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A SYSTEM TO EVALUATE FIRE HAZARDS OF MATERIALS USING SMALL-
SCALE AND FULL-SCALE FIRE TEST METHODS

by
Andrew Kim and Robert Onno

ABSTRACT

Several small-scale test methods are available to determine the fire hazard of materials.
Small-scale tests, however, do not always reflect full-scale fire behaviour. Over the last few years,
a number of papers have been published regarding this relationship between small-scale and full-
scale tests. This report critically reviews those publications and examines the National Fire
Laboratory's test results in an attempt to find a method of classifying materials for their fire hazard.
Two small-scale test methods (Cone and OSU) were evaluated and compared. A classification
system, which relates cone calorimeter results to full-scale room burn results, is proposed
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A SYSTEM TO EVALUATE FIRE HAZARDS OF MATERIALS USING SMALL-
SCALE AND FULL-SCALE FIRE TEST METHODS

by
Andrew Kim and Robert Onno

INTRODUCTION

One of the foremost reasons for fire research has been providing the basis for test methods
that can classify materials based on their degree of fire hazard. Interior lining materials have been
the primary materials of inierest, although furniture has also been an issue. Several small-scale
test methods are available to determine the fire hazard of materials, however, small-scale test
results do not always reflect full-scale fire behaviour. Some materials, when tested in the small-
scale test environment, demonstrate completely different fire behaviour due to the limited material
area and heat exposure of the small scale test. A number of researchers have attempted to find a
relationship between small-scale and full-scale test results, however, no reliable predictions of full-
scale results from small-scale tests have yet been found.

In analyzing the fire hazard of a material, there are three primary concerns: smoke
production rates, toxic chemical concentrations, and heat release rates. Smoke production reduces
visibility in a building and thus hinders occupants' escape and firefighting operations. Toxic fire
gases are usually carried with smoke and possibly incapacitate occupants who inhale that gas.
Heat release rates are important because of their close relationship with rapid fire growth and fire
spread in a building. There are varying opinions as to which of these concerns or combination of
them is the true predictor of the potential level of hazard a material may possess. For example,
limited visibility in a room due to high smoke production may, under some conditions, pose an
equal or greater life-threatening hazard than heat release and under others may not. While toxicity
is an important parameter for determining fire hazard, this aspect will not be addressed in this
report. This report will concentrate on the smoke production and heat release rate results from full-
scale and cone calorimeter tests as the primary analysis tools.

LITERATURE REVIEW

Heat release rate is thought to be one of the more important parameters in establishing the
fire hazard of materials. There are two principal means of measuring heat release rates: the
thermopile method and the oxygen depletion method. The thermopile method uses temperature rise
in the thermopile to measure heat release rate, however, it possesses some inaccuracies due to the
heat 1oss through the test apparatus[1]. The oxygen depletion method is the preferred method and,
today, most fire test methods measure heat release rate using the oxygen depletion method[2].

Janssens examined the oxygen depletion method in detail[3]. This method is based on the
quantity of oxygen used during combustion to measure the heat release rate. This results from the
finding that the heat released during combustion is, for most materials, proportional to the amount
of oxygen used during the combustion process. That relationship is:

Heat release = 13.1 MJ per kg of Oa.

Peacock an Babrauskas{4] analyzed large-scale fire test data and summarized the
historical sequence|of events in the development of fire testing. Post-flashover room fire theories
were being developed as early as 1950 and, by the 1970's, full scale room fire tests were being
conducted. Oxygen consumption methods were first developed by Huggett[5] and Parker[6] in
1980, and were first applied to room fire tests in 1983 by Fisher and Williamson[7].




Babrauskas and Peacock claim, in a recent paper, that heat release rate is the single most
important variable in fire hazard{8]. They examined the time to death from a fire involving a single
upholstered chair in a full-scale room, using HAZARD 1, under the following conditions: normal,
double heat release rate, double material toxicity and half ignition delay time. The results of the
analysis indicated that the heat release rate was the critical parameter in determining time to death,
thus illustrating the importance of heat release. In their paper, a comparison of CO yield and Peak
Heat release Rate (PHR) against the time to reach untenable conditions in a burn room, indicated
that PHR values were more representative of fire conditions than CO production.

: In their paper[9], Babrauskas and Peacock compared the full-scale PHR values with cone
calorimeter results. They determined that the full-scale PHR values correspond well to cone
calorimeter test results. The authors compared toxicity and heat release values in full-scale but did
not examine smoke data.

