-

m&u FAL oL

- f“*‘."'\f."""-"i':'.“\""' N T 3 FiRg REE. o ACH
Eﬂrr"*?’? DV DERLDTENSD O ﬁséi{ ORGAN: &, 12 1
! I;Ehﬁa‘ééﬁé CBAHLE bl ieseiile WM REFERENCE 1L woif 1 7

N o, INDQFR. NBus

; F.R. Note No. 245/1956
. | Research Programme
. _ -Objective BE.I.

" DEPARTAENT OF SCIENTIFIC AND TNDUSTRIAL RESEARCH AND FIRE OFFICES' COMMITTEM

4

JOINT FIRE RESEARCH ORGANIZATIQN

’

This report has not been published and
should be considered as confidential advence
information, No reference should be made to
it in any publication without the written
consent of the Director, Pire Research
Station, Boreham Wood Herts.. (Telephone:
BIStree 1341 and 1797). .

THE CONTRIBUTION OF WALL LININGS TO THE GROWTH OF FIRE
.
' P. H. Thomas

f © Summary

This paper describes experiments on the

growth of fire in rooms and the effeots of ‘

different wall linings. This work has led to !

the development of a new %test for wall linings

which it is thought might eventually supersede

the present Spread of Flame Test.- The

relation beiween the perfrrmance nf wall , |
linings in an actual fire and their gradings

on the two tests are discussed. Some pre-
!llmlnary test results for treated and untrecated

woods are given,

April, 1956, . . 7 Fire Rosearch Station,
: * : . Boreham Wood,
F,1000/10/60" -~ Herts.

© BRE Trust (UK) Permission is granted for personal noncommercial research use. Citation of the work is allowed and encouraged.



'y

"_,;_1_'_- Ve,

THE CONTRIBUTION OF WALL LININGS .TO. THE GROWTH OF FIIE
o ' . ) P:‘H. Thomas

Introduction

Two papers (1 ) (2) to previous annual Conferences have presented the
work of the Joint.Fire Research Statsion on various asp 3 ts of the fire hazar
of timber. - The Director of Fire Research, referred to a programme of
experiments in which smell-scale models were to be used in investigating the
development of fires in single compartments, and it is with this that the
present paper is primarily concerncd

It will be useful to recapltulate the prineipal featurss of the ‘growth ¢
a fire, . There are three. stages each with ifte own problemg.:

The first is the primary ignition from a hot source., The extent to.-
which a material is susceptible to ignition can be measured by expoelng it
s to radiation and finding the minimum intensity required to ignite it.  In
'the second stage the fire spreads from the point of ignition over the surfacc
of solid combustible materials Thess may be in the form of combustible
material such as.wall and celllng llnlngs, combustible floors and curtaining,
The rate at which this spread occurs is an important factor since on it -
-depends the rate ofi-prowth of the fire in that compartment. The
susceptlbﬂllty of a E%jerlal to spread on 1ts c'urf'ace is meaeured in. the o
spread of flame test (B.S. 476 ). '

In general there is an accumzlation of heat in the compartment whlch
eventually leads to all the combustibles in the compartment being involved.
Towards its c¢limax this may be a very rapid process and is.rightly called

- flashover. At this point the temperature in the compartment rises very

"rapidly ard from then on the styucture - of the compartment-and neighbouring
compsrtments is ?egiously endangered, This is the provinee of the fire
resistanes tests whose objects are to establish the time for which a -
strustur: can withstand such conditions. This aspect of the problem,only
Decomlng important after flashover, does not concern us here.

The fire reta dant treatment of wood vill delay and mnay even prevent
ignition., Sinmns f gave data showing how the minimum intensity required to
ignite a material was increased by the application of various treatments.

*Although this minimum intensity, both for treated and untreated woods is

' geherally less than the intensity close to a buming ember or, say, a

cigarette, it still affects the time of ignition becase the higher- this
mininum intensity the smaller is the area where the intensity from the
buming ember exceeds it, The ignition, and the onset of spread from the
immediate neighbourhood of the igniting source thus takes longer to occur

the higher the minimum or critical intensity for ignition.

A satisfactory fire retardant:treatment will also reduce the rate at which
fire spreads over the surface and this increases the time to flashover.

