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ABSTRACT

Many fire tests have been developed to evauate the flam-
mability performance of lining materials. According to the
test methods, specimens are traditionally mounted vertically
asawall or horizontally as afloor. The only exception isthe
ISO 9705 room corner test in which ceiling material is in-
stalled beneath aceiling. This study was accordingly designed
to discuss the test results of ceiling materialsin the ISO 9705
room corner test with the testing capacity of the traditional
tests to evaluate the feasibility of the traditional tests to rank
materials mounted beneath a ceiling. Materials used were
gypsum board and particle board, which are ranked the best
and the worst classes by the cone calorimeter, a commonly
used testing apparatus. Our results showed that the fire be-
haviors cannot completely perform those tested in the 1SO
9705 room corner test. A penetration occurred in the gypsum
test and led to a severe fire although flashover was not ob-
served. Theresultsfrom thetraditional tests are obtained from
tests that are primarily concerned of the potential of a material
leading to flashover. The penetration of flamesthrough ceiling
materials cannot be assessed in the other tests. A modification
of the traditional test is recommended when ceiling materials
are tested.

. INTRODUCTION

The space inside abuilding can be divided into sub-spaces
by horizontal and vertical barriers which form floors, ceil-
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ings and walls. Interior finishing materials are often con-
structed on the barriers for decoration and other uses. These
materials are often combustible and provide suitable surfaces
on which burning can start and sustain in an event of fire.
Heat, smoke and toxic gases are subsequently generated and
threaten the safety of resident and property. Therefore, the
fire performance of an interior finishing material has to be
evaluated and the choice of materials can be made accord-
ingly.

Fire tests are consequently designed to provide informa-
tion related to the “reaction-to-fire” properties of materials.
Noticing the necessity of establishing suitable fire test
methods, many national and local governments have devel-
oped different apparatuses in which specimens with various
sizes and orientations are exposed to different fire scenarios.
Classified by the specimen size and fire scenario, fire test
methods can be grouped into small, intermediate and full
scales. Basic properties of a material can be determined by
small-scale tests whereas compl ete performance of a material
encountering from ignition to fully developed fire is consid-
ered by full-scale tests. However, carrying out full-scale tests
costs much more money and time, and the outcomes from
intermediate-scale or small-scale tests may not represent the
complete performance of a material in full-scale tests. There
always exists a challenge to keep a balance between expenses
and effectiveness and complete performance of a material
while asuitable fire test method for regul atory useis selected.
A principle to require test results capable of demonstrating
necessary information of the fire performance of amaterial in
afull-scaled test should be kept even when intermediate-scale
or small-scaled tests are employed. Additional help of sup-
plementary tests or judgments from experts is often accepted
to form an adequate system for ranking an interior finishing
material.

An interior finishing material can be mounted on a floor,
on awall or beneath a ceiling. This study focuses on the fire
performance of ceiling materials. However, specimens in
traditional fire tests are horizontal or vertical. The only ex-
ception is the 1SO 9705 room corner test in which ceiling
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material is installed beneath a ceiling. This study is accord-
ingly designed to discuss the test results of ceiling materials
that are tested in the 1SO 9705 room corner test with the
testing capacity associated with traditional tests to evaluate
the feasibility of traditional tests to rank materials mounted
beneath a ceiling. Traditional “reaction-to-fire” tests are
reviewed first and the orientation of specimen is highlighted.
The behavior of a fire on a floor, on a wall and beneath a
ceiling is described. Afterwards, full-scale experiments are
conducted and the feasibility of employing traditional inter-
mediate-scale and small-scale test methods for evaluating
the fire performance of ceiling materials is discussed ac-
cording to the comparison of the experimental observations
from the full-scale tests and traditional intermediate-scale and
small-scal e test methods.

I1.REVIEW OF WIDELY USED
“REACTION TO FIRE” TESTS

The test principles, specimen sizes, specimen orientations
and associated fire scenarios of five representative test methods
are described herein. These methods include the 1SO 9705
room corner test [14], the ASTM E 84 Tunnel test [3], the EN
13823 Single Burning Item (SBI) test [9], the SO 5660 cone
calorimeter test [13] and the Chinese National Standard (CNS)
6532 surfacetest [6]. Among them, the SO 9705 room corner
test [14] isafull-scaletest, the ASTM E 84 Tunnel test [3] and
the EN 13823 Single Burning Item (SBI) test [9] are inter-
mediate tests, and the | SO 5660 cone calorimeter test [13] and
Chinese National Standard (CNS) 6532 surface test [6] are
small-scale tests.

