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SUMMARY

The use of expanded polystyrene wall linings and ceiling tiles has increased
in recent years and reports have been made on fires in domestic buildings where
the material had been used. The present investigation was undertaken to determine
the fire behaviour of linings of expanded polystyrene in the thicknesses used in
domestic buildings. The experimental work utilized ad hoc test procedures
ranging in scale from 900 mm3 boxes to full size rooms and covered guch factors
as the method of fixing, type of material and decorative finishes.

For the range of situations covered by this investigation the tests have
established that the behaviour of the material fixed in place by an adhesive is
different from that shown by an examination of small samples. It has been
concluded that when applied to a suitable substrate ﬁith an overall application
of adhesive and left undecorated the linings do not present a fire hazard, The
use of flame retardant painfs is to be recommended for safety but with a matt-
finish emulsion paint the finished linings provide an écceptable level of safety
for domestic buildings; The use of gloss finisheg on this material represents

a serious fire hazard and should be aveided,
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1. INTRODUCTION

Expanded polysityrene is currently being produced at an annual rate of
11,500 tons of which approximately 7,500 tons is used in buildings. About half
of this amount is produced in the form of ceiling tiles and boards intended
for use as linings. If the density of the material is taken as 24 kg/m3 and
the thickness of the linings as 12,5 mm, this means that about 13 x 106 m2
of surfaces are being covered by this material. Whilst no precise figures
are available the indications are that a major outlet is for the use of the
'do it yourself' enthusiast wﬂo wishes to improve the insulation of existing
buildings and to cover up old defective ceilings. It would seem that 500 to
600,000 houses a year may be so itreated if three-quarters of the product is
in. the form of tiles.

The major attractions of the material are its low cost, decorative effect
and the ease of application. The material is available in the shape of
moulded or profiled ceiling tiles 300 mm square and in 12.5 and 9.5 mm
thicknesses. For application on walls as a substrate for wall paper 3 or 5 mm
thick rolls are produced; no estimates are available but the application as
a wall paper substrate is not a major use. Panels of material are also
produced with factory applied thick paper facings the main use being the
insulation of roof decks of single storey factory type buildings.

There have been reports of fires, mainly in domestic buildings, where
expanded polystyrene had been employed as a lining., Whilst the role of this
material has not been positively and incontrovertibly established in these
incidents it has been alleged that it may have been responsible for rapid
spread of fire. It was therefore decided that an investigation into the
domestic use of the material should be undertaken to establish its behaviour
during the initial stages of a fire. Owing to its low melting point i
characteristics it had not been possible in the past to make an unambigut s
comparison with other lining materials using the standard tests specified’ for

this purpose.
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2, GENERAL PROPERTIES OF EXPANDED POLYSTYRENE

* Expanded polystyrene is manufactured in two different ways, either as a
*bead board' formed by the fusion of pre-expanded beads of ﬁblystyrene or by
an extrusion process which produces & more regulér cell st?ucture. British
Standard 3837 : 1965 'Expanded polyétyrene board for thermal insulation
pﬁ;poses' coveré materials having densities of 16 to 24 kg/m3 and British
Standard 3932 : 1965 'Expanded polystyrene tiles and profiles for the building
industry' deals with tiles of cut, extruded or moulded types. ' The thermal
conductivity depends upon the density of the material, and varies between
0.032 and 0,035 Wm/m2 degC for 16 to 24 kg/m3 material,

The British Standards describe two grades of the material, a normal or
standard grade, and a self—extingﬁishing grade Which has .chemicals introduced
to meke it less flammable. The test used to define the grades is a modifica-
tion of the 'strip' test in which a small standard size strip has one end -
expoged to a flame from a bunsen burnere

The material is normally applied to a surface by the use of an adhesive
and in view of its low density, under normal conditions of use it is likely to
remain in position even if the whole of the surface is not covered with adhesive.
This technique is usually employed for ceiling tiles which are attached by
means of five 'dabs' of the adhesive., The wall linings, hbwever, require an
'overall' application and the types of adhesive normally used are PVA based.
On uneven surfaces, ceiling tiles can alsoc be attached to small timber battens
by adhesive or nails,

The exposed surfaces can be decorated with emulsion paints; the direct
application of a gloss paint is not recommended owing to the posaible solvént
effects on polystyrene. @Gloss paints however can be applied on surfaces pie-
treated with emulsion paint. - L
3+ SCOPE OF THE INVESTIGATION

There are a large number of variables which can influence the behaviour of
' expanded polystyrene under fire conditions; those listed below were choseﬁ as
. being the more representative of actual practice.
3+1. Material

%2.1.1 Type a. standard grade
b. self-extinguishing grade
341.2, Thickness
| a, 9.5 mm and 12.5 mm ceiling tiles
b. 3 and 5 mm wall linings
3.1.3. Density - 24 kg/m3
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3.2. FPixing
- a. Latex based adhesive for 'dab' application
b. PVA based adhésive'for 'overall' application
c. Timber battens
3.3. Substrate - ' _
a. Non-combustible: asbestos wood or gypsum plaster
_ b. Combustible: plasterboard and fibre insulation boara
3.4: Configuration
‘ a. Horizontal - ceiling tiles
b. Vertical - wall lining
3.5, Surface treatment
| a. None
:'b. PVA emulsion paint
c. Gloss paint system
d. Flame retardant paints of intumescent and
' non-intumescent types '
€. ﬁéllpaper on vertical linings
3.6, Ignition source
a. Small:  small size gas flame, ligﬁfed taper or
cotton strips '
b Medium:-:burning alcohol in a .cup !
C. An 0il pan on fire or equivalent tiﬁﬁer crib
d. Large: a fimber crib .
EXPERTMENTAL TECHNIQUES
4,1. Nature of tests carried out .
“ - Ignition and flame spread ﬁests have been carried out using four
different chambers, two representing small scale models and twe full
sizei&ooms. The model chambers had pross—sectionszof 900 x 900 mm sguare;
in one case the length was 900 mm with two open sides (Chamber 1) and in
the other it was 1,200 mm with one open side (Chamber 2). Both were
constructed of 12.5 mm thick asbestos wall board. The full size rooms
measured\gpproximately mx3mzx 2.9 m'high and had brick walls with
a smooth plaster finish, ‘ "
Chamber 1 was used for Stage I of the investigation to study the
behaviour of ceiling tiles and wall linings when exposed %o small and
medium sources of ignition. This part .of the investigation tried to

establish the initiation of sustained combustion under conditions of

- accidental exposure to a small ignition source and the subsequent

possibility of flame spread over the surfaces.

Flame spread along a ceiling was then investigated in fuller detail
in Stage II using Chamber 2,‘e£posing the surfaces to a fire from a timber
crib designed to produceIEOnditions of a severity similar to an o0il pan h
on fire., In these experiments measurements were made of the flaming
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-along the ceiling,-and the temperature conditions close to the soffit.
Comparisons were made with some other known materials repfesenting
linings of more traditional types. l

Finally in Stage III tests have been repeated on selected arrange-
ments in full size rooms to see if the size of the eiperimental chamber
was likely to have a sighificant effect. In these experiments only
visual observations were made and photographic records prepared of the
general behaviour of the material.

