
bS124 
82NK444

INTERIM REPORT 

Contract Program or Project Title: EVALUATION OF TWENTY-FOOT 
SEPARATION AS A FIRE 
PROTECTION SYSTEM 

Subject of this Document: FIRE EXPERIMENTS 1-4, FIRE TESTS 1-6 

Type of Document: QUICK-LOOK REPORT 

Date of Document: May 21, 1982 

Delegated Sandia Representative: 

Mr. Leo Klamerus 
Division 4442 

This document was prepared primarily for preliminary or 
internal use. It has not received full review and approval.  
Since there may be substantive changes, this document should 
not be considered final.  

Underwriters Laboratories Inc.  
333 PfingstenRoad 

Northbrook, Illinois 60062 

Prepared For: 

SANDIA-NATIONAL LABORATORIES 
ALBUQUERQUE, NEW MEXICO 87185 

UNDER CONTRACT: 68-8711 

INTERIM REPORT

PD z0 ADoCli 8209-1-5--F;__7 -P 050 002 
_P,47



NOTICE
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ABSTRACT

Fire experiments and tests were conducted to provide data for 
evaluating the adequacy of the twenty-foot separation specifica
tion included in the U. S. Nuclear Regulatory Commission Appendix 
R to 10 CFR 50. Four experiments were conducted using a heptane 
pool fire within a compartment with various ventilation and com
partment size conditions. Gas temperature data indicated that 
a 1.22 by 2.44 m (4 by 8 ft) doorway and with the pool fire 
near a wall produced the highest maximum temperatures for the 
conditions considered. Six fire tests were conducted with this 
compartment and ventilation conditions. In all the tests, cables.  
installed in vertical trays were exposed to a heptane pool fire.  
In two of these tests, the cables were unprotected. In the 
remaining tests, the cables were protected with either insulation 
and tray covers or with a coating material. Electrical sho rts 
occurred in four tests in cable circuits located about 6 m (20 ft) 
away from the fire. Voltage withstand tests and physical property 
tests were conducted on some fire tested cable samples for supple
mental data.
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FOREWORD

A fire research program is being conducted by Sandia National 
Laboratories (SNL) for the.U. S. Nuclear Regulatory Commission 
(NRC) to evaluate the adequacy of the twenty-foot separation 
specification included in Appendix R to 10 CFR 50.1 The research 
program consists of full scale fire tests, separate effects experi
ments and analytical analysis. The tests and experiments described 
in this Report were one task of this program. These tests and 
experiments were conducted at Underwriters Laboratories in 
Northbrook, Illinois.  

Respectfully submitted: 

UNDERWRITERS LABORATORIES INC. REVIEWED BY: 

L. J. PRZYBYLA J. R. BEYREIS 
Engineering Team Leader Managing Engineer 
'Fire Protection Department Fire Protection Department 

W. J. CHRISTIAN 
Manager 
Research and Technology 
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EVALUATION OF TWENTY-FOOT 
SEPARATION AS A FIRE PROTECTION 

SYSTEM 

1. Introduction 

Sandia National Laboratories is conducting a fire research pro
gram to evaluate the adequacy of the twenty-foot separation speci
fication contained in Nuclear Regulatory Commission Appendix R to 
10 CFR 50.1 This program consists of several tasks involving fire 
experiments, full scale fire tests, separate effects tests and 
mathematical analyses of fire. 2 This Report describes one task 
of this program.  

This task consisted of conducting four preliminary fire experiments, 
six full scale fire tests, several physical property tests of 
cable jacket material and several voltage withstand tests of cable 
insulation. The objectives of these tests and experiments were 
as follows: 

A. Preliminary Fire Experiments 

1. Determine the fire location and ventilation 
parameters for the full-scale fire tests.  

2. Provide gas temperature, heat flux, cable mate
rial temperature and gas velocity measurements 
to be used in the mathematical analyses of the 
fire experiments.  

B. Full Scale Fire Tests 

1. Provide information with respect to circuit 
integrity of unprotected and protected circuits 
separated from the fire source by a 6.10 m (20 ft) 
horizontal distance.  

2. Provide information with respect to operation 
times of sprinkler fusible links for different 
fire sources.  

3. Provide gas temperature, heat flux, cable material 
temperature and gas velocity measurements to be 
used in the mathematical analyses of the fire 
tests and for potential use in assessing cable 
damage.



C. Physical Property Tests

Provide information relative to tensile strength and 
elongation of fire tested cable jacket material as 
compared to cable jacket material which was not fire 
tested.  

D. Voltage Withstand Tests 

Provide information relative to voltage withstand of 
cable insulation per IEEE 383-1974,3 Paragraph 2.3.3.4 
of fire tested cables.
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2. Fire Experiments and Tests 

2.1 General 

Four preliminary fire experiments and six full scale fire 
tests were conducted. The experimental and test plans are 
shown in Table 1.
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2.2 Configuration

2.2.1 Materials 

The proprietary materials used were selected to be repre
sentative of materials in nuclear power plants. Evaluation 
of other similar materials or systems was not conducted.  

2.2.1.1 Concrete Blocks - The concrete blocks used 
for the compartment walls were nominal 0.20 by 0.20 
by 0.40 m (8 by 8 by 16 in.) hollow core units.  

2.2.1.2 Steel Floor and Form Units - The cellular 
steel floor and form units used for the compartment 
roof/ceiling were nominally 80 mm (3 in.) deep and 
0.76 m (30 in.) wide.  

