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. ~/5 and liio.scal.e m?dels of a,tr.ad:j;t;ional,typ? .roqIn, '
were used to study the mechanism of thc growth of f~re. In
the first of two series of experiments the spread'of'fire.in
a furnished room was studied. In the second series' the .fire
was started in. the only major piece of f\lI'!li t.ure pr~s.en;l;.and,..,
observa'tions Ylere macle of the intensity of rodiation, the
velocity and final distance of spread· of flan~ on the floor.
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1.. Introduction ..... ..... :.", .~ .. : ..

" ,

In the· build-up of'a fire in a room of a typical' dwelling house, a
, " stage is renched when .the oontents of .tj1e r09m l!a.ve.b"en s).lfrio;i.el1qy, he{!,t?p."., ,I.

. for the fiI'e to spread 'very quickly, and involve the whole room. This
stage is known as the t flash-over'.· Before' flash-ov:er' 'is reached one I . ·1
person with a stirrup pump could cohtrol the fire; after' this, extinguish- LI

.ing the fire would be much more difficul t. . Thus the control of a fire in :".
a room-d~pends ~argely on the tire' taken for the fire to reach the ,'flaSh-OVer,\',
stage. 'This,' in turn, is controlled by such factors as the aeration' of the
roOm, the manner and place in which the fire starts ,the type of. flooring, '
'.'611s and ceiling in the room and the 'type and placing of the furniture.
To investiEate the effect of these factors in a full-scale room would entail
such a large number of tes ts as...to, ~e'. :j,mprac.tioable. :r;t was decided
therefore to examine the possibility of using small-scale' models for this !'

, purpose.

2. Partibulars of room and furni ture- .

"

Models of,a traditional type room, 18 ft x 12 ft x 9 ft were constructed
from asbes~os ,vood.· A'plan of the room is shown in Fig. ·1 with the position

.of the furniture indicated. The measurements sho,m in Fig. 1 are those of
a full-scale room, and the models were constructed with these linear .
dimensiollS "scaled ;to 1/5 and Vl0... H'ith the exception of the thickness of -

, the material all the dimensions of' the' furniture in the different Stzed ~

models Y,uro scaled linearly. The thiclmess Vias kept constant for /10 and
1/5 scales;'and ~as made as nearly as practicable the same thickness as
full-scale. Table 1 shows the fuU":scale dimensiollsof' the furniture, and
the materials used. The moisture content of the wood. varied between 11 and
14 per cent.
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Table 1

Particulars of furniturt! used·in tea ts
... 4.

4.1

!I

urruture
i

Full-aonle'dimepaians Thiekne'ss and materials
, used

room.
Fig. l

JFigs. ~

The floor of the models was of k in. deal ,which rested on. the asbestos
wood base. The windoVTs in the 1/5 scale model consisted of .3' panes. of
ordinary window glas s , a.nd in ~h~1/10 scale of 2 panes. It hnCl been found
in a previous_series of testa \1) that because of the means of support and
the small area of glass concerned, the panes did not alvmys fallout when
they cracked. I t was decided; therefore, to remove them on cracking to
simulate conditions in the full-scale.
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One board of l in. wood

Back - .;. in. wood' .
Remainder - ~ in.,fibreboarc

'1
~ ~n. WQod

Top - *in. wood
1 3 •egs - '4 m. square

Front - f in. fibreboard
Sides - 2 in. fibreboard
Back and top - i in. wood

top - 5 ft 10 in. x 4 t~ 7 in.
height - 2 ft 6 in.

seat - 3 ft 0 in. x 1 ft 6 in.
height - 2 ft 6 in.

back 2 ft 6 in. x 1 ft .'3 in.
seat 1 ft .3 in. square

3ft 4 in. x 2 ft x 6 ft 10 in.

board (2) 5 ft 10 In,. x 1 ft 3 in.

irs

board (1)

le

3. Some preliminary experiments on ~e;;a tion

In all the experiments the fire was started in the position shown in
Fig. 1 by two snnil pieces of meta.Ldehyde ,: ;;{hen the windows were completely
closed the fire did not develop. Tests were therefore c8::rricd out to
discover the effect of acra t Lon, .. . . . . "

... .,

The room \7asfUmished vdth cupboard and armchair only and tests ~ere

carried out. with' the" window~ of both 1/5 and 1/10 Beale models-open 1 in.,
2in., .'3 in. and 4·.in. 'and fully open•. When the windows "in' either model
were less than '* in. apart, oone;.st1nt results were not obtained. For
instanoe, iri ana exper-imention the /5 scale model with the windows open
2 in' l the fire dovul.opod , whereas in some tests with the windows open
3 fri. the firo did not develop. In all, the tests on bo th scales with the
wtndorro open 4 in. or morc the fire'devoloped similarly and the results
were re pea tab Ie , I twas deoided, therefore;. too t the windows should be
4 in. apart in both 1/10 and 1/5 scale rooms •.