Tests have also been carried cut on the Fire Propagation test
(BoS.476 : Part 6) to see if it would be possible to correlate the
findings of the ad hoc tests with performance on this standard so that
comparison could be made with other conventional materials, It may also
provide a2 basis for exercising control on the use of this material in
buildings.

4,2, Sources of ignition

As a firsf gtep in the design of the experiments it was necessary
‘to decide on the sources of ignition., In use the material might be
exposed to a small source such as a lighted match, to the flames from an
ignited curtain or to the flames from an o0il pan on fire.

For a small source, a gas flame 10-15 mm long emitted from an
1.6 mm dia, orifice was used. This was found to be similar in effect
to a lighted wax taper. It was possible to manipulate the flame so that
it could follow the receding materisl until ignition occurred. This
source was used in the Stage I experiments with Chamber 1. A larger
source consisting of a 100 mm x 100 mm tray filled with 50 cc of aleochol
was also used in Stage I by holding it about 350 mm below soffit so
that flames touched the ceiling tiles.

In the Stage II experiments timber cribs were employed; these
consisted of 13 mm square sticks 250 mm long, arranged to give a 250 mm
x 250 mm x 170 mm high eribs having an average weight of 1.1 kg. The
cribs wereé designed after some‘experiments with a chip pan fire and
provided an ignition source of about the same severity. The crib fire
generated 4140 X cal (20,000 Btu) on combustion and had a normal burning
duration of 6 minutes; this it released heat at an average rate of
690 K cal/min (3,333 Btu/min).

In Stage III experiments in full scalé rooms, three types of

ignition source were used. Light cotton gauze sirips 100 mm wide x

600 mn long were pinned at the top end near the ceiling with the lower
edge hanging free, Some of the experiments were repeated with newspaper
in a metal basket ignited in a corner of the room so that longer flames
travelled up towards the ceiling. In four tests a chip pan fire was used

to reproduce a typical fire situation.
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5. TEST RESULTS
Various factors examined in the three stages are summarisedin thé
tables which follow, The results of the tests are also tabulated and some of
:fhe test features are illustrated in the photographs.
5.1. Stage I tests
Polystyrene tiles were applied to the ceiling with either a 'dab!'
application (25 mm dia. dabs applied at four corners and in the centre)
using a latex based adhesife or an overall applicaticon of a PVA based
~adhesive, The wall insulating material was fixed using the latter adhesive
applied overall, The.majority of the tests were carried out with the
material applied directly to an asbestos substrate, and‘in three cases
tests were repeated usipg a substrate of plasterboard.
In the case of the ceiling tiles, eight tests were performed without
any surface finish applied to the tiles, in seven cases a coating of PVA
- based emulsion paint was applied and in one case an intumescent type flame
retardant paint., In five experiments the wall insulation was tested
without a finish, an equal number of tests were carried out with an
| application of medium weight wallpaper and in two cases with an emulsion
paint finish,
Of the 27 tests performed, nine were on standard grade ceiling tilés
g8ix on self-extinguishing grade tiles, eleven on standard grade and one
on gelf-extinguishing grade wall lining. There was a repeat test on a
wall lining,
The appearance of the expanded polystyrene at the end of each test
is shown in Plates Nos 1 to 21 and the results are gummarised in
Tables 1 and 2.
5.2. Stage II tests

In this stage tests were performed in a 900 mm x 900 mm x 1200 mm

-

long chamber with one end open and constructed of 12.5 mm asbestos board.
The testrmaterial was applied to the ceiling covering the whole area of
900 mm x 1200 mm, The polystyrene tiles were 9.5 mm thick by 300 mm x
300 mm and were applied to a substrate of 12,5 mm plasterboard; 12 tiles
were used for each test. At the far end of the chamber a 250 mm x 250 mm
square x© 170 mm high timber crib was located. The crib was ignited by
means of a 20 cc tray of alcohol placed underneath. Thermocouples were
inserted through the ceiling, hot junctions projecting 25 mm below the
soffit and located at five pasitions along a centre line as shown in

Figure 2,
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Each test was of a six minute duration and the output from'the
thermocouples was fed to a digital recorder. During the tests
Observations were made of the length of flames along the ceiling and the
fall of flaming drops. After each test the length of the ceiling which
had suffered ignition was measured from the crib end.

Tests have been carried out on eight traditional materials six of
these having known surface spread of flame properties. Twenty—-one '
tests involved the use of 9,5 mm thick ceiling tiles, one of these having
a fibre insulating board substrate, The results of the tests are .
summariged in Tables 3 and 4.

Maximum temperatures, when recorded, were taken at the ceiling
level at distances of 300, 600 and 900 mm from the crib and are plotted
in the histograms in Figs 3 and 4. Similarly the maximum length of flames
and the length of the ceiling ignited in those cases where polystyrene
tiles have been used are plotted in Figure 5. Data for the eight
traditional linings are plotted in Fig,6 for comparison purposes. In

~view of the sﬁall differences in the length of flame between the tiles
fixed by dab and those fixed by an overall application the readings have
been averaged before plotting. It should, however, be noted from the
table that in most cases, tiles fixed by the dab adhesive became detached
during tests.

When a surface treatment was applied to tiles, drops were observed
to fall beyond the crib. The worst performance was given by tiles which
in addition to the matt emulsion paint and a finish of gloss paint. .

Plates 22 and 23 show the sequence of the test for standard grade
material without finish (Test No.6) and the SE grade material with an
emulsion plus gloss paint finish (Test No.16). Plate 22 shows the
flames touching the ceiling at 2 m 15 s with a local softening of the
naterial; ignition in the viecinity of the flames is apparent at 3 m 15 s,
The flames spread to the next tile and there was a softening and
shrinkage of the tile to the ceiling, After 4 minutes the temperatures
paésed their peak values. In the case of the tiles painted with gloss
paint (Plate 23) as soon as the flames touched the ceiling the
polystyrene softened and the paint film started to sag. The film
ignited at 2 m 8 s and flames spread rapidly to the front of the chamber
with the hanging strips of paint burning (2 m 15 s). Subsequent photo-
graphs show the paint film with shrunken polystyrene burning on the floor
of the chamber,



5.3. Stage ITI Tests in a full sife room - ) o

The Stage III experiments were;car;ied'out in brick rooms 3 m x'S m
x 2.9 m high with plastered walls and ceiling. 1In the initial tests .
opposing corners of the room had polystyrene linings covering parts of
the ceiling and wall surfaces from about 1 m above the floor right up to
the ceiling, This technique permitted a number of different arraﬁge;
ments to be installed and tested consecutiVely. The ignifing‘sourcés
consisted of (a) a 100 mm wide strip of cotton .gauze simulating net Tf
curtaining which was pinned at the top of the wall and hung down freely
to the bottom of the wall lining; (b) loose newspapers in a basket in’
the corner of the room which provided a larger sourcé of heat with
longer flames, and (c) a 250 mm dia. pan containing flaming cooking oil
and (d4) timber cribs. '

Finally in this stage, three tests (Nos 18, 19 and 20) were
performed with the whole of the ceiling area covered with polystyrene
tiles attached by an overall application of adhesive to a plasterboard
substrate. In test No.18, the standard grade tiles were undecorated,

In tests 19 and 20, the self-extinguishing grade tiles were decorated
with matt emulsion paint and in the last test, a further cdéting of gloss
paint. The igniting:source wag a pan of cooking oil heated on a gas
‘stove. These tests were carried out in situations representative of a
typical domestic kitchen and confirmed the results of earlier tests with
similar linings, .

