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THE CONTRIBUTION OF i7AIiL LININGS TO THE GROWTH OF Flm::

by

p ~ H. 'I'hornaa

Introduction

Two papers (1) (2) to previous annual Conferences have presented the,'
work of the Joint.Firo Research Station on various aspe~ts of the fire hazari
of timber. The Director of Fire Research, referred ~2) to a programme of
experimen ts in whioh small-scale models Here to be used in drrves tiga ting the
development of firos in single compartments, and it is with this that the
present paper is primarily concerncd,

It, will be useful to recapitulate tho principal features of the:growth c
a fire. There are three stages each with its oen problems.'

The first is the primary ignition from a hot source~ The extent to, '
,which ,a lTIaterial is susceptible to ignition canbo measured'by exposing it

,', tqrac1iation and finding the minimum intensity required to ignite it. 'In
'the second stage the fire spreads from the pointlof ~gnition over the surfacc,
of solid combustible materials. Theso may be in the fornrof combustible
material suoh as. wall and oeiling linings, oombustible floors and ourtaining.
The rate at whioh this spread ooours is an important faotor 's~oe on it '

': de perids the rate of .:growth of the fire in that oompartment. The
susoeptibHity of a rroterial to spread on its surfaoe is measured in, the
spread of flame test~") (B.S. 476 ).' "

In general there is an aooumulation of heat in the oompartment whioh
eventually leads to all the combustibles in the oompartment,being involved.
Towards its olimax this may be a very rapid prooess and is~rightlycalled
flashover. At this point the tempera turo in the compartment. rises very
rapidly and from then on the struoture ' of the oompartmentand neighbouring
oomp-r-tmenbs is ?e,iously endangered. This is the provdnoe of the, fire,'
res in tane<: tests ~ 4) whose objeots are to establish the time for whd.oh a '
'"trLlott'~·" can withstand suoh conddtf.ons , This aspeot of the problem, only
oeooming important after flashover, does not oonoern us here."

The fire retafdant treatment of wood "~ll delay and nny even prevent
ignition. SinullS 1) gave data showing how the minimum intensity required to
ignite a material vms inoreased by the applioation of various treatments.

'Although this ,minimum intensity, both for treated and untreated 'woods is
, generally less than the intensity olose to a burning embor or, say, a

oigarette, it still affeots the tj~ of ignition beomsa the higher'this
minimum intensity the smaller is the area where the intensity from tile
burning ember exceeds it. 'I'he ignition, and the onset of spread from the
innnediate neighbourhooilof the igniting souroe thus takes longer to ooour
the higher the minimum or oritioal intensity for ignition.
A satisfaotory fire retardant:tl'eatmont will also reduoe the rate at whioh
fire spreads over the surfaoe and thisinoreases the ,time to flashover.
This rate of spread off'lame is measured by the standard test, but in ordcr to
assess the' signifioanoe of the ratings given by,the test to various 'v::.teriuls
treatments, in relation to the behaviour in aotual fires,some experiments in
whioh rooms '1i th furniture and w~ll linings vlore ignited have been made in ,
reoent years by Him and Fishl(5). These experiments were made v1~th snnll'
soale rooms, and .the effeots of scaLe wer-e examined by using models of d,iffeT<
size and oomparing the results with eaohother and with,resui~s obtained in'
oertain full-soale tests', which are made from time to.time by the Joint Fire
Research Organization. '
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For example, some years ago the development of a fire in two similar houses,
cne havine v,'8.1ls1ined vii th un treated fibre insu10.ting board and one
having add::.t":i.or,l';\l Pllotcction from plasterpof~"'('(l 1-:nE atu ~'liecJ. and the ti·.'.cs of
flachover and rates of increase of temperature in these full scale fires

'were reproduced, for both types of lining) in ~0dels 1/10 linear scale.

J:~.~:b2l?-ficance of flashovet_

The time to flashover is important because not only does the fire then
involve the whole of the compartment but the other hazards associated with.
fipe then become very much more, aever'e , • .Both, the ox'yg<;;n oorrterrt. of the .