2.2.1.3 Cementitious Mixture* - The cementitious 
material used to insulate the steel form units was 
a mixture of predominately inorganic dry ingredients 
which were mixed with water just prior to application..  

2.2.1.4 Board - The board used to insulate the steel 
form units at several locations and used to reduce the 
area of the doorway was. predominately inorganic and 
nominally 12 mm (1/2 in.) thick.  

2.2.1.5 Cable Trays - The cable trays installed 
horizontally in Experiments 1-4 and Tests 1-4 were 
galvanized steel open ladder type. The trays were 
nominally 1.2 mm (0.048 in.) thick, 0.46 m (18 in.) 
wide and 0.10 m (4 in.) deep with rungs spaced 0.22 m 
(9 in.) OC. The cable trays installed vertically in 
all the tests and the cable trays installed horizon
tally in Tests 5 and 6 were galvanized steel open 
ladder type. The trays were nominally 1.2 mm (0.048 in.) 
thick, 046 m (18 in.) wide and 0.10 m (4 in.) deep 
with rungs spaced 0.10 m (4 in.) OC.  

2.2.1.6 Cable Tray Covers - The covers installed to 
the trays in Tests 3 and 4 were steel, nominally 1.2 mm 
(0.048 in.) thick steel. The L-shaped covers for the 
horizontal trays were 0.50 m (19-3/4 in.) wide with a 
25 mm (1 in.) leg. The L-shaped covers for the verti
cal trays.were 0.46 m (18-3/16 in.) wide with a 25.mm 
(1 in.) leg.  

* - Identification of proprietary materials was based 

upon the manufacturer's product literature.
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2.2.1.7 Cable Insulation* - The insulation installed 
on the cables in Tests 3 and 4 was a ceramic fiber 
blanket. The blanket was nominally 12 mm (1/2 in.) 
thick with a density of 128 kg/m 3 (8 lb/ft 3 ) and cut 
to a 0.48 m (19 in.) width.  

2.2.1.8 Cable Coating* - The coating applied to the 
cables in Tests 5 and 6 was a proprietary factory 
mixture of thermoplastic resins, flame retardant 
chemicals, and inorganic fibers.  

2.2.1.9 Cables* - Two cable constructions were used.  
In Experiments 1, 2, 3 and 4 and Tests 1, 3 and 5, 
cable Construction NQ** was used and in Experiments 2, 
3 and 4 and Tests 2, 4 and 6, cable Construction Q** 
was used.  

.,NON-QUALIFIED CABLE 

Conductors - Three conductors, each stranded coated 
copper, 2.05 mm diameter (No. 12 AWG).  

Insulation - Polyethylene, about 0.9 mm (0.037 in.) 
thick.  

Insulation Covering - Polyvinyl chloride, about 
0.3 mm (0.013 in.) thick.  

Jacket - Polyvinyl chloride, about 1.6 mm (0.063 in.) 

thick.  

Diameter - About 11.1 mm (0.440 in.).  

QUALIFIED IEEE-383 CABLE 

Conductors - Three conductors, each stranded copper, 
2.05 mm diameter (No. 12 AWG).  

Insulation - Cross-linked polyethylene about 1.2 mm 
(0.047 in.).thick.  

Insulation Covering - None.  

* - Identification of proprietary materials was based 

upon the manufacturer's product literature.  

** - Cable construction code is arbitrary and only for 
use in this Report. The code should not be con
fused with National Electrical Code Type designa
tions.
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Jacket - Cross-linked polyethylene about 2.0 mm 
0.078 in.) thick.  

Diameter - About 11.6 mm (0.460 in.).  

2.2.1.10 Fire Pan - The rectangular pan used En all 
experiments and tests was constructed with nominal 
6 mm (1/4 in.) steel. The pan was 0.3 m (1 ft) wide 
by 1.52 m (5 ft) long and 0.3 m (1 ft) deep.  

2.2.1.11 Sprinklers - The sprinklers installed in 
Tests 1, 3 and 5 were pendent type with standard 
12 mm (1/2 in.) orifice and 740C (165 0 F) temperature 
rating. The sprinklers installed in Tests 2, 4 and 
6 were pendent type with standard 12 mm (1/2 in.) 
orifice and 100°C (2120F) temperature rating.  

2.2.2 Construction 

The walls of the compartment were constructed of concrete 
blocks laid up with mortar. Steel form units were laid on 
top of the walls to form the roof/ceiling. Mineral fiber 
insulation was placed between the concrete block walls and 
steel form units to act as a compressible seal. A board was 
fastened to the steel form units at three locations. A 
cementitious mixture was sprayed over the surface of the 
boards to about 6 mm (1/4 in.) thickness and sprayed over 
the surface of the steel form units to about a 19 mm 
(3/4 in.) thickness. Three openings were constructed in the 
east wall for observation windows. A piece of transparent 
plastic was placed over each opening, except in Experiment 4 
in which the openings were filled with mineral fiber. A 
canopy was placed in front of the doorway, which was located 
in the north wall, to deflect hot gases away from the top of 
the roof/ceiling. The doorway area in Experiment 3 and 
Tests 1-6 was reduced from 2.44 by 2.44 m (8 by 8 ft) to 
1.22 by 2.44 m (4 by 8 ft) by using boards placed against 
the north wall. In Experiment 4, the entire doorway area 
was covered with boards. The boards were placed against the 
block wall without gaskets or sealing materials. The plan 
and elevation views of the basic compartments are shown in 
Figures 1, 2 and 3.  

In Experiment 1, the fire pan was placed about 2.14 m (7 ft) 
away from the south wall. In all the remaining experiments 
and tests, the fire pan was placed against the south wall.  