This rate of spread of flame is measured by the standard test,but in order to
assess the significance of the ratings given by.the test to various rwiberials
treatments, in relation to the behaviour in actual fires, some experiments in
which reooms with fumiture and w?ll linings were ignited have becen made in
recent years by Hird and Tzuhl Thesc' experiments were mede with small="
scale rooms, and.the effects of scale werc examined by using models of dlff@m
size and comparlng the results with each other and with. results obtained in
certain full~scale tests, which are made from time to Cime by the Joint Flre
Research Organization, ~

A
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For example, some years ago the development of a fire in two similar houses,
cne havine walls lined with untreated fibre insulating board and one

having additicoinl protection frem plasterboard wns studied and the tiies of
flashover and rates of increase of temperature in uhese full scale fires
“were reproduced, for both types of l:mlng, in models /10 linear scale,

'ne s1gn1flcance of flashover

The time to flashover is important because not only does the fire thenr
involve the whole of the compartment but. the other hazards associated with .
fire then become very much more severe. | Both $hc oxygen oontent. of the
" atmosphere and the v151b111ty in an adjacent room decrease ‘sharply and the
carbon monoxide increases zupldly at about the time of flashover, . This may
be seen from Figure (1) which is based on some recent full scale tests (6)

Experimentél details of model fires

The arrangement of the furnlture and tke model room are showm in
Figure 2, The dimensions of the fumiture were scaled linearly excunt that
the thickness of the members was made large enough to prevent their being
bumt through before flash-cver. During the growth of fire to flash-over,
the thickness of the members and the linings is not otherwise of great
1‘1mportancc. The ventilation was acdjusted to ensure complete dcvelooment of
“the. fire,

Pehggts"of tects

Teble 1 gives the times taken for the whole room to become. involved for
both full scale and models for the three types of structure for which fullw
scale results arc available, Figure 3 gives comparative temperature records
for two of these fests, showing the 51m11ar1ty oetween full and small~scale

tcsts.
|

It was conslderod from this evidence that the growth of fire. could bo
simulated sufficiently accurately by the use of smll-scale modcls to
Justify the usc of this mothod in a comparative study of the behaviour of
bulldlng boards undcr fire conditions.

TABLE 1

TIME TAt\EN FOR FIRE TO INVOIVE VHCLE ROCH FOR BOTH
FULL SCALZ AND J.?EIS

!
. Pime taken for fire
te involve the whole
' room ﬁ
Type of s
. structure - o -
Full scale Models
- Tradltlonal - A4 - 20 15 - 19
‘{Incombustible walls ' TR
and ceilings) . . B o
- Fibre insulating . g 5 . .- L
board walls and - . ‘ c : i
ceiling with two
coats of distemper
'Plasterboard walls > 14 ~ 18
and ceiling

-,
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. ® Under exactly similar conditions the plaster-board
.. room could not take longer than the traditional

S type room, since the paper facihg of the plasterboard
would make some contribution, The probable reasmn
for the longer time taken by the full-scale plasterboard
structure was that 4he ventilation was more restricted
than with th¢ incombustible structure.

EFFECT OF LININGS CON SFRRAD OF FIRE

The manner in whlch 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 indicated in

Figure {2). The muiual support ziven by the flames from these two pieces
of fumiture was sufficient to ensure the development of a substantlal
fire, irrespective of the surroundings.

In the traditional: type of room (i.e. rooms with plaste}ed walls and
ceilings and wooden floorss the flames spread on the floor, assisted by’
radiation from the buining cupboard, until the table vas involved. ¥hen
the fire was well established in the table it spread quickly over %he rest of
the room {Plate 1) : )

In.the room lined with building boards on wall and ceiling, .once the -
flames from the cupboard reached the ceilling, the fire.developod in’'an
entirely different manner, . With untreated fibre insulating board-or
compressed straw slabs, the ceiling was ignited almost immediately 'and the
flames spread rapidly acrogs the ceiling and down the walls, igniting the

- fumiture before the flames had begun to spread along the floor from the:

cuphoard. Plate 2 illustrates this point in a one-fifth scalefroom.