. a trnosphere and the visibility in an adjacent room decrease 'sharply and the
carbon monoxide incre'ases rnpil.lly at about the t,~e of flashover. , This may
be seen from Figure (1) ~,',hich is based on. some recent full scale tests (6).

•

-
Experimental details of' model fires

The arrangement of the fumi ture and the model room are _shown in
Figure 2. The' dimensions. of the furniture 'Here scaled linearly except that
the thickness of the members was made large enough.to prevent their being"
burnt through before flash-over. During the Growth of fire to flash-over,
~hc thickness of the member-s and thJ linings. is not otherwise- of Great

. L~portance. The vontilation ,ms adju~ted to ensure complete development of
. : the. fire.

R~·m.ilts 'of teets
~~- .-.-...,

Table 1 gives the times taken for tho wh~le room to become· involved for
both full scale' and models for the 'three ty~es of'strUcture for which full~

scale results arc available. Figura 3 gives compar~ti~e temperature records
for blO of these tests, showing the similarity between full and 31:1;.-1ll-6oa10
tests. . . ,

, It was considered from this evidence that the growth of firo ,could'.bc
::dmulated sufficiently accurately by tho use of srm.l.Le-aca.Le mOdels" to .. '
justify the use of this method in a comparative study of the behaviour of
building boards under fire conditions.

TABLE 1
...,...

TDJE TAKEN FOR FUll '1.'0 Th\TOLVE YJHOLE ROOE FOR BO'IH
FULL SCAIZ llJ'lD I'irOnErs

'Plasterboard .valls
and ceiling

Type of
s tructuro

. Fibre. insulating
board Halls and ' ,
ceiling wi th tHO'
coats of distemper

Time taken for fire
to involve the ~hole

room

.-"
Models

(min)

i

15 - ~91' , ~

I
5 I ..»>I ' ,

I
14 ~ 18

...
I.:

-

,[ ' .

j

j

I
I
i
j

.5

Full scale
;(m:in) :'. '

.14 .., 20

~,
II
'Ii
Ii...:------- ,-----~

walls

I
I

I. Trad,i tional .
. I. TIncombust~le
-1' and ceilings)

J
.I
'1,
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, " Under exactly simi1ar conditions the plaster-board
room could not take longer than the traditional
type room, since the paper facihg of the plasterboard
would rrake some contribution. The probable reason
for the longer tliile taken by the full-scale plasterboard
structure was that ihe ventilation ,vas ,more restricted
than ,",nh thO incombustililo str1.lcture.' ' , ,

BPFEOT OF LINmGS ON SFPJ;!J) all lIDill

~',

).....

The manner in which development of fire is influenced 'by the lining
of the .r-oom is of considerable interes t. In all the experiments the
fire was started between the cupboard and the chair as indicated in
Figure (2). The mutual support given by the f Iarm s from these two pieoes
of furniture was sufficient to ensure the development of a substantial
fire, irrespective of the surroundings.

•In the' traditional: tY\,e of room (i.e. rooms with plastered walls and
ceilings and wooden floors) the flames spread on the floor, assisted by'
radiati,on from, the burning cupboard, until the table was involved. When
the fire was well established in the table it spread quickly over the rest of
the room (Plate 1).

In ,the room lined with building boards on Viall and ceiling, .once the
flames from the cupboard reached the ceiling, the fire,developod in'an
entirely differ,cnt manner. Ylith untreated fibre insulating board'or
compressed stra'" slabs, the ceiling was ignited almos t immediatelY'and the"
flames spread rapidly across the ceiling and down the va'LLs , igniting the
f'urni ture before the flames had begun to spread along the' floor f'r-om the'
cupboard. Plate 2 illustrates this point in a one-fifth scale: room.

