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ABSTRACT

This report describes the activities of & Fire Protection Research
Project during the period of October-Decermber 1977, It describes
a testing program which was urdertaken to assess the adequacy of
fire retardant coatings as applied on electrical cables., The pre-
liminary results show & remarkable consistency between small
scale tests and a full scale single tray testing program.
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Coating C was applied at a wet thickness of 1/8 in, (3,2 mm)., The coating adhered to the
trowel and made thickness hard to control, When curing, the coated sample warped but remained

soft and pliable which allowed the samples to be flattened before testing.

Coating DD was applied to a wet thickness of 1/4 in, (6,4 mm). The coating dried very hard

and flat, There were some cracks in the surface,

Coating E was easily applied at a nominal wet thickness of 1/4 in, (6,4 mm), The coating

dried flat and smooth and remained slightly soft to the touch and pliable after curing.

Coating F was applied to a nominal wet thickness of 3/16 in, (4.8 mm), The coating adhered
to the trowel and was difficult to spread evenly, When fully cured, the coating shrank and the
samples were warped and curled, The coating dried semirigid and the samples were difficult to

flatten.

Full Scale

For the full scale tests performed at Sandia Laboratories, Albuquerque, coatings A, B, C,
D, and I were applied to the same cables described previously, The cables were loaded into
galvanized-steel, open-ladder trays 18 in, (45.7 cm) wide and 12 ft (3.7 m) long., Although the
trays were filled to approximately the tops of the 4~inch siderails of the cable trays, the loading
technique allowed maximum air passage through the cables, The loading pattern was a figure 8 in
the tray with the crossing point advancing progressively up and down the tray, For the three-
conductor cables this resulted in a 25% fill by cross-sectional area and for the single conductor a
16% fill by cross-sectional area (90 three-conductor cahles per tray and 450 single-conductor
cables per tray), Non-IEEE-383 qualified cable was loaded into additional cable trays to be
included in the testing, The ype of cable used was three-conductor, 20/10 Poly-PVC, polyethylene
insulation, 45 mil (1,14 mm) PVC jacket, The number of cables per tray and percent filled by

cross-section were the same as the qualified three-conductor cables previously described,

At the fire site at Sandia, coatings A, B, C, and E were sprayed onto the loaded cable trays
by their respective manufacturers. The nominal wet thickness applied to the tops and bottoms of
the loaded cable trays was the same as that used in the small scale tests and were applied accord-
ing to the manufacturers' specifications, Coating B was not included in the small scale tests,
Coating I' was not included in the full scale tests because of difficulty in obtaining this product
from a foreign source, Coating D was applied by Sandia personnel to the manufacturer's speciti-
cation but was the only trowel-grade coating used and presented a completely different appearance

from the sprayed-on coatings.
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The amounts of coating material used to accomplish the necessary wet thickness are as

follows:
Coating A 7 gal /tray Coating D 10 gal/tray
Coating B 7 gal/tray Coating E 11 gal/tray
Coating C 7 gal/tray

Small Scale Test Description

The Ohio State University Release Rate Apparatus at Smithers Scientific tested two types of
cable and five types of fire-retardant coatings to varying levels of radiant heat flux to determine
the ignition time and smoke and heat release rates, The apparatus uses a flow system in which a
known, constant flow rate of air enters an environmental chamber. Rate of heat release is moni~
tored by change in temperature of air leaving the chamber, Rate of smoke release is monitored
by optical density of gas leaving the chamber, The sample is placed into the environmental
chamber, and a small pilot flame is placed to impinge on the center of the lower edge of the
vertically placed sample, A radiant planel provides exposure in terms of heat flux to the sample,
The test conditions provided air flow of 84 ftalmln (0,04 m3/a) with tests at room temperature

and at radiant heat flux levels of 1.0 W/cmz, 2,0 W/cmz, 3.0 W/cmz, and 4,0 W/cmz.