Observations were made of the flame spread and photographs were
taken during tests to show the progress of flaming.

The tests and the results are summarised in Table 5 and photo-
graphic records in Plates 24 to 38.
5S¢4, Fire propagation tests

Fire propagation and ignitability tests have been carried out
on both the standard grade and the self-extinguishing ceiling tiles
with and without surface finishes. The majorify of the tests were
performed on 9.5 mm thick samples and the effect on the performance
index for some of the different finishes used in the other stages was
examined, l

The resulta of the tests are summarised in Table 6.



DISCUSSION OF RESULTS
6.1. Ignition of pqustyrené

When a flame is brought close to the surface of a sheet of expanded
polystyrene, its temperature is raised followed by the softening and
melting of the material into globules. If the molten globules remain
close to the source of heat flammable vapours are emitted which can be
ignited, PFurther and continued combustion is dependent upon the

availability of the material and the heat balance tha% can be established.

" The amount of heat liberated by the material undergoing combustion is

small and if this is easily dissipated then sustained ignition is unlikely.
If the material melts too readily it is likely to 'move away'® from the
effective range of the heat source making ignition difficult. This may

be a reason for the superior performance of the "self-extinguishing'

grades of materials in the ignitibility test.of B.S. 476 : Part 5 and

the flammability tests of B.S. 3837 and 3932. The flame retardant
additives by the raising of the ignition temperatures, and by the
generation of flame inhibiting gases allow the material to recede from

the heat source before ignition can take place.

The ad hoc situations examined in this programme were quite
different from those simulated by the above gtandard tests and for this
reason the classifications arrived at on the basis of these tests are not
necessarily reflected by similar differences in performance in the preseht
series of tests.

6.2. Expanded polystyrene without surface finish

6.2.1, Ignition from a small source

Stages I and III of the investigation explored the possibility
of obtaining a sustained ignition from the wall and the ceiling
linings without a finish, on exposure t¢ a small flame. In only
one case in Stage I (Test No.1) was sustained ignition obtained
and this resulted in the burning of only one tile; the flames did
not spread over the chamfered edges to the adjacent tiles. With
wall linings in general there was no:further spread once the test
flame was removed and in one case oﬁly did flaming spread more than
100=-150 mm in the vertical direction,

Stage III full scale tests with the cotton gauze strip gave
similar results although below the burning strip, losal ighition of
polystyrene on the wall was observed, but there was no laferal
spread; no sustained ignition of tﬁe ceiling tiles was obtained.

In one case (Test No.5) slight ignition beyond the source of heat

occurred, . '
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The tests have shown that tiles and wall linings when firmly
bonded to a substrate and without a surface finish, of either type
of material, are unlikely to suffer sustained ignition from a amall
heat source. There was virtually no difference in the behaviour of
the standard grade and the self-extinguishing grade materials under
these conditions.

6.2,2, Ignition from a large source

In Stage I tests the larger alcohol flame was able to initiate
some flaming particularly when applied in a corner but this did not
lead to any marked tendency for flame spread. In the full scale
room tests the lighted newspaper in the corner produced ceiling
height flames and the general behaviour was similar to that obtained
in the Stage I tests. More of the wall lining in the vicinity of the
flames was damaged by direct contact but no lateral spread occurred
along the wall surface, One or two tiles on the ceiling were -
damaged by direct contact again without leading to general flame
apread.

In the Stage III test (No 18) with the whole of the ceiling
lined with the standard grade tiles the oil-pan fire caused a
transitory ignition of the tiles just overhead but there was no
flame spread. Over the whole of the surface the tiles shrank and
receded to the substrate. In test No 17 with {the tiles attached to
battens and a large crib fire there was no flame spread and a large
- number of the tiles became detached and fell on the floor.

In Stage 11 tests measurements were made on the extent of
flame spread and the riss in temperature along the ceiling. The
flame spread results show that the extent of spread was no greater
than that with Class 1 or 2 producta tested under identieal
conditions (Figs 5 and 6). The SE grade gave marginally inferior
performance to that of the standard grade product. The temperature
measurements (Fig.3 and 4) confirm this slight difference between
the two types of materials, Maximum temperatures 300 mm from the
cribs reached a slightly higher value with expanded polystyrene than
with conventional Class { and 2 materials but 900 mm away the
differences were marginal.

The meagurements and observations of the tests have illustrated
that both grades of materials without a finish are unlikely to lead
t0o rapid and extensive flame spread along a ceiling with the types

of heat sources used in the investigation.
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'6 3. iffect of surface finish )

‘Use of matt finish emlsion paint resulted in some sustained
ignition of the ceiling tiles in Stages I 'and III tests. However no ’

l unrestrlcted spread of flame was observed although the tile directly .
'exposed and in some cases the adaacent tiles were partially or fully
'consumed The Stage II1 tests showed & similar pattern and resulted in
-s8lightly hlgher temperatures 300 mm from the crib showing a marglnal
increase in combustion close to the source of heat.

Test No,19 (Stage III) with the ceiling tiles having a. coatlng of
emulsion pslnt confirmed the_frndlngs of the other tests. Except‘for
- transitory ignition of tiles gbove the oil pan fire and the fall of a
few burniﬁg particles in its immediate viecinity, there was no flame
spread. The reat of the eeiling suffered damage similar in nature
to the undecorated tiles., .

The use of gloss pelnt has been explored in the Stage II and ITI
tests and it is evident from the Fesults that this type of finish can
create a situation favourable for rapid flame spread along the surface.
The flame lengths were greater.and the temperatures measured in the
Stage II tests slightly higher than with other tests on expanded poly-.
styrene, On exposure, to the heating conditions the paint film tends to
come &W&j from the substrate faollltatrng its ignition as well as that
of polystyrene. Segments of burning paint film fell on the floor and
could have ignited a flammable covering material.

-Teat No 20 (Stage I11) showed the rapidity with which the flames
can spread along a ceiling hesing a gloss paint finish. Large strips
~of the burning material fell on the floor and the emission.of flames .
from the door of the.room eould have caused a fire in the rest of the
building had no presestative action been taken.