A possible ranson for tho unpredictable behaviour of the fire when the
\7ind.ow8 were open less than 4 an, is that the moi.e ture content of the
furnituro varied betwoen 'about 11 and 14 per oen t , &naIl deviations in
moisture oontent vmich would make little difference when the air supply was
plentiful, may bo very important ncar the criticul level of aeration.
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4.1 Furnished rooms

There were three tests on· the 1/5 scale and three on the 1/10 scale
room. Temperatures, measured by thermocouples at the positions sho\vn in
Fig. 1 were recorded throughout. These temperature records are shown in
Figs. (2 and 3). ' ' , , '. '.

The development of the fire followed the same pattern in all the tests.
During the firs t 8 or 9 minutes" the temperature graauallyincreascd until
the fire was well established in the cupboard and chair. As flames frcm
the cupboard spread across the ceiling the windows cracked and we re removed.
This generally occurred between 8 and 11 ndnutcs after ignition. Once
the windows ware removed the fire burnt more fiercely and a corresponding
temperature rise could be observed (Figs. 2 and 3). About this t~ne,
flames began to spread along the floor from the initial fire' until they
roached the table, which had already been heated by the radiation from the
flames on the ceiling. In no test 17aS the table ignited spontaneously.
The next stage of development was the spread of flame on the floor
underneath the table. Once this had started the mutually suPportil1g
radio. tion from the underside of ,the table and the floor produced a fp·e
which quickly involved the whole room. Fig. 4 shows the fire in a /5
scale roam in various stages of development.

I
1 I
I i

I
I

I

\

'Plnsh-Clver' is 9uite dofini to', and 0. sharp temperature rise, whioh
can be seen in Figs. \2 nnd 3) is assoc~~tcd with a rapid increase in flame.
Before this stage the flames have spread over quite a large area of floor
but have diccl out behind the flame front, leaving the wood covered wi. th a
thin layer of' charcoal, Hhcn the I flash-over' is reached f'Lames z-eappce.r
on this purt of the floor. The tllJ~S at which the main features of the
fire occur for the six tests arc listed in Table 2, together with the times
for Test 24, in 'vhich the rdndovm were left fully o?cn. Under this
conditi~n it took the fire slightly longer 'to reach the 'flash-over' stage.

Table 2

Times (min) of occurrence of tho main features of the fires

"J
Tes t No Scale j jTabl c ' I Chair\= ) ~''b£lir l2) Cupboard(.2 };All

1'IindoHS crack ,alight I alight alight", alight room involved

23 '

21 .

18.45

17,.30

15.00

15'.30

17.30

16.30

14.20

18.25

16.50

17.00

16.30

16.40

I 14.20
I
I
:,.14.45

! 9.20 11.59 i 11.50 15.40 16.00
, !
~1.20 13.20 I 14.25

!' I
10.10. " '~5. 50 10.00 '116.,20.

7.30 11~4~ 9.0 10.15 14.20·
~ I

9.30 10.20~O.15 12.00 I14.45

I I I8.30 I 8.10p-0.50 12.05 . 18.00, i 18.15
I I I . I

I 9.45 l
-

11.20

1/10

1/10

1/1~

1/5

1/5
•

1/5

20

22

19

18

Tcs~ 24 'ri. th windows rullt opc;n

15.20 118.45 J 18.47
, '

19.20
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The fire was started in a'major piece of furniture, and again, the
development of the fire rray be split up into three phases. The first
phase is the build-up of the initial fire, which from Fig. 5 seems to have
taken abou t 6, minutes. Secondly, the fire spread along the un tree. ted deal
floor ,until it 'reached another major piece of furniture, the table, about
12 minutes after ignit~on. The third phase was the establishment of the
fire in the table, and' then the rapid spread to involve the whole room in
17';' nrinutes s

.. By comparing the time's of occur-rence o'f the main features of the fires
in the models, (Table 2.), with those of the full-scale 'room indicated in
Fig. 5, it oan be seen that the mechanism of development of the fire in ' .
the model rooms is the same as in the ful.1.-scale test.