Sundstrom[10] examined full-scale fire test results involving upholstered furniture in a
furniture calorimeter. The test procedure used by Sundstrom was not a typical room burn
environment, but one without restrictions on air entry and enclosing walls and ceiling. An item of
fumnitare was placed below a large fume hood and ignited with a wood crib. Sundstrom examined
the following three criteria to calculate fire hazard: fire spread, visibility for escape and toxicity due
to production of carbon monoxide. A CO value of 1500 ppm is considered to be immediately
dangerous to life and health[11], and a smoke value of 3 obscura is assumed to be the minimum
visibility requirement for an illuminated exit sign located 8 m away{12]. Sundstrom used these
two criteria as a means of establishing critical test conditions. Sundstrom's results showed that,
for all of the materials tested, the most critical parameter was visibility. Sundstrom did not address
heat release in his analysis.

Babrauskas[13] published cone calorimeter resulis obtained in North America and
suggested the use of PHR and THR, obtained during a 600 s test period at 75 kW/m?2, as a means
to evaluate materials. He did not, however, develop a classification method. A suggested
classification system developed by Richardson and Brooks is included in the paper and is
explained in Ref. 14. Their classification system included Babrauskas's suggestions, but uses a
test duration of 900 s. Although Babrauskas suggested the use of cone results as a guide-line for
classification, there was no comparison with full-scale fire test results.

Wickstrom and Goransson[15] proposed a model to approximate the burning rate in a full-
scale test by using cone calorimeter test results. This model was a modification of theories
presented in their previous paper[16]. The three major assumptions they made to calculate heat
release rate in a full-scale test are:

1. The growth rate of the burning area and the heat release rate are considered separately.

2. The growth rate of the burning area is proportional to the ease of ignition, i.e., the inverse of
time to ignition in small scale.

3. The history of the heat release rate per unit area at each location on a large scale sample is the
same as one on a small scale sample.

Their theory is based on burning areas in the full-scale test. The area involved in the fire at
any time (A(t)) is approximated by an equation involving the ignition time in the cone (tig). In their
paper[16], there was no allowance for the ignition flame increase at ten minutes in the room test,
however, in their more recent paper[15], this is accounted for by a separate equation of A(t) fort>
10 minutes. The burning area A(t) is then used to evaluate the HRR in the full-scale test. The heat
release rate in full-scale (Qfyti-scale) 15 €qual to a duhamel integral involving the heat release rate in
the cone calorimeter and A(t). Table 1 illustrates a classification system proposed by Wickstrom
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and Goransson based on flashover time in the full-scale test. Since flashover is considered to
correspond to a heat release rate of 1000 kW, the time to flashover was approximated by evaluating
Qfull-scale and determining when the heat release rate reached 1000 kW. This classification system
was based on a model using cone calorimeter results. This analysis contains valuable information
and shows that there appears to be a direct relationship between the cone results and the full-scale
test results. Smoke obscuration resulis were not addressed, however, in Ref. 15.

An empirical relationship, developed by Ostman and Nussbaum[17], involves heat release,
ignition time from the cone calorimeter tests and material density as a basis of approximating time
to flashover in full-scale tests. The relationship is applicable to lining materials that are at least 12
mm thick. Ostman and Nussbaum mention that there may be some modification required for
materials that are 6 mm thick, which was also shown by Kim and Onno[18]. Ostman and
Nussbaum's analysis was based on the ISO room test[19] which does not adjust the output of the
ignition burner level until ten minutes have passed. An investigation into using the ASTM room
burn test results in an empirical relationship similar to that of Ostman and Nussbaum showed that
correlation was not as good as was the case using the ISO room test results (Ref. 18). The Ostman
and Nussbaum equation is, however, a valuable tool to approximate flashover time. Since
flashover time is a critical variable in the room test, the equation provides a method of evaluating
fire hazards for materials using cone data only.

Sundstrom and Goransson[20] have proposed a classification system based upon full-scale
results. Twenty-nine materials, comprised of many lining materials and some composites, were
used in the development of this proposat. The classification of materials was based on time to
reach a specified Peak Heat Release rate, Peak Smoke Production rate and Average Smoke
Production rate. The ranking was based on a five-level classification system. The use of both
smoke and heat release rate limits provides a broader method of evaluation and may be a good
starting point for a classification system based on both the cone and room burn tests.