In the rooms lined with treated fibre insulating board there were
ol¢€ht diffcrencos depending upon the treatments used. With silicate
paint, the covering cracked .very quiclkly and the protection offered under
these circumstances was small,  With surfacs and impregnation treatments
on fibre insulating board achieving higher ratings in the "Surface Spread

'of Flame Test", (3) the dcvelopment of the fire was similar to that for ‘the

untrcated board but the fire in the cupboard had to persist for longer before
flqmes spread along the ceiling, With fibre insulating board protected by a
/16—1n. skim plaster coat, the development was similar to that in a
traditional type of room,
. . . | . B
With the impregnated and surface treated hardboards uged and with
plasterboard linings the mechanism of development was again more like that
in the traditlonal room, although there vas some contribution from the boards
in all three cases, there being most from the hardboard with a surface’ trealn
ment, :

The classifications of the various boards on the "Surface Sorear of
Flame Test", together Wwith the time taken for the whole room to becoge
involved in flre when lined with the boards,.are given 1n Table 2, These
reaults are the average of at least three tosts in each case, the maxlmum
deviation from the mean being about 10 per cent. .
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. TARIE 2

PARTICULARS AND RESULTS OF BOARDS ‘TESTED IN FPULLY~LINED ROOMS

N

Classification of

i
Particulars of wall and liean time for all! Grading on
ceiling linings "Surface Spread | room to become | new building
of Flame Test" ofi-involved in fire board test
B.S5. 476 min sec .
\Incombustible o 17 10 A
o : - A Y
Fibre. insulating board . ‘Class 1 17 45 A
ith 3/16-in. (3-cm) )
im coat.,
Wood wool Class 1 16 45 A
Plasterboard Class 1 16 35 A
Hardboard impregnated Class 1 15 45 -
with monammonium
phosphate. (Retention |
" of -salt - 18 to 20 per
‘cent by welght)
‘Hardboard with 'surface Class 1 13 30 B
treatment of an; ‘
1ntumescent paint :
(50 g/ft2) : |
Pibre insulating boar& Class 1 10 35 B
with surface trcatment
oﬁ an 1nLUmescent palnt
(30.8/142) ~ _
:;Aabestos paper faced . Class 1 | 10. 30 B
fibre insulating board :
Fibre insulating board Class 1 . 9 25 ! B
with surface treatment of ;
©an 1ntumescent paint i
(15 g/f‘b ) i
Fibre insulating board Class 1 g 00 -
impregnated with
monammonium phosphate,
(Retention of salt -
9 per cent by weight)
Fibre insulating board Boarderline 7 45 3 o
with surface treatment . Class 2-3
of silicate. paint P :
Treated fibre Class 3 6 00 ' o
insulating board ;
Untreated hardboard Class 53 6 15 I D
' |
Compressed straw slabs = ! Class 3 5 45 i D
Untreated fibre | Class 4 5 00 | D’
insulating boards . {

.‘5
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Soms tests were also carried out in which the building boards formed
orly 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 trecatments were similar,

Te pattern of the growth of fire obtainéd in these experiments is
sixilar to that found in some full-scale tests undertaken by the Buildihg
Rescarci Statien in 1943, where the arrangement of furnifure was essentially
the samaz, - ‘ ' : '

The results in.Table 2 show that fthe time to {lash~over varies from

9 to 18 minutes within Class 1 and from & to 9 minutes over thc range

lass 2 to 4. Clearly the classification of the "Surface Spread of Flame
Test'! is able to distinguish between 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 times Class 1 is very large. Classes. 2,
and 3 are very small, Class 4 has no lower limit and may therefore be in
principle a large class also.

THE DEVEIOPMENT OF A NEW BULILDING BOARD TEST °

It was not found possible to change the criteria of the "Surface
Spréadlof Flame Test" to make a more suitable division between gradings in
the light of the resul{s of the model experiments, so that it became necessary
to develop a new test ). This was designed to grade linings according to
the flash-over tinmes. ' ' ‘

[}

~ The- apnératua used for the test is illustrated in Tigure (4) "It is
COﬂstructcd with the test panel as one side of a chamber of arca 7% in,
sguare. Behind the panel, 1 in, of asbestos board is mounted to prov1de

"some thermal insulation, The chamber is heated by two electric elements
operuting at a power of 1+5 kW, Ventilation  is provided by an air inlet near
to +re test panel and a row of gas jets act as an igmiting source. = The flue
gasss from the chamber pass through a chimmey and at a point in this chimmey
thaei» temperature is measured. The gas is 1it and the electric pover is
turnzd on after 3 minutes. .

Several materials were tested -in this apparatus an® it was found that
if certain criteria were chosen, a classification could be obtained which
would correspond to the flash-over times obtained in the modél,exyeriments
described previously. - \ ’

These criteria depend on the. comparison of the flue gas tempurature with
that obtained for a standard incombustible board 5-in. asbestos board.
The classifications are shown disgrammatically in Figure 5 where 6 denotes:
the flue gas temperature at any time for the incombustible board.