4.2 Pnrtialll furnished rooms

The final distanoe and velocity of spread of flame on the floor fram
the initial fira were determined using model roonm.' Por these teats no
furniture other than that normally used for ignition, that is the cupboard
and armchair,' .was inoluded. Slight modifications ~o the au pboard were

.made for these tests to siIm.llat~ morc acourately the full~scale' furnit~re.

The· cupboard ivaS made of wood ~ in. thick, except for the front and the top
which were of i in. plywood.

An attempt was made in these' experiments to determine the intensity of
radiation falling on the floor, by using gold-diso thermocouples, mounted
parallel to and about ~ in. above the floor. These gold discs were placed
in tho sarno relative positions in the 1110 ,and 1/5 scale rooms and were
removed' before the flames reaohed them. The positions of the gold'dlscs
together with the results of one of these tests are shown in Fig. 6.
Table 3,givos the final distances and the velocities of spread of flame in
the tcs ts..

The picture of the development of fire in a room of this nature whioh
is given by the models may be compared with the results of same full-scale
,teats done at the Building Research Station in 1943. A plan of this room,
showing the distribution of furniture and the rate of spread of fire in
one of these tes ts, is given in Fig. 5. Although the arrangement of the

: furniture and the ventila hon are slightly 'different in 'the small-scale
experiments, tho' main features of the prob.Lem are the same.

)1

,J

j

I

Time from ignition Mean rate Absolute Final distanco of
Test No. Scale to start of s proad of spre~d d.ist~oc spread rolated to

(min) (m.lmin)
,full-ocalc.

(in. ) ft in. mean
.. f'f1 m.

4.3 1/10 7.25 '," 2/3 8 G 8

44 1/10 6.40 1 at 5 5 ... 6 lV

1/10
:

4£ 7.00 1 10 8 4

45", ' '~/5 9~55 :3 16 6 8 l
,', ..

,.1/5,"
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.47, 5 •.30 .
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" ' .... l.. ., .

,(1) D.
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It oan be seen from Table 3 that the distances of spread related to
full-scale in the 1/5 and 1/10 scale models are of the saDe order, and that
the mean velfcity of spread in the 1/5 seale model is approximately tVQCO
that in the /10 scale. These results would be expected if the intensity
of r~Qin~ion at relative points on the floor of the different scale models
woro 'chs: same ,

The output from the three gold discs in Tests (43 - 47) is sho'TIl
P~LOtt';J against time in Figs. (7, a and 9). Although there is some
vr,r-ieli;:LC"l in the results from test to test in the same scale, and between
1/5 and 1/10 scale tests, the rate of rise is similar, and there is the
swne orDer of response from the' gold-disc thermocouples in both scales.
Sume of the deviations near the end of the graphs are erue to the difficulty

·in removing the gold disos as the flame approaches along the floor.

~1e of the gold discs ,IDS calibrated in front of a radiation panel,
under conditions as nearly as possible the same as in the tests. The gold
disc 'ms mounted parallel to a piece of wood with the polished side about
~ in. from the wood, and arranged so that it could be moved along a line
perpendicular to the centre of the lower edge of the radiation panel. The
radiating temperature of the panel was found by using a total radiation
pyrometer, and tho intensity of radiation falling on tho gold disc
oorr-c lr, tui! wi th the output from t,11C 6°"-.1 dll:c.

It can be seen from Figs. (7 and.a) that the intensity of radiation
just before removal of the gold discs is generally in tho region of 0.15
to 0.20 eal/cm2/sec, ,Vhich compares with the value given by Pickard
et alia (2) of 0.13 cal/cm2/sec for the threshold intensity for spread of
flame on Columbian Pine.

5. Conclusions

The tests outlined in this paper show that the devlopr.,ent of fire in a
z-oom can be s imulated in small-scelle models. This technique can therefore
be used to_investigate the influence of various factors such as type of wall
linings and efficacy of various fire-rctardant t rca tments, on the develop
ment of fire. An example of the possibilities of this method mc~y be seen
from Table 3. It is clear that if there is a mc~jor piece of furniture within
6 feet of the primary fire in this type of room, there is every possibility
of the.whole room being involved.
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