 AWC cable wae folded into two loops anc ther
instzlles in each five foot length of two inch conduit. The power catle
vae ar-roxivetely 0.562 inches in diameter, haé¢ 0.25 square inches in the
crosc-sectional arez, and was made of 19 strands of 0.0827 inmch diaceter
copper wire. o

A s-he=atic wrick shows the conduit test sectior mounted in the test
s=“er topether with the locetic= ¢f the a&tient tesherature

pres—:couriee wittir the test chasher is showr drn Figore 1.

Power Source

A 200 volt, single phase power source was used to energize the #00 AWG
power cable conduit. The power source was equipped with a variac and
s current transformer as shown in Figure 2.

*
See addenda for explanation of 5 foor length.
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_r LOCATION OF TEST ASSEMBLY AND AMBIENT TEMPERATURE
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FIGURE 2

SCHEMATIC CIRCUIT DIAGRAM
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3 SECTIONS OF #00 AWC POWER CABLE
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3.4

3.5

Beat lLoss Reduction

The two ends of the conduit, together with the cables emerging fron the
conduit ends, were wrapped with & 2 inch thick piece of ceraxic wool,
The ceramic blanket wrap was then secured to the conduit and tbe cables
by wrapping it with duct tape. This step was taken to reduce the amount
of heat loss frow within the conduit section and from the cable lengths
that were not loceted with the conduit section.

Instrurentation

The test: instruzents and devices used during the ampacity tes: consisted
of three thermocouples, @ thermocouple temperature recorder, a: ammeter,
g digitel readout and a current transformer,

2.9.1 Thermocouples

ouples were installed 4n the center of the 2" conduit
twe thercocourles were loceted six inches on each
=~z the length of the conduit and the third was
¥ inches away froz the midpcint. Ther wvere

n the cable insulation.

sectics. The

side ¢f the ni
locatel ar asc
echeddel 4in el

)y M N

[ O S

The locetiorn of the three thermocouples with the test assectly is sghoswm
in Figure. 3-

kP R Theypacouw-te Terreresure Reccrcer
2 Brows Multipeirt Thevmriourle Tezperature hecorder was usel to recorc
the te=-erature of the pover catle circuit at the locetione previously

descridbed.

Calibration of each therzocouple was checked against & standarc
thermometer by comparing the thermocouple readings 8t rooc texperature
and irp boiling water. The deviation was less than 1C from the known
texzperature in each case.
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3.5.3 Ammeter

The smmeter used to measure current in the power cable circuit was placed
4n series with the power cable and one of the output lines froc the
current transformer. The asmeter was & General Electric Unit, with a
readout range frow 0-300 amperes. The current transformer was a
Westinghouse Unit with a maximum output of 400 amperes.

3.5.4 Arbient Temperature Dipital Readout

An Omega engineering unit was used to provide & digitel readout of the
arbient temperature during the test.

TE:T PROCIOLAL

The arpacity test was conducted in two separate but inter-relatec phases.
The first phase consisted of establishing & base line azpacity for the
power cables when installec in the unprotected conduit test assezbly.

The seccni phase consisted of determining the amperage deratirg vhich
ocreurs wher the conduit test assexily is enclosel by a three hour rated
decipr cf the THERMD-LAC 330 Fire Barrier Svster Preshaped Cozduit
Sections.,

Duricg both test phases, the ac-ient temperature was maintaine: at

.~

L0 +/~ 20, and the maxivur conductor texperatures were maintaized at

G0 +/~ 2C. These two test pheses are describec in more detail ir the
followvirg paragrephs.

26 1ime aTcaiity tes: waf conguctel on the TW 1Pt CONICIT R EES
acs pricr tc enclosure with the protective fire barrier &: the
lab v facilities ef IS7 in St. Louis, Missouri or 23 Oct. 19B..
The base line ac-acity test was startec by energizing the pover sources
to produce an initial azperage of 1A0 umperes in the #00 AWG pover catle
circuit. This amperage level was then maintained in the power circuit
until one of the thermocouple temperatures stabilized within the
designated temperature band of 194 +/- 3F (90 4+/- 2C). The elapsed time
for the pre-test period was circa four hours.

Throughout this and the subsequent one hour test phase, the azbient
temperature within the test enclosure was maintained at 104 +/- 3F
(40 +/- 2C).



Once the base line test was initiated, it was continued for one hour.
During the test, the amperages in the power cable, the hot spot cable
thermocouple temperature, snd the asblent temperature, were recorded

at 5 minute intervals.