». | C | B

5 min] =

ternerature,
O)CC,

4
1
i~

-

N

L

Tine for wrich
excesds {0 +

3 min .5 min-

Time to reach (& + 50)°C:
FIGURE. (5) CLASSIFICATION IN BUILDING BOARD TEST -
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If the flue gas témperature exceods the - temperature attained with an,
incombustible specimen by 5000, while the only source of heat is the gas
burncr, the material is placed in the lowest Class ~ D.  This implies that
the material can be ignitced casily and that it has a readily combustible
surface. The olassification with the other three gradings involves not only
the t.me that the temperature takés to rcach (8.+ 50)°C, but also the time
for which the temperature remains 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.

Matericls for which the flue gas temperature exceeds (@ + 50)°C for less than

3 minutes, and which-do not reach (Q + SO)OC in less than 3 minutes are rated
in the ton Class - A. Materials which do no% rcach a temperature of (@ + 50)°C
in 3 minutes but reach it in less than 5 minutes and for which the time that’
their temperature cxceeds (€@ + 50)°C is greater than 3 minutes arc .
classified as Class C, The remaining Class - B includes materials for which
the time that their temperature is in excess. of {6 + 50)9C is greater thian 3
minutes. : ) '

Broadly speaking, the distinction between Classes A and B is that Class
A covers materials and treatments which do not meke a simificant contribution
t0 the development of fire in room even if the room is completely lihed with
them, while 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 hazard -
from furniture and a wooden floor. {(untreated) by which to Judge the
contribution of linings. In the Surface Spread of Flame Test it appears thaﬁ_
as a result of these experiments that Classes 2 and 3 cover a relatively small
range of bchaviour in a fire. In the new test 'these classes have, in principlae,
become one, i.e, Class C. It does not neccssarily follow that. a Class 4
material would always be graded Class D or that Class 1 matcrials would always
be now graded A or B, but in general one would expect this to be so. '

Some resulfs of the test arc shovm in Figures, (6), (7), (8) and (9).
One seces in comparing Class B and C, D how the.characteristic rise in
temperature over that for an incombustible speoimen occurs later the higher
tHe class. Class A is different from the others in that there is a limit
t0 how long the excess tempcrature can persist,

Table 2 includes the grading of various materials as given-by this test,

guantitative basgis of test

As mentioned above, the model experiments show qualitatively the
comparative effects on fire behaviour of various linings and also an
absolute eflecct compared with a standardised set of furniture and a wooden
floor. The test alsc in principle compares 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’
differcnt rates of heat output on the development of fire. In the meanwhile
it is possible to cvaluate an approximate equivalence for the test between
tomperatures measured in the flue and rate of ‘heat output. One could do this
by a continuous control of the supply of uvel to reproduce a given curve; cven
this is not exact as i1t matters where the heat is actually liberated. A
simpler but also not absolutely accurate approach is to us¢ fixed rates of
heat output, to inin a eget of temperafioe time cwvesy, . This is probably
suificimt Tor our immediate needs, nnd:so, by using differcnt rates.of, .goaa: |
supply So the test box an approximtc cquivalent has been obtained between flue .
gas 4omperature and rate of heat output,
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This method is clearly most satisfactory for high rates of output
from the specimen and the data for fibre insulating board are shown in
Flgure. (10). There is good agreement with the values obtained by
measurlng the rate of loss of welght while the test was in progress.

The behav1our of wood in the new test

Although no extensive work has been- done yet to examine the behaviour
of wood in this test, a few tests have been made for two different fire:
retardant treatments and they give results in line with expectations.
These wcsults are listed in Teble 3., . The treatments (1 and 2) concerned

e miriures of various salts, the pr1n01p1e one being mon-ammonium
nuupha Lo : .

‘mimber - Treatment Time to 6 + 50 Class

Yellowlpine : ' Untreated . . 1 min, 35‘§ec. D
Ok T “ - Untreated 1 min, 55 sec. D
Douglaes fir Untreated .2 min. 50 sec, ‘D

. ' " 3 min, 25 scc, - C

. " - 3 wmn. 16 gec, .G
e 3 " 3 wmin, 20 sec, C
g N [ L 3 win, 24 '*JQC". . C
Douglas”fir , (1) 2«3 %b/cub f't., hewing 197 sec, c
‘ o . L min., 50 se€, C.