"When & flame retardant paint of an intumescent type was used in
Stage I no ignition of the tlles oceurred but in Stage II tedts this did,
not completely prevent 1gn1tlon of the material. The intumescent type
of paint was found to drop off more readily than a'non—intumescent_finish.
In both cases the length of ceiling ignited was more than with tiles
having no finish but'it was less than with a gloss'paint finish, * Whilst )
the paint would have made. no contribution to flame spread its presenoe
- as a film to Whlch polystyrene can attach itself may have been
respon81ble for the slight flaming which ocecurred. The use of flame
retardant paints to protect those surfaces which had already beéen
decorated with a gloSs paint showed an Imprevement over the original
" painted surfaces, the most significant effect being the reduetion in
flamlng drops°
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The use of matt flnlsh emulsion palnt on wall llnlngs had no
adverse effect but a coverlng of wallpaper did 1ncrease the p0531b111ty
of sustained ignition. The ignition of wallpaper was caused by the
polystyfene behind it melting and leaving a void. The effect was more .
pronounced with larger sources of ignition than with the small igniting
f;éme. When an - 0il pan fire was used in the full scale test it caused.
greater damage and led to some lateral spread across the wall surface.

Performances in-the full scale tests with a small source was -
identical to that obtained in Stage I tests. In the flre propagation
tests the performance of specimens without a finish was almost 1dentlcal
to the corresponding specimens with a coating of intumescent type flams
- retardant paint.

' 6.4. Effect of substrate

Most of the experiments in Stages I and III were performed with

éxpanded polystyrene applied to a non-combustible substrate comsisting

of either asbestos board or a plasiered finish. In Stage II the tiles

were attached to a plasterboard ceiling panel except in one instance, when

fibre insulating board was used. A few check fests were performed with
polystyrene applied to plasterboard in Sfage I and the performénce was
no different than in corresponding tests with asbestos board substrate.
The application of SE grade tiles to fibre insulating bosrd substrate
(Class 4) gave no improvément in the performance over thatlobtained with
the substrate alone (Fig.23%A). In tests Nos 14 and 17 in Stage .III, the
wall linings were applied directly to the plasterboard and the ceiling
lining onto batiens attached to a plasterboard substrate providing a

9 mm air gap. Again iitfle difference in performance was observed in
comparison with the plastersd backing except for the tendency of “the
tiles on battens to become dislodged. The performance of ceilings was
determlned by the presence of the polystyrene, its method of fixing and
any decorative treatments applied to it rather than by the nature of the
substrateo

6.5. Method of fixing _

Two methbds of fixing tiles were examined, either by an overall
application of the-adhesive to the substrate cr by means of five Ydabs!
of the adhegive, except in three cases when the tiles were attached to
timber battens with the'adhesive applied along the edges. On exposure.
to the source of ignition when no surface treatment was usedvthe tiles
with an overall application softened and receded to the substratea The

area of the ceiling over which this phenomenon occurred depended upon

- 1] -
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Fhe size of the igniting source; with the larger timber cribs and the
0il pan fires in Stage III high temperature conditions existed over the
whole of the ceiling—and consequently all of the tiles shrank,

When a suiface finish was applied the tendency to shrink to the
substrate was observed but the ﬁature of the finish influenced the paftial'
fall of polystyrene; with ‘the matt finish emulsion paint and the flame
retardant paints some localised fall of small fragments occurred in
the vicinity of the heat source only, With the gloss paint finishes
someé of the softened polystyrene remained attached to the paint film and
fell with the burning material. ' ‘ _ ‘

'-‘ihe tendency of the tiles to become detached with the 'dab! method
of fiking was very pronounced. With small scurces of ignition only a
, feﬁ tiles were affected but as the size of fire increased so did the
~ detachment of the tiles. In test No.17 (Stage III) tiles attached to
'“the battens, nearly all the tiles fell down even remote from the point
of fire. .In the fire propagation test the samples with the 'dab’. method
of attachment invariably gave a poorer performance,
6.6.'Grade-9f polystyrene -

The fire propagation test is able 1o disbtinguish between the
standard grade and the SE grade products, the lattér giving & better
perfbrmance when used without a finish or an adhesive. However, when the
material was attached to the substrate with an overall application of ani
adhesive, the difference in performance between the two grades diminished;
The appiication of a surface finish had a very marked effect on the
behaviour of -the test specimens, not only was there a significant increase
in the value of the performance index but also the differences between
the two grades disappeared, with the self-extinguishing grade speciﬁens
giving a slightly lower performance. € :

The ad hoc tests undertaken were not able o distinguish cleaﬁly
differences between the two grades of materials. The indications ﬁeﬁg :
that without finish the standard grade was marginally inferior. When. . '
tested with finishes the differences in performances weré negligible 5O
that without a prior knowledge of the iype of material employed in}an
experiment, 1t would have been very difficult to identify it fr0m¢¥he
results.
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- 6.7. Burning drops

In only one case in Stage I iests were flaming drops observed with
the undecorated polystyrene tiles; in the Stage II and III teSts only a
few flaming drops fell in the immediate viecinity of the source of
ignition., The tendency for the flaming dropé.to fall iﬁcreasad with the
presence of a surface coating, with the flame rétardapt paints.and the
emulsion paint the increase was only marginal and still confined to the
immediate'vicinity of the source of ignition. However with the gloss paint
finish particles of burning material consisting mainly of the péint fi}m
with some attached polystyrene, fell over the whele of the floor area,
These continued to burn and had flammable materials covered the floor
it is possible that these would have become ignited. |
6.8, Smoie

In most of the tests not enough of the material was involved in
combustion to produce any appreciable quantities of smoke. In the full
scale tests with the oil pan fires ( Stage III tests), the rooms were
filled with dense smoke which completely obscured the ceiling. Smoke
produced on the ignition of expanded polystyrene is associated with the
development of large size carbon particles.

6.9. Performance in the fire propagation test

The sensitive and ths discriminating nature of the fire propagation
test is clear from the results shown in Table 6. The test has been able
to distinguishk not only between different finishes but also the method
of‘attaphment to the subsztrate, Without adhesive the polystyrene gamples
have gi&en an inferior performance compared with that obtained when the
material is bonded to a sﬁbsﬁréte, This is probably due to slightly
more rapid' decomposition of the unsupported and therefore easily
damageable materials. Overall application of adhesive gave the best
performance, Use of emuléion paint resulted in a slight deterioration
in performance and the worst performance was obtained with a gloss paint
finish.,

Without a surface fiqish‘SE grade material was shown to be better
than the standard grade but when any type of finish was used the position
reversed and the perfﬁrmance of the SE grade materials was generally
inferior. There is nc obvious explanation for this phenomenon which was

also observed in the ad hoc tests.

