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.o SUMMARY

The form of the temperature-time curves for the class of large scale fire
where the entire compartment is involved and the ventilation is restricted has
been. examine? Smd found to be gimilar to that obtained from fires in smell scale
compartments(l), there is a growth period and a development period followed by a
decay peried, The estimated buming rate during the development period is
proportional to the induced sir flow. The maximum temperatures reached increase
with alr» flow up to a limit of about 1200°9C, Exceptiors to this general rule
<occur at low fire loads when the maximum temperature reached is lower then 1200°G
X explanaticm for this effect is suggested, but more experimental work on this -
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1, Intmdﬁction

An earlier paper(1) analysed the results of experiments which used small
scale models to examine the effects of varying the ventilation and fire load on
the temperature and duration of fires, In this paper, the results(2-7) of
experimental full scale fires are collected together and analysed in a similar
manner to enable the effects of scale to be examined, These results are listed in
Table I together with details of the fire load ventilatlon and shape and size of
the fire compartment, . e

2, Analysis of Results

2.i. Formm of Tén;peratum-Time Curves

: Most of the temperature-time curves follow a similar pattem to those for
' small scale fires, Fig,l, There are three comparatively well defined periods;
' a growth period in which flames spread to involve the entire compartment at

2 time 7'1,. a development period in which the temperature rises more slowly to

) its maximum at time 77, snd a decay period terminating at time 7'3.

. In nearly all Kawagoe's uperiments(z) the development period was not
clearly demarcated from the growth period, . .

: In Ingberg's expemments(@ the fire canpaz’tmmt was somewhat elongated
(8.8ms x 4ebm, x 2,6m,), the development period was unusually short and the
decay period unusually long, whilst the growth period was hardly a.ppa:nent
from the temperature-time curves,

2.2, Duration of Development Period (‘7'2 -T1)

For a given air flow the dnra.tion of the development period (T2 -71) is
roughly proportional to the total quantity of combuastibles present F, Fig.2.,
as found in the small scale fires(l )

‘2.5. Buming Rate in Development Period

. L
The burming rate was measured directly only in Kawagoe's experiments(z) y 4
and these results have been used directly. For the other experiments the
burning rate has been estimated from the ratio #F/(T2 -T7)%,

The variation in burning rate with air flow for both small and full-gcale
experiments is shown in Fig,3. Although the points have a wide scatter, part
of which is due to the variety of experimental arrangements used, there is no
apparent scale effect, and the burning rate is practically proporticnal to the

x By the time that the maximum temperature has been reached, most of the volatile
cantent of the wood combustibles, sbout half the original weight of wood, has been
exhausted, For this reasen 4F has been used in estimating buming rates,



air flow as suggested by Kawagoe(2),
2.4; Maximum Temperature Reached

The effect of air flow on the maximum tempezfé.‘hn'es_':igached is shown
in Fig.4. The values used are the mesn of a number of readings taken from

thermocouples located near the ceiling of the fire compartment, In general,

as the air flow increases so does the maximum temperature reached, the
limit being about 12000C, This temperature was nearly attained in the _
largest model room(l), spproximately 1, 09 x 1,0m, x 0,6m,, when it was
legged and the value of AVH was 0,33m,5/2, This suggests that models only
a little larger will give the maximum temperature likely to_be reached in
a full scale fire, and that this size of model-can be used ‘!io investigate
the effect of & wide range of air flow on the temperature and duratiocn of
a fire,

The maxirmum temperatures reached in some fires were lower than the
curve in Fig,l, would suggest for that particular air flow, JiIn' Iagberg's
experiments 5), this may be due to the shape of the fire compartment;
the cambustible material farthest from the air inlet would absorb heat
rather than contribute t the fire, at least until an advenced stage. The
maximum temperatures in Kawagoe.'s full scale &xpeﬁ.mm:n? 2) were lower
than in most other tests even though his fire loads were rela.tively high
and this may be due to differences in the positions at which the tempera-
tures were measured, _

The meximum temperatures in Kawagoe's small scele experiments in a
campartment lm, cube with a fire load of sbout 25 kg. /m2 are lower than.
those o'bta:l.n?d with similarly sized models at the Joint Fire Research
Organization(1), .4, with a fire load of sbout 40 kg,/m2,. In some full
scale expe::d.ments 3 also at the Joint Fire Rweamh Organization the
maximum temperature with a fire losd of 25 kg./m? is well below the a.verage
neximum temperature for the same air flow, whereas the value at 40 kg./m2
* 1s near the average leve('l These results are similar to_those found with
small scale experiments(l 5 where at high air flows into a ccmpartmemt
approximately 0,6m, cube the maximum temperatures were lower than those
reached at the same air flows into a compartment approximately 1lm, cube
with a correspondingly larger quantity of combustible material.

