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1 Introduction

The purpose of the investigation was to evaluate the large-scale fire propagation
properties of fire retarded (FR) Expanded Polystyrene (EPS) core cold-room
construction system. The system was evaluated in the large-scale roof insulation fire
testing facility at Firelab. The system was evaluated without sprinklers. The toxicity of
the gases released upon combustion of the core material was also evaluated in terms
of the NES 713 test protocol. The system evaluated consisted of a 100 mm thick FR
EPS core (16 kg/m® density). The EPS material was clad with frosted white Chromadek
steel sheeting with a thickness of 0.5 mm. The large-scale installation was structurally
supported at 2m intervals.

2 Test procedures
2.1 Large-scale fire propagation evaluation
The large-scale fire propagation properties of the system were evaluated by performing

a test in the FIRELAB large-scale roof insulation test facility. A schematic diagram of
the general test facility is shown in Figure 2.1.
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Figure 2.1: SANS 10177 Part 11 test facility with s pecimen frames
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For this particular evaluation a vertical cold-room wall was constructed at the front end
of this installation with an adjoining roof section constructed on the front panel. This
installation was tested without sprinklers. The installation prior to the commencement
of the test is shown in Figure 2.2.

The ignition source for this evaluation was constructed from 60 kg dry 38 mm x 38 mm
SA Pine sticks stacked in an open-crib configuration to form a 1 000 mm x 750 mm X
480 mm high crib. The pack was ignited with 4 commercial firelighters, one at each
corner, in order to simulate a fire with slow heat build-up. The fire source was located
at one end of the facility, approximately 1.5 m from the front end, 1.5 m from the side
and 1.5 m from the centre line of the specimen frame. The position of the crib is
indicated on Figure 2.1. No mass loss measurements were taken during the
evaluations. This fire source is the same as that used during roof insulation
evaluations.

Figure 2.2: Large-scale test installation prior to commencement of test

K-type thermocouples were positioned 50 mm into the core at various positions on the
wall and roof. The 6 thermocouples on the wall were positioned in line with the fire
source, and in a line 2 metre away from the fire source at heights of 0.5 m, 1.5m and
2.5 m above the floor. The 9 roof thermocouples were evenly distributed at the centres
of a 3 x 3 m grid pattern with TC 1, 4 and 7 being at the front end.
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2.2 Toxicity of combustion gases (NES 713)

Approximately one gram of the FR EPS core material was burned in a chamber with a
volume of 1 m*. The concentrations of certain specified gases were determined by
means of colorimetric (Dréager) tubes. These concentrations were then used to
calculate the quantities of gases given off by burning 100 g of material in a cubic metre
of air. The toxicity index is calculated from the summation of the ratios of these
concentrations to the concentrations causing fatality to man after a 30-minute exposure
time. Gases to be determined and their fatality limits are:

Gas Conc. (ppm) Gas Conc. (ppm)

Carbon Dioxide 100000 Nitrous Oxides 250
Carbon Monoxide 4000 Hydrogen Cyanide 150
Formaldehyde 500 Acrylonitrile 400
Hydrogen Fluoride 100 Ammonia 750
Hydrogen Chloride 500 Sulphur Dioxide 400
Hydrogen Bromide 150 Hydrogen Sulphide 750
Phenol 250 Phosgene 25

3 Testresults

3.1 Large-scale fire propagation evaluation

The temperatures recorded during this test are displayed graphically in Figures 3.1.1
and 3.1.2 respectively. The maximum heat output of the fire source (approximately 2.5
MW based on previous research) occurred after approximately 7 minutes.
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Figure 3.1.1: Temperatures recorded on wall panel
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Figure 3.1.2: Temperatures recorded on roof panel
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While delamination of the panels was observed after approximately 5 minutes, the roof
panels only started to deform after approximately 9 minutes (Figure 3.1.3).

Figure 3.1.3: Delamination of roof panels above fir e source after 9 minutes

After 13 minutes the joint directly above the fire source started to open up with some
minor flashing of volatiles being observed from the joint (Figure 3.1.4). No ignition was
observed though.

Figure 3.1.4: Minor flashing observed on roof joint above fire source after 13 minutes
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The fire source effectively expired after approximately 19 minutes. Figure 3.1.5 shows
the installation at around this time. No significant damage was caused to the wall panel
while the roof panel displayed an area of discolouration above the fire source.

Figure 3.1.5: Test installation after 19 minutes

The panels were inspected subsequent to their removal from the test facility. Figure
3.1.6 shows the wall panels with an area near the fire source where the EPS had
shrunk and decomposed due to heat exposure.

Figure 3.1.6: Wall panels subsequent to removal fro  m facility
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The roof panels subsequent to removal from the facility are shown in Figure 3.1.7. The
FR EPS in the area directly above the fire source were almost fully decomposed with
some charring also noted. Further away from this position the damage decreased
progressively.

Figure 3.1.7: Roof panels subsequent to removal fro  m the facility

3.2 Toxicity of combustion gases (NES 713)

The following results were obtained for the FR EPS core material:

Conc. of gas per 100 g of

Gas detected .
material consumed (ppm)

Toxicity Index

Carbon Dioxide 130 000 1.3

Carbon Monoxide 5000 1.25

Total Toxicity Index: 2.55

4  Discussion of results

No fire propagation occurred during the large-scale test. This can be ascribed to the
properties of the FR EPS as well as the fact that the seam did not open up significantly
during the test.
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The toxicity of the gases released upon combustion of the FR EPS core material is
regarded as low.

5 Conclusions

The FR EPS core cold-room panel system as tested did not show any signs of fire
propagation. The fact that the sheeting was supported at 2 m intervals instead of the
more customary 4 to 6 m made a significant impact in achieving this result. Further
stitching of the seam at 1 m intervals will provide further protection of the FR EPS core
from direct fire exposure in case of an incident.
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