- 13 -




7.  CONCLUSIONS _
) A comprehensivelinvestigation has been carried out on the fire hazard
associated with the use of expanded polystyrene wall and ceiling linings in .-
domeshic buildings. The studies were limited to the type of materials, the

net

; s of f1x1ng and ‘the decorative treatments which are relevant to this
type Jof occupancy, partlcularly the methods practlced by the 'do-lt-yourself'
section of the communltyo
i It 'is' shown that in thicknesses up to 12.5 mm there is mo siénificant

- diffprence in the fire hazard of the standard grade and the self-extinguishing
gfé'e materials when theyrare attached to a substrate. When the ceiling %iles
ofa'he wall linings are firmly attached with an overall application of the’ ‘
adhesive and given no decorative treatment, the material of either grade is
difficult to ignite and does not spread flames provided the substrate is-non-
combustible or of a Class 1 standard (according to the spreaﬁ of flame test of
B.S.476). o | |

‘The presence of a.surface finigh produces'condifions conducive to the
ignition and the burning of the materlal the deterioration in performance
,idepends upon the nature of the finish. A flame retardant paint finish makee
only a marginal dlfference and & matt finish emulsion paint can lead to
 1oca1ised flamiﬁg but without‘any danger of rapid flame spread. Finishes
eonsisting of gloss paint, even when applied over an undercoat of emulsion
paint, result in surfaces which exhibit very rapid flame spread and produce'
'buining strips capaﬁle of igniting combuatible materials on the floor, Ovefe
:palntlng such surfaces with flame retardant paints does not provi de an
_ acceptable level of eafetya

The use of wallpaper on wall llnlngs of up to 5 mm thickness is not
con51dered hazardous as the damage is localised and flames do not spread
{1atera11y.

The fire propagation test of B.S.476 : Part 6 gives a realistic
- asgessment of the fire hazard of expanded polystyrene with and without sufface
finishes. -

On'the baaislof +his investigation the.users of expanded polystyrsne
tiles and wall llnlngs, of thlckness not exceedlng 12.5 and 5 mm res;eetnvely,

are advised: -~

- 14 -
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1. to apply the material directly to a non~combustible or a Class-1 .;
substrate; - . -

2s té use adhesive over the whole surface and not to use the *dab’
method of attachment; ' |

3 not to use a decorative paint finish for maximum safety; N

4., if ceiling tiles have to be painted it is best to use a flame
retardant paint;

5. the use of matt-finish emulsion -paint on tiles having an overall
application of adhesive, though not as good as a flame- -
retardant paint, will gtill provide an accéptable level of safety;

. 6. * never to use a gloss paint finish; if any surfaces are S0

decorated the tiles should he removed,
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Table

on celling tiles

1. Stage I tests using chamber type I

Test Thickness], . |, . Surface Igniting Point of |Plate
No. Type ] mm Substrate | Adhesive treatment source application| No. . Performance
1 |Standard 9.5 Asbestos Dab None |cas flame Centre tile| 1. |Ignition, one tile ronswmed
grade . flaming dropa.
2 " 9.5 " " None Alcohol flame |Cemtre tile| 3 |[No ignition, 3 of a tile
melts.
3 " 9.5 " " Emulsion paint|Gas flame Centre tile)| 2 |Ignition, flame spread to
_ six t1les, flaming drops.
4 " 9.5 " " Emuvlsion paimt|Alcohol flame {Centre tile| 4 |No ignition, 2 of a tile
_ ' melts.,
5 w 9.5 " " Enulsion paimt|Alcohol flame {Cormer tile| 43 ([No sustained igaition, one
tile melts.
6 " 12.5 " " None Gas flame Centre tile| 11 No sustained ignition on
three applications of flame.
7 w 9.5 " Overall None Gas flame Centre tile 9 |No ignition,1/5 of tile melts.
8 " 9.5 " Overall None Alcohol flame [Cormer tile| 10 |No ignition, one tile melts.
9 " 12.5 Plaster- Dab Nomne Gas flame Centre tile| 12 |[No ignition, 1/5 of tile
board melts.
10 JS.E. © 9.5 Asbestos W - Nome Gas flame Centre tile| 5 |No ignition.
11 0 9.5 " " None Alcohol flame |Centre tile| 7 |No sustained ignition
12 " 9.5 “ u Emulsion paint [Gas flame Side tils 6 |Igedtion, flames spread to
adjacent tile, flaming drops,
13 " 9.5 " n Emulsion paint jAlcohel flame |[Centre tile| 8 |[No ignition, one tile melts.
114 W - 9.5 " " Emulsion paint [Alechol flame |Cormer tile| 14 Ignition, flame spread to four
. tiles, flaming drops.
15 n 9.5 " " Intunsscent Gas flame Corner tile| 15 |[No ignition .

paint
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Table 2,

Stage I tests uaing chamber type I on wall linings

Pest Thiclness - o Igniting| Point of |Plate )

No. Type o Substrate|Adhesive| Surface finigh sowrce |application| No. Pfrfarmance

16 |Standard 2 Asbeatos Overall| Wall paper Gas Face 16 Flame spread to ceiling in a

grade board flams narrow band,
17 n " " Nome " " 16 No aspread.
18 " " " Wall paper Aleohol Corner i7 No lateral gpread, vertical
flame spread up to eeiling.
19 " " " Nons " » 17 Vertical spread up to ceiling.
20 " " " Wall paper Gas Face 18 No spread
flame
o1 " 5 " n Nons n " 18a | No spread
22 " 5 " " Wall paper Al cohol Corner 186 | No spread beyond ceiling.
) " " N flame '
23 5 one i " 18b | No spread beyond ceiling,
2L " 5 " " Emulsion Gas Face 19 Slight vertical spread.
. ) paint flanme T
25 S.E. 5 Emulsion " " 20 Slight vertical spread.
paint .
26 |8tandard 5 Plaster- n Wall paper " i 21 ‘8light vertical spread,
board
27 " 5 " " None " " 21 No spread. .

leg °ON e3oN- *¥°d



Table 3., otage IT tests on various traditional ceilings

Flaming

N T R e e e P e

1 Asbestos . .None .Non-combustible 600 mm None None

2 Fibreboard Intumescent paint 4 ' 900 mm None 660.mm
3 Plywood Intumescent paint -2 . 900 mﬁ "None: 550 mm
4 | Chipboard - 3 1200 m None 830 mn
5 |Fibreboard - 4 1500 m None 1200 mm
6 |Plasterboard Nil 1 800 mn None 600 mn’
7 Plasterboard|  Lining paper + 900 mm None . 450 mm
‘ + undercoat

+ gloss paint )
8 Plasterboard| Lining paper 4 1200 mm None - .' 850 mm -

+ Embossed paper
+ Undercoat
+ Gless peint

128 °oN ej0N °¥'d
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Tahla 4.