Ostman and Tsantaridis[21] examined the relationship of smoke data recorded in the cone
calorimeter and room burn tests. The data are those presented in their previous paper[17]. They
discuss the different forms of smoke data, including smoke production rate (ob x m3/s) and smoke
potential (ob xm3/g), as well as specific extinction area (m%g). The smoke production rate is the
product of obscura and the exhaust duct volumetric flow rate. Smoke potential is the quotient of
the smoke production rate divided by the mass loss rate. The specific extinction area is the light
obscuration per unit path length and the exhaust duct flow rate, divided by the mass loss rate (i.e.,
smoke production rate per unit path length per unit mass loss rate). They observed that smoke
data was more repeatable for materials that exhibit higher smoke production rates in the cone test.

Smoke production rates seemed to follow heat release rates and varied with the heat flux
levels used in the cone test. When it was expressed in smoke potential, however, the results were
similar for the different heat flux levels. This is understandable, because with a higher heat flux,
the material burning rate will be higher, resulting in higher heat release and smoke production
rates. When the smoke production rate is represented by per unit mass of the burning sample (i.e.
smoke potential), the results would be less affected by the heat flux levels. Ostman and Tsantaridis
suggest that smoke extinction area is probably a more realistic parameter for comparing the smoke
production in the cone calorimeter and room burn tests, as other papers have claimed[22]. Since
mass loss rate is not determined in the full-scale room test, a means of interpreting full-scale results
is required for comparison with the cone calorimeter data. Ostman and Tsantaridis used the
effective heat of combustion in the cone to convert the room smoke data to the cone units (ob m2/g)
and illustrated comparisons between full-scale and small-scale results. The most promising one
was the ratio of smoke production rate to heat release. A comparison of small-scale and full-scale
smoke production ratios showed larger values for the small scale test. Although there was some
consistency in this comparison, the results were not complete. Ostman and Tsantaridis also



commented that, although for most materials smoke production is proportional to the heat release
rate, some materials showed significantly larger values for smoke production when compared to
the heat release rate.

To summarize the literature review, it was noted that many researchers consider heat release
rate as the most important parameter for assessing the fire hazard of materials and, until recently,
more emphasis was placed on heat release rate than on smoke production rate. A number of papers
have attempted to find a relationship between small-scale and full-scale test results, however, no
reliable predictions of full-scale behaviour from small-scale test results have yet been found.
Several researchers in Sweden have tried, with some success, to correlate small-scale test results
with full-scale results for heat release and smoke production rates. Their main objective was to
classify materials for their fire hazard based on small-scale test results. That work is not yet
complete and needs further validation. All of that work, however, is based on full-scale test results
according to the ISO test method. In Canada, full-scale test results, based on the ASTM test
method, are more readily accepted. There are substantial differences between the two full-scale test
methods and there has been no attempt, as yet, to correlate small-scale test results with full-scale
test results according to the ASTM test method.

TEST METHODS AND MATERIALS

Thirteen lining materials (see Table 2) were evaluated using three small-scale standard test
methods; the International Maritime Organization (IMO) test method[23] using the Robertson
apparatus (radiant panel), the ASTM E906 test method[24] using the Ohio State University
Calorimeter (OSU), and the ASTM E1354 test method[25] using the Cone Calorimeter. The same
thirteen lining materials were also evaluated in full-scale room burn tests|26]. The thicknesses of
these materials and an indication of which tests were conducted on these materials are listed in
Table 2. '

TEST RESULTS

The detailed results of the IMO tests were presented in a previous reportf27]. For the OSU
tests, the materials were tested vertically, at heat fluxes of 30 kW/m2 and 50 kW/m2. Summaries
of these OSU test results were also presented in previous reports[18, 27].

A complete summary of results of the room burn tests is shown in Table 3. The most
important parameter in the room burn test is considered to be the time to reach flashover, Toagh,
which is shown in Table 3. To assess repeatability on flashover times, some materials were tested
twice over a two year period. Particleboard and chipboard reached flashover at approximately the
same time in the second test as in the first. Plywood, in both thicknesses, showed considerably
longer flashover times in the second test. This could have been due to the fact that the samples
were from a different batch and there may have been some differences in material composition.
Chipboard was the only material which flashed over with a 40 kW ignition source. Other materials
flashed over only after the increase in the ignition fire to 160kW,

An examination of the peak heat release (PHR) values in the full-scale tests indicates that
materials that did not flashover can be separated from those that did - based on PHR values. There
was no direct correlation, however, between PHR and the time to flashover. All materials that
flashed over had a PHR value larger than 1000 kW, while materials having PHR's less than 500
kW did not reach flashover. This is reasonable because a value of 1000 kW is considered to
correspond to flashover conditions in a room of this size.