Full Scale Test Description

Single Tray Tests

The test described here was designed to reproduce the conditions of the full scale stacked-
tray test of Julv 8, 1077 as reported in "A Preliminary Report on Fire Protection Research Pro-
gram," SAND77- 1424, An important difference, of course, is that only the ignition tray itself was
used in this phase of the fire retardant coatinge tests, For each type of coating, two tests were

run: One each with the single-conductor cable and the three-conductor cable,

The test procedure and set-up were essentially identical to that used in the July 6 fire tests,
An insulated barrier was placed 9,5 in. (24,13 cm) over the ignition tray. The twin-burner assembly
was centered beneath the tray so that rungs of the cable tray were not directly over either burner,
The distance between the top of each burner and the bottom of the cable tray was 4.75 in, (12,1 em)
(see Figure 1), Thermocouple and calorimeter placement was made as shown in Figure 2. Note

that cable thermocouples were in place before spraying or troweling of coatings began,

For each burn cycle, propane and air were turned on for §-minute periods of time. Pre-
vious tests had shown S-minute periods as optimum for creating the largest donor fire in a cable
tray loaded with [EEE-383 qualified cable, provided an open or random cable~fill pattern is main-
tained, If a fully developed cable-tray fire was not achieved after applying this ignition source for
5 minutes, additional 5-minute ignition cycle were repeated after S-minute delays, Six ignition
cycles were attempted if a fully developed cable tray fire was not achieved.
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Pigure 2, Thermocouple and Calorimeter Placement for Single Tray Test

Thirteen tests were conducted consisting of the following:

2 Uncoated cable trays with IEEL-383 qualified cable (one with single-conductor,

one with three-conductor)
1 Uncoated cable tray with non-383 qualified PE/PVC cable, three-conductor

10 Coated cable trays with [EEE-383 qualified cable (5 different coatings each with

the two cable constructions)

Electrical resistance measurements of the cable and cable~to-ground were made before and after
each test. Current measurements were made before and after each test and recorded throughout

each test,
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Pigure 3 shows the fire site fucility., Each test began with the rear-vent fan off and one
front 6~ft x 3-ft (1.8-m x 0, 9~m) door open. A 4-ft x B-ft (1.2-m x 2,4-m) sheet was placed
between the door and the test setup to act as an air baffle, The buildings wasg free of all smoke
before each test began, During the test the building exhaust fan was turned on only when and if the
smoke accumulaiion prevented observation of a possible developing fire on the video system
employed for that purpose, When turned on, the exhaust system .ullowed approximately three

building-volume changes of air per hour,
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Figure 3. Cable Tray Fire Site
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Coating C

Single-Conductor Cable -- After two cycles of ignition source a fire developed in the cable

tray and burned for 15 minutes before self-extinguishing. Flame height was greater than 9,5 inches
(24,1 em) and flattened out against, and curled around the edges of the barrier, The atfected area
was 58 inches (1,6 m) long and 18 inches (45, 7 cm) wide, All of the affected area burned and the
cable was severely charred, The coating was severely crached and flaked, Cable resistance
measurements were: pretest 5,86 ohms, posttest (warm) 2,83 ohms, (cold) 6,04 ohms; cable~to-

ground resistance pretest > 20 M ohms, posttest (warm) 2,2 ohms, (cold) 2,8 ohms,

Three-Conductor Cable -- After one cycle of ignition source a fire developer! and burned for

40 minutes before self-extinguishing, Flame height was greater than 9,5 inches (24,1 cm), flatten-
ing against the barrier and curling around the barrier's sides. Affected area of the tray was 43
inches 11,09 m) long by 18 inches (45.7 cm) wide, All of the affacted area was burned and the
cable was charred with the coating cracked and falling off, Cable resistance measurements were:
pretest 5,5 ohms, posttest (warm) 5,5 ohms, (cold) 1,82 ohms; cable-to-ground pretest > 20 M

ohms, posttest (warm) 71.4 k ohms, (cold) 4.8 M ohms,

(bating D

Single-Conductor Cable - - After six cycles of ignition source no fire developed, No damage

or carbon deposits were visible on top of the tray but the burner flame on the bottom caused a

o ¢
4,5 ft° (0,42 ") section of coating to intwmesce and carbonize, The cables were not damaged,
Cable resistance measurements were: pretest 8,4 ohms, posttest (warm) 9, 3 ohms; cable~to-

ground resistance pretest > 20 M ohms, posttest (warm) > 20 M ohms.

