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SUJdMARY

The fom of the temperature-time curves for the class of large scale fire
where the entire compartment. is invQlved and the ven:f;ilation is res tricted has
been examineg. {lIld fmmd to be similar to that obtained from fires in small scale
cOOpartments{l}, there is a grOwth period and a development period followed by a
dec~ period, The estimated bunling rate during the development period is
1?roportional to the induced air now. The maxilllum temperatures reached inorease
.w;,tp. ¢ now up .to a limit of about l200OC, Exceptiqrn to this general rule
1~9U1" at low fire loads when the maxilIlum temperature reached is lower. than 12<?Oc;q,

II"" ~e:x:planation for this effect i~ suggested, but more experimental work on t~s c> /
t' ··t is needed, Subject to this limitation the results from small scaJ.lt models .
.... used to predict the temperature and duration for ~s class of large scale
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by

·"D.L. ,Simms ,and H. Wraigh~

l~ Introduction

An earlier paper(l) analysed the results of e%periments vdu.ch 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, ventilation and .ahape '~d size of
the fire compartment. . ,.

2. Analysis of Results
.

2.1. FonD. of Temperature-Time Cuzves

Most of the temperature-time curves follow a similar pattem to ,*ose for
.~ small scale fires,' Fig.1. There are three comparati.vely well d.efiIl,ed periods;
. a growth period jn which.flames spread to involve the entire c;::ompartment at
~ tiJne 'rl,' a development period in which the temperature rises more slowly to
J its maximum' at time 7"2, and a. decay period terminatjng at time '3. ,

.j

In nearly all KawagoeI S experiments( 2) the development period was not
olearly demarca ted from the growth period.

, In Ingbergl s experiments (6) the firecanpartInent Was somewhat elongated
(8.8m. x 4.6m. x 2.6m.), the development period was unusually shoz:t; an~ the
decay period tmUSually lang, whilst the growth period was hardly apparent
from the temperature-time curves.

2.2. Duration of' Developmen1? Period (?2 - ');1)

For a given air 'flow thed11ra.tion of the development period (T2 -1(1) is
roughly proportional to the total ~antity of combustibles present F, Fig.2.,
as found in the small scale fires(l).

,2.3. Buming Rate in Development Period
\,

The burning rate was measured directly only in Kawagoet s experiments (2) ,1
and these results have been used directly. For the other ~eriments the
burning rate has been estimated from the ratio ?/('72' - ?'i) H.

The variation in burning rate with air flow for both small and full ~Bcale
experiments is shown in Fig.3. Although the points have a wide scatter, part .
of which is due to the variety of experimental arrangemen~~:E~~c;." there is no
apparent scale effeot, and the .burning rate is practically proportional to the

. ~ . ....

;.

~ By the time that the maximum temperature has been reached, most of the volatile
content of the wood combustibles, about haJ.f the original weight of wood,has been.
exhausted. For this reason iF has been used in estimating burning rates. '



air flow as suggested by Kawagoe(2).

2.4. Maximum Temperature Reached

The_effect of air-flow on the_maximum temperatures:feB.ched is. ~wn
in Fig.4. The values used are the mean of a number of.~adings ~en from
thermocouples located near the..ceil:l.ng of the :fire CClDpartment. In general,
as the air flaw increases so does the I!18Ximum "\;emperature reached, the
limit be:l.ng about :j.2O()QC. This temperature was nearly attained iJ:l the .
largest model roan(l), approximately 1.QnI. x 1.Om. x O.6m., \Vhen i"\; was
lagged and the value of AIfI was O.33m.5/2• This suggests that models only
a little larger 'Il'ill give the maximum temperature likely to_.be reached in
a full scale fire, and that this size of model-can be used -to investigate
the effect of a wide range of air flow on the temperature and duration of
a fire.

The maximum temperatures reached in some fires were lower than the
ClUVe· in Fig.lt-. llOuld suggest for that particular air flow. :~1Iii:~ei'g's
experiments (6) , this ~ be due to the shape of the fire canpartmentj _
the combustible material farthest from the air inlet would absorb heat_
rather than contribute 11)tile _fire, at least until an advsnged stage•. The
maximum temperatures in Kawagoe-' s full scale experiments~2) were lower
than in most other tests even though his fire loads were relatively hi~

and this ~ be due to differences in the positions at which the tempera;;.
tures were measured. ~ _

The maximum temperatures in Kawagoe's small s~e ~eriments.in a
compartmen"\; 1m. cube with a fire load.of ~out 25 kg,1m2 artL~ower. than
those obtain~ with eimiJarly sized models at the. Joint. Fire Research
Organization(l), Fi~.4. witll a fire load of about 40 kg./m2• In some:f\1l1
scale experiments(3} also at the Joint Fire Research Organization ~
maximum temperature with a fire load of.25 kg./m2 is ~ll_belaw.the average
maximum temperature for the same air flow, whereas the value at 40 kg./m2
is near the average levlfl~ These results are similar to.those-found.with
small scale experiments ~1), where. at high air flows into .a compartment
approximately O.6m. cube the maximum temperatures were lower than those
reached at the same air flows into a compartment approximately 1m. cube
with a correspondingly larger quantity of canbustible material.