The average heat release rate (HRR) was also examined. Materials having average HRR
values less than 200 kW did not flashover, Materials having average values above 200 kW, with
the exception of 12 mm thick plywood, flashed over. Generally, materials with average HRR
values higher than 400 kW flashed over faster, but there was no direct correlation between the
average HRR and flashover times.

An examination of average heat release rates during the initial five minutes (HRR-5m)
shows that non-flashover materials had HRR-5m values less than 50 kW . Three materials did not
fit into this generalization: polystyrene and 3 mm thick woodpanel had values greater than 50 kW
but did not reach flashover, while polyurethane had a valve less than 50 kW but reached flashover.
Values greater than 100 kW generally corresponded to faster flashover times.

Since the test duration was different depending on whether the material reached flashover
or not, the total heat released (THR) value during the test is of little value. However, when total
heat released during the first five minutes (THR-5m) was considered, there was a patiern
separating flashover and non-flashover materials. Non-flashover materials, with the exception of
polystyrene and 3 mm thick woodpanel, had THR-5m values less than 15 MI. Those that flashed
over had THR-5m values higher than 15 MJ.

In the cone calorimeter tests, materials were tested only in the horizontal position, at flux
levels of 25 and 50 kW/m2. A summary of the results of these tests is shown in Tables 4 and 5.
Repeat tests were conducted for some materials in the second year to assess the repeatability of the
cone test. Comparing the results indicated that repeatability for ignition time and heat release was
excellent, while smoke data was not repeatable.

: A comparison of the cone test results with 25 and 50 kW/m?2 radiant flux indicates that, for
PHR, the test results with 50 kW/m2 show much larger values than the results with 25 kW/m?2, as
was expected. With higher thermal radiation, materials will burn much faster with higher heat
release rates. For Total Heat Released (THR), FR plywood showed much higher values at 50
kW/m?2 than at 25 kW/m2. Other materials, such as plywood and particleboard, showed almost the
same results for both 25 kW/m2 and 50 kW/m?2 since,for highly combustible materials, 25 kW/m2
is sufficient to sustain burning. For fire retarded materials, 25 kW/m?2 radiant flux is not sufficient
to complete the combustion of the sample material and thus, when exposed to a higher heat flux
level, more pyrolysis occurs, resulting in a higher heat release.

As in the room burn test, the test duration of the cone calorimeter test is not fixed but
depends on the burning characteristics of the sample. Therefore, average values of the test results
over the test duration are not always representative of the material behaviour. Instead, average
values over the initial 60 s, 180 s, and 300 s following ignition of the sample are more meaningful
and are thus used as a basis of comparison.

Babrauskas and Krasny[9] suggested thata 180 s HRR average value from the cone test
may correspond to the PHR of the room burn test, however, the NFL's results did not support that
suggestion. The NFL's results show that the 300 s HRR average values represent a better
comparison of cone results with room burn test results, as shown in Tables 4 and 5. Based on the
300 s HRR average results from the cone test, materials can be grouped into flashover and non-
flashover materials. Polyurcthane was the only material that did not fit into this grouping,



COMPARISON OF TEST RESULTS
Small-scale Test results

The IMO and OSU results are not easy to compare because of the differences in the test
configurations. The IMO test method is used primarily to measure the flame spread rating of
materials, which is useful as an input to compartment fire models. The test method also measures
heat release rates, however, this method does not work as well as other small-scale test methods in
producing heat release rate data. Because of the varying level of thermal radiation exposure, the
guantity of material that burns during a test is different for different materials.

The OSU and cone calorimeter tests have similar features; the test samples are small and
both are exposed to uniform radiant heat. Test results from the OSU and cone calorimeter tests
were compared to determine whether the PHR and THR values obtained in these two test methods
were similar. Table 6 shows the results of OSU tests and cone calorimeter tests with a 50 kW/m?2
exposure.

~ Since the sample size was different, the heat release data were converted to a per unit
sample area. With the exception of polystyrene, the cone calorimeter results were much lower than
the OSU results for PHR. For THR, the OSU results were still higher, but they were much closer
than for PHR. There are several significant differences between the OSU and the cone that may
account for this difference. The OSU test burns a sample in an enclosure, therefore, thermal
feedback from the surrounding enclosure to the burning sample may increase the rate of burning.
Also, in the OSU test, air is forced through the enclosure which may increase the burning rate of
the sample. Another difference is that, in the OSU test, samples were tested in the vertical
orientation, whereas, in the cone test, the samples were tested horizontally. In the cone test, spark
ignition was used, whereas in the OSU test, a pilot flame, located at the top of the sample, was
used for ignition and was left ignited during the test —~ which may have enhanced the burning of the
volatile gases not burned in the flame zone. The high PHR value for polystyrene in the cone test
may be due to the test orientation. In the OSU test, the polystyrene melted, slipped to the bottom
of the holder and did not receive direct heat exposure. This resulted in a lower heat release rate in
the OSU.