The burming rate is determined by the air flew, but if the total
amount of combustible material is relatively low the fire does not last
long enough for the temperature to reach the value characteristic of the
air flow, and the resulting lower temperature presumably depends on the
q.tantity of combusti‘ble material present,

A fire load of L0 kg,/m? appears to be sufficient for a rocm jm. cube
but higher fire loads may be required for larger compartments, It is
important to note that the rate of burning is set by the total quantity
of combustible present and not by the fire loed,

The upper limit of about 1200°C to the temperature reached is
presumed to be set by the increasing heat losses from radiation and
conveotion as the air flow is increased,

2.5. Decay Period

Less is knowm about the decay period but probebly the major part of
the fire damage has occurred by this stage. The mean burming rate in
this period is plotted against the air flow in Fig.5., there is a much
greater scatter with the individual results than there is for the bu.m::.ng
rate in the development period shown in F:Lg.}.



3, Prediction of the Form of the Temperature-Time Curves

_ Where the fire load exceeds about 40 kg.,/m2 and its value and that of the
air flow are known, the duration of the development and decay periods can be
found, These are shown explicitly in Figs, 6 and 7 respectively, The maximum
" temperature, which occurs where the development and decay periods adjoin, can be
estimated from Fig.4.

4, Conclusions

For the class of fires where the ventilation is restricted the duration of
full scale fires may be divided into growth development and decay periods in a.
similar wey to small scale fires, The burning rate in the development period is
practically proporticnal to the air flow over the entire range of scales. and
experiments, in agreement with the relation found by Kawagoe(2), The burning rate
in the decay peried is also a function of air flow, )

The maximum temperature reached increages with air flow to a limit of about
1200°C, but is independent of the fire 1oa3?1§' provided this is not too: low, oghe
limiting temperature of 1200°C is approached in experiments using a lagged model
fire compartment about 1lm, cube, so that experiments on this scale or a little
larger could yleld useful information about the temperatures likely to be reached
in full scale fires for different air flows, If the fire load is below about
L0 kg,/m2, in compartments sbout 3m, cube, the meximum temperature fails to reach
“the value expected from Fig.4, for that particular air flow, More work is
‘required to determine the lower limit of fire load for larger compartments in.

. ‘order that the value expected from Fig,4, may be reached, The reason for failure
~ to reach the maximum temperature predicted for that air flow mey be due to there
‘being insufficient fire load to maintain the burming rate,

Subject to this limitation the temperature end duration of this type of fire
can therefore be predicted from the air flow and fire load by using Figs. 4, 6 and
7. Within this range there appeared to be little or no effect due to the shape of
the ccopartments except possibly in Ingberg's upexﬂmmts(@. A similar result
should be anticipated whemever the shape or ventilation allows the entire floor of
the compartment to be involved in fire at the same time, but results may well be
different when the compartment is never fully involved at any stage. .

One lmportant result of this work is to emphasise the importance of the total
amount of combustible material present ocn the buming rate and hence the duration
of the fire; as opposed to the fire load per unit area which is traditicnally
‘used as a measure of the fire istance requirements, The consequence of this will

"be discussed in a further notel8),
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REQULIS OF TESTS |
» Ay
Duraticn of Fire Rate of tuming Eatimted(a
Test . Tipe to end Time to end Eaocipoum eatinated froo Burning rate
rffer:nca Roca Size Fire Load Size of |Air Flow of growth of dsveloppent|Temperature ti kg/ain,
Date) v openings eriod period Reached G, Y i 51 Cooling Rate (Kenagoe)
B. xe/n?| ke. | R uy 2 *’1. min, 72 min. % k,'_’}‘mj.gi. min. caloulated peasured
anngoetz)
Paskin 1
22,9.49. 3,0 x 3,0 x 2.5 47 L0 [0.93 x 1,80 2,25 - - 000 - - 12,5 -
Kawagoe .
Paskin II
23,12.49. 3.0 x 3,0 x 2.5 L7 400 | 0,93 x 1,80 2.25 1 29 g8z 11,1 12,5 12.5 -
Kawagoe
Faskin II1
16.9.50, 3.0 x 3.0x 25 [ W6 890 10.93 x 1.60| 2.25 n 69 890 7.7 6.7 12.5 15.0
Kawagoe
Paaldn IV
7.12.50, 3.0 x 3.0 x 2,5 119 | 000 | 0,93 x 1.80] 2.25 17 82 9% Te7 8.0 - -
Kawagoe
Niasa 2 at
9.2.51, L0 x 4,0 x 3.0 50 | B0OJ1.8 x 1.5 | 6.5 L, 24 800 KW 10.0 36.5 -
Kawagoe
Sasaki 0.9 x L4
27.5¢5¢2 2.6 x 3.6 x 2,6 66 600 | 1.8 x L. 43 10 x 800 15,0 8,0 2heb 23.0
Kawagoe
Katsul 2 at
24,12,52 Led x 3,5 x 2.5 ] 665 1 1.6 x 1.5 5.8 23 35 900 27.6 10.0 27.0 19.0
Kanagos
Pill-up 1.8 x 1.0
17 vire53 0 X 4,0 x 2.7 35 500 | 1.8 x 1.1 L5 5 15 780 25,0 22,0 25,0 23,0
Kawngoe
Thermocon b4 at
10,2.56 De2 X 5.2 x 2.6 50 | 1250 | 1.0 x 1.7 9.0 10 18 1610 104.,0 12.0 [y 99 -
Kawagos Light-
weight Lower
Floor 2 at R
28,1.55 4,0 x 4,0 x 3.8 47 0 | 2.8 x 2.2 18.0 - - 1100 - 60.0 72-75 0.0
Keawagoe
Nagsno 2 at
16.9453 3.6 x 3.6 x 2.5 29 350 0-72x 1-2 b6 - - c, 800 - 2.0 23.0 1.0
a’
1.1 x 1.2
Tower Block(j)
10.10,57 3.0 x Z.8 x 2.0 24 210 1 2.2 x 2.0 6,2 max, 3 15 BosS 8.8 68 - -
X, 2.58 3,0 x 2,8 x 2.6 49 4| 2.1 x 1.5 L7 iz, [+} 15 1005 14.0 67 - -
1.11,57 3.0 x 2.8 x 2.6 39 3% | 2.2 x 2.0 6.2 vex, 2 ] 1015 L2,0 102 - -
2. La538 3.0 x 2,8 x 2.6 L9 L20 | 2.1 x Z.4 7.6 max, A B 960 35.0 30 - -
Zantinued,
)




