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Summary
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THE BURNlNG OF FJ;RES IN ROOMS, Part 11.

; :v
TESTS WITH CRIBS AND HIGH vmTILATIrn

rn VARIOUS SCALES.

by

C. T. Webster and MonicaM. Raftery.

1. Introduction

-', '

This report describes a further stage in a programme of experiments to study
the rate of burning and other features of fires in single compartments. The
first report (1) described tests in a 1 ft. cubical box with one side completely
open and these showed that the burning of cribs of 1 in. wood was not markedly
influenced by changes in the crib design. Accordingly experiments have since been
made on larger scales with cribs of 1 in. wood and a constant horizontal spacing
of 3 in. between the sticks. The effect of larger stick sizes and different
ventilation conditions has yet to be considered.

For this work the method of ignition was changed to hasten the growth of the
fire so that no part of the crib was burnt out before the whole crib was alight.
The tests on a 1 ft. cube were therefore repeated for direct comparision, the
burning rates obtained being only about 9% higher than previously.

2. Experimental arrangements.

For this series of tests incombustible boxes 1 ft., 2 f't. or 3 ft. cube were
oonstructed of the same design and material as the 1 ft. cube box described in
the previous report (1).

2.1. Weight losa measurements

The experimental procedure adopted for all tests to be described here
was the same as for the earlier series of tests in the 1 ft. box.

The 1 ft. and 2 ft. boxes were suspended f'rom a t in. x t in. cantilever
and the 3 ft. box f'rom a 1 in. x 1 in. cantilever. The cantilevers were held
by a vice and projected 4 ft. f'rom it.

The weight loss was recorded throughout the tests by the measurement of
the change in resistance of' strain gauges fixed to the cantilvers.

2.2. Radiation measurements during tests

The radiation f'rom the flames above the box was measured during each
test by a copper asbestos gold disc which was fixed in a central position
3 in., 6 in., or 9 in., above the box depending on its size and 2 in. behind
the f'ront plane of the box. The configuration of' the flames with respeot to
the radiometer was thus olose to unity for all the experiments.

The radiation f'rom the box opening was measured by a oopper asbestos
disc placed on the oentre line nonnal to the box opening and its distance
from a box was varied to maintain a constant configuration factor between
the opening and the radiometer.

2.3. Flame height measurements

The height of' the flames above the box was observed against a graduated
scale at various times during each experiment.

2.4. TyPe of wood and paoking density of cribs

Pine wood conditioned at 65 per cent R.H., 65Op, was used in all tests.



It was of 1 in. square seotion witp. unfinished surface and its denllity
varied petween 26 - 31 lb/ou.ft.

The length of stiok varied with the box size and was 5/6th of the
linear soal,e ,

The weights of wood for tests were suoh that the fireload was
DaninalJy either 5, 4, 3 or 2 lb/sq.ft. of box IToar area. The area of
wood exposed in a crib was oaJ.oulated by the f6nnula given in 1:he earlier
report, (l)'whioh allows for the variation in density.

2.50 CoTIdi tioning of 'boxes before test

Because asbestos wood is hygroscopio, t~e boxes were dried pdor to
each series of tests. For the 1 ft. box a 'gas flame was suffioient but
for the larger boxes a burn-cub, using a quantity of wood equal to the
maximum fire load for that box, was can-ied out one hour before the
oCDlllt:noement of tests.

2'06. Method of' ignition

All the cribs were ignited by a shl!!et of *in. fibreboard covering
quarter of the floar area under the oentre of the crib and ~ving 1.25 00.

of paraffin per square Lnch added to it. This produoed rapid ignit~on

for all tests. The additional weight of the igniting material was
inoluded in the weight of the crib.

3. EXper:lJnental Results

The prinoipal results from the tests in the different size boxes have
been tabulated (Table 1) and are shown graphioally in Figs. 2 - 7.

3.1. Burning rates

The weight loss was plotted against time for all tests and the
x-x curve in Fig. 1. is an example of the type of curve obtained. The
curve oan be divided into three seotions, the ignition period of short
duration where the burning rate is slow until the majority of the '!-Ood
has been ignited, the oentral linear portion where the burning rate is
approximately oonstant, and 'the burning out stage. The burning rates
were oalculated fran the formula

where W90 " 90 per oent of the initial weight.