Full-scale test results

As previously discussed[18], one of the empirical equations comparing the cone test results
with full-scale results was proposed by Ostman and Nussbaum[17]. That relationship used the
results of the cone test to predict flashover times in the full-scale ISO room burn tests. It was
applied to the NFL's results and, as expected, there was no correlation between the NFL's cone
results and the full-scale ASTM room burn test results. This is because the ASTM room burn test
has a different ignition scenario from the ISO room burn test. A modified empirical correlation
was used to predict the ASTM full-scale room burn test flashover times using the cone results,
however, the cormrelation was not as good as that produced by Ostman and Nussbaum[17]. A
detailed discussion appears in Ref. 18.

The ASTM test method uses a 40 KW ignition fire for 5 minutes and then increased to 160
kW to simulate a waste basket fire spreading to other combustible materials in 5 minutes. This
ignition scenario, however, does not produce consistant test results for most materials since the 40
kW fire is too small to cause flashover in many cases. The 160 kW fire, after the first 5 minutes,
tends to precipitate flashover almost immediately. The separation of flashover times was, thus,
very small, giving little information on assessing the level of hazard of each material. The ISO test
method provides a stable, medium level heat output of 100 kW which seems to produce a gradual
fire growth and a good distribution of flashover times.



After examining cone test and ASTM room burn test results, it was determined that the
most representative method of comparing the two sets of test results was to group the materials
according to fire hazard level based on flashover time in the room burn test and the average Heat
Release Rate after the initiat 300 s (300 s HRR) in the cone test. The results are shown in Table 7.

In general, this grouping encompasses most of the materials tested. The plywood materials
have slightly different results from one test to another, however, this grouping still relates the cone
test and full-scale results correctly. The only exception to this grouping was polyurethane.
Polyurethane had a very low value in the cone calorimeter placing it in the Level 4 category, while
the flashover time for the full-scale tests would have placed it in the Level 2 category. This is
probably due to its different potential for ignition under high and low heat fluxes.

Smoke Data

As discussed previously, the smoke data obtained in the cone and room burn tests have
often been overlooked. Smoke data, obtained in the cone tests, were compared with the results
obtained in the room bum tests. Smoke results from the room tests are more difficult to interpret
than heat release, because there is no distinct condition such as flashover time. The cumulative
simoke production and average smoke production rates over the test duration in the room test may
not be reasonable data to compare because the test duration and the ignition flame size may be
different for each material, depending on flashover time.

The visibility in the room is directly proportional to the comulative smoke production,
therefore, cumulative smoke production over a fixed time period, such as the initial five minutes in
the room test (SM-5m), may be a reasonable parameter to consider. When the (SM-5m) was
compared with the smoke data from the cone calorimeter tests, no correlation could be established.
It was possible, however, to establish some grouping of the materials when (SM-5m) and the 5
min average smoke extinction area in the cone test with a 50 kW/m2 exposure were compared. The
results are shown in Table 8. Polystyrene produced considerable smoke in both the room test and
the cone test. Materials, such as fire retarded plywood and gypsumboard, produced little smoke in
the room test and this is reflected in the cone test results. There were two materials which did not
fit into this grouping: 6 mm thick woodpanel showed a high smoke rate in the cone test, however,
in the room test, it produced a relatively low smoke production rate. Polyurethane foam with foil
cover showed the opposite behaviour. It showed no smoke in the cone test, but produced some
smoke in the room test. It was also noted that smoke results were generally less repeatable during
the cone tests when compared to heat release data. For some materials, considerable differences
were found in repeat tests, typically over 20%. This may reflect the lack of a more direct
comparison between the cone and room test results.

SUMMARY

Recent publications on the development of a means of classifying materials based on full-
scale and small-scale test results have been reviewed, and an attempt has been made to correlate
small-scale and full-scale test results. A careful examination of cone calorimeter and room burn
test results has been presented. Results from the OSU test were compared with the cone
calorimeter test results 1o evaluate the two small-scale test methods. Heat release data from the
OSU tests were always higher than the results of cone calorimeter tests. The OSU test has
previously been used in fire research, however, the cone calorimeter test is gaining acceptance as a
standard small-scale test. A firm understanding of the differences between the results of the two
tests could be quite useful in the future.