'-?Douglas fir . .- (1) 5-5.5 1b/cub ft, 4 min. O secy G
' : . 4 min, 50 sece, - C

P , . A 5 min, 18 sec, - B

Deuglas fir (2) 5-6 /e ft. . © 6 min, 2L sec. B -
o o = ' 6 min. 40 sec., - . B

: T 7 min, 36 sec, B

Baltic redwood (1) 1-2 1b/cub £+, O min. 30 sec, D
- ' : - 0 min. 50 sec, D

Téble (3)

Tests on tredfed and‘untréated voods ih the new test

Some of the variation in the rcsults is due to small variations in
the level of impregnation between one sample and another, - Also not all
.the Douglas flr vias from- tho samc batch,

The above rcsults, scanty though they are, suggest that untreated
‘woods are in cither Class C.or D, -trcatment by impregnetion may increase
the grading by an amount dependlng on the degree of active salt retentlon
and, in this connexion-it is of interest to note that though we do not
yet have data for different levels of treatment for one species of wood”
. the time to reach © .+ 50 does increase viith increasing total salt retention.
- An estimete for the impregnated hardboard listéed in Teble (2) gives an
- epproximate salt retention of about 7 1b/cub ft. and it is possible that'
‘this material has a performance of Class A, or at any rate 2 hlgh perfornmnce
in Class B.

Until more data are available for one particular wood treated with
different levels of the same treatment oné cennot make t0o much of the
above figures but these do suggest the order of the salt retentian required
for various gradings. No tecst has yet been made where an impregnated wood
has achieved Class A but there is no reason. to belicve this is not possible,
Prom the point of view of growth of firc the wood would.then be nearly
comparable with plasterboard or wood wool, It is worth noting that one
user has imposcd 2 restriction on the use of Class 1 (sprcad of flame)
meterials, Tor certain uses, while not requiring incombustible materials
the user specificd materials 1nherent£z Class 1 and not Class 1-by virtue
of a surface trecatment, This in the absence of a functional criteria is
recognising the relatlvely large range within Class 1 but clearly &'
functional requirement is a better one, and if this test were adopted and
. . R
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Class i and B were taken as corresponding-to the upper and lower halves
of Class 1 it follows that it may be possible for a treated wood to be
regarded as satisfactory whereas, in some instances, it is not so, at
present; B . '

‘ 1t is also epparent from the sbove results that a treatment of less
than abcut 2 1b cub/ft. may not raise a Class D wood to a higher grede,
and althcugh there may be scme actual improvement it is not significant.
"here 1o some evidence to suggest that a low salt retention may be worse
than no treatment at a1l (8.

Yomparison with other tests

The spread of flame test, and the newly developed tests have both
been compered with the flashover time in a room lined with the material
woghed . Since flashover time is probably the most satisfactory
functional reguirement at present available it would be worth while
conaring the ratings given by other tests to the newly developed test
which is related to flash over times. 4As we do not have sufficient
date for this at present we intend to carry out comparative tests with
other countrics, Ye can hcwevefﬂTake a tentative comparison with the
U.S8. Underwriters "Tunnel Test" \./,

This consists essentially of & horizontal duct 25 ft, 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 duet, Flames from 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 hecat and the rate of flame spread. The index 1is
fixed .according to an arbitrary scale with red cak 100 and an incombustible
zero. The tentative comparison betwecen the U. &, "Tunnel™ Test, and the
spread of flame test, the newly developed test described above and flash
over time is shown in Figure (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 30C 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

"Holland, They found that treatments whose efficiencies were found to
be widely different on the Tunnel Test gave results that were sensibly
the same on lerge-scale tests.

DISCUSSIQN

‘It is necessary to discurss the question of how much is it worth
vhile treating timber. The answer to this depends on the relative
proportions of treated timber and other combustible materials present.
Clearly if all the combustibles are ireated then the whole process of
ignition and spread to flashover may be slowed down, If only a part
of the material present is so treated it is a 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
emount of treated material is unlikely to have a significant effect.
As work progresscs it should become possible to answer the question
how much material of such and such a class can be tolerated in a room,
assembly hall, cte, the lover the grading, the less the tolerable
area, HMor exsmple flashover times for different rercentages of
srea could be determined for more conditions than have been done’
hitherto,
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It might be that the importance of the relative difference between two
materials becomes less if cnly half, say, of the wall surface is covered,
This 1s somewhat speculative of course but this question is important in
practice and it is one of the problems which we hope teo study in the work
w2 are now deing., Having been able to represent a pariicular fire by a
scaled model it is now necessary to explore the fundamental basis of scaling
fires - . that this technique can find a wider appllcatlon.
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