W20 " 20 per oent of the initial weight

At .. time during which this peroentage weightless occurred.

This method of estimating burning rates oovers the portion of the
curve where the rate is oonstant and this procedure was adopted to make
the ,assessment of rates systematic for all tests.

The burning rates are shown as a funotion of the initial weight of
wood in Fig.2. Fig.3. shows 'the variation in the rate of burning per
uni t area of expo sed wood surface with fire load.

3.2. Flame and radiation fran the enolosure

Flame heights were observed frequently and the radiation fran
both the flames above the box and'the box opening was oontinuously
reoorded during each test. The maximum 'flame heights and the peak
radiation fran both the flames and the opening are shown in relation
to burning rate per unit floOr area in Figs. 5 - 7. The Importanoe of
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the variable burning rate/unit floor area is that it represents a velocity
of combustible gases per unit area in the boxes.

4. Disoussion

4.1. Burning rates in relation to weight of crib

The variation of burning rates with weights of wood in the cribs or
area of wood exposed is shown in Fig.2. and the trend is for rate to inorease
linearly as the weight or area of wood is increased; Tlie relationship
between rate and weight or area of wood is dOminated by the results for
larger boxes. Thus the line in Fig.2. correspond's' to' a: rate of £.78 mg.
om-2 sec-l whereas the mean for the 1 ft box is 0.62 mg cm-2 seo-. In'the
smaller boxes the rate tended to a maximum value at the highest firelo~s

for that box. This is probably associated' with the large height of the crib
,in,relation to the box height. Under these conditions the access of air to
the rear of the crib is reduced .and the ventilation and overall burning
rates are therefore relatively less.

Fig.3. shows the experimental values of the burning rate per unit area
in relation to the fireload. The points are closer together because the
same limited range of fireload has been used for all tests. The general
trend is for the burning rate per unit area R/Aw to decrease slightly with
increased fireload for all box si~es. '

4.2. Crib height

The height of the crib in relation to the height of the box has some
influence on the rate of burning. This was in fact suggested by the lower
rate of burning obtained with the largest fireload in the 1 ft. box as '
desoribed in the earlier report (1). Fig.(4) shows the rate of burning per
unit area against the crib/box height ratio. There is less scatter than in
the correlation with fireload presented in Fig.(3).

The results indicate that little increase of burning rate is to be
expected on full scale from this effeot. The intercep~ for ~ infinitely
large box gives a rate of burning of about 0.85 mg.cm- sec- (i.e. about
0.043 in/min). This fig~e i~ only slightly higher than may be calculated
from Fig.2. i.e. 0.78 mg.cm- sec-l, about 0.039 in/min. A rate of
0.85 mg.cm-~ sec-l is larger than the 1/40 in/min typical of fire resistance
(2) (3) test but is of similar magnitude to the results obtained by Bryan and
Folk for open cribs (4)(5).

In the previous series of experiments there was no apparent variation
in the rate of burning per unit area with crib height except for the largest
crib and the relation in Fig. (4) can therefore only be considered as an
approximation but the error in an extrapolation to large scale appears to be
small. Some experiments on large scale are being done to confirm this.

4.3. Maximum flame hei~hts

The maximum height of flames above the box is determined by the
maximum rate of burning and is dependent on the linear scale of the box from
which they emerge. It correlates well with burning rate per unit floor area
(WAF) Fig.5. The strai~ht line shows a negative interoept. The Value. of
this intercept is about t the linear height of the box which is reasonable
for the effeotive origin of the flames bearing in mind that air entrairupent
occurs on two sides in the open above the top of the box and on one side
only in the box so that the intercept of t corresponds to a plane tthe
height of the box above the floor.

The positive intercept on the horizontal scale represents the maximum
burning possible before measurable flames emerge.

4.4. Radiation of flames above the box

The maximum radiation intensities fran the flames above the box show a
linear relation with burning rate per unit floor area (Fig.6). The results

3.



show sane scatter about this line but it is not systematic with regard to
scale.

The peak radiation from the flames usually, corresponded in time to
the maximum flame height and occurred during the linear portion of the
weight loss/time curve for all tests.

