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THE GRO'lTH OP ~'mES DT ROOI1S /lIm A TEST :FOR m"'ERllpL, LIin:HGS

bv
"

D. Hird and r, iI. Thomas

IiT'l'RODUCTIOlT

Since the last war there ,has been a growing tendenqy'to avoid
the use of plaster on walls and ceilings and to use instead, as internal
linings, ready-made sheets of material vzh i.ch are included in the general
term "building boards". The sales of plasterboerd in this country have
risen from 31 million square yards (28·3 rnillion square metres) in 1928

'. to about 55 million square yards (50·3 million square' metz-e s ) in '1.951"
,and of fibre building' boar-ds from 20 million square, yards (18.3' million
square, metres) in 1938 to about ,60 million square yards (54-8 million,.
square metres) in 1954. ,T'1e per capita coneumptd.on of both types of "
board is therefore about 10 square feet (0-,9 square metres). In the .,
U.S.A. it is about 20 square feet, (1.86 square metres), and iii Sweden
60 square feet (5.6 square metres).,

':~en large areas of combustible ,linings are used in a building they
may contribute to the possibility of rapid spread of fire and the
increasing use of such boards has been reflected in' the increasing

"attention paid to assessing and reducing their fire hazard.

'J.'he hazard will of course vary with a nwnber of f'act or-s , such as
the ,nature of the'occupancy, the ventilation and the position of the
board. 'l'here will be :some situations where the difference be tween
t3~es of' linings is irrelevant to, the gro,nh of fire. For example, ,
if the contents of a room or building are more easily ignited 'and "
constitute a greater' fire load than any lining, ,it would be unnecessary
to 'attach great importance to the lining. .\gain, in a room or bUilding
in ,which,by virtue of the restricted ventilatio~ no fire could develop
to f'Lash-over-, it would nat t ez- little which lining was used. Be-tween
these two extremes lies a wide range of practical conditions and

, although special conditions may call"for special recommendations .or ..
legislation, it is ,thought that in the first place linings should' be,

.'" tested' :for those conditions in which .. the extent of the fire hazard may
depend primarily on the nature of the \7all lining., A satisfactory' test
for lining materials, should compare them in relation,tc(the:hazard

, ,they', couLd present in .normaf use, and should also be capable of assessing \
",the:effect of paint or other protective treatments.

In Great Britain, the principal test use~r this purpose is the (
"Surface Spread of Pl.ame Test" described in British Standard 476 : 1953 1)
Although this test was originally developed to determine the suitability of
materials for corridors it,has been widely used for assessing "~terials,

.both'treated and untreated for linings in senera1. To interpret the
results of this 'Or any other test it is necessary to lenow as much as
possible' about the relation between performance in the" test and performance
under' practical conditions. Unfortunately there is little reliable
iiU'ormation on the behaviour of a range of materials under similar practical
fire conditions; The developncnt of a tech!1i'qve whereby small-scale models
can be used to investigate the gr-owth of fire ,2) has enabled' the performance

'of many materials to be studied under reproducible 'fir€) conditions, and has
given the necessary information to form the basis of a realistic grading.
This paper-vdeecrdbes an extension of experdmenea'l wor-k to study the way in

, whi.ch. a fir<3 'Ci.eirelops",ii'i:,a room and how it is influenced by the type of
linings 'and ceiling provided; ,

: ;,.' ;", ' ..
" . . ;',

In 194~ an experdrnerrt ,was, qarried out to compare' the development of
fire in twohotises','b6th'cif"\vhicili"vl,ere:'line'd "ith fibre insulat:j.ng, board,
but one having an' additionallayer"of~plasterbbardfixed to it U); 'l'he
surfaces of the walls'of hoth'nousea were' cover-ed viith two coats"of. . . .

. ,,' ,,' ~ .' :'
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oil-bound distemper. The essential characteristic of tlw fire vas that
it started in the '~6\tents'&f,H\;ho' r6biii/ and ,th,e"furniture was arr-anged a

in such a way that.l;t~ere,·ia",:,tIWh:lgh}Pt.ob~bilitythat, once started, .
a fire would develdp to involve all the furniture. 'l'he adm of the
experiment was tobCtnpare the contribution made by the wall linings to
the rate of development of a:fire.