The buming rate is determined by the air flaw, but if the total
amount of canbustible material is relatively 1011' the fire does not last
long enough for the temperature to reach the value characteristic of the
air flaw, and the result:l.ng lower temperature presumably depends on the
quantity of canbustible material present.

A fire load of 40 kg./m2 appears to be. sufficient for a room 3m. cube
but higher fire loads ~ be required for larger compartments. It is
important to note that the rate of buming is set by the ~tal quantity
of' combustible present and not by the fire load.

The upper limit of' about 120000 to the temperature reached is
presumed to be set by the increasing heat losses from radiation and
convection as the air flow is increased.

2.5. Decay Period

Less is known about the decay period but probably the major part of
the fire damage has occurred by this stage. The mean buming 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 f'or the burniilg
rate in the development period shown in Fig.3.

- 2 -



3. Prediction of the Fonn of the Temperature-Time Cmves

Where the :fire load exceeds about 40 kg./m2 and its .y8.lue·· and that of the
air flow are known, the duratiOl1 of the development and deca;y periodll can be
found. Th!lSe are shown explicitly in Figs. 6 and 7 respectively. The maximum

. temperature, which occurs where the development and deca;y periods adjoin. can be
estimated :fran Fig.4.

4. Conclusions

For the class of fires where the ventilatian is restricted the duration of
full scale fires ma;y be divided into growth development and deca;y periods. in a­
s:linilar way to small scale fires. The buming rate in the development period is
practically proportional to the air flow over the entire range of scafes and
experiments, in agreement with the relation found by Kawagoe(2). The buming:rate
in the deca;y period is also a function of air flow.

The maximum temperature reached increaf}ell with air flow to a limit· of ab~t

120000, but is :independent of the fire load\l) provided this is not too'lQw. 'the
limiting temperature of 120000 is approached in exper,i.ments using a lagge~ moc;lel
fire compartment about lm. cube, so that experiments on this scale or a little
larger could yield useful intonnatian about the temperatures likely to be reached
:in full.sco.::.e tires for different air flows. If the fire load is below about
liD· kg./m2, :in compartments about 3m. cube, the maximum temperatUre fails to reach
·the value expected :fran Fig.4. for that paI1;icular air flow. More wo~ is
required to determine the lower limit of fire load for Ia.rger canpartments :In

. order that the value expected :fran Fig.4. ma;v be reached. ·The reasan for failure
-: :to reach the maximum temperature predicted for that air flow ma;y be due to there

.:being insuf':f'icient fire load to maintain the buming rate.

Subject to this limitation the temperature and duration of this type of fire
can therefore be predicted :fran 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 compartments except possibly :in Ingberg's experiments (6). A similar result
should be anticipated whenever the ahape or ventilation allews the entire floor of
the canpartment to be :involved:in fire at the same time, but results ma;v well be
different when the compartment is never fully :involved at any stage.

One important result of this work is to emphasise the importance of the total
amount of combustible material present on the burning rate and hence the duration
of the fire; as opposed to the fire lead per unit area which is traditionally

·used as a measure of the fire ~istance requirements. The consequence of this will
. be discussed :in a further note \8).
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\
HE:M.:1'S IJP TES'IS

• ,

Duration of Fire Rate of burning Eot1l:1atea(~
Te~t TiD.c to end Time to end "- cBti...clatcd f'rc.g ~urn:ing rate

reference Roo::l Size Fire Load Size of Air now of growth of develcpcen t Te=pcrature .. kg/min.
(Date)

kg/.2
eperdn.. m'f, f""iod period Rcached~

~];.
Cooling Rate (Kana3'Jc)m. kg. c. I, min~ '12 c:1n. "C OC/trln. calculated =onurod

Kawe.goe(2)
Paaldn I
22.9.49. ,.0 x '.0 x 2.5 47 IIXJ 0.93 x 1.00 2.25 - - 000 - - 12.5 -
Ka:wagoe
Paaldn II
23. 12.49. ,.0 x ,.0 x 2.5 47 u» 0.93 x 1.00 2.25 II 29 B" II.I 12.5 12.5 -
Kawll800
?aakin III
16.9.50. ,.0 x '.0 x 2.5 lO6 B90 0.93 x 1.60 2.25 II 69 B90 7.7 6.7 12.5 15,.{1

Ka.'II'AgOe
paaJdn IV
7.12.50. }.O x ,.0 x 2.5 II9 1000 0.93 x 1.8:1 2.25 17 B2 9"' 7.7 B.O - -
Ka.we.goe
Niasa 2.t
9.2.51. 4.0 x 4.0 x 3.0 50 ecc 1.B x 1.5 6.5 14 24 ao lIJ.O lO.O 36.5 -
Kangoe
S..old. 0.9 x 1.4
2].5.5:<- 2.6 x ,5.6 x 2.6 66 600 1.8 x 1.4- 4.3 io " eco 15.0 B.O :14.5 23.0

Kawagoe
MatlJUl 2.t
24-.12.52 4.} x '.5 x 2.5 49 665 1.6 x 1.5 5.B 23 35 900 27.6 lO.O 'r/ .0 19.0

Kawa,goe
1.8 x 1.0Fill_up

17.4.53 4.0 x 4.0 x 2.7 35 500 1.8 x 1.1 4.5 5 15 780 25.0 22.0 25.0 23.0

Kawagoo
Thc:nllOCa1 4 .t
lD