In the rooms lined ,,:,ith treated 'fibre insulating board there, wer-e
slight dilffor",mru<: depending upon the tl~eatments used. With silioate
pain t, the covering cracked ,very quickly and the protection offcrcd under
these cd rcums tances was, small. With aurf'ac e and impregnation trea tmen ts
on fibre Lnsu.l a t Ing board achieving higher ratings in tho "Surface Spread

. of Flame Test", (3) the development of the ,fire was similar to that for 'the
untroa ted 'board, but the fire in the cupboard had to persist f'o.r-Tongcr; bef'or-o
flames spread along the ceiling. With fibre insulating board protected 'by a
3/16-in. skim plaster coat, the development was similar to that in a ' ,
traditional type of room,

Ylith tho impregnated and surface treated hardboards used and wi th
plasterboard linings the mechanism or' development was again more like that
in the traditional room, al though there YJaS some contiibution from the boards'
in all three cases, there being most from the hardboard with a surface' treat..,
ment , '

Tho classifications of the various boards on the "Surface Spreao of
Flame Test", together ,v1th the time taken 'for the whole rocim to becoce
involved in fire when lined with the boards ",are given in Table 2, 'I'heae
results aro the average of at least three tests in each caso, the maximum
doviation from the mean being about 10 per cent. "

•
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TABLE 2

PARTICULARS .AND RESULT$O~ BOAPJ)S 'TES1'ED ill FULLY··Lll'lED ROOMS

•

I
I

·1,
t
l
I
t
J

I
·1

I
i
i

A

A

A

A

B

B

n

.r

Grading on
new building

board ,test

35

30

35

45

45

30

9 25

16

16

10

15

13

10I·'
l'~

Class 1

Class 1

Class 1

Class 1

Class 1

Class 1

Class 1

. Class 1

i . .1 I
and \ Ciassification ofI' Mean t:iJne for all ~

; I

I "Surface Spread room to become '
: , of :I!'lame Tel] tit of! .involved in fire 1

I, B.S. 476 I min sec I
: ' I !

I

I I
I' · 17 10 i

, i
I

17 45 I

I
I
i
!

I
I
i
I
i
!

I
I
I
i
j

1
I
1

I
I
I
I
I,
I

. i

I

I
!

I,
Fibre insulating board I
.~ ...'l. '~h surface trea~ment i
or an ,intumescent paint
(30.g(ft2 ) ':,

Particulars of wall
ceiling linings

Fibre insulating board
with surface treatment of
an intumescent paint

. (15 g/rt2 )

Hood,wool

Asbestos paper faced 1
. fibre insulatii1.g board

.' ,1
I

Plasterboard

Hardboard with 'surface
treatment of an
ll1tumescent pairit
(30 g/ft2 )

Hardboard impregnated
with monammonium
phosphate. (Retention

-. of 'salt - 18 to 20 per
cent by.'vveight)

Fibre insulating board
impregnated with
monammonium phosphate.
(Retention of salt -
9 per cent by weight)

Fibre insulating board
with surface treatment
of silicate. paint

Class 1

Boarderline
Class 2-3

9 ·00

7 45

i
j'
i
;

,I

! .

Treated fibre
insulating board

Class 3 .6 00

Untreated hardboaro Class 3 6 15 D

Compressed straw slabs· Class 3 5 45 D

Untreated fibre
tnsulating boards

Class 4 5 00 D
\

_",

I- --'- ~-------......----_• .....;. ".
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Some tests were also carried out in which the 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 r-eLa tiv€ merits of different boards and trca tmen ts 'we're similar,

Tlle pattern of the growth of fire obtained in these experiments is
::::;::.:(,;:.l.ar to tha t found. in a ome f'u l.Le-acaLe tes ts under-taken by the Builc1ihg
H3S0o.rc·h Station in 1943, wher-e the arl'angerncn t· of rurnd, ture was essentially
tho So.:113.

The results in.:Table 2 show that the time to flash-over varies from
9 to 18· mxnu tes '-ivitFlin Class 1 and from 5 to 9 minutes over tho range

'Class 2 to 4. Clearly the classification of the "Burf'ace Spread of Flame
Test:' is able tooistinguish be tween the poorer materials in 'terms of
flash··over time but fails to distinguish between the better 'materials,
In terms of a range of flash-over timos Class 1 is very large. Classes 2,
and 3 are very small. Class 4 has no lower limitand may therefore be' in
principle a large class also.