.Two cable trays were installed horizontally near the ceiling 
at the north wall (Figures 1-3). In each experiment and test, 
cables were installed into these trays. The types of cable 
used in each experiment and test are summarized in Table 2, 
and the installation methods used are shown in Figures 4-6.
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In each test, two trays loaded with cable were fastened 
vertically to the south wall. The types of cable are listed 
in Table 2. The vertical trays were located with their base 
inside of the fire pan. For Tests 3-6, the base of the 
trays was at the bottom of the pan. For Tests 1 and 2, the 
base of the trays was about 0.05 m (2 in.) above the bottom 
of the pan.  

In Tests 3 and 4, the top surface's of cables in all the 
trays were covered with one layer of the cable insulation.  
Tray covers were then fastened to the top and bottom of each 
tray as shown in Figure 7. A refractory .type mortar was 
applied to the sides of the vertical trays for a distance of 
about 0.30 mn (12 in.) from the base.  

In Tests 5 and 6, the cable coating was spray applied to the 
cables in the trays.. The coating was applied to a 3 mm 
(1/8 in.) wet thickness and about a 1.39 mg/in3 (87 lb/ft3 ) 
wet density. The coating was applied in accordance with the 
manufacturer's application instructions..  

In each test, three sprinkler heads were installed near the 
ceiling along the center line of the room as-shown in 
Figure 3. The sprinkler heads were not connected to piping, 
but were connected to electrical circuits to record the time 
when the fusible links operated.  

2.2.3 Instrumentation 

2.2.3.1 Thermocouples -Thermocouples were installed 
at various locations (Figures 8-11) to measure gas, 
wall, roof/ceiling and cable jacket temperatures..  

2.2'.3.2 Heat Flux - Radiometers and calorimeters were 
installed at several locations (Figures 8-10) to 
measure radiative and total heat flux.  

2.2.3.3 Air Pressure -Three probes in conjunction 
with electronic barometers were installed at the 
doorway (Figure 10) to measure pressure. Using the 
gas temperature near the probe and the pressure, gas 
velocity was calculated.  

2.2.3.4 Digital Data AcquisitionSystem -All thermo
couples, electronic barometers, calorimeters and.  
radiometers were connected to either an Autodata 9 or 
AutQdata 10 unit. The units were programmed to scan 
all channels every 15 s and record the data on magnetic.  
tape..
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2.2.3.5 Circuit Integrity - A device to monitor 
circuit integrity was connected to the cable conductors 
in the upper horizontal tray in each test. The device 
(Figure 12) was designed to indicate if a short 
occurred between any conductor and the tray or if. a 
short occurred between conductors.  

In Experiments 2-4 and Tests 1-6, cable conductors in 
the lower horizontal tray were energized (Figure 12).  
The circuits were monitored continuously during the 
experiments and tests and the times recorded at which 
a short developed in any circuit.  

2.2.3.6 Sprinkler Link Operation Time - Each sprinkler 
head was connected to an electrical circuit to record 
the time when the fusible links operated.  

2.2.4 Method 

The fire pan was filled with w ater to a level of abo ut 
0.13 m.(5 inc.) for Experiments 1-4 and to a level of about 
0.06 m (2-1/2 in.) for Tests 1-6. At about 180 s before the 
start, 0.038 m3 (10 gal) for Experiments 1-4 and 0.019 m3 .  
(5 gal) for Tests 1-6 of heptane were poured into the pan..  
The appearance of the configuration prior to Experiments 1.  
and 3 and Tests 1, 3 and 5 are shown in Figures 13-15, 
respectively.  

The heptane was ignited by spark or by match to start the 
experiment or test. During the experiment or test, 
observations were recorded as to the character and 
development of the fire. The experiments were continued 
until fire activity ceased. The tests were conducted for 
1800 s (30 min). A television system recorded the test.
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2.3 Results 

2.3.1 Observations During the Experiments and Tests 

During each experiment, the flame from the heptane pool fire 
appeared to have a consistent shape and size. The flame 
shape appeared to be "column type. The maximum flame 
height in Experiment 1 was about 2.7 m (9 ft), while in all 
the remaining experiments, the flames extended to the 
ceiling (0.3 m (10 ft)), and were deflected about 0.6 m 
(2 ft) along the ceiling surface. A smoke layer formed in 
each experiment after less than 60 s. The layer gradually 
descended to about 1.22 m (4 ft) in Experiments 1-3, and to 
about 0.20 m (8 in.) above the floor in Experiment 4. The 
smoke layer was optically dense and appeared stable and 
homogeneous. The times at which fire activity ceased are 
shown in Table 3. The appearances of the fire in Experiment 
1 and Experiment 3 are shown in Figures 16 and 17.  

During each test, the flame from the heptane pool fire and 
from the burning cable appeared to have irregular shapes and 
sizes. The flame shape was "column" type in Tests 1 and 2, 
but the flame shape varied between "column" type to sporadic 
puffs of irregular shape flames in the remaining tests. In 
Tests 1 and 2, flame size was the greatest between about 
120 s to 360 s. In Tests'3 and 4, the size gradually 
increased reaching a maximum at about 900 s. In Tests 5 and 
6, the size also gradually increased, but reached maximum 
size between about 480 s to 720 s. A smoke layer formed in 
each test prior to 60 s. The layer gradually descended to 
about 1.22 m (4 ft) from the floor. The smoke layer was 
optically dense and appeared stable and homogeneous. However, 
as each test continued, smoke accumulated in the test building 
and then into the compartment below the smoke layer. The 
color and density of this accumulated smoke was different 
for each test. The appearances of the fire in Tests 1-6 are 
shown in Figures 18-23.  