1. The Room Corner Test and | ts Classification

A schematic instruction of a room corner test apparatus is
givenin[14], mainly consisting of atest room and facilitiesto
analyze combustion product. The test room is formed by
non-combustible boards with inner dimensions of 2.4 x 2.4 x
3.6 m. One 0.8 x 2.0 m doorway is placed in one of the 2.4 x
2.4 m walls. The specimens are attached on the walls and
ceiling. A propane burner that produces 100 kW for the first
10 min and 300 kW for a further 10 min is placed on the
floor in a corner opposite to the wall with doorway and isin
contact with the specimen on the wall. The facilities to ana-
lyze combustion product contain a hood and an exhaust duct
to collect combustion products leaving the fire room through
the doorway during a test. The heat release rate (HRR) and
0O,/CO,/CO concentrations are measured by associated
0O,/CO,/CO analyzers and software, according to the oxygen
consumption principle. Additionally, the time to flashover is
determined by eye and HRR measurements. The test method

isused in Australiato rank finishing materialsinto four classes.

Table 1 liststhe classification system [15]. Moreover, because
of the size and geometry that form a complete compartment,
the room corner test is regarded as areference test for al other
small and intermediate scale tests.

Table 1. Classification of the room corner testsin Austra-

lia.
Class Criteria
Materials that do not reach flashover following ex-
Group 1 | posure to 300 kW for 600 seconds, after not reaching
flashover when exposed to 100 kW for 600 seconds;
Materialsthat do reach flashover after exposureto 300
Group 2 | kW for 600 seconds, after not reaching flashover when
exposed to 100 kW for 600 seconds,
Materials that reach flashover in more than 120 sec-
Group 3 | onds but less than 600 seconds after exposure to 100
kW;
Group 4 Materialsthat reach flashover in less than 120 seconds
after exposure to 100 KW.

2. TheTunnel Test and Its Classification

The ASTM E 84 tunnel test [3] measures the flame spread
of a specimen materia relative to that of asbestos cement
board and red oak flooring under similar test conditions.
The test tunnel is 7.6 m long, 0.46 m wide and 0.31 m high
and a0.51 m wide and 7.3 m long specimen is attached to the
last 7.3 m of the ceiling of thetunnel. The first 0.31 m of the
ceiling at the fire end of the tunnel is asbestos cement board.
Two gas burnerslocate 0.31 m from this end, which produce a
diffusion flame that extends 1.6 m along the tunnel. Air is
supplied at arate of 170 L/s through a 76 mm high opening at
the fire end. One side of the tunnel is eguipped with viewing
windows through which the distance between the flame front
and the burner flame can be continuously monitored during
the 10 min test. The purpose of this test method is to deter-
mine the relative burning behavior of a material by observing
the flame spread aong the specimen. In plotting the flame
spread distance vs. time, the value of Arisobtained and used to
calculate “flame spread index” (FS).

FSI =0.0281 Ar, if Ay < 1780 m - s Q
FSI =ﬂ JifAr>1780m- s ()]
3560 A

The FSI is 100 for red oak and zero for non-combustible
materials. Materials can be ranked into A, B and C levels
according to the FSI value.

3. The Single Burning Item (SBI) Test and Its Classifica-

tion

The Single Burning Item (SBI) test [9] is a method to de-
termine the reaction to fire behavior of a material when ex-
posed to a single burning item. The facility for the test pri-
marily consists of a test room, test apparatus (trolley, frame,
burners, hood, collector and ducting) and smoke exhaust sys-
tem. The specimen includes two pieces of material, forming
a corner to simulate a very rapid fire growth condition. A
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Table 2. Classification of the SBI test.
Euro Class Criteriafor compliance Other parameter
A2 FIGRA < 120 W/s; and LFS < edge of specimen; and THRgys < 7.5 MJ Smoke production Flaming droplets/particles

B FIGRA < 120 W/s; and LFS < edge of specimen; and THRgps < 7.5 MJ Smoke production Flaming droplets/particles

C FIGRA < 250 W/s; and LFS < edge of specimen; and THRgys < 15 MJ Smoke production Flaming droplets/particles