THE DEVELOPMENT OF A NEW BUILD1NG BOARD TEST

'It was not found possible to change the criteria of' the lISur f a ce
Spread'of' Flare Tes b" to make a more suitable division between gradings in
the light of the resultS)Of the model experiments, so that it became necessary
to develop a new test \7. This was designed to grade linings acc~rding to
the flash-over times •

. The'apraratu:J used for the test is illustrated ~n Figure (4). It is
co~structcd with the test panel as one side of a ch~ilier ~f area 'lIT in,
s quaro . Behirid. the panel, :~. in. of asbestos board is mounted to provide

. acme thermal insulation. The chamber is heated by tVIO electric elements
opez-at ing at a power of 1'5 kW. Ventilation- is pr'ovd.ded by an air inlet near
to .;;!:,3 ·test panel and a row of' gas jets act as an igniting source •. The flue
ga:..;',;:;> f'rom the chamber pass through a chimney and at a 'point in this chinmey
thCl~:.'.. ' t,,,mpera ture is measured. The gas is lit and the electric povrer is
turn~~ on after 3 minutes.

Several materials were tested 'in this apparatus a.~.~; it was found that
if certain criteria were chosen, a classification could be obtained which
would correspond to the flash-over timen obtained in the mode l vexpertirrenbs
described previously•.

TIlese criteria depend on the. comparison of the flue gas temporatur~ lvith
that obtained for a standard incombustible board ~in. asbestos board.
The c las s Lf'Lca tions are shown diagrammatically in Figu re 5 where e d.enotes·
the flue gas temperature at any time for the incombustible board.

.~

5 min

'3 min

.: B

.(1

1 .

5 min-

Time to reach (e + 50)°0;

FIGURE. (5) CLAS~ICATICN :rn J3UILDmC· BOARD TEm
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If the flue gas temperature exceeds the tcmpcr-a tu re attained with an,
incombustible specimen by 500C, while the only source of heat ~s the gas
bUlcner, the lnaterial is placed in the lowest Class - D. This implies that
the material can be ignited easily and that it has,a readily combustible
surface. The classification with the other three gradings involves not only
the t::.'OO that the temperature takes to rcach (e.» 50)00-, but, also the time
for which the temperature rornaIns above this level, This criterion
corresponds to the idea that the hazard 'of a' lining is relatcd not only to the
ease of its ignition but also to the total amount of heat liberated.
Materit-ls for which the flue gas ~temperature exceeds (Q + 50)OC for less than "
3 minutes; and whi.chvdo not reach (G + 50)00 in less than 3 minutes arc rated
in the to? Class - A. Ma terials which do not reach a temperature of (G + 50 )OC
in 3 minutes but reach it in less than 5 minutes and for which the time that'
their temperature exceeds (g + 50)OC is greater than 3 minutes arc
classified as Class C. The renuining Class - B includes materials for which
the time that their temperature is in excess, of (g + 50)OC is greater than 3
minutes.

Broadly,speaking, the distinction beh7een Classes A and B is that Class
A covers materials and treatments which do not make a significant oontribution
to the development of fire in room even if the room is oompletely lined with
thorn, whilo Class B covers the remaining materials and treatments previously
graded Class 1. This distinction has only become possible as a result
of the model experiments which Were able to set a standard of 'the haznra; ,
from furniture and a wooden floor, (untreated) by which to judge the
contribution of linings. In the Surface Spread of Flame Test it appears that
as a result of these experiments 'that Classes 2 and 3 cover a relatively small
range of behaviour, in a fire. In the tvi« test 'these classes have, in principle,
become one, i.e. Class C. It does not necessarily follow' that, a Class 4
nnterial would always be [radcd Class D or that Class 1 ma te r-La.Ls would always
be now graded A or B, but in general one 170uld expect this to be so. '

Some results of the test .aro shown in Figures, (6), (7), (8) and (9).
One sees in comparing CL"lsS Band C, D hafT the·eharacteristic .rise in
temperature over that for ,~ inc~nbustible speoimen oocurs later the higher
the class. Class A is different from the others in that there is a limit
to hovl long the excess temperature can persist.

Table 2 includes the grading of various materials as given'by this test.