A comparison of small-scale and full-scale test results showed that there is no direct

correlation between the two results. An empirical correlation which predicts the ASTM full-scale
room bumn test flashover times using cone results was developed previously[18]. It could predict
whether a material will flash over or not, however, the correlation between predicted flashover
times and measured flashover times for combustible materials was not good and it was not
acceptable as a classification tool for all materials. Two new classification systems based on cone
test results are proposed. The systems, which group the materials based on the heat release data
and smoke data from the cone tests, represent the ASTM full-scale test resuits well. All materials
tested in this project, except polyurethane and foam with foil cover, fit into the two classification
systems for heat release and smoke production rates.
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Table 1. A proposed classification system based on time to reach 1000 kW (flashover) in the

Room/Corner Test (Ref, 14)

CLASS TIME TO FLASHOVER TYPICAL PRODUCT
(min)
A 201 Plasterboard, mineral wool
B 20 Light wall coverings on plasterboard
C 12 Boards with protected surface
D 10 Heavy wallpapers
E 2 Wood

Note: 1 Heat release rate of the ignition flame was increased to 600 kW,




Table 2. Description of test materials
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Sample Material Thickness MO OSU Cone Room
(mm)

Plywood 1 6.0 X

Plywood 1 12.3 X X X
Fire retarded plywood 12.3 X X X
Woodpanel 1 3.0 X X X
Expanded polystyrene 26.1 X X X
Rigid polyurethane 25.1 X X X
Chipboard 1 6.0 X X X
Gypsumboard 13.4 X X X
Plywood 2 6.0 X X X
Plywood 2 12.3 | X X X
Woodpanel 2 3.0 X X X
Woodpanel 5.0 X X X
‘Woodpanel 1 6.0 X X X
Chipboard 2 6.0 X X X
Particle board 12.3 X X X
Foam with foil cover 40.0 X X X
Woodpanel 2 6.0 X X

Wallpaper over Gypsumboard 1.5 X X




Table 3A. Room burn test results (heat release results)**
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THR Total heat released

Av-HRR Average heat release rate over test duration
HRR-5m Average heat release rate during initial 5 min

THR-5m Total heat released during initial 5 min
DNF Did not flashover
** Heat release values include ignition fire

Material  |Thicknes{ Dae | Tpuw | PHR | THR |Av-HRR |HRR-5m| THR-5m
{mm) | tested (s) (kW) ah)] (kW) kW) M
Gypsumboard | 13.4 {90-5-10| DNF 205 112 124 50 13
Chipboard 1 6.0 190-6-12| 240 943 58.7 228 228 58.7
‘|Woodpanel 1 3.0 90-6-18| DNF 303 171.5 191 139 42.4
Plywood 1 6.0 {90-6-21| 355 1165 76.4 209 125 38.3
Plywood 1 12.3 | 90-7-4 ] 360 1196 61.1 164 82 25.1
FR Plywood 12.3 | 90-7-9 | DNF 323 141.7 157 40 12
Polystyrene 26.1 ]90-7-121 DNF 235 117.7 131 53 16.2
Polyurethane 25.1 {90-7-17} 325 721 28.0 74 40 12
Plywood 1 12.3 {90-7-20{ 427 710 66.6 163 54 16.5
FR Plywood 12.3 |90-7-26] DNF 745 197.9 206 40 12
Polystyrene 26.1 |90-7-31| DNF 198 119.5 133 78 238
Woodpanel 1 6.0 {90-11-1| 362 966 80.9 208 72 22
Particleboard 12,3 |91-2-22| 360 924 94.8 236 103 31.5
Plywood 2 6.0 |91-3-25| 540 1055 151.5 258 70 21.5
Plywood 2 123 | 91-4-8 | 550 941 146.7 263 84 25.8
Foam w/Foil 40.0 |91-4-30| DNF 219 125.3 139 41 12.7
Chipboard 2 6.0 |91-5-7| 275 1908 148.7 486 486 148.7
Particle board 12.3 |91-5-13] 355 1941 152.6 404 163 499
Woodpanel 5.0 |91-5-16} 330 1736 156.3 352 57 17.4
Wallpaper 1.5 |92-5-12} DNF 250 120 140 42 12.6
Tflash Time to reach flashover
PHR Peak heat release rate
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Table 3B. Room burn test results (smoke results)