Three-Conductor Cable -~ After six cycles of ignition source no fire developed, No damage

or carbon deposits were visible on top of the tray, The burner flame on the bottom of the tray
2 9

caused a 4,5 ft” (0,42 m”) section of coating to intumesce and carbonize, The cables were not

damaged. Cable resistance measurements were: pretest 5,4 ohms, posttest (warm) 6,3 ohms;

cable~to~-ground resistance pretest » 20 M ohms, posttest (warm) > 20 M ohms,

5_‘93!'mg l:i

Single~Conductor Cable -~ After six cycles of ignition source no fire developed, No damage

or carbon deposits were visible on top of the tray, The coating was blackened under the tray,
Cable resistance measurements were: pretest 9, 22 ohms, posttest (warm) 10,35 ohms, (cold)

9, 36 ohms; cable~to-ground resistance pretest > 20 M ohms, posttest » 20 M ohms,

Three-Conductor Cable ~~ After six cycles of ignition source no fire developed., No damage

b

; ot i 2 ,
or carbon deposits were visible on top of the tray, Beneath the tray 32 in.~ (206 cm ) of coating
fell off the cables aver the burner area (before test completion), Cable resistance measurements
were: pretest 4,08 ohuns, posttest (warm) 4.8 oluns, (cold) 4,1 ohms; cable-to-ground resistance

preteat » 20 M ohms, posttest > 20 M ohms,
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No Coating
IEEE-383 Qualified Bingle-Conductor Cable -~ After one cycle of ignition source a fire de~

veloped and burnea for 10 minutes before self-extingwishing, Flame height was greater than 9,5
inches (24,1 cm) and curled around barrier edges. The affected area was 34 inches (86 cm) long
by 18 inches (45,7 em) wide. Insulation was consumed and conductors bared, Cable resistance

measurements were: oretest 8,3 ohms, posttest (warm) 2,07 ohme, (cold) 1,44 ohms; cable~to-

ground resistance pre‘est » 20 M ohm, posttest > 90 ohms (warm), 24 chms (cold),

[EEE~838 Qualified Three-Conductor Cable -~ After one cycle of ignition source a fire de-

veloped and burned for 13 minutes before self-extinguishing, lame height was greater than 9,5
inches (24,1 om) and curled around barrier adges, The affected area was 27 inches (68,6 cm)
long and 18 inches (45,7 em) wide, The total area was charred with insulation powdered and fliked
off, Cable resistance measurements were: pretest 4,68 ohms, posttest (warm) 3, 2 ohms, {cold)
3.6 ohms; cable-to-ground resistance pretest > 20 M ohms, posttest (warm) 25 k, (cold) > 20 M

ohms,

Non=qualified (PL/PVC) Three-Conductor Cable -~ After one cycle of ignition source a fire

developed in the cable tray and burned for 36 minutes before self-extinguishing, Flame height was
much greater than 9.5 inches (24,1 cm) and curled around edges of barrier. The affected area was
70 inches (178 cin) long by 18 inches (45, 7 cm) wide, The insulation was burned, charred, or melted
and molten insulation hung from bottom of tray. Cable resistance measurements were: pretest 5,25
ohms, posttest (warm) 0,4 ohms, (cold) 0,6 ohms; cable~to-ground resistarce pretest > 20 M ohms,

posttest 0, % ohmas,

Summary of Single-Tray Tests

Appended Figures B-1 through B-12 are temperature and voltage plots for one single-tray
test which are included to provide comparative data between these tests and the previously dis-
cussed small scale tests and the two-tray tests, Plots such as these are available on all single~
tray tests performed but are too bulky for inclusion in this report., Instead, Table III is included

as a summary of important parameters obtained during these tests,



TABLE I

Results of Full Scale Single Tray Coatings Tests

Maximurn Maximum Maximum Length Length

Cable Calorimeter Barrier Time to Time to $00°F Time to of Affected
Test Temperature Temperature Temperature Electrical in Cables Ignition Burn Area
Number Coating °F °F g Short Minutes* Minutes* Minutes* Minutes Inches