2.3.2 Observations After Test 

The damage to the cable jacket material is summarized in 
Table 4. The appearances of the cable after each test are 
shown in Figures 24-29.  

2.3.3 Circuit Integrity 

The times at which a monitored circuit shorted are shown in 
Table 5.
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2.3.4, Sprinkler Operation 
The times at which the fusible links activated are shown in 
Table 6.  

2. 3. 5 Temperatures 

Temperatures of the gas at several locations within the 
compartment are shown in Figures 30-39. The temperatures of 
the cable jacket material are shown in Figures 40-49.  
Locations of the thermocouples are shown in Figures 8-11.  

2.3.6 Heat Flux 

Heat flux in the gas layer is shown in Figures 50-59.  
Locations of the calorimeters are shown in Figures 8-10.  

2.3.7 Gas Velocity 

Using the measured pressure and temperature,. gas velocity at 
the doorway was calculated. The gas velocity near the top 
of the doorway for Tests 1, 3 and 5 is shown in Figure 60.  
The locations of the thermocouples and pressure probes are' 
shown in Figure 10.
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3. Voltage Withstand Tests 

Several samples of fire tested cables were subjected to a voltage 
withstand test as described in paragraph 2.2.3.4 Of IEEE Standard 
383-1974. The results of these tests are shown in Table 7.

-1 1-



4. Physical Property Tests

Several samples of cable jacket material of cable prior to fire 
testing and after fire testing were subjected to tensile and 
elongation tests. The results of these tests are shown in 
Table 8.
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5. Summary 

The heptane pool fire was stable during all four experiments.  
The height of the flames from the pool fire was greater when the 
pan was against the south wall (Experiments 2-4, flames to 
ceiling, 0.30 m (10 ft), and deflecting about 0.6 m (2 ft)) as 
compared to when the pan was away from the walls (Experiment 1, 
flames about 2.7 m (9 ft) high). The ventilation condition 
associated with a 1.22 by 2.44 m (4 x 8 ft) doorway produced the 
hotest gas temperatures near the horizontal cable trays of about 
3500C (6600F).  

In each test, the heptane pool fire ignited cables in the 
vertical trays. The rate of cable burning differed for each 
test, but the heat released from even the slowest burning cable 
produced maximum gas temperatures near the horizontal trays equal 
to or greater than the temperatures attained during the experi
ments without vertical cables. Test 1 produced the greatest 
maximum gas temperatures of about 5600C (10400F) near the hori
zontal cables, while Tests 3 and 4 produced the least maximum 
gas temperature of about 3500C (660 0 F).  

Circuits in the horizontal trays shorted in Experiments 2 and 4 
and in Tests 1, 2, 3 and 5. The earliest time for a short 
circuit occurred in Test 1 (244 s), while the latest time for 
short circuit occurred in Test 3 (1043 s). Circuits did not 
short in Experiment 3 and Tests 4 and 6. Circuits were not 
energized in Experiment 1.  

The earliest times for operation of 740C (1650F) and 100 0C 
(2120F) fusible link sprinkler heads occurred at 58 s (Test 1) 
and 70 s (Test 2), respectively. The latest times for operation 
were 169 s (Test 3) for a 74°C (1650F) head, and 200 s (Test 2) 
for a 100*C (212°F) head.  

The samples of cables from Tests 3, 4 and 6 withstood the 
required 1600 V ac or 2400 V ac voltage for 300 s. But, some 
samples from Tests 2 and 5 did not withstand the voltage with 
breakdown beginning at 880 V ac and 100 V ac, respectively.  

The average tensile strength of samples of cable jacket material 
from Test 4 and of samples of the same cable not exposed to fire 
was about the same, 17.4 mPa (2500 psi). The average elongation 
of cable jacket samples from Test 4 was slightly decreased (about 
10 percent reduction) as compared to cable jacket samples not 
exposed to fire.  
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7. Scoping Calculations

The development of a fire burning inside a compartment is con
trolled by a number of strongly coupled thermal processes (e.g., 
combustion, radiation, turbulent transport) and has been a topic 
of investigation by many researchers in the past [1, 2, 3].  
Because the severity of the thermal environment inside the com
partment is determined by numerous interrelating factors, a 
test program to cover all variabilities is not feasible. To 
examine the effects of some of these variabilities, a series of 
scoping calculations were performed using the Harvard Fire Code 
[4] to analytically simulate the compartment fire development.  
Specifically, calculations for the baseline test configuration 
(as specified by the NRC [5, 6] were conducted to examine the 
effects of compartment geometry as well as door opening size.  
Additional calculations were performed in conjunction with the 
preliminary fire test results to estimate fuel load requirements 
for the full scale fire tests. Significant results from the 
scoping calculations are summarized in the following sections.  

Effect of Compartment Geometry 

A parametric study on the effects of compartment geometry was 
conducted by independently varying the baseline room dimensions 
.(length, width, and height in Figure ). Compartment fire 
simulations were performed for each baseline dimension increased 
by factors of 1.5 and 2. In all cases, the fuel source/cable 
tray configuration was maintained such that the cable model.  
(target) was separated 20 ft (horizontally) from the source 
fire and 1 ft below the ceiling. The source fire in each simula
tion represented 10 gallons of liquid heptane confined to a 1 ft 
by 5 ft pan.  