Staga I testg on 9.5 mm pelvstyrene tiles

£y

fo .

e . PR Length of )
Tﬁzt Type  |Adhesive Finigh Mf;‘??f;mggngth Flaming drops | ceiling Remarks ‘
o ignited :
9 |Standard| Overail None 600 mm On arid 600 mm | Last two rows of tiles shrunk |
B in situ,
10 n Dab " 760 nm Cn crid 600 mm Unburnt tiles fallen from ceiliung.
i1 5.E. Overall " 900 mm On orib 710 mm Last two rowa of tiles shrunk
‘ in situ, ]
12 n Dab " 900 ma On erib 780 om | Unburnt tiles fallen from ceiling, |
4 Standard | Overall | Emulsion paind 760 mm 300 mm beyond 550 mm Lagt two rowa of tiles shrunk i
erib, in situ. .
14 " Dab " 760 mm On orid 660 mm Unburnt tiles fallsn from ceilinga!
15 8.E. Overall " 900 mm 600 mm beyond 660 mm | Last two rows of tilss shrumnk X
crib, in situ. f
16 " Dab " 1000 mn 600 mm beyond 660 mm Unburnt tiles failen from ceilingog
' crib, '
17 |Standard | Overall | Emulaion paint+ { . 1200 mm 1100 mm beycnd | 1200 mm Pairt film dislodged and burnt
gloss paint. erib. tracea of polystyrene on ceiling;
. pieces of burning material on
floor,
18 " Dab L ) " 1 (] "
19 . B.E. Overall W 1200 mm 760 mm beyond | 1200 mm Paint film dislodged and burnt,
' crib, pieces of burning material on
floor,
20 " Dab " 1500 mm 900 mn beyond | 1200 mm "
erib.
21 " Overall | Intumescent F.R. 1000 mm 300 mm beyond | 800 mm Last two rows of tiles shrunk
. paint. crib, in situ,
22 " Overall | Non-intumescent 1000 mm Nons 750 mm "
F.R., paint. ;
23 " " None,(FIB 1500 mm 1000 mm beyond [1200 mm |All tiles burnt, traces of
erib. polystyrene on ceiling. FIB

substrate)

burnt through over orib,
charred elsewhere. ‘

L28 °ON S3O0N °¥'d
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Table 4.

Stage II tests on 9.5 mm polystyrene tiles -

Approximate length

Maximum length

' | ' of Distance from Condition of ceiiing
Test|Plateln,q g Finish Type « of ceiling of flame oril. of aftor tost :
No. | No.- . |adhesion 1gmited across-ceiling |[flaming drops Lo
2, | - |std. {1 Coat emulsion _ IR 1o o wime e
1 Undercoat, Timonax | Overall 1000 mm . -| - 1200 mm " On crib 12&;’9; S il sadpeint
1 Gloss coat, Timaner - A elt on last Tow.
25 - I5td. |2 Coats Tmonn. Overall 800 mm 900 mm ‘On erib . |Last row of tlles shrunk |
‘ Satin lustre C complete with paint film
26 | - |[Std. |1 Emulsion coat |Last row of tiles shrunk
- |1 Undercoat L S complete with paint f£ilm,
2 Gloss coats Dab, 650 mm 900 mm- None - One tile of previous °
1 Timamox undercoat L S : row hanging,
| 1 Piménax- gloss -scat o
27.1 - i5td. -|§ Emulsion coat » _ : . .
|1 Undercoat - . T Two tiles on last row
2 Gloss coats Dab, 850 mm 900 mm . 750 mm hanging down with
2 coats Timénox - : Ipaint. film, .
Satin lustre 1 .. !
—
28 - |5td. |1 Emulsion coat o S i
1 Underooat : ' : - {41l paint. filwm down, .
: Dab, 1 ; : b ;
2 Gloss goats _a - 200 mn _ 1200 mo 900 mm Shrunk polystyrene on b}
2 Tinomox emulsion @aha? -
.-29 -.. |std. |% Emulsion coat SRR - . S A11'~ ot f‘iﬁ 2 oo
- -+ |t Undercoat - | pab, 750 mm - 1000 mm 300 mm paint ti-m COWH. .
|2 Gloss oocats: : . ST : : ; Shrunk- polystyrene on
2 Coat& k@f FuRo‘Po " d&bSo

l2g °oN- el0N *¥°d . .



Table 5, Stage IIT full scale-tests

Test No.1i

Material -
Adhesive -
PFinish -
Igniting source -

Ferformance:-
Wall -
Ceiling -

Test Nc.2
Repeat of Test No.i

Performance:-

Test No.3

Material -
Adhesive -
Finish -
Igniting source -
Performance: -

Wall -

Ceiling -

Test No.d

Material -
Adhesive -
FPinigh -
Igniting source -

Performenoce:— -

Wall -
Ceiling -

Standard grade
Dab

None

Gauze strip

No sustained ignition, gauze burnt to ceiling.
Localized melting of material, no flame spread,
tiles shrunk over 0.5 m? area.

(Plate No.24).

Standard grade
Dab

None

Newspapers in a basket ignited in a cormer,

Flame reached ceiling, lining in contact with flame
burnt, no lateral spread.

No sustained ignition, about four tiles melted,
no spread. Molten drops om floor. (Plate.No;25).

S.E. Grade

Dab -
None

Gauze strip

Gauze burnt to ceiling, no sustained ignition.
Partial damage to one tile, no flame spread.

- 8imilar performance but with less damage to materials.,

Cont'd ..
- 21 =




Test No.5

Repeat of Test No.4

Performance: -

Wall
Ceiling

Test No.6

Material
Adhesive
Finish
Igniting source
Perforﬁance:—

Wall
Ceiling

Test No.7
Material
Adhesive
Finish
Igniting source
Performance:-

Wall
Ceiling

Test No.B8

Material
Adhesive
Finish
‘Igniting source

Performance: -

Wall
Ceiling

Marginally greater damage to lining, nc lateral spread.
Ignition of a tile but no lateral flame spread, molten
drops, non-burning. (Plate 26). ‘

S.E. grade

Dab

None

Lighted newspaper in corner.

' No sustained ignition, localized dema

e,
Part of a tile damaged, no ignition. %Plate 27).

Standard grade

Dah :
Emulsion paint on wall and ceiling
Gauze strip in the corner:

Gauze burnt to top of wall, ignition of material,

some_spread but flames extinguished after 9 min.
0.3 n? of celling surface damaged, a few burning
. drops flaming out after 9 min. (Plate 28).

S.E. grade

Dab ,
Emulsion paint on wall and ceiling
Gauze strip in the cormer

‘No sustained ignition, localized damage

Ignitién of material, tiles over 0.35 me area consumed.
Fall of flaming drops on floor after 6 minutes.
(Plate 29). ' '
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~ Dest No.9
Material
Adhesive
Finish
Igniting source

Performance; -

Test No.10
Material
Adhesive
Finish
Igniting source

Performance:;-

Test No.11
Material
Adhesive
Finish
Igniting source

Performance: -

Wall

Ceiling

Test No.12

Material
Adhesive
Finish
Igniting source

Performance: -

Standard grade

Dab

Intumescent flame retardant paint on walls and ceiling,
Gauze strip in the corner.