The fire developed to flash-over. wHhin. 5 minutes in the house
,lith untreated fibre insulating, board and,vithin.23 .minutes in the
house with plaster1:loar.d (Table 1).. After f'La sh-over- thedu;ration of
the' fire .was much the' same . in both housea, II)' general, . the amount of
combustible involved, .in t,he linings is not very, large compared with,
that 0f the furniture and floor,'and, it' is to be expected that after
flash-over the nature of the linings do not gre£.tly matcer , S.'he time
to flash-over is important" .because it, in general, determines the time
for escape. Indications fromfull-scc.le tests show that a rapid
deterioration in the condition of the atmosphere in neighbouring romns
occurs just after flash-over; It is thought therefore that a:te"!t
should rate materials according to this criterion. Such expe:riments
are expensive and the possibility of using small-scale models to study
fire behaviour has since been explored.

The experiments to be described were de sd.gned , in the first place,
to compar-e the growth of fires in rooms of <;lifferent size. ~'he quantity
and arrangement of furniture in the small-sc.."tle rooms and houses Vlere

"made similar to those used in the full-scale tests nlready. described so
that a direct comparison could be made with a fire for which fairly
comprehensive data were available. The conditions were ulso such as
to allow a fire. to develop to flash-over in traditional rooms vith -;'
incombustible 'ceiling and linings.: It is only possible to compare
linings over the whole range of combustibility if the fire could develop

'" '. t6 flash-over with iricombustible linings. The size ,of the igniting..
'-source and the degree of ventilation were accordingly chosen.both to be
-representative of practical conditions and also to'-distinguish.between
fibre insulating board and traditional plaster linings in the same..way
as' in the full-sot'.le tests. 'l'he ve,ltilation, "Ibuld r-epreaent tlklt: Of mmy
modern constructions and the source of it,nition was such as ,might· .occur
in practice.

The results would therefore be'expected to be generdly.valid for
:·fires in this type of enclosure having normal fire, load erid ventilation
and in which the nature. of the lining z-at.her- t han.rbhe furniture, ignition
and ventilation was the critical factor.

" '

,E'.:PER:C,iEirrAL DE1'AILS

',The' ar'rangement of the furni tureand the model room: are .shown in
~'igure.,1... The dimensions of the furniture .wer'e scaled linearly except
.that the, thickness of the members was made large enoughEo prevent, their

"being"'burnt through before' flash-over. Durin", the growth of .fire to
flash-over, the thickness' of the member-s .lWd the, lining:.;, is not. o'thervzi.ae
of, great importance. 'the ventilation VIas crljusted. to ensure complete
development of the fire. "

. ,I'

RESUI1!'S O~' 'rESTS

,',

',,', . , .' .
1'ab'le 1 gives .the range of times taken, for .tihe who'Le .r-oom to, become

'involved 'for both 'full scale and models for the thre,e types of structure
for which full-scale results are avedLabl,e , l'igurfj '2 gives comparatdve
temperature records for two of these tests, shm'ang the similarity between
full and small-scale tests.

" It' was considered from this' evidence ,t)1aj; tho, grovith qf ;"ire could be
. sirinilated sufficiently accurately by the uaeor slllal:j.-scnI:e models" to
justify the usfiofthis method in a comparatdve study of, the behevaour of
building boards. under fire. conditions.
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l).'ABLE 1

TDi,lli; 'l'~:;rCNT POR l~nm '1'0 IHVODIE .!llOLE nOOi,i ~\)n }X)TI1
lilULL SCALE film 'i,iODELS

5

Type of
sbructui-e

----~_.__._..,-_._------
I

\ t~~~v~~:nt~~rw~;~: 'I
, I

L
room I

. i ~~l~:-~:Ticxlel: --1
(min) I (min) I

I 14 - 20 . 15 -' 19 j
I
!
I

.! j

I 5 I
I I
I ·1

2}!f ! 14 - 18 I. i._--"--__.~__L_....._l.