The recorded base line amperage of 152 amperes was then corrected to
reflect a 4OC azbient temperature test condition and & 90C conductor
temperature, using the correction formula presented in IPCEA Pub.
No. P-46-426 (1962), Page 111, Equation (5).

After correction, the base line amperage became 153.52amperes. Tne base

line test acperage and temperature, together vith the amperage correction
calculations ere shown in Table 1.

Proterted Conduit Test Assezhly

A three hour fire rated design of the THERMO-LAG 330 Fire Barrier Svstex
Preshaped Conduit Section was installed on the two inch condul: tes:
assecbly., Installation of the Svster involved cutting and mouziing 3 foot
long preshapec conduit sections on the test assextly, using sF;rovel
ctainless steel tie wires.

The preshaped conduit sectior desigr was instzlled on the test assextly ir
arcoréeance with procedures set out in TSI'es Technical Note 20€5%. entitled:
nepesweolAT 330 Fire Barrier Syster, Installation Procedures Mznuzl,
f.clezr Plan: Aprlications", Revision 11, April 1984,

~r¢ tee: was started with the current flow estatlisheld at 155 swweTes irn
the power cable circuit. This current level, which was develcoe? 2= the
fire: these, was meintained until the temperature limit of 19.F (&0.) was
ea-te: by the hottest cable therzotouple. At this point, the a=serape

T
wee graduzlly reducted until the hottest cable thermocouple stetilized
withir the cdesipnated tecperature band of 19- +/= 3F (90 */= 2¢

o' -

e smg cg=sgrzeure hat statilizeZ for cne hrov, the tegtl Tor Vis
pin Vet &S ENC X v i vg 2 Fre grerpesr Wawe Dorimy the TE€§ .TUs. %
cirscis arrervaper, the hot spol cetle thertocosTle teTheTatuTe &%

o 4
the azviegnt LESTETALUTE WeTE recorced 2t 5 pinute intervals,

~ne teet azperape of 140 amperes was then correzted to reflec: & 470
as'ient tecperature condition ané & 90C conductor temperature tes:
condition using the correction formuls presented in the IPCEA Put.
No. 46-426 (1962), Page 111, Equation (5).

After correction, the test amperage became 138.60 amperes. The
test amperages and temwperatures, together with the amperage
condition factors are shown in Table 2.



r TABLE 1

BASE LINE TEST DATA

Average Ambient Maximur Cable

Temperature Temperature #00 AWC Power Cable

Time F F Azperage
3:00 P¥ 106 184 353

3:05 P¥ 106 16l 358

3:10 P 105 194 152

3:15 P¥ 105 193 35<

3:20 P¥ 105 193 182

525 P 105 193 azd

3:30 P™ 105 193 155

3:35 Py 104 193 152

3:40 P¥ 103 183 152

3:45 PV 105 195 152

2:50 F¥ 104 193 >

3159 T 104 193 I

&:00 PY 104 163 - R

&:05 P¥ 104 163 -3
Averare Aztient Tecperature: 105.79F (4C.440)

Avevatts Cetle Tetieralure: 193, 21F {8%,56%)

Tecrevesure Correlation Per
IPCEL Pur. Ne. P=46-426: I = 152 90 - 40 s e3..% 4 BY S5¢
BG,.5¢6 - &40.44 «3e.% % §C

1 =152 (1.01) = 153.52 Amperes



1l

]

j %

28 s

4«

5 ) E
;i %
i 1

Time

1 0t

d 1kl

b s
i &
131
i

12:0¢

£

Te=-eresure Correlatiorn Per
IPCEA Pub. No.

Ampacity Derating *

‘ETRLE

TABLE 2

TEST DATA FOR A FIVE FOOT LENGTE OF TWO INCE CONDUIT

PROTECTED WITH A THREE BOUR FIRE RATED DESIGN OF THE

A
A¥
AV
A

I

1AM
f AN

A
AN
A
A

THERMO-LAG 330 FIRE BARRIER SYSTEM

Average Ambient

Maximur Cable

Azrient

10

Texperature Texperature #0° AWC Fower Cable
¥ F Aoperase
105 197 140
105 196 140
105 196 140
105 196 140
1035 187 140
105 197 140
105 197 140
105 197 140
105 197 14C
105 107 14C
105 197 140
105 197 14C
105 167 140
Tespereture: 105F (4C.5%2
o 5% 3d & 166 . 797 - (L. 227
P-4b-426: 1= 140 90 - 40 234 .5 + 9),55
91.55 - 40.% 234.5 + 9C
1= 140 (0.99) = 13E.6{ A=peres

153.52 - 138.60/153.52 x 100 = 9.722



5.0

5.1

ANALYSIS OF TEST RESULTS

The hottest cable thermocouple temperature, together with the asbient
temperatures and power cable amperage readings, were recorded at

& minute intervals during each of the test phases. These test results,
vhich are shown in Taebles 1 and 2, are sanalyzed and discussed {n the
followving paragraphs.