·4.5. Maximum radiation from the box opening

The maximum radiation intensities from the box opening, which are
dependent on the highest temperature attained in the burning cribs,
are given in Table 1 and they inorease linearly with increasing rate of

. burning per unit floor area for all tests (Fig.?). With tests in the
1 ft. box the maximum radiation fran the opening corresponded to the
glowing charcoal stage in the burning crib when about a quarter the
initial weight of wood remained and the maximum rate of weight loss had
already occurred. In the 2ft. and 3ft. boxes the maximum radiation from
the opening occurred at an earlier stage while the burning rate was
still at a maximum, and when approximately half the initi8J. __ight of
wood had been burned and flames were still emerging from the box.

5. Conclusions

A series of tests has been' carried out in which' wood" cribs were burnt
in various sizes of boxes. For these experiments for which the type> ana'
thickness of wood was not varied, the burning rate, the height of the
flames above the box, and the intensity of the radiation from both the
flsmes'and the box opening, have been measured and show little scale effoct.

The results indicate that it may be possible to extrapolate to higher
values the variables that show good correlation for these experiments but
tests will have to be carried out under full-scale conditions before the
effects of scaling can be established as there are certain features of the
burning, e.g. the time at which the radiation is a maximum which do show
a scale effect.
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DESCRIPrI<Jl OF CRIEl AND HUIICIEAL Ell:PEllJllEIlTAL Ill!SllLTS

l!oJt Test Weight No. ot Rate at Duration c4 Crib he.L:1ht Plame heiJooht ya:I:. radiaticm. 1Ia:I:. radiaUOll Area at wood Rate!area ot wood oxnoaed Pire 1004 DeDait:r' at ",004
Size -No.

kg'llb.
sticks ",eiJooht loss rate of all. in. all. in. fran f'lames tr<El ~1Dg

~
:2 :~!I -~ -1 g.o::>-2 Ib.tt;Z sf'" Ib./OIl ft.cal.aIl;2 Seo;l cal. em; sec:-1 Iolg."', ceo. b.f't. rn.

sfss<jll>./1Il1D .... 1ght loss
~QI>Af ft. " 10-sec. IVtu .

~ ~ Dot.

Teata in tb If 1>0". l_th et atick = 10 in.

1 tt 99 2.38 5.25 ;2 4.01 0.5; 4JJo. 28 II 61 24 0.19 0.81,. 0.72 7.78 0.556 6.52 2.56 5.25 0.4-5 28

100 1.9~ 4.25 26 ;.6; 0.48 375 22.8 9 5;.4 2l 0.18 0.74 0.59 6.;2 0.615 7.59 2.00 4." ...1,,5 28

101 1.45 ;.2 20 ;.18 0.42 ;24 17.8 7 45.7 18 0.175 0.67 0.45 4.86 0.707 8.64- 1.56 ;.2 0~l,.5 28

102 1.01> 2.; 14 1.97 0.26 ;66 12.7 5 ;0.5 12 0.085 O.l,.; 0.;2 ;.4 0.616 7:65 1.12 2.; 0.1,.5 :Ill

Tests in the 2' box, length of stick = 20 in.

2 f't 105 9.17 20.2 57 17.55 2.;6 360 ;0.5 12 122 48 0.;60 0.965 2.57 27.75 0.694- 8.51 2.40 5.0 !I.50 31

106 6.99 15.4 44- 1;.85 1.8; 354- 24.1 9.5 91.5 ;6 0.270 0.985 1.99 2l.4 • 0.696 8.55 1.8; ;.9 O.~ ;0

107 5.l,.2 ll.95 ;7 1;.17 1,74 288 20.; 8 76.2 ;0 0.207 0.80; 1,67 18.0 0.788 9.67- 1.l,.2 ;.0 0.4.5 - .:Ill

10; 4.99 ll.;5 ;7 12.9; 1,71 279 20.; 8 91.5 ;6 0.210 0.710 1.67 18,0 0.775 9.50 1.;1 2.8 0.4-2 a
I

lO8i ;.68 8.1 24 8.l,.7 1.12 ;06 14 5.5 ;0.5 12 0.075 0.4-75 1.08 ll.67 0.78l,. 9.60 0.965 2.0 0.l,.7 29'

Teats in tho ;' boJI:, leagth at aUck = ;0 in.

; ft 1J.09
'.