D FIGRA <750 W/s

Table 3. Classification of the cone calorimeter test.
L . Criteria
Class Heating time (min) - = et release (M) Peak HRR (KW/m?) Penetration of crack
non-combustible 20 ) )
semi-non-combustible 10 <8 <200 N? penetration over entire
- thickness
fire-retardant 5
Table 4. Classification of the surfacetest.
S Criteria
Class Heatlng time . T do Crack
(min) te (min) (°C - min) Ca(9) t(s) Cx penetration

non-combustible 10 No exceed 0 <30 < one tenth of specimen | No penetration over
semi-non-combustible - = 100 <60 <30 | thickness entire thickness
fire-retardant 6 o = 350 <120

propane supplied sand-box burner is placed on the floor at the
corner and is in contact with the specimen. After igniting
the burner, the heat and smoke release rates are measured
instrumentally and physical characteristics are assessed by
observation. This test method is used in Europe and Table 2
listsits classification.

4, The Cone Calorimeter and Its Classification

The cone calorimeter is an apparatus capable to provide
information of material reacting to fire [13, 16-21]. Thesize
of the specimen is 100 x 100 mm and located horizontally
below a cone-shaped heater by which a specific heating ir-
radiance can be produced. An electrical spark is set up above
the specimen as a pilot ignitor. After the radiant heating
applies onto the specimen, the ignition time can be deter-
mined visually according to the appearance of a sustained
flame and burning gases are analyzed to demonstrate the
history of heat release rate (HRR) according to the oxygen
consumption principle with associated software. The meas-
urements of smoke production, and concentrations of carbon
dioxide, carbon monoxide and other gases are optional.
The data of the cone calorimeter have been used to rank ma-
terials in Talwan and Japan according to the values of total
heat release, peak HRR under the irradiance of 50 kW/m?
and judgment from penetration appearance during the non-
combustibility test (ISO 1182 [10]). Table 3 lists the classi-
fication system of the cone calorimeter test, ranking materials
from “non-combustible”, “semi non-combustible”, “fire re-

tardant” to “out of class’ [15].

5. The Surface Test and Its Classification

The surfacetest apparatus[6] mainly consists of afurnace,
a smoke accumulation chamber and an optical density
measuring system. A 220 x 220 mm specimen is vertically
located before the furnace. In the furnace, heat is provided
by a propane line burner with a flow rate of 0.35 I/min for
the first 3 minutes. Subsequently, additional heat is sup-
plied by two quartz lamps (total output: 1.5 kW). The total
heating time for qualifying fire-retardant materials is 6
minutes and 10 minutes for non-combustible and semi-non-
combustible materials. The averaged heat flux onto the
specimen from the propane and quartz lamps for the whole
10 minutes from zero up to 13.71 kW/m?[11]. Thisrange of
the heating intensity corresponds to fire scenarios from
ignition to a growing fire. Measurements made include the
exhaust gas temperature, back surface temperature, smoke
production (giving the coefficient C,), duration of sustained
flame (1)), total length of cracks (Cy) and presence of pene-
tration over the entire thickness. The time curve of exhaust
temperature of the specimen will be plotted with that of a
standard board to determine the time when the former curve
exceeds that of the latter (t.) and the area between them,
giving t - d@. The classification of the surface test is sum-
marized in Table 4. Elementary Test (similar to 1SO 1182
non-combustibility test [12]) is additionally used to rank
non-combustible materials.
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Fig. 1. Thebehaviorsof pool, wall and ceiling fires.

[Il. FIRE BEHAVIOR ASSICIATED
WITH A CEILING

A firetypically begins on the floor and then generates afire
plume. The plume is weak at the early stage of a fire and
gradually becomes strong as the fire grows. When a fire
plume reaches the ceiling, the fire plume impinges on the ceil-
ing, and horizontal flows of hot gases, called “ceiling jets,”
form. You [25] indicated that three main regions develop
during the flow process: (1) the fire plume region, (2) the
impingement region, and (3) the ceiling-jet region. The fire
plume transfers convective and radiant heat to the ceiling and
its surroundings. Only fire plume impingement and ceiling
jetsare present before ceiling material isignited. A ceiling fire
occurs after ceiling material isignited.

1. Fire Plume Impingement and Celiling Jets

In the impingement region, heat transfer from the fire
plume to the ceiling is of major interest. Severa investiga-
tions [1, 22-25] have been conducted to analyze the tempera-
ture, velocity, and heat flux distributions along the ceiling
radius because these parameters are related to the actuation of
fire detectorsand sprinklers. Inaddition, You[24] stated that a
ceiling in the impingement region poses the highest potential
of structural failure, but did not discuss this further.