Unprotected Conduit Test Assembly

The tecperature readinge for the hot spot thermotouple remained within
the 194 +/- 37 (90 +/- 2C) tempersture ra=ge c€uring the one hour test
period. The tezperature ranged betweer 1¢I azZ 164F during the test.

The power cable current remained constant at 157 amperes throughout
the one hour test. The ambient temperature within the test enclosure
averape 104.79F with all temperature realizge falling within the
prescribec test range of 104 4/~ 3F (40 4/- 20) during the test.

Protectes Conduit Test Assexnbly

Tne tezperature reacing for the hottest thermccourle rose te 15iF (80C)
wvher the power cable circuit was energized &t the 155 amperages level
ectablished ir the base line test. The power catle current was then
refu-ed te 14D amperes ané the tezperature readings fror this thermocourle
starilize? betweer 19 and 197F prior to the etart of the test.

The power cable current rexzined at 140 a=s¢res throughout the one hour

tes:. The ac“ien: tecperature with the tes: cha=bder averaped 105T within
tre prescribes test rvange of 10- #/- 3T (L7 = - 20) during the tes:,

3



6.0 CONCLUSIONS

The test results indicete thet the ampacity of three lengthe of #00 AWC
power ceble {nstalled in & two inch diameter rigid steel conduit, should
be derated by 9.721 when the condu.t is protected with a three bour
fire rated deeign of the THERMO-LAG 330 Fire Barrier System Preshaped
Conduit Section.

- ]

s —————

—~—

Thie derating factor was calculated by gsubtracting the test azpacity of
138.60 amperes frou the base line amperage of 153.52, dividing the base
1ine value of 153.52, and then multiplying by 100. On this basis, the

derating factor was determined to be 9.721.

The derating factor applies to the thickness of the THERMO-LAC 330 Fire

Bzrrier Sveter Material as tested, &7 tolerances employed in this test

srograz which was 1.250" +/- 0.25T", én.

The test results obtained for deraticy the #00 AWC power cable may be

useé for all sizes of cable with sirilar material. This is basedAon
Seclpe's work which indicates tha: derating should be independent

of cable sBize.

12
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ADDENDA

Recent I1EEE draft bulletins for ampacity derating tests suggest the use of
raceway sections larger then the 5 foot section used for this test. Since the
bese line test was conducted in October of 1981, the IEEE racewsy lemgth could
pot be anticipated. However, the 5 foot raceway used in this test will not in
any way invalidate the test results.

The length of the raceway will affect two parameters;

1)

2)

The temperature escillations ir both the cable conductor and the
the surrounding ambient air ir the test box.

End effects where the catle enters and exite the test box.

Each of these parameters will be cozsidered below:

1)

2)

Te-merature Dscillations

The temperzture oscillations are & function (among other thinge) of the
air voluze betweer the racewzy and the test box, and the total ares of
fire barriers or the raceway - both of which are & linear function of
the racewav length. During the tests, the tecperature variations for
bott the condustor temperature and the actient test box texperature were
well within the allowable +/- 2C during the onme hour tes: period. In
addition, the average value for conductor tecperature and test box
artient texperature were nrrrz.ized to the base 90C/40C using the
current correction forcule g:ver in IPCEA Publication No. P-46-426
(1962) or page 111, eguaticz (3).

Er.. Effeccs

A Bhov: racewsr will be vilrervatle to end effects which ere causel br
trne locsiizef hot EpCLis TELEWEY EISEYE @NZ €¥iss the tes:
bes. These hot spots are ce.csel by the cerazic fiber packing, anc are
tvrically 4n the range ¢ 50 tezperature rise. The hot spots will
cause a tecperature graZ.e:z: ir both the inwverd and outvard direction.
The temperature gradier: w... exist for only severzl inches into the
test box, not enough to effezt the test results, since the conductor

thermocouple locations are well into the test box.
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