20.85 l,.6 90 l,.2.;7 5.60 311-5 30.5 12 18; 72. 0.340 1.;; 6.09 65.6 0.696 8.5; 2.5 5.1 O.loB 29.5
I

III 16.;; ;6 68 40.55 5.;6 ;;6 22.8 9 152 (j() 0.251 0;855 4.60 ~.6 0.882 10.80 1.95 4.0 0.51 ;0.5

110 12.~ 27.5 51 26.0; ;.l,.l,. 282 17.8 7 107 4-2 0.13; 0.795 ;.45 ;7.15 0.755 9.27 1.5 ;.06 0.50 ;1

112 8.05 17.7 ;; 18.77 a.sa ;00 12.7 5 4-5.7 '18 0.0;5 0.425 2.2; 24.05 0.841 10.;0 0.965 1.97 0:50 ;1
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TABLE 1

llESCRIPrICfl OF CRIll> 1lIlD HllllCmL EIU'EIlllIEIlTAL llIiSllI1rS

~", F.~oto No. 401/1959

.

Box Test Woight INo. o~ Rato or Duration or crib hoiJzht Flame hoi2ht Max. radiation ],lax. radiaUOll Area. ot wood Rate/area ot wood e%nooe4 Fire load Donsibo or ,,004
Si..o "No. kg. j lb. sticks "oi2ht loss rate at all. in. Cl!Il. in. f'r0lll tlamos 1 trcm~

~
Yg...... 2 000;J. !lb.tt:~ m;l g.o:>-~ lb.h;:: sI-' lb./Oll tt.

I
slso~:n./min

r-eight loss cal.=;2 Soo; cal.em: soc-:1 :;0"-Ajv tt. " 10-soc. Wt9' '
~ ~ ~t.

Tosts in tl>o l' 00", leugth ct atick: = 10 in.

1 tt 99 2.38 5.25 32 4.01 0.53 4J4. 28 11 61 24 0.19 0.81,. 0.72 7.78 0.556 6.52 2.56 5.25 0.1,.5 28

100 1.98 4.25 26 3.63 0.48 375 22.8 9 53.4 21 0.18 0.74 0.59 6.32 0.615 7.59 2.00 4." 0.1,.5 28

101 1.45 3.2 20 3.18 0.42 324 17.8 7 45.7 18 0.175 0.67 0.45 4.86 0.707 8.64 1.56 3.2 0,1,.5 28

102 1.Ql,. 2.3 14 1.97 0.26 366 12.7 5 30.5 12 0.085 0.43 0.32 3.4 0.616 7.65 1.12 2.3 0.1,.5 28

Teata in tho 2' bcx, 1eugth et stick: = 20 in.

2 tt 105 9.17 20.2 57 17.55 2.36 360 30.5 12 122 48 0.360 0.965 2.57 27.75 0.694 8.51 2.40 5.0 !l.SO 31

106 6.99 15.4 44 13.85 1.83 354 24,1 9.5 91.5 36 0.270 0.985 1.99 21.4 • 0.696 8.55 1.83 3.9 0.48 30
107 5.l,.2 11.95 37 13.17 1"7/0. 288 20.3 8 76.2 30 0.207 0.803 1.67 18.0 0.788 9.67 - 1.l,.2 3.0 0.4.5 . ,28

103 4.99 11.35 37 12.93 1..71 279 20.3 8 91.5 36 0.210 0.710 1.67 18,.0 0.n5 9.SO 1.31 2.8 0.4-2 26

108/ 3•68 8.1 24 8.47 1.12 306 14 5.5 30.5 12 0.075 0.1,.75 1.08 11.67 0.784 9.60 0.965 2.0 0.47 29'

'roata in tho 3' boJI:, 1eDgth of sUck = 30 in.

3 ttla.09
"-

20.85 46 90 42.37 5.60 345 30.5 12 183 72, 0.340 1.33 6.0) 65.6 0.696 8.55 2.5 5.1 O.loB 29.5
I

111 16.33 36 68 40.55 5.36 336 22.8 9 152 60 0.251 0;855 4.60 q9.6 0.882 10.80 1.95 4.0 0.51 30.5

110 12.q9 27.5 51 26.03 3.J,J,. 282 17.8 7 107 42 0.133 0.795 3.45 37.15 0.755 9.27 1.5 3.06 0.50 31

112 8.05 17.7 33 l8.n 2.48 300 12.7 5 /0.5.7 18 0.035 0.425 2. 23 24,05 0.841 10.30 0.965 1.97 O'-SO 31
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