1* A 1280 525 Not taken 26 16 10 15 30

2% C 1600 1380 1500 15 12 5 40 43

3* B 840 1150 14590 60 60 15 7 40

A 1340 740 950 60 5 10 6 35
B 1250 480 440 30 5 20 7 43
& 1240 1525 1580 24 22 10 15 58

T D 200 250 380 60 60 60 0

8 D 300 350 420 60 60 80 4]

9% No coating 383 1600 1480 1550 9 5 5 13 27
10 No coating 383 1580 1400 1480 5 6 5 10 34
11 E 187 550 750 80 60 80 0
12% E 230 280 325 60 60 60 0
13* No coating Pre-383 1510 1600 i515 6 1 5 36 70

*
If full test time of 60 minutes is used, no short nor ignition occurred.
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Summary of Results During Reporting Quarter

Preliminary results showed that all coatings offer a measure of additional protection,
However, there is a wide range in relative effectiveness of the different coatings tested here,
Ranking of coating effectiveness derived from the small scale tests and full scale tests is indi-
cated in Tabie [V, Ranking of relative fire retardancy between small scale and full scale single-
tray tests are consistent, The combined ranking was obtained by assuming that each parameter
choaen had equal weight in the ranking, For example, the time to ignition has equal weight with
cumulative heat relesse even though they are reciprocals when used as a measure of combustibility

or propagation,

TABLE 1V

»
Ranking of Resistance to Combustion for Small and Full Scale Tests

Full Scale

. Coating Small Scale Single-Tray Tests
A 4 4
B Not used 5
¢ 3 3
D 6 s
E 5 [
I 2 Not used
Uncoated 383 1 2
Uncoated Pre~383 Not used 1

¥
Ranking in full scale tests is based upon resistance to combustion being
proportional to: time to electrical short, time to 900°F in cables, and
time to ignition,

{nversely proportional to: maximum cable temperature, maximum
calorimeter temperature, and timed length of burn,

Ranking in Small Scale Tests based upon resistance to combustion being
proportional to: time to ignition, and time to maximum heat release,
and;

Inversely proportional to: cumulative heat release,

A1l parameters weighted equally.

These tests were aimed at determining some measure of combustibility and propagation but
did not include properties which may well be important to the user industry, Some but not all of
these properties include ampacity derating, wearability when exposed to moisture, sun, or other
hostile environments, asbestos content, or combustion products over 300°C, Additional testing
of coded cable trays will be conducted, These tests may include exposure fires other than the

IEEE-3838 burners discussed in this report,
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Summaeary of Presentations During Reportirg Quarter

On October 7, 1977 L., J, Klamerus presented a paper on the Fire Protection Research

Program at a Fire Technology Seminar at Lawrence Livermore Laboratories,

On October 20, 1977 L., J. Klamerus preserted a paper on the Fire Protection Research
Program at the Conference on Electrical Insulation and Dielectric Phenomena for the National

Academy of Sciences Committee on Dielectrics at Albany, NY,

On November 11, 1977 L., J, Klamerus presented a paper on the Fire Protection Research
Program and was a panel member at a workshop on Fire Protection Research as part of the
Nuclear Regulatory Commission's Fifth Annual Water Reactor Safety Research Meeting in

Gaithersburg, MD,

On December 1-2, 1977 L., J. Klamerus participated in a Workshop on Fire Safety Evalua-

tion at New Mexico State University, Las Cruces, NM,
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Cable Size Small
Coating A

e s e

Slope 'E!
Time to Ignition

Maximum Heat Release Rate

Cumulative Heat Release

1 minute

Radiant IHeat lux 4.0 W/cm2

Time to Maximum Heat Release

TABLE A-I]

Heat Release Data Coating A, Single Conductor, Small Scale Test

Test No, 1 Test No, 2
Units Coating Cable Coating Cable
kW/mz,s .22 .63
Seconds 30 597 72 368
kW,/m2 45.5 102,4 76.9 83.8
Seconds 124 792 48 750
M.J /m2
B 3.1
6.5 8.6
8.6 10,9
11l 18.9
16.4 22,5
40,7 44,86
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TABLE A-11