2. Comparison of the Behaviors of Fireson a Floor, on a
Wall, and beneath a Ceiling

As described, lining materials are often mounted on walls
and beneath a ceiling. However, the specimensin the firetests
were installed horizontally or vertically. The fire behavior on
afloor (pool fire), on awall (wall fire), and beneath a ceiling
(ceiling fire) are discussed in this section. Fig. 1 shows the
shape, air entrainment pattern, and heat transfer pattern asso-
ciated with the three geometries. The fire plumes were
buoyancy-driven, and moved upward. The shape of the fires
was consequently formed. The thickness of the three types of
fire differed; the fire on the floor was the thickest, whereas the
fire beneath the ceiling was the thinnest. The thickness of a
flame influences the radiant heat feedback [8] to the burning
fuel, neighboring unburned fuel, and surroundings. The ra-
diation to the burning fuel affects the burning rate of the fuel.
Among the three types of fire, the heat feedback to fuel from

the pooal fire was the strongest, whereas that from the ceiling
fire was the weakest. In additional, radiation preheats the
neighboring unburned fuel that may subsequently be ignited
and then enhance the rate of flame spread. Among the three
types of fire, the flame spread associated with the wall and
ceiling fires was concurrent whereas that associated with the
pool fire was counter-current [22]. Concurrent flames spread
faster than counter-current flames because the directions of the
fire plume and flame spread associated with the concurrent
flames are consistent, increasing the heat intensity and extent
[18, 21] to which neighboring unburned fuel is set alight.
Zhou and Fernandez-Pello [26] indicated that the heat transfer
from a flame to a solid surface was enhanced because the
flame was near the surface when they determined the effect of
buoyancy on the flame spread process of a ceiling fire and
pool fire. Wall fires consequently spread faster than ceiling
fires[2]. Furthermore, radiation from afire preheats the sur-
roundings. Tsai and Chen [20] observed that heat feedback
to the compartment enhanced the occurrence of flashover.
Hinkley et al. [11] reported that radiation from a hot ceiling
and the gases beneath it to the floor enhanced the flame spread
on the floor.

Because of the different patterns and amounts of heat
transfer and air entrainment, the fire behavior associated with
the three fires differed considerably. In addition, the speci-
mens in the cone calorimeter can be instaled vertically or
horizontally; however, horizontal specimens are usually used.
Tsai and Chen [20] discussed the different effects caused by
the orientation of specimens in the cone calorimeter. This
study focused on ceiling materials.

IV.EXPERIMENTAL AND RESULTS

To evaluate whether the aforementioned fire tests could
reveal the complete fire performance of ceiling materials,
full-scale 1SO 9705 room corner tests were conducted. The
designs of other small- and intermediate-scale tests are dis-
cussed in regard to the data and observations from the
full-scale experiment. Two materials were used: 9-mm-thick
gypsum board and 12-mm-thick particle board. The nominal
class of the fire performance of the two materias was
non-combustible and out of class based on the cone calo-
rimeter test criteria (Table 3). This selection of materials was
representative of favorable and unfavorable materials. The
materials were mounted on the walls and ceiling of the test
room according to the 1SO 9705 test standard by using
light-frame wood assemblies at a span of 60 cm. The geome-
try of the cross section of the wood stripswas 5 x 5 cm.

According to the ISO 9705 room corner test method, a
burner was placed in a corner to produce 100-kW heat for
the first 10 min and 300-kW heat for the subsequent 10 min.
The heat release rate (HRR) and time to flashover were
measured. In this study, additional measurements (Fig. 2)
were performed using three thermocouples installed 10 cm
below the ceiling and two or six thermocouples installed
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Fig. 2. Positions of thermocouples.
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Fig. 3. Heat releaserate and total heat release of the gypsum board test.

above the ceiling materials to comprehensively understand the
fire behavior and ceiling material behavior in afull-scalefire.