Piasterboard walls
and ceiling

Traditional
tIncombustible walls
and ceiling)

Fibre insulating
board ~7alls and
ce i ling ,-Iit h two
coats of distemper

RUnder exactly similar conditions the plaster­
board room could not take longer than the
traditional type room, since the paper facing
of the plasterboard would melee some contribution.
The probable reason f'or' the longer time taken by
the full-scale plasterboard structure rras tl1at .
the ventilation was more restricted than ITith thA
incombustible structure.

The manner in which development of fire is influenced by the
lining of the room is of considerable interest. In all the experiments
the fire was started between the cupboard and the chair as indicded
in F'igure 1. The mutual support given by the flames from Lhese two
pieces of furniture was sufficient to ensure the developuent of a
substantial fire, irrespective of the surroundings,

In the traditional type of room (i.e, rooms with plastered walls
and ceilings and wooden floors) the flames spread on the floor,
assisted by radiation from the burning cupboar'd , until the tr,ble was
involved, l,{hen the fire was well established in the table it spread
quickly over the rest of the room (Plate 1).

In the rooms lined with building boards on VTall and ceiling, once
the flames from the cupboard reached the ceiling, the fire developed
in an entirely different manner. ~~th untreated fibre insulating board
or compressed straw slabs, the ceiling was ignited a.lmos't immediately
and the flames spread rapidly across the ceiling and dovm the walls,
igniting the f'urniture before the flames had begun to spread along the
floor from the cupboard. Plate 2 illustrates this point in .a one-fifth
scale room.
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In the rooms lined with treated fibre insulating boar-d there were
slight differences depending upon the treatments used. 'Ji th silicf1.te
paint, the covering cracked very quick~ apd the pa~otection offered
under' these circumstances was small. \lith surf'aoe and Lmpr'egnatLon
treatments on fibre insulating board achieving higher ratings in the
"Surface Spread of PLame 'rest", ·~he development 0-;: the :nre was similar
to that for the untreated boura,. but the fire in till cupboard had to
persist for longer before flames spreod along the ceiling. '.lith fibre
insulating board protected b,y a 3/'iG-in. G-cm) S:dJll.plaster coat, the
dBvelopment was similar to that in a traditional type" of room.

With the impregnated and surface: treated hardboards used and with
plasterboard linings the mechanis@ of developnent TIas again more lllce
that in the traditional roem, although Ulere YlUS some contribution from
the boards in all three cases, there being most 'from the har-dboar-d with
a surface treatment.

The classifications of the vcrious boords on the ltSurface Spread
of :innlne 'rest", together with the time tnken for the wbo Le room to
become involved in fire when lined with the boards, are given in
Table 2. 'I'heae results are the averages of at least three tests in
each case, the maximum deviation f'r-om the mean being about- 10 per cent.

TABLE 2

PARTICULARS ,AHD RESUI.irS OP BOARDS TES'I'ED DT l~ULLY-LnTED ROm1S

';~!ood wool

Plasterboard

Incombustible

A

" .-'"
\

/
.I

(

45.

10

45

35

45

17

17

16

16

15

time for all room
become involved

in fire
min sec

~'~--'-,. -..-.-....._ ....~__.--.!" ....... _..-_._._-_.

l:1aan
to

Grading
on new
building

board ]
teat

~--_~,------,~~_'

I
!
I

Class 1

Class 1

Class 1

Class 1

---_. --'.....~--.,..-

Classification on "SurfaceI
Spread of lnrune ~lestlt of

B. s. 476

of 'flall and
linings

li'ibre insulating board
with 3/16-in. (~crl)
aldu. GOo.t '

Hardboard impregnated
vdth monruNuonium
phosphate. (Retention

I of salt - 18 to 20 per
cent by weight)

I

IParticulars
oeiling

B

B

B

}O

35

jO /
J

1}

10

10

Class 1

Class 1'"

Class 'j

Hardboard with'surface
treatment of an "
intwnescent paint .
(30 g/ft2) (O. 032 g/cm2) ..