Heat Release Data Coating A, Three Conductor, Small Scale Test

ole Size Large
Coating A

Radiant Heat lux 4.0 W/cm2

Test No, 1 Test No, 2
Units Coating Cable Coating Cable
Slope 'E! kW/mz,s .14 e 2| 402
Time to lgnition Seconds 93 450 78 140.4
Maximum Heat Release Rate kW /m2 108 147,9 11.4 1134
Time to Maximum Heat Release Seconds 1126 76
Cumulative Heat Release MJ /m2
1 minute .5 .5
3 3.2 1.4
5 4,2 2,3
7 5.4 3.8
10 30,7 8.9
15 38.0 384
20 17.2 o B
25
30
35
40
45
50
55
60
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TABLE A-V
Heat Release Data Coating D, Single Conductor, Small Scale Test
Cable Size Small

Coating D
r)
Radiant Heat Flux 4,0 W/em”

Test No, 1 Test No. 2
Units Coating Cable Coating Cable
Slope 'E! KW /n12,s . 06 .06
Time to Ignition Seconds 210 6815 458 960
Maximum Heat Release Rate kW/m2 7.8 30.4 11.4 22.8
Time to Mavimum tHeat Release Seconds 534 1341 390 1461
Cumulative Heat Release MJ /rn2
1 minute .15 %
3 .5 .5
5 .9 1.0
7 1B 2.0
10 2.7 3.8
15 6.4 6.4
20 12.9 9.8
25 20.5 14,6
30 19,6
35
40
45
50
55
80

. B
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TABLE A-IX

Heat Release Data Coating F, Single Conductor, Small Scale Test

Cable Size Small
Coating P

Radiant Heat Flux 4,0 W/cem

Slope 'E!

Time to Ignition

Maximum Heat Releese Rate
Time to Maximum Heat Release
Cumulative Heat Release

1 minute

3

5

7
10
156
20
25
30
35
40
45
50
50
60

2

Test No, 1 Test No, 2
__Unit, “oating Cable Coating Cable
kW /mz, 1.26
Seconds 228 24 252
KW /m? 9 83.5  89.1 73.6
Seconds 54 600 32 6537
MJ /m2
1.8 2.6
5.7 6.6
8.8 9.1
14.1 14.3
26,9 26.2
35
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TABLE A-X

Heat Release Data Coating F', Three Conductor, Small Scale Test

Cable Size Large
Coating I

Radiant Heat ¥lux 4.0 W/cru

Slope 'E'
Time to Ignition

Maximum Heat Release Rate
Time to Maximum Heat Release
Cumulstive Heat Release

1 minute

- & W

Test No. 1 Test No, 2
Units Coating Cable Coating Cable
kW/ nz.s 1.01 1.20
Seconds 18 315 32 378
kW /m® 66.4 136.6  170.8 173.0
Seconds 46 939 42 798
MJ /m2
2.5 2.9
7.0 7.0
8.2 8.2
11,1 10,9
19.6 21.4
49.4 71.4
87.2



TABLE A-XI

Heat Release Data Uncoated, Single and Three Conductor, Small Scale Tests

Uncoated Cables Units Small Cables Large Cables
Radiant Heat Flux W/cm2 40 4,0 4.0 4.0
Slope ' kW/mz.s .55 .59 .83 .83
Time to Ignition Seconds 54 60 42 39
Maximum Heat Release Rate kW /m2 89,54 96,75 134.69 126,21
Time to Maximum Heat Release Seconds 138 126 582 582
Cumulative Heat Release MJ /m2

30 seconds .59 oD .99 . 94
1 minute 2,05 2.64 2.87 2.86
2 6.51 6.95 6.41 6.18
3 11,61 12,29 10,22 9,22
4 16.12 17.12 13.61 1%.1%
5 20,27 21,36 17,08 15.30
6 24.14 25.19 20,99 18,93
| 27.42 28,01 26,27 23.49
8 29.42 28,01 82,74 29,57

10 47,91 43.45

12 63.22 56. 95

14 T2.07% 70.16

16 86. 25 78,39

18

20

Comments: The small cables were totally aflame one minute into the test. They burned

very severely at this heat flux,

The large cables began spalling immediately upon entry into the test chamber,
The entire surface was flaming after 30 seconds of exposure., Burning les-
sened at the three minute mark and then became severe again at four minutes.

Smoke was very heavy and sooty.
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