1. Gypsum Board Test

Fig. 3 shows the HRR and total heat release of the gypsum
board test. Evidently, for the first 10 min, the HRR remained
100 kW. The heat was completely generated from the burner.
After 10 min the HRR increased to 300 kW but decreased
gradualy. At 920 s, the HRR increased suddenly and re-
mained increased until the end of the test. Based on visua
observations, the specimen just above the burner cracked at
920 s and the flame penetrated the ceiling material. Fig. 4
presents the temperature measurements. T1 to T3 represents
the central line temperatures below the ceiling. The readings
of T1 were the lowest and those of T3 were the highest be-
cause of a short distance between T3 and the burner. For the
first 10 min, the temperatures below the ceiling were almost
constant. T4 and T5 corresponded to the temperatures above
the ceiling and increased gradually for the first 10 min. After
10 min, T1 to T3 increased substantially because of the in-
crease in the HRR of the burner but decreased until approxi-
mately 920 s. T1 to T3 subsequently increased after 920 s. In
addition, T4 and T5 increased substantially at 920 s until the
end of the test (1200 s).
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Fig. 4. Temperature measurements of the gypsum board test.

Fig. 5. Penetration of gypsum board beneath the ceiling by the flame
from the burner.

Based on the temperature readings and visual observations,
the complete fire scenario was constructed. For the first 10
min, heat and smoky gases were released from the burner,
filled the upper part of the test room, and exited through the
opening. Some heat was transferred through conduction to the
back surface of the ceiling material, and convection occurred
because the ceiling material leaked. After 10 min, the heat
produced increased substantially. The temperatures T1 to T3
increased suddenly but then decreased, and T4 and T5 con-
tinued to increase. Theincreaseintemperature may have been
caused by additional leakage through which heat consequently
was lost acrossthe ceiling material. At 920 s, acrack occurred
and the flame from the burner penetrated the ceiling. The
smoky gases began to fill the space above the ceiling. T1 to
T3 consequently decreased, and T4 and T5 increased. Sub-
sequently, additional combustible items, such as wooden studs
used to fix the specimen to the boundaries, were involved.
The combustion was enhanced and increased the temperatures
below and above the ceiling. Flashover did not occur. Fig. 5
shows the penetration across the gypsum board specimen
above the burner.

Craft et al. [7] reported the material behavior of a gypsum
board. The gypsum board contained 21% chemically bound
water, and a vast amount of energy is required to release
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Fig. 6. Heat releaserate and total heat release of the particle board test.

and evaporate this water. The release of water, called calci-
nation, is a two-step process and occurs at approximately
100-150°C. The first reaction converts the calcium sulfate
dehydrate (CaSO4+2H,0) to calcium sulfate hemihydrate
(Cas0,4+0.5H,0), and the second step converts calcium sul-
fate hemihydrate (CaSO4+0.5H,0) to calcium sulfate anhy-
drate (CaS0O,). In additional, decarbonation of calcium car-
bonate (CaCOs) occurs at temperatures higher than 600°C, as
indicated by another substantial mass loss, causing strength
reduction. Inthistest, although the temperature of the gypsum
board above the burner was not measured, it was determined
to exceed 600°C according to the readings of T1 (the tem-
perature above the burner should be higher than that at the
position of T1 because T1 was farther from the flame).
Therefore, decarbonation should have occurred after 10 min,
reducing the strength of the material and subsequently causing
penetration of the flame.

2. Particle Board Test

Figs. 6 and 7 show plots for the HRR and temperature his-
tories of the particle board test. The HRR remained at 100 kW
for the first 10 min and increased substantially at 10 minto 1.6
MW. Flashover was observed at 10 min and 37 s because
flames were emitted from the opening. The test was then
terminated manually because of exceedingly severe burning.
The readings of T1 to T3 exceeded 600°C, the flashover
threshold [20]; however, readings from T4 to T9 increased
gradually. The temperatures above the ceiling were not high
(less than 100°C). Additionally, no flame penetration across
the material or flashover occurred at 10 min and 37 s.

The primary content of the particle board was wood. Craft
et al. [7] reported the material behavior of wood exposed to
elevated temperatures and undergoing thermal degradation.
At 100°C, chemical bonds began to break. Between 100°C
and 200°C, primarily non-combustible products such as car-
bon dioxide, traces of organic compounds, and water vapor
were produced. At temperatures higher than 200°C, cellulose
broke down, producing tars and flammable volatiles. At
temperatures higher than 450°C, all volatiles were released,
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Fig. 7. Temperature measurements of the particle board test.

leaving behind activated char that could be oxidized to carbon
dioxide, carbon monoxide, and water vapor, if oxygen were
present. In this study, the particle board was exposed to heat,
and its temperatures were between 300°C and 500°C during
the first 10 min and reached 900°C after 10 min. The tem-
perature range corresponded to the material behavior of pro-
ducing tars and releasing large amounts of flammable volatiles.
A large amount of heat was generated, and flashover conse-
quently occurred.