The solutions for the compartment geometry study revealed the 
general trend that the smoke layer temperature in the upper region 
of the compartment decreases as the compartment size is increased.  
This result is attributed principally to the increased thermal 
capacitance of the smoke layer as the volume which it occupies 
is increased. The most severe (highest temperature) smoke environ
ments were calcula ted for the baseline configuration used in the 
full scale tests.  

Effect of Compartment Door Size 

For the full scale test configuration (Figure ) fire simulations 
were conducted for-a variety-of different door openings. The door 
sizes which were studied ranged from 3 ft by 6.7 ft (width.by 
height) to 8 ft by 8 ft. As in the compartment geometry study, 
the source fire which was modeled consisted of 10 gallons of 
heptane contained in a 1 ft by 5 ft pan.  
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When the size of a compartment fire is relatively small, the rate 
at which air enters the compartment is more than sufficient for 
for stoichiometric combustion of the fuel volatiles. Consequently, 
the size of the door opening will influence the heat release in 
the compartment only when the fire is of sufficient magnitude to 
become ventilation limited.  

Results of calculations performed for each door opening revealed 
that the heptane fire was never ventilation limited, even for the 
smallest door opening. The heat release rate in the compartment 
was found to be independent of door opening within the range of 
door sizes studied. The temperatures produced in the upper smoke 
region were independent of the size of the door opening for the 
baseline compartment configuration. This result of course is 
subject to change with fuel loading.  

Fuel Load Estimates

The original test plan for the full scale tests called for a fuel 
loading of 5 horizontally mounted and 5 vertically mounted cable 
trays, each 40% filled with electrical cable. An exposure fire 
resulting from 5 gallons of liquid heptane was to initiate igni
tion of the cables. Based on experiments conducted at SNL, 2-1/2 
gallons of heptane was found to be roughly equivalent to 1 cable 
tray, 12-1/2% fill in terms of total fuel load. Thus, the total 
fuel load originally proposed in the U. L. test plan was equiva
lent to 85 gallons of liquid heptane.  

Scoping calculations performed with the Harvard Code demonstrated 
that a total fuel load of this magnitude would be excessive.+ 
Relatively high temperatures in the upper smoke regi-on were calcu
lated with as little as 5 gallons of heptane in the 1 ft by 5 ft 
pan. Furthermore, it is questionable that the test compartment 
could withstand a multiple series of experiments given the 
intensity and duration of a fire with the originally proposed fuel 
loading.  

Results from the preliminary tests indicated that 10 gallons of 
heptane produced relatively high temperature smoke environments, 
yet were below temperature limits typically cited for flashover 
(approximately 600 0C). The fuel source for the full scale tests 
was reduced from an equivalent fuel load of 85 gallons of heptane, 
to an equivalent fuel load of 10 gallons of heptane. For the 10 
gallon equivalency in the full scale tests, 5 gallons of heptane 
was used as an initial source to ignite 2 vertically mounted 
cable trays, .each filled 12-1/2% with electrical cable.  

• -16-
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TABLE 1

EXPERIMENTAL PLAN 

Parameters

Experiment Fire Location 

Away From Walls 

Against Wall 

Against Wall

Against wall

Room Length, m (ft)

9.15 (30) 

7.62 (25) 

7.62 (25) 

7.62 (25)

Doorway, m x m 
(ft x ft)

2.44 x 2.44 
(8 X* 8) 

2.44 x 2.44 
(8 x 8) 

1.22 x 2.44 
(4 x 8)

Closed

TEST PLAN 

Parameters
Protect ion Sprinkler Rating, OC (OF)

None 
None 
Insulation/Covers 
Insulation/Covers 
Coating 
Coating

74 (165) 
100 (212) 

74 (165) 
100 (212) 

74 (165) 
100 (165)

*. - See Section 2.2.1 for description.
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TABLE 2 
'CABLE INSTALLATION 

Horizontal Trays

Upper Tray Lower Tray

Experiment 1 
Experiment 2 
Experiment 3 
Experiment 4 
Tests 1,3,5 
Tests 2,4,6

Cable 

NQ 
NQ&Q 
NQ&Q 
NQ&Q 
NQ 
Q

Installation

Bundles 
Bundles 
Bundles 
Bundles 
Layer Loop 
Layer Loop

Cable 

Typ 

NQ 
Q 

NQ&Q 
NQ 
Q

Installation 

Bundles 
Two Loops 
Two Loops 
One Loop Each 
Layer Loop 
Layer Loop

Vertical Trays

Cable

Tests 1,3,5 
Tests 2,4,6

IInstallation

Layer 
Layer

See Figures 4-6 for installation method,
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TABLE 3 

FLAME DURATION TIMES 

Experiment. Time, s 

1 1525 
2 1326 
3 1316 
4 840 (Estimate) 

In all tests, the time at which flaming ceased was not 
obtained due to poor visibility caused by smoke accumu
lation.
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TABLE 4 

CABLE DAMAGE

Tl 

T2 

T3 

T4 

T5 

T6

Vertical Trays

No vertical trays 
or cables.  

No vertical trays 
or cables.  

No vertical trays 
or cables.  

No vertical trays 
or cables.

Material consumed; ash 
and conductors remain.  

Material consumed; ash 
and conductors remain.  

Material consumed; ash 
and conductors remain.  

Material consumed; ash 
and conductors remain.  

Coating remains intact; 
cable material under 
coating is consumed; 
ash and conductors 
remain.  

Coating remains intact; 
cable material under 
coating is consumed; 
ash and conductors 
remain.