'1":
..

Fibre insulating board
with surface trea~llent

"

of an intumescent oaint
(30 g/ft2)(O.032 giom4)

IAsbestos paper faced
I fibre insulating board

" }
~_----------------------_-...:.._-----_ .. "_~"'~"'------l-'-''''''

I

/
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TABLE 2 (contd.)

B

Grading
on new
building

board
test

tine for all roo@
become involved

in fire
i:1in sec

i.iean
to

,----1--9-25Class 1

Classification on "Surface
Spread of Plane 1'est" of

B.S. 476

Particulars of Wall-a-n-d-,,'----------.·..·'.,..--i•...---_.----,--..,--.-­

ceiling linings

I

r~'ib:-insulating board
I with surface treatment of

an intwnescent paint
(15 g/ft2) (0 ' 016 g/cm2)

•

Fibre insulating board
impregnated Hith

: monammonium phosphate.
I (Retention of salt, -

9 per cent by weight)

Class 1 9 00

Fibre insulating board
with surface treatment
of silicate paint

Borderline Class 2-3 7 45 c

•

Treated fibre
insulating board

Untreated hardboard

Compressed straw slabs

Untreated fibre
insulating board

Class 3 6 00 C

Class 3 6 'i5 D

Cl"",s 3 5 L:-5 D

Class 4 5 00 D

----~- ---_.-....-.
Some tests were also carried out in which tlill building boards

formed only the ceiling, or only the Walls of the room. As would be
expected, the fire took longer to develop than in the previous series
of tests, but the relative merits of different boards and treatments
Here similar.

The pattern of the growth of fire obtained in these experdraerrts is
simil!U' to that found in SOme full-scale tests undertaken by the Building
Research Station in 1943, where the arrangement of furniture vias easentLa.Lly
the sane.

I

'l'he results in 1'able 2 show that the tine to flash-over varies fror,l
9 to 18 ninutes within Class 1 and from 5 to 9' r.linutes over the range

,Class 2 to 4. Clearly the classifies,tion of the ''alrf'UCG SPI"':\l~ of Fb.'" ',:"st"
:is able to distjp,@lish between the poorer materials in berms of flash-over
tide but fail", to .distinguish between t.he better ';laterials.

THE DEVELOPimiT OJ;' A jm'.! BUILDTITG :S(JilIID 'EES1'

Since it was not found pos'sible to 'eh~ge the criteria of the
"Surface Spread of ,Flame ~est" in, order to make the gradings agree vjith
the results of'model fires, it was necessary to 'develop a new test ~4).
This was designed to grade linings according to the flash-over tiues.

• , .
The apparatus used for the test is illustrated in Figure 3. It is

constructed with the test pill1el as one side of a chmlber of area 7~ in.
(19 em) square. Behind the panel, 1 in. (1'27 aa) of asbestos board
is mounted to proville sone thermal ;i"sulation. 'l'he chamber- is heated
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by two electric elements operating at a power of 1'5 k..', Ventilation
is provided by an air inlet near to the test panel and a row of gas
jets act' as an igniting' source. 'l'he flue gases f'r-on the chamber pass
through a chimney and at a point in this chimney their temperature is
measured~ ·The gas is lit and the electric power is turned on after
3 nunubes ;

Several materials were tested in this apparatus and it was found
that if certain criteria were chosen, a classification could be obtained
which wou.Ld correspond to the flash-over til~S obtained in the model
experiment s described previously.

..

J

'l'hesc criteria depend on the compard.son of the flue gas '~empe:catUl'e

with that obtained for a standard·incombustible board A-in. (1.27-cm)
asbestos bOarW. The classifications are shown diagrar:unatically in :'.
l''igure 4 where a denotes the flue gas temperabure tor the incombustible
board. It should be noted that e also varies with time.

D

3 min

c

5 min

B

,

f
./

/
.-'

.
•
.~.