Quantitative basis of test

As mentioned above, the model experiments show qualitatively the'
comparative effects on fire behaviour of various linings and also an
absolute ef:ect compared vnth a standardised set of fUrniture and a wooden
floor. The test also in prineiple'eompares the heat output and its rate of
liberation with that from a ,standard supply. One of 'the 'objects of future
model experiments will be the quantitative evaluation of the effects of'
different rates of heat output on the development of fire. In the meanwhile
it is possible to evaluate an approximate equi~alence for the test beh,een
temperatures measured in the flue and rate of ''heat output. One could do this
by a continuous control, of, the supply of uel to r-epr-oduce a given curve; even
this is not exact as it matters wnere the heat is actually liberated. A
simpler but also not absolutely accurate arproach is to usc fixed rates of
heat output, to ct'(nin,a eet ,af' tomper-aturo time cucves; . This is, .prbbably
sui'f'iciant f-or our inrncdiate needs, rmdi:so;~,by using diff.PI'\;nt rateS,of""g011:
supply to the test box an npproximabo c qiriva'len t has been obtained between flue,
gas \io.lnperature and ra te of heat ou tpu t.

I
. '~.".

"

•
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This method is clearly most satisfactory for high rates of output
'from the specimen and the data for fibre insulat Ing board are shown in
Figure. (10). There is good agz-eement with the values obtained by
measuring the rate of loss of weight while the teGt was in progress.

The behaviour of wood in the new test

A:!.though no extensive work has been· .done yet to ~xamine the behavdour
c)!' wood in this test, a few tie.at s have been made for two differ'.mt firir'
r~tard~n7 treatments and they give results in line TIith expectations. '
1'h.esc 1'::':081.:1 ts are' listed in Table 3. , The treatments (1 and 2) concerned

. : &~~::: mjj~::;ures of various ~albs , the pr incipl e one be ing man-ammonium
~)h()[;ph£..~:c. " .

Oa;,~ ",

Doug.i.us fir

......

... . : ~' .-~'~'. '-',

Douglas "fir
• '0..

';;:' . : DougLas fir

f ..

Doug.Las fir

Baltic redwood

Treo.tment Time to Q + 50 Class

Untreated 1 min. 35, sec. D

Untreated 1 min. 55 sec. D

Untreated 2 min. 50 sec. ·D

" 3 min. 25 &::9. C
il 3 III n . 'j e 880. '. :.C
II 3 min. 20 sec. C
II 3 min . 24 nee; C

, (1) 2-'3 lb/cub rt: 4, ',llin~ 1~;~·s~c·. C
11

4 min. 1:;'" , C,q: ~ec. -
(1 ) 5-5·5 Ib/cub ft. 4' min. 0 E!ec~' ,0

4 min. 50 sec. C
5 min. 18 sec .. ' B

(2) 5-6 Ib/cub ft. 6 min. 24 sec. B
6 min. 40 sec.' B, 7 min. 36 sec. B

(1) 1-2 Ib/6ub ft •. a min. 30 sec. D
o min. 50 sec. D

;' _I

Table (3)

Tests 021 treated and l.U1treated woods in the neVi test

Some of the variation in the results is due to small var~ations in
the level of impregnation' between one sample and, another.' Also not all

.the Douglas fir vias from, the same batch.. . '.

. The above results, scanty though they are, suggest that untreated
'woods are iri ci~her ClassC· or D, ,treatment ,by impregnation'may mcrease
the grading by an amount depending on the degree of active salt· retention.
and, in this' connexi.on -, it'. is, of Lrrberest to note thet though we do not,· .. '
yet have data for different levels of tr~atmentfor one species of wood'

. the time to reach Q,+ 50'does increase with increasing total salt retention•
.. 1m. estdmate for the impregnated hardboard ~isted in Table (2) gives an "
. approxdrnat e salt retention of ab out 7 lb/cub ft. and it is possible ~hatl ,
'this 'material has a .performance' o"f Class A, or: at EJny rate a high performance

l ': in CIa ss B. ' '