Table I continued,

atlon of Pire Rate of burning Estinatedtz)
Test Time to end Tine to end Haxlmun ~ |eFtimeted from Buming Tates
refereice Roon Size Pire Load | Size of |Air Flow of growth of development| Temperature 2l keg/min,
{Date) > openings gﬂ! rcd eriod Reached R Cooling Rate (Keweagoe)
B. kgfm?| kg. . n/2 1 min, > min, op kg/min. o0/min, calculated neasured
Tower Block 7
14.5.58. 30 x 2.6 x 2.6 49 | 420 | 2.1 » 1.5 4.7 nax, 2 18 980 13.0 66 - -
15.5.58. 3.0 x 2.8 x 2,6 4 | L0 | 2.1 = 1.5 be? Dex, H 13 1035 19.0 35 - -
17.6.58 3.0 x 2,8 x 2.6 49 [ 4o (2.1 x 2.4 | 7.8 pax 2 5 1065 70.0 L4 - i .
4.7.58. 3.0 x 2.8 x 2,6 59 | a0 2.1 x 2.4 7.6 nax. & 10 970 35.0 3% - -
20.11.56. 3.0 x 2,8 x 2,6 61 | 525|1.9 x 1,2 2.5 oax, 0 23 1080 2 23 - -
24, 3.59. 3.0 x 2,8 x 2.6 61 | 52512.0 x 1,3 3.0 max, 12 e N 1120 29 1o - -
Swedish Tegti 1.0 x 2,0
1.8.47. 4,7 X 41 x 2,8 100 J1925 11,0 x 1.1 1.0-3.8 50 120 990 13.8 3,8 - -
House Fi‘bro\”
Insulating
Board Lined,
1949 5.3 x 37 x 2.7 | C.3 |CTD} 2.7 x 1.5 5 L L, 1150 36 153 - -
Houge Plnntex-.m
board Lined .
1949 Se3 x 37 x 2,7 C.2h [C.450{ 2,7 x 1.5 5 K 32 950 10,2 - - -
#ird & Pigchl
Half Soale
Roont3)
23,10.52, 2,7 x 1,8 x 1.4 C.l5 C.74 |1e5 x 0.8 1 T 13 800 6.2 - - -
1ngberg‘6;
Teat No.l
- 8.8 x ka6 x 2.6 72 | 2930 - - 53 75 850 67.0 9.8 - -
Ingberg
Test Ng.2
- 8.8 x Lab x 2,6 75 | 3040 - - “9 o 910 73.0 9.8 - -
Ingherg
Test Ko.3
- 8.8 x 4.6 x 2,6 B | 2590 - - 5 7 820 59,0 6.9 - -
Ingberg
Test loB8
- 8.8 x 4.6 x 2.6 270 L0360 - - 12 65 950 103.0 8.7 - -
Ingberg
Test Ho,l6
26.5.49. - 424 - - - - 39 850 - 11,0 - -
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\a) at 4.50 minutes

{c}) at 16 minutes

{d) at 23.30 minutes

PLATE I {(a - d)

COURSE OF A TYPICAL FIRE



(g) at 66.30 minutes (h) at 87.00 minutes

PLATE I (e - h)’

COURSE OF A TYPICAL FIRE