~ -

Time to re~ch (8 + 50)°0

:b'IG. 4. OLASSIPICATIOlif n·'j BUILDDTG BOAPJ) T:F,ST

. If the': flue gas temperature exceeds the temperature attained vrith
.an: incombustible specimen by 50°0, while the only source of. heat is

., .. the gas burner, the r,w.terial is placed in the lowest Class - D. 'rhia
implies that the material can be ignited easily and that it. has a.
readily combuatdbIe surface. Ti1e classification with the other three

,',gr8.din~s' iiwolves not only the tirile that the temperature takes t.o
reach (8 +, '50)°0, but also the time for which the temperature

, , remains above this level. rhis criterion corresponds to the i4eo. that
the hazard of a lining is related not only to the ease of its ignition
but also to the total amount of heat liberated. i,jaterials for which
the flue gas bemper-atur-e, exceeds (9" +' 50)OC for less than 3 minutes,
and which do not reach (e '+ 50)oC in less than 3 minutes are l'f.':ted
in the top Class i}... ,i,iaterials which ,do not .r-eaoh a tEinlperature of
( Q, + ·50)Oc in 3 mnutes .but reach ;it ·;in less than'5 .manutes and
for' which .the tir:le .tl?iJ,t th~ir, tem~~atu.re:exceeds (-.e .:'" . -50)00':is

. greater. than 3' minu,te.fi are classified. as .01asq" C.The 'remaining 'Class B
incl'udesl!\B.tenais' 'for which the flue' gas' t enper-ature. does not reaoh
(G + 50)°0 in 3 minu:~es, but for nhi,.chthe time' ,that·their
temperature··is ..Ln 'excess Of (9+' . 50),OOia;;greater than 3 minutes,

.', . . '"

'l'abie' 2 also gives the gr-adang ot: various r.w.terials as; given by
this test ..

~ I

"I
I
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It can be shown that the temperatures obtained uad.ng an incombustible
specimen vary somewhat with the thermal properties of the specd.uen and
the lagging. Thus the ,surface of a material of low conductivity \vill
heat more quickly than one of higher conductivity and less heat will
enter the r~terial from inside the heated chamber. ~lue gas temperatures
will therefore 'be somewhat higher for the incombustible materials of
lower conductivity. Some experiments were [mde to assess this factor
and the results are shown in ~igure 5. It is seen that over a considerable
range of thermal conductivity, the effect on the flue U;as temperatures is
less than 3000. This implies thD.t the heat 'lost t.hrough the chimney is
large compared with that absorbed by" and passing through, the walls of
the test apparatus and the specimen and that .variations 'of ,thermal properties
in materials of Low canbustibility are of little il~portance.

Ql' !:lfi'I'rl.TIVE R<\SIS OJ!' TEST

It is. hoped that it will be possible in the future to use this
apparatus to make an aaaeasmerrt of the relative importance of the

'furnishings and various Viall linings. In order to do this it 'is
necessary to get' some idea of the 'rate and quantity of heat liberated
by various materials. , The heat liberated by the' heaters is approximately
equal to that wlii:ch would be liberated by a burning wooden panel of the same
areans the specimen and therefore the contribution of the wall lining in
DIl actual fire may be estdmated. ' ,','

Some experfimerrta have been made in which a variable' gas SUPiJly to the
apparatus was used as a source of heat and the results have made it possible
to relate the flue gas temperature at any time in the test to the rs.t e of
heat output at that time. So far the results have only .beeri computed for
fibre insulating boar-d and there is good agreement \vith the values obtained
by measuring the rate of loss of weight while the test was in progress
(l<'igure 6).

DISCUSSIOH

In using models for the study of fire the uechani.sus of heat
transfer and of ventilation change continuously throughout 'Ghe fire and
it may be necessary to use different uodeLs to represent different stages
in the development.

l<'or exanple, the growth of r. fire up to f'Laah-over- and the burning
of the fully-developed fire probably require different techniques for a
compfete study. l<\u-ther experdmerrca'l work is pLanned to study this problem.
Perhaps it may become possible to relate quantitatively some, if not all,
of the features of the development of a fire to the basic proper-yi«s of the
materials and their arr-angementa, l<'or example, Hi.r-d and Pi.sch.l \5) in some
of their expez-amente, showed thr.t it VTaS possible to roL.to "ppro:d.nr:Gel;;
the distance of spread of flame along the :noor of a room without" furniture
in it, to the threshold intensity for spread of flr""e as measured directly
in exper-anerrts on ignition.