Experiment (E) 
Or Test (T)

-21-

Horizontal Trays 

Cable jacket material 
melted and fused together.  

Cable jacket material 
melted.  

Cable jacket material 
deformed at rungs.  

Q Cable - Cable jacket 
material deformed at 
rungs.  

NQ Cable - Cable jacket 
material melted.  

Cable jacket melted and 
fused together along 
length.  

Cable jacket hard, cracks 
in jacket near bends.  

Cable near south tray 
rail melted and fused to 
rail and tray rungs.  
Remaining cable appears 
unchanged.  

Cable jacket is harder, 
but is not cracked or 
deformed.  

Several puddles of 
solidified cable jacket 
material along cracks of 
coating.  

No apparent change.



TABLE 5

TIMES OF SHORT CIRCUITS

Test (T) 
Or 

Experiment 
(E) 

El 
E2 
E4 

E3 
Ti 
T5 
T3 
T2 
T4 
T6

Upper Tray 
Cable Time (s) Tye

XX 
XX 
XX 

XX 
244 
642 
N* 
775 
N* 
N*

Cable

XX 
XX 
XX 

XX 
G** 
C*** 

G**

Lower Tray
Time (s)

XX 
614 
735 
N* 
N* 

262 
776 
1043 
N* 
N* 
N*

XX - Cable circuits not energized.  

*N - Short circuit did not occur.  

**G - Conductor to ground short.  

***C - Conductor to conductor short.
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Type 

XX 
G** 
G** 

G** 
C*** 
C***



TABLE 6 

SPRINKLER OPERATION TIMES

Head Rating 
0C (OF)

74 
74 
74 

100 
100 
100

Head 1

(165) 
(165) 
(165) 
(212) 
(212) 
(212)

58 

105 
70 
86 

126

Operation Time (s)
Hea 2 

88 

152 
120 
129 
151

Head 3

112 
121 
169 
200 
194 
181

*-Recording equipment malfunction and time at which link 
operated was not obtained.
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Test 

1 
5 
3 
.2 
6 
4



TABLE 7 

VOLTAGE WITHSTAND TEST RESULTS

UDoer Tray
Test

Lower Tray
Sample Number

3 4 

WI A 
WI WI 
WI WI 
WII WII 

E F,G

Withheld 2400 V ac 

= Withheld 1600 V ac

for 300 s.  

for 300 s.

A = Breakdown at 880 V ac between conductor and ground.

Breakdown 

Breakdown 

Breakdown 

Breakdown 

Breakdown 

Breakdown 

Breakdown 

Breakdown 

Breakdown

2400 V ac at 2 s between conductor and ground.  

100 V ac between conductors.  

980 V ac between conductor and ground.  

400 V ac between conductors.  

500 V ac between conductors.  

1420 V ac between conductors.  

800 V ac between conductors.  

200 V ac between conductors.  

1600 V ac at 26 s between conductor and ground.

*Different voltage determined by insulation thickness

-24-

1 

WI 
WI 
WI 
WII 
WII

2 

WI 
WI 
WI 
WII 
C,D

5 

WI 
WI 
WI 
WII 
WII

6 

WI 
WI 
WI 
WII 

H

WI* 

WII*

7 

W1
WI 
WI 
WI I 
WII

8 

B 
WI 
WI 
WII 
J,K

B= 

D= 

E= 

F= 

G= 

H= 

j .  

K=



TABLE 8

PHYSICAL PROPERTY TEST RESULTS

Tensile Strength, mPa (psi) 
- _- Sample -

Not Fire Tested 

After Test 4

15.81 
(2293) 

18.38 
(2666)

2 

17.70 
(2567) 

17.06 
(2475)

3

18 .46 
(2678) 

17.21 
(2496)

-1-

Not Fire Tested 

After Test 4

330 

340

Elongation, Percent 
Sample

2 

330 

280

3 

330 

280

-25-

Average

17.32 
(2512) 

17.55 
(2545)

Average 

330 

300.



9.14 m (30') 
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PLAN
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ELEVATION

FIGURE 1- Compartment,
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7. 4 Zm (7. V

Z x IS L ., ISOS RE PAN f(5' !', i') STEEL FIRE pA

SlOS mBoo"

1.12 1" v 2 . 44 h i 13m, (4wrB'xO.5) 
CANOPY CENTERED OVER DOORWAY-.  

iJ\

(EAST WAU. ONLY) 
ri L

02 vm, (41 3Os,,,, t9:

. v I I

I l l I I I 

I I

ELEVATION

FOR EXP. 2 2 Ti-E DOORWAY WAS 2.44v" (8') WIDE BY 
FC EXP. 3 THE WofRWAi( WAS I.2Z2 (4')WlDE 5Y 
FOR T-XP. 4) T"HE t)OORWAN A4S SEALE.D CWSF-n.

2.4 4 i. (8) W 1414.  
2. 44-, (B ) H 1414.

FIGURE 2- Compartment, Exps. 2 Through

PLAN

I-V 45pno n(.)

U 
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f.± (Z4')

PLAN

LZ2ms 2A4m -Iww(4;'x3''.5&) 
humMD (C.s") ~ OVER DOORWAY 

-~ -. ! J~~VATON OK

rIL 

kN 
OTN

uOBSEWATIOM FORTS 
(EAST WALL ONLY) 

r"1 f

gt -, -

102 mm (49) 

f I~gl
ELEVATION 

NOTE I :0 .Dvon (4") FROM TRAY TO PAN; I1 7wm (5") FROM TRAY TO WALL.