3. Discussion

Table 5 lists the specimen orientation and parameters that
were evaluated in the SO 9705 room corner test in this study
aswell asother five test standards described in Section |1. The
parameters were grouped into four groups: the heat, smoke,
integrity of the specimen, and influence on other items groups.
Timeto flashover, heat rel ease and flame spread comprised the
heat group. Crack and flame penetration comprised the integ-
rity of specimen group. Flame droplets were observed for
assessing the thermal effect on other items.

All of the test methods were used to assess the hazard
caused by heat release of a material, but different parameters
were used. The dependence of the results between the room
corner test and others has drawn the attention of fire re-
searchersfor decades[4-10]. However, this dependenceis not
discussed in this paper. Smoke production was measured in
some tests but used as criteriaonly in the SBI test and surface
test because the testing method and threshold for ranking the
smoke production of a material remains debated. Integrity of
specimen is discussed later. Flame droplets are observed only
in the SBI test because they are generally considered to affect
fire growth only dlightly.

Although the crack and flame penetration were observed in
the SBI test, cone calorimeter and surface test, they corre-
sponded to those in the burning specimens. However, in the
tests used in this study, flames did not penetrate the burning
specimens that were located on the corner walls near the
burner. The flame in the gypsum test penetrated the unburned
specimen beneath the ceiling above the burner. This
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Table5. Test parameter used ascriteriain thisstudy and other representative standard test methods.

Celling materid testsin Criterion of the standard test method
the room corner test .
) Room corner test Tunnel test SBI test Cone calorimeter Surface test
(this study)
specimen orientation * Hqg C C \% H Vv
time to flashover 4 4
heat release v v v v
smoke v v
C/IP 'Fhrough burning v v v
specimen
C/P through unburned v
specimen
flame spread 4
flame droplets v

* sample orientation: Hd horizontal face down, C compartment, V vertical, H horizontal, C/P crack and flame penetration

penetration, a structural failure addressed by You [24], be-
came a critica phenomenon that caused a severe fire, and
flashover did not occur.

This study evaluated whether the traditional intermediate-
and small-scal e tests could completely perform the fire hazard
of aceiling material in afull-scale test (the room corner test).
Based on the discussion in Section |11, the behaviors of pool
fires, wall fires, and ceiling fires differ. The fire hazard asso-
ciated with ceiling fires cannot be assessed using the other test
methods in which the specimen is mounted horizontally or
verticaly. In additional, according to the experimental results
presented in Section |V, the penetration of a flame through an
unburned ceiling material was not observed. Therefore, the
current traditional intermediate- and small-scale fire test
methods are inadequate for assessing the fire hazard of a
ceiling material.

However, conducting a full-scale test is time-consuming
and expensive. A modification is proposed. The SBI test
involves using two pieces of material and forming a corner to
simulate a markedly rapid fire growth condition. Another
piece mounted as a ceiling above the two pieces of materials
could work to involve a material oriented as a ceiling.
Whether the fire penetrates the ceiling sample in the SBI test
could be acriterion for ranking the flammability performance
of wall lining materials. Further research is required to de-
termine the size of the ceiling sample.

V.CONCLUSION

This study evaluated whether intermediate- and small-scale
tests could completely perform the fire hazard of a ceiling
materia in a full-scale test. In the traditional intermediate-
and small-scale tests, the samples were oriented horizontally
or vertically to simulate fires on a floor or wall. First, the
behaviors of fires on afloor, on awall, and beneath a ceiling
were discussed. Based on the comparison, the behaviors of
pool fires, wall firesand ceiling fires differ. Finally, full-scale

experiments were conducted to evaluate whether the fire
hazard observed in the experiments was adequately considered
in other traditional tests. The experiments reveded that a
flame penetrating an unburned ceiling material was not ob-
served in other traditional tests. Consequently, the fire hazard
associated with ceiling fires cannot be assessed using test
methods in which the specimen is mounted horizontally or
vertically. Therefore, the current intermediate- and small-
scale fire test methods are inadequate for assessing the fire
hazard of aceiling material.
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