DNF

Did not flashover

Material ~|Thicknesy Date | Tran | PSR | Av-SM |SM-Cum | Av-5m | SM-5m
(mm) | tested | (s) (OD) | (OD) [(ODm3) | (OD) {(ODm3)
Gypsumboard{ 13.4 }90-5-10| DNF 0.02 0.01 9.0 0.012 3.0
Chipboard 1 6.0 [90-6-12] 240 0.408 0.059 14.5 0.059 14.5
Woodpanel 1 3.0 |90-6-18f DNF | 0.044 | 0.024 20.3 0.032 6.1
Plywood 1 6.0 |90-6-21{ 355 0.097 | 0.017 7.4 0.013 1.7
Plywood 1 12.3 | 90-7-4 | 360 0.768 | 0.046 8.7 0.017 2.6
FR Plywood 123 | 90-7-9 | DNF | 0.028 | 0.013 10.9 0.006 1.3
Polystyrene 26.1 |90-7-12| DNF | 0.146 | 0.045 40.9 0.026 16.9
Polyurethane 25.1 190-7-17| 325 0.521 0.086 38.9 0.036 11.9
Plywood 1 12.3 §90-7-20| 427 0.064 | 0.016 6.0 0.016 2.7
FR Plywood 12.3 |90-7-26] DNF | 0.036 | 0.019 22.3 0.017 3.0
Polystyrene 26.1 |90-7-31} DNF 0.331 0.058 53.0 0.037 25.6
Woodpanel 1 6.0 |90-11-1} 362 0.357 | 0.051 20.1 0.031 3.8
Particleboard 12.3 191-2-227 360 0.255 | 0.047 13.7 0.037 3.1
Plywood 2 6.0 |91-3-25} 540 0.185 { 0.028 26.8 0.011 4.5
Plywood 2 123 | 91-4-8| 550 0.108 | 0.021 21.8 0.011 3.7
Foam w/Foil 40.0 |91-4-30| DNF | 0.110 § 0.020 38.1 0.036 4.2
Chipboard 2 6.0 {91-5-7 275 0.258 | 0.030 13.0 0.069 13.0
Particle board 12.3 191-5-13| 355 0.359 | 0.043 23.5 0.011 5.5
Woodpanel 5.0 |91-5-16| 330 0.344 | 0.054 36.6 0.029 12.0
Wallpaper 1.5 |[92-5-12] DNF | 0.067 0.03 16.0 0.013 4.0
Ti1ash Time to reach flashover
PSR Peak smoke value
Av-SM  Average smoke value over test duration
SM-Cum Cumulative smoke production for test duration
"Av-5m Average smoke value for initial 5 min
SM-5m  Cumulative smoke production for initial 5 min




Table 4. Cone calorimeter test results with flux of 25 kW/m?2
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Material  |Thickness| Year | Tjg { PHR |RHR-300{ THR |SM-180 {SM-300 SM-Cum
(mm) [tested | (8) {kW/m2)] (kW/m2) |(MJ/m2) |(m2/kg) {(m?/kg) (m2s/kg)

Plywood 1 6.0 91 (144§ 137 g1 27 35 21 6590
Plywood 1 6.0 92 (1221 122 83 32 30 26 7563
Plywood 1 12.3 91 {205} 100 44 51 4 3 1005
Plywood 1 12.3 92 128} 128 58 61 3 2 2074
Chipboard 1 6.0 91 {139} 145 120 48 23 30 9333
Chipboard 1 6.0 92 | 88 | 140 104 42 35 53 19618
Woodpanel 1 | 6.0 | 91 [248] 181 120 39 84 54 | 16380
Woodpanel 1 6.0 92 |175] 129 102 39 53 69 23876
Particle board 12.3 91 |130]| 143 78 74 23 14 13299
Particle board 12.3 92 |110]| 141 81 73 53 34 32704
FR Plywood 12.3 01 |745| 43 32 10 0 0 0
Polystyrene 26.1 91 124} 219 55 17 745 447 {151810
Polyurethane 251 91 |DNI} 6.5 3 2.4 5 3 886
Woodpanel 3.0 91 121 167 37 12 21 13 3894
Gypsumboard] 13.4 91 |DNI} 16 5 2 21 i4 4200
Woodpanel 5.0 91 277] 181 114 37 64 43 13152
Foam w/Foil 40.0 91 |DNI| 7.4 1 1 0 0 0
Wallpaper 1.5 92 |10 86 3 1 59 36 15700
DNI Did not ignite
Trir Time to peak heat release rate
T; Time to ignition
RI§1R-300 Average heat release raie over initial 300 s