NOTE 2 : FOR TESTS I &2, TRAYS EXTlEND U7t.imm(3-) INTO Ft RE pAI (5I. (1 " ABOVE WATER/HEPTANE). FOR TESTS 3, 4 sr, TRAV'5 EXTEND 
TO SITM OP FIRE PAR. BO'TOM 3oSmwi(l ) Or- TRANfS AND 
STEEL CVFR.PLATE-S IN TESTS 3*4 COA-MrE1 WITH REFRACTOIty 
MATERIAL'ALONG Jo1rlM TO SEAL NEPTAME FROM INm RJoR OF 
TRAY ASSf-MBLY.

FIGURE 3- Compartment, Tests 1 Through

I
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4.27m (14') 

1.ow(.' 1 0.7,.59) 1.07i, (3.5') f1-I07.,m-.-)

.,941,,, (3').  

FOUTITli BUNDLES (8 CABLES/SUMDLE) O: NQ CABLE AT 
EACH LOCATION IN UPPER AND LOWER 4,27m (14') TRAYS 
AI40 IN CENTER oF O.31,4(3')TRAY.

EXP. 2,3,r4.  
4.2.-7vn (149) 

T.1 I I i11 3 1.in(S I l

FOURTEEM BUNbLES (S CABLES/BUBDE) O1 Q A4b NQ CABLE 
PLACED I4 UPPER "4OR.IrTAL "TRAYf. GL CABLE INSTALLED 
WEST OF TRAY CENTERLIMEj NQ CABLE ISTALLED EAST 
OF TRAY CEVATERUNE.  

FIGURE 4- Cable Bundle Ins ta a tion 

EXPERIMENTS 1 TO 4
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p

EXP 2,3 le4

4 .27%" (14') 

1.69m(5.59 .141n (31) T I.4 am (S.S', 1

INSIDE LOOP ENRLIZED " 
IM XP. .S. BOT14 LOOPS 
ENERGIZED IN EXP. 4. -

SEXP. 3 ONLY.

TWO 9.14-v (30') LONG CABLES PLACED IN LOWER HORI.ZON4TAL TRAY, 
LOOPED AT WEST EN15 AND EXITIM4 THROUSH EAST WALL. CABLe 
LENCTH4S PLACED PARALLEL "T EAC14 OTHER WrTHOUT TOUC1INg.  

FOR. EXP. 3 A O.914vn(3') LENGTH OF NQ CABLE WAS PLACED 
IN T14E C0EN04 R OF TH4E. TRAY.

FIGURE 5- Single Loop Cable 

EXPERIMENTS 2 TO 4

Installat ion
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43 SEPAIATE SEGMENTS OF CABLE PLACED IN EACH 
VERTICAL TRAY. CABLE SEGMENTS HOOKED OVER 
TOP RWNG (EYCEPT TEST i) A14D SECURED TO TRAY 
RUNGS WIT14 STEEL WIRE TIES AI'PR02. 0.914v' 

C% (3') 014 CENTER. NQ CABLE USED IN TESTS 1,3&5.  
Q CABLE USED IN TESTS 2,4&t.. CABLES UNPROIEC.em 
IN TESTS I&Z. CABLES 'I TESTS 3,4-4 PROTECTED 
WiTH CERAMIC FIBER BLANKET AND STEEL CAbLE 
TRAY COVERS. CABLES 114 TESTS 5Ith PRO1ETED 

WIT14 A 3mrn ( /a*) WET THICKNESS OF CABLE 
COATiNG.  

4 .27r (14'l) 

. ..................  

----- r------- T K r -T T • I I I 1 I I 

SINaLE CONT1NUOUS CABLE LOOPED BAcK-AND-FORTH TO 
SIMULATE 4-2 CABLE SE6MENTS IN EACH HORI.-ONTAL TRAY.  
ENDS OF CABLE EXIT COMPARTMENT THROU61- EAST WALL.  
CABLE SECURED TO TRAY RUNGS WITh STEEL WIRE TIES 
AT BOTH ENDS. NQ CABLE USED IN TESTS 1,3&5. 6 CABLE 
USED IN TESTS 2,4&'. CABLE UNPROTEC'TED IN TE5S IJZ..  
CABLE IN TESTS 3,4 PROTECTED WITH CERAMIC FIBER 
BLAMIKET AMD STEEL CABLE TRANY COVEIS. CABLE 1N TESiS 
Sk PROTECTED WITi4 A Smin (/8") Wr-T THICKI4ESS of 
CABLE CWATI NG.

FIGURE 6- .C-able Segment And Multiple

Loop Cable Installation .  

TESTS TO 6 " 
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4.Z' 1 (') 1 :F 3.0S.. (,01) i l.ZZ.m W'

7fl77T2iJ~ (4W) 0Vi~R)~AV
O E ETA... . .... . ....... 

COVER DETAIL-HORIZ. "]RA'YS

1'A~

COVER DETAIL - VERT. TRAYS

L.,,,(.o048') STMEL CoVER,ErrUa. O.,. (1-3,) 
OR .,0,(s.') wiTH WIDE,
FLA&iGE, INSTALLED O4 8TH IDEs or
EAC 14 CA LE TRAy 

.s h mvz) i-Ac ' 
CEILAMIC FIBEL BLANKEF

IORIZ. TRANS; TRAY FAMES
i To IJlUSI OF TEAy.  