The ease with which a material can be ignited is related to this
threshold intensity, and to the relative sizes of the igniting source and
the conbustible lining. The rate of spread of flame acr-oss the surface
of a combustible is at present being examined theoretically,as well as
practically, to find the role of the then.lal and cherucn.l properties of
the material. Only so fer as these different lines of approach converge,
will it be possible to expand our knowl.edge of the f'undaraerrta.Ls of the
development of a fira and to understand the reievance of the particular
aspects of a special pz-obLcra, but the wor'k described in this paper is
considered to provide a sufficiently firw basis for testing linings for
general purposes.
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After 16 min

After 12 min

After 18 min
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Flash - ever

After 19 min

PLATE.l. DEVELOPMENT OF FIRE IN ONE - FIFTH SCALE
MODEL ROOM· OF TRADITIONAL TYPE
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AftlEr 2 min
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PLATE.2. DEVELOPMENT OF FIRE IN MODEL ROOM
LI NED WITH UNTREATED FIBRE INSULATI NG
BOARD
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'fie had a rare opportunity to perform a full scale fire tost en

a bUilding which was to be demolished. The building (one floor 1300 m2)

is a four story with a basement constructed by tho reinforced concrete.

<ie did two series of toots; a basement fire and room firos. I would

like to inform you briefly on a room fire.

The test room (7 m x 19 m "13m) having ten windows and five doors

is in second floor. The ceiling io covered with the acoustic fibe~ tile.

The lumber woods is piled up about 40 em hight on the floor as the fuel,

except the ares' around tho starting point. The detail is shown in Fig.

4-1.1 and 4-2.

All windows are opened, all doors are closed, and the fire- is set

at one end of the room.

1:00 the flame reaches at the ceiling

1:30 the ceiling catches fire, the flame begin spreading

2:05 the spreading flame reaches at 10 m from the starting

point

2: ? the whole fuel on the floor SUddenly catches fire at

the same time

4:30

the spreading flane reaches at the Oppoaitll end of tlle

ceiling, then the room flashes over

the window frames (wood) in the third floor catches ~ire

and the window gless in tb,e fourth flcor fall down

6:00 the fire brigade starts the fighting against the fire

The growth of fire is shown in Fig. 4-3 and the temperature me£.surement

in Fig. 4-5.

T~e flame spread across the ceiling of 18 m length takes duly

70 second. Observers are surPrised hew fast the flame spreads. The

mean rate of'spread is 26 cmVsec.

We also measures the pressure difference between the inside and

outside at a window around the center of the room, from Which we can

estimate the gas velocity spouting from the window 8S shown in Fig. ~7

and 4-8. Two minuteslater the gas velocity at tho ceiling level reaches

already about 4 mVsec.



In this test the source of fire is rather b~g and vent~ation is

enough, so that flame spreading opeed along the celling may be faster

than usual fires. HOV1ever the fire source be1n(; able to impinge on the

ceiling should be, at least, more than 3 m hight of flame and then,

When the ceiling catches fire, the fire source may', we aBGI1IlIe, take

a considerable value of burning rate. Accordin(;ly the s~ed of hot gas

running along the ceilin(; ray also increase considerably. It, thorefore,

is expected that flame spread drawn by the hot gas trl:U t'eko much higher
,

value than one of usual. testin;I method.

In any w<rJ we realize from this teet that the burning rate of fire

eource effects much to tho flmr:c spreading along the ceiling.

- 2 -
o
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FIG. 2.

I. Full-scale room lined with fibre insulating boo r d

2. Modr:l room lined with fibr~ insulating board
3. Full-scale room llne d with- plc ste r bocrd
4. Model room l l ne d with plasterboard

COMPARATIVE TEMPERATURE. RECORDS OF FULL- SCALE

MODEL ROOMS
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