SM-180  Specific smoke extinction area over initial 180 s
SM-300 Specific smoke extinction area over initial 300 s
SM-Cum Cumulative smoke extinction area over test duration
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Table 5. Cone calorimeter test results with flux of 50 kW/m?2

Material  |Thickness| Year | Ti; | PHR |RHR-300f§ THR |SM-180 |SM-300 EM-Cum

(mm) tested | (s) {(kW/m2)| kKW/m2) [(MJ/m2)|(m2/kg) |[(m2/kg) Km2s/kg)

Plywood 1 6.0 91 |18 156 92 31 73 48 14820
Plywood 1 6.0 92 120 146 96 33 36 30 9350
Plywood 1 12.3 91 124 140 66 47 6 4 15768
Plywood 1 12.3 92 123 160 86 66 19 29 38400

Chipboard 1 6.0 91 22| 210 150 54 52 61 19152
Chipboard 1 6.0 92 15| 231 144 47 100 113 | 27406
Woodpanel 1 6.0 91 160 | 271 141 44 114 94 28536
Woodpanel 1 6.0 92 140 | 224 139 46 78 105 | 32880
Particle board 12.3 91 |35 224 105 74 57 34 25184
Particle board 12.3 92 127 | 212 109 74 97 62 48128

FR Plywood 12.3 91 |61 77 44 29 0 0 0

Polystyrene 26.1 91 |28 | 290 48 16 628 377 132354
Polyurethane 25.1 91 [DNI| 32 10 3 119 72 27550
Woodpanel 3.0 91 |43 191 44 14 42 25 8134
Gypsumboard ] 13.4 91 |30 58 3 1 4 2 1024
Woodpanel 5.0 91 37| 295 136 43 107 67 21420
Foam w/Foil | 40.0 | 91 {DNI| 2 1 ] o 0 0 0

Wallpaper 1.5 92 15 80 i 1 70 42 23120

DNI Did not ignite

Tear Time to peak heat release rate

T Time to ignition

RI§IR—3OO Average heat release rate over initial 300 s

SM-180  Specific smoke extinction area over initial 180 s
SM-300 Specific smoke extinction area over initial 300 s
SM-Cum Cumulative smoke extinction area over test duration




Table 6. Comparison of OSU and cone test results with flux of 50 kW/m?2
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Sample Material Thickness PHR PHR THR THR
OSU Cone OsSu Cone
(mm) (kW/m2) (kW/m?2) (MI/m?2) (MJ/m2)
Gypsumboard 13.4 107 58 3.6 1.0
Polyurethane with foil 40.0 27 2 9.0 0.1
Expanded polystyrene 26.1 182 290 18.2 16.0
Fire retarded plywood 12.3 142 75 36.3 28.0
Woodpanel 1 3.0 302 191 25.8 14.0
Plywood 1 12.3 262 160 72 66.0
Plywood 1 6.0 253 147 46.7 33.0
Rigid polyurethane 25.1 142 32 12.8 3.0
Woodpanel 5.0 475 295 56.3 43.0
Woodpanel 1 6.0 467 271 60.2 44.0
Particle board 12.3 262 224 79.8 74.0
Chipboard 1 6.0 298 201 58.7 52.0
PHR Peak heatrelease rate

THR Total heat released
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Table 7. Cone and Full-scale Test Results Comparison

Cone Calorimeter | ASTM Room Burn
Levels 300 s HRR! Flashover time Typical materials
(kW/m2) {min)
Level 1 > 150 <5 Chipboard
Level 2 100 - 150 5-6 Particleboard
5 mm and 6 mm Woodpanels
Level 3 60 - 100 >6 6 mm and 12 mm plywoods
Level 4 < 60 Did not flashover 3 mm woodpanel, Wall paper
Gypsumboard
FR plywood, Polystyrene

Foam with foil cover

Note: 1 Cone test results with flux of 50 kW/m?2
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TABLE 8. Comparison of smoke results from Cone and Room tests

Cone results (50 kW/m2) Room results
SM-300 SM-5m®® Typical materials
(m2/kg) (OD m2)

Level 1 > 300 > 20 Polystyrene

Level 2 50 - 300 10 -20 Chipboard, Polyurcthane
5 mm woodpanel

Level 3 20-50 4-10 3 mm woodpanel, Wallpaper

Particle board, 6 mm Plywood

Level 4 < 20 <4 Fire retarded plywood

12 mm plywood
Gypsumboard
Notes:

b sM-300 Specific smoke extinction area over initial 300 s
Cumulative smoke production over initial 5 min

@ SM-5m