VE1RT. -MAYS' TRAY FLM.)ES 
m" osI"I OF JTAY 

C ovf.gS SrC.jp.l To TiRs WIT i 
93Smm, (VZ")LoN4 MO. 14 SELF-TAVMfI".  
SHEE-T MTL. SCREWS SPACED 305mn"t 
(III) Ohl cz-it.
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FIGURE 7- Cable Tray Cover Installation
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--THERMOCOUPLE 

-CALORIMETER 

w- RADIOMETER 

.CALORIMETER NO.  

SRADIOMETER NO.

PLAN

4.5 71" (159

* 11,13,17 

11 ,1s, I:

-- rn

24,!s,3L, 

2A5,3L

* 0 I : 

Al ' *

4,41,53 
4, SA 54 
47, 54 55

4j ,717 

71 74p 78 
71p 7! 79

* *•. 11" 
• - •AL-z2 
Q 4•

9.F S---0 
1 £9. I •

ELEVATION 

34,31,4z .; , c, t, 
35, 17,45 S,91,67 
34,46,44 60,64,65
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, -THERMOCOUPFLE 
10-CALORIMETER 

W- RADIOMETER 

- CALORIMETER 140.  
_P,ADIOM'IER NO.

,.SZ,0 C ") PLAN

453 V,Y37 
44,"S+0 70,71479
#l, 51,55 
45,V 52,

74A"~7 

7V/s

0

//,/
ELEVATION 

36,3),43 
.U444

kIOmamq (z') 
305,.,,y C I') 

'p___

-l.l 
hi .....

-4 
* 0 
-0 

-0 

r

0 
-a

0 

0

- - - - - - - - - - - ---

7/7/2 

59, b5,~7 
6DS4,~1
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FIGURE 9- Instrumentation Within Compartment,

Exps. 2 Through 4 And Tests 1 Through 6
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(- PROBE 
S- TI.ERMOCOvPL..  

10 - CALORIMETER.  
N - RADIOMETER 
O'TtIERMOCouPLF N1 

CALORIMELER NO.  

- RADIOMETER. No.

LSZ.,(5') 7. Z(25') ___ 

1'EXPER. ____ 

I oSi__) .7 , 2.5 7.) Lz, (.5) Z., (75 

I ° KD 

I 0 
I 50

CEILING SURFACE INSTRUMENTATION 

7-162 (755

I (I~XFiK.  

I Io 
I-
I O 

I 
I 
I

-76j% =9oi(7 5')1 .u(7)Z29(.)

~cg® _

0(B e a

EAST AND WEST WALL INSTRUMENTATION

2.IS- (79, 2.13m. (7',

II . .. . . . . . . . .

SOUT4 WALL.  
INSTRUMENTATION

457.. (I.s)-

F 
ra

NORTI4 WALL AN!D DOORWAY
INSTRUME.4TA:ION
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FIGURE 10- Instrumentation For Compartment

Ceiling, Wall And Doorway
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1-o4m (3540 1.04 (3.0 

.= i II, Il II 'IJU II IIf 1 IV 1(1 U 111 

TEST NOS. 12k3 

.1 3 m (7') ..13m (7') 
. Iin6, .5') Lo,,. 3. 9' 

S *71m .71 

1268 

TEST NOS.4,54-6 

r J- DENOTES -rHERMOCC)VPLES IN UPPER WORIZONTAL TRAY.  
THERMOCOUPLES EMBEDDED~ APPROX. O.8m~rn(/B) 114 TOP OF' 
OOTSIDE CABLE JACKET.  

.3-CNDR. CABLE IN4 UPPER~ TRAY-MONI1TDI CABLE IMTEGRITI'.  

3-CADIZ, CABLE 114 LWER TRAY- EMR41 CABL.E. (1z0 VAC4 
9A FOR TWO QUARTZ LAMPS"4.5A FOR ONE QUARTZ LAMP.) 
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FIGURE 11- Thermocouple Locations On Cables
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220. 41614 
WATTAGE, 110.

CASLE N.-.  
CONNECTION5 

SLACCI 

ANY ooxDR. TOUCHING THE 
CABLE TRAJ COMN. 1b WIL 
CAUSE CURRENT SLOW 
TiPROIX- YELLOW LED 1 
NEG. OF SUPPL '.

10OOrLSHiIGH 
WAITAGFE

\-IF TWO CNDRS. SHORT TOGFTH71ER 
CURRENT WiLL FLOW THROUaII4 Ti.E 
YELLOW L..ED (ZA) AND RETURN 
THROUGH T4E RED LED (3!b) II4DICAo 
TING A SHORT BETWEEtN C-)RS.

CIRCUIT INTE.GRITY DEVICE

120V SOURCE.  

)j AKE
CABLE.

MMrRS

w0 

ca 

CU 

CUR 
TRATS

I CABL.  

tENT 
FORMER

QUARTZ lAMP 
C,,W . I (4.sA) 

RSA 

IA IA\ /d
"cJR ! 

!

ENERGIZED CABLE.

FIGURE 12- Circuit Integrity Device And

Energized Cable
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Compartment 1

Compartment Exp. 3

Figure 13 - Appearance Prior To Exp. 1 And 3 
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.1 -

Test 1 -Looking South At Vertical Trays

Test 3 -Looking North At Horizontal Trays 

FIGURE 14 - Appearance Prior To Test 1 And 3 
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Looking- South. At

Wirt 

:t ffsx,14_1 -Or
nz Z 

C M 

77,

Looking Up- At Horizontal Trays

FIGURE 15 -. Appearance. Prior To- Test
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~A.

At- Ignition

At. 288. s

FIGURE. 16. Appearance During. Exp'.. 1
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* S

At- Ignition-

At- 333- s

Figure 17 -Appearance- During. Exp. 3
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