Until more data are available for one' particular wood treated with
clifferent 'levels of the same tr;~atment one cannot make 'too much of the
above figures but t.heae do suggest the order of the salt 'retention required
for various gradings. No test has yet been made where an impregnated wood
has achieved Class A but there is no reason, to 'believe this is not possible.
From the point of view of growth of fire the wood would. then be nearly
comparable with plasterboard or wood wool., It is worth noting that one
user has imposed a restriction on the use of Class 1 (spread of flame)
materials. For certain uses, while not requiring incombustible materials
the user specif icd materia~s inherently Class 1 and not Class 1- by virtue
of a surface treatment. This in the absence of a functional criteria is
recognising the relatively large range within Class 1 but clearly a: .
fl.U1ctionel requirement is·D. better one, and if this test were adopted. and

....
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Class A and B were taken as corr-e spond ing-vt o the upper and lower halves
of Class 1 it fol101"S that it may be pass ible for a treated .wood to be
regarded as satisfactory whereas, in some instances, it is not so, at
present, '

i'c is also apparent from the above results that a treattrent of less
than ab~ut 21b CUb/ft. may not raise a Class D wood toa higher grade,
ana al+h~ugh there may be some actual improvement it is not significant.
~:i1('Y''' Lc "orne evidence to suggest that a loy! salt retention may be worse
t lian no +r'eatment at all (8.:.

(onrual'ison with other tests
.,._·,_.·Io_._,~ .

Th", spread of flame test, 'and the newly developed tests have both
been "0"lfered with the flashover time in a room lined with the material
-::C:ci~;(',d, Since flashover time is probably the most satisfactory
f'unct Lona L recrliremcnt at present available it would be worth while
cd,,:,a,-'ir;g the ratings given by other tests to the newly developed test
wh'.,,", is related to flash over times. As we do not have sufficient
da';;" for this at present we intend to carry' out comparative tests with
other countries. ,Vie can howevefcjake a tentative comparison with the
U.S. Underwriters "Tunnel Test" : •

This consists essentially of a horizontal duet 25ft, long of
rectangular cross sections. The sides and base of the duct are in-
combustible and the specimen on test is made the inside surface of the
top of the duct. Flames fran a gas burner impinge on the specimen at
one end and a classification is made of materials according to both the
rate of liberation of heat and the rate of flame spread. The index is
fixed,according to an arbitrary scale with red oak 100 and an incombustible
zero. The tentative compar Lscn between the U.f:V'TunneP Test, and the
spread of flame test, the newly developed test described above and flash
over time is shown in Pigure (13).

Just as the spread of flame test is more sensitive at distinguishing
between the poorer materials so is the Tunnel Test. This variation of
Tunnel Test index between 100 and 300 is unlikely to correspond to more
than a small variation 'in performance in the model room. This is in
line with conclusions reached by Dantuma (10) and his co-workers in

'Holl?~d. They found that treatments whose efficiencies were found to
be widely different on the Tunnel Test gave results that were sensibly
the same on large-scale tests.

DISCUSSION

It is necessary to da scirss the question of how much is it worth
wlri.Le treating timber. The answer to this depends on the relative
proportions of treated timber and other combustible materials present.
Clearly if all the conibus'Gibles are treated then the whole process of'
ignition and spread to flashover may be slowed down. If only a part
of the mat.e r ieL present is so treated it is D. matter .of probability
whether the untreated material is near to the igniting source and
becomes involved in fire at an ecrly stage; the presence of:' a small
amount; of treated material is unlikely to have a significant effect.
As work progresses it should bee one possible to answer the question
how much material of such and such a class can be tolerated in a roan,
assembly hall, etc, the Lowe r the grading, the less the tolerable
area. 'J!'or example flashover times for different pcr-cerrtagess of
area could be determined for more conditions than have been done'
hitherto.

, I

"
"
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It might be that the ampcr-tance of the r-eLative dlf'f'er-ence between two',' .
materials beccmes less if cnly half, say, of the wall su~face is covered.
This is somewhat speculative of course but this question ~s important in '
practice and it is one of'the problems which we hope to studY 'in the work
we a,:,e now doing. Having been able to rcproaen t a par'acular fire by a
s ceLed modeI H is nrm necessary to explore the fundamental basis of scaling
fi':'el' c, ,J that this technique can find a wider application.
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