No ignition of materisl on the wall or the ceiling,
minimum damage. (Plate 28).

S.E. grade
Dab
Intumescent flame retardant paint on walls and ceiling.

Gauze strip in the corner.

¥o ignition of material on the wall or the ceiling,
minimum damage. (Plate 29)

Standard grade

Dab

Walls - medium weight wall paper
Ceiling - emulsion paint

Gauze -strip on wall.

Shrinkage offolystyrene leads to ignition of loosened
"wall paper, flames.spread vertically in a narrow band
up to ceiling, no lateral spread.
Local ignition of ceiling tiles, flaming drops: no
eneral spread, flaming out & min 20 seconds.
Plate 30).

5.E. grade

Dab

As in Test No.11

Gauze strip on face of wall

As in Test No.11 slightly wider band of flame on the
wall, All flaming out 8 min 18 seconds. (Plate 31),

- 23 - Cont'd .....




Test No.13
Material
Finish
Igniting source

Performance:-
Wall

Ceiling

Test No.14
Materdal
Pinish
Igniting source
Performance:

Wall

Ceiling

Test No.15
Material
Finish
Igniting source
Performance:~

Wall

Ceiling

S5.B. grade

As in Test No,11

Metal pan of 250 mm dia, with burning cocking oil,
flames about 1 metre high, located in a corner about
1.2 m below the cqiling.

All wall paper burnt, some lateral spread, polystyrene
melted.

Tiles loosen from the ceiling and burn, flaming drops
around the pan area*, Heat from the fire affected
tiles in the other cormer of the room which softened
and shrank and some became dislodged. (Plate 32).

*About 6 tiles consumed by burning, remainder fell on
floor without burning.

Standard grade - wall lining fixed directly on plaster-
board, ceiling tiles fixed with dab adhesive to 9 mm
battens on surface of plasterboard.

None

Gauze strip on wall face,

Vertical flames along the width of gauze, no lateral

spread, ‘ _ A
Flame touched ceiling, softening of a tile occurred.
No spread, nc flaming drops, (Plate 33).

S.E. grade, fixing as for Test No.14
None
Gauze strip on wall face

Vertical flames along the width of gauze, no lateral
spread.

Flame touched ceiling tile and softening occurred.
No spread, no flaming drops. (Plate 34).
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Test No.16

" Materisal
Finish
Igniting source
PerfOImance:-}

Ceiling

Tost No.1j .
Material

Finish
Igniting source

Performance: -

Test No.18

Material . |
‘Finish o
Igniting source
Performance: -

i

- Tegt No,12'

ﬂﬁterial'
Findeh

Igniting'aource'

ferﬁmance HE

Test Noggo,
Matefial
Finigh

Igniting smource

_Performance:

Standard grade attached with overall adhesive.
None .
'Cooking 0il on gas “stove

| (P1ate 36).

" 8.BE. grede, fixed as In Test No.14.; '
" Bmulsion paint and gloss paint

Tlmber crib

Within 15 sec of flame reaching ceiling paint film
sagged; within e further 5 sec ignition of paint .
film occurred. Burning paint film fell. to the.
ground. Whole of celllng consumed w1th1n 1 mlnute.

Standard grade attached with overall adhesive to-
9 mm battens on surface of plasterboard. :

None

Elmber-crib 4.4 kg

Tiles receded from the heat as flames reached ceiling
heighty By 2 min, 211 but the farthest tiles had
receded or fallen. No flaming drops were observed,
(Prate 35). B

" Flmmes from 1gn1ting scurce reached celling and began

to spread out.

Flaming drops over. stove, local ignition -
of -tiles: but no spread. - : :

Mot tiles had shrunk. —

S.E. grade attached with overall adhesive.
2 coats emulsion peint,
Cooking oil on gas stove,

Flames reached ceiling and spread out. Local flaming

drops over sitove; no spread, Paint film burnt over
source and most tiles had shrunk, (Plate 37).

3.E. grade attached with overall adhesive.

- Emulsion paint and gloss paint.

Coocking oil on gas stove,

Flames reached ceiling and spread out causing paint film
to sag. Sudden igni%iom of paint film followed by lts

falling in fleming pieces leaving shrunk tiles on ceiling.
Test stopped with water, (Plate 38)
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Table 6. Results

of the fire propagation tests

Surface finish Grade Adhesive | Index I
None SE Overall 8.9 5.9
Intumescent F.R. paint | Standard " 9.1 5.8
None " " 9.2 6.1

None (12.5 mm) SE None 10.1 7.1
Intumescent F.R. paint " Overall | 10.6 7.3
None (12.5 mm) Standard None |12.2 8.7
2 coats emulsion " Qverall | 13.6 10.0
1 coat emulsion " " 14.4 8.4
None SE None 14.5 9.8

1 coat emulsion " Overall 14.9 10.1
2 coats emulsion " " 18.8 13.9
None Standard None 18.9 13.0
1 coat emulsion " Dab 24,0 15.7
" SE " 24.6 15.4
None Standard " 33.5 21.7
1" coat emulsion SE None 34.8 29.0
" Standard " 35.0 28.5
Emulsion & gloss " Overall | 37.5 33.5
" SE " 45.0 36.2

Note:

*Sample fixed to battens

- 26 -
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Shaded walls toke Ceiling tokes 9 exponded
wall lining polystyrene tiles

—

SO0 mMm

/ 900 mm
\ supporting legs

Framework and legs — Dexion
Floor, walls and ceiling — 13mm asbestos wood

’FIG. 1. TEST STRUCTURE FOR FLAMMABILITY OF
POLYSTYRENE TILES USED IN STAGE 1 TESTS
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FIG. 2. SKETCH OF CHAMBER USED IN STAGE
- 2 TESTS
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PLATE 1 STANDARD GRADE EXPOSED TO GAS FLAME

PLATE 2 EFFECT OF TREATING WITH EMULSION PAINT



PLATE 3 STANDARD GRADE EXPOSED TO ALCOHOL FLAME

o

PLATE 4 EFFECT OF TREATING WITH EMULSION PAINT




PLATE 5 SELF EXTINGUISHING GRADE EXPOSED
TO GAS FLAME

= = = o e v -

PLATE 6 EFFECT OF TREATING WITH EMULSION PAINT




PLATE 7 SELF EXTINGUISHING GRADE EXPOSED
TO ALCOHOL FLAME

PLATE 8 EFFECT OF TREATING WITH EMULSION PAINT



PLATE 9 STANDARD GRADE. OVERALL ADHESIVE,
EXPOSED TO GAS FLAME

PLATE 10 EFFECT WHEN EXPOSED TO ALCOHOL FLAME



PLATE 11 13 mm STANDARD GRADE, ASBESTOS SUBSTRATE,
EXPOSED TO GAS FLAME

PLATE 12 EFFECT WITH PLASTERBOARD SUBSTRATE




s Fmfaiatie — '
et ":. R
[y s » e e - Y

i, ——

T T

PLATE 13 STANDARD GRADE WITH EMULSION PAINT.
ALCOHOL FLAME ON CORNER
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PLATE 14 EFFECT WHEN USING SELF EXTINGUISHING
GRADE



PLATE 15 SELF EXTINGUISHING GRADE WITH
INTUMESCENT PAINT EXPOSED TO
GAS FLAME
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PLATE 16 2 mm STANDARD GRADE WITH AND WITHOUT
WALLPAPER EXPOSED TO GAS FLAME
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PLATE 17 2 mm STANDARD GRADE WITH AND WITHOUT
WALLPAPER EXPOSED TO ALCOHOL
FLAME IN CORNER



PLATE 18(a) 5 mm STANDARD GRADE WITH AND WITHOUT
WALLPAPER EXPOSED TO GAS FLAME

WALLPAPER EXPOSED TO ALCOHOL FLAME
IN CORNER

PLATE 18(b) 5 mm STANDARD GRADE WITH AND WITHOUT
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PLATE 19 5§ mm STANDARD GRADE WITH EMULSION
PAINT EXPOSED TO GAS FLAME

PLATE 20 EFFECT WITH SELF EXTINGUISHING GRADE



SUBSTRATE. WITH AND WITHOUT WALL
PAPER, EXPOSED TO GAS FLAME

PLATE 21 5 mm STANDARD GRADE, PLASTERRBOARD



30 s 1 min 20 s

3 min 15 s

PLATE 22 STANDARD GRADE,OVERALL ADHESIVE
STAGE 2.




3 min 55 s 4 min 55 s

Sminl10s ‘ 6 min

After test

PLATE 22 (cont'd) STANDARD GRADE OVERALL ADHESIVE
STAGE 2



2 min 8 s 2 min 10 s

Zmin 15 s

PLATE 23 SELF EXTINGUISHING GRADE. DAB ADHESIVE
GLOSS PAINT FINISH '
STAGE 2



2 min 35 s

2 min 30 s

2 min 50 s

2 min 40 s

3 min 30 s

PLATE 23 (cont'd) SELF EXTINGUISHING GRADE. DAB

ADHESIVE GLOSS PAINT FINISH

STAGE 2




1 min 45 s 2 min 21 s

2 min 44 s 11 min 45 s

PLATE 23A. SELF EXTINGUISHING GRADE ON FIRE
INSULATING BOARD SUBSTRATE

STAGE 2



(c) ' d)

(e)
PLATE 24 TESTS 1 and 2 STANDARD GRADE
TEST 1 LEFT HAND PANEL
TEST 2 RIGHT HAND PANEL
STAGE 3




(a) Start (b)

(e) oo (€ (g)Finish

PLATE 25 TEST 3. STANDARD GRADE
STAGE 3.




(e) Finish

PLATE 26 TESTS 4 and 5 SELF EXTINGUISHING GRADE
TEST 4 LEFT HAND PANEL
TEST 5 RIGHT HAND PANEL
STAGE 3



(a) Start : (b)

(c) (d)

(e)

PLATE 27 TEST 6 SELF EXTINGUISHING GRADE
STAGE 3




(g) (h)

PLATE 28 TEST 7 STANDARD GRADE WITH EMULSION
PAINT DARKER SECTION

TEST 9 STANDARD GRADE WITH INTUMESCENT
PAINT.



f) 1min15 s (g} 1 min 30 s (h) 2 min

PLATE 29 TEST 8 SELF EXTINGUISHING GRADE WITH EMULSION PAINT
(DARKER SECTION) .
TEST.10 SELF EXTINGUISHING GRADE WITH INTUMESCENT
PAINT.

STAGE 3



(n) 12 min (0) 13 min 45 s (p) 15 min 35 s end.

PLATE 29 (cont'd) TEST 8 SELF EXTINGUISHING GRADE WITH
EMULSION PAINT (DARKER SECTION)
TEST 10 SELF EXTINGUISHING GRADE WITH
INTUMESCENT PAINT



(a) Start - (b) 35 sec

(e) 3 min 50 sec (f) 4 min 5 sec

PLATE 30 TEST 11 STANDARD GRADE. CEILING WITH
EMULSION PAINT, WALLS WITH MEDIUM
WEIGHT PAPER.



(h}- 4 min 55 s

r.‘l...zm T

(i) 5 min 30 s.

(k) 7 min 20 s Finish

PLATE 30 (cont'd) TEST 11 STANDARD GRADE. CEILING WITH
EMULSION PAINT, WALLS WITH MEDIUM
WEIGHT PAPER.

STAGE 3.




(a) Start

(c) 1min 30 s

() 3 min 25 s

(f) 3 min 35 s

PLATE 31 TEST 12 SELF EXTINGUISHING GRADE. CEILING
WITH EMULSION PAINT, WALLS WITH MEDIUM

WEIGHT PAPER.

STAGE 3

(cont'd)




() 4 min 40 s (h) 4 min 53 s

(i) 6 min 42 s (j) 7 min 30 s

(k) 8 min 18 s Finish

PLATE 31 (cont'd) TEST 12 SELF EXTINGUISHING GRADE.
CEILING WITH EMULSION PAINT, WALLS
WITH MEDIUM WEIGHT PAPER.

| STAGE 3.



Ceiling after test detached tinlkes after test

'\ '.
\ *.,\ \

ignition source after test

PLATE 32 SELF EXTINGUISHING GRADE, DAB ADHESIVE
CEILING WITH EMULSION PAINT, WALLS WITH
MEDIUM WEIGHT PAPER. IGNITION SOURCE,
COOKING OIL IN PAN.




¥

-

2 min 20 s end of test

1 min 45 s

PLATE 33, STANDARD GRADE DAB ADHESIVE ON

9 mm BATTENS.

(cont'd)




30 s 1 min

1mind0s Smindbs

3 min 65 8 end of test

PLATE 33 (cont'd) STANDARD GRADE DAB ADHESIVE ON
 mm BAT'I‘ENS ‘



1 min 45 s

PIATE 34 SELF EXTINGUISHING GRADE DAB
A DHESIVE ON 9 mm BATTENS




¢

PLATE 35. STANDARD GRADE ATTACHED TO 9 mm BATTENS.
- TIMBER CRIB IGNITING SOURCE




Ignition of cooking oil Flames playing on ceiling tiles

PLATE 36. TEST NO. 18. STANDARD GRADE TILES, NO TREATMENT.



Ignition of cocking oil Flames playing on ceiling tiles

PLATE 37. TEST NO. 19. SELF EXTINGUISHING GRADE TILES,
EMULSION PAINT FINISH




" Ignition of cooking oil Flaming paint film falling shortly after
flames reached ceiling

PLATE 38. TEST NO. 20. SELF EXTINGUISHING GRADE TILES
GLOSS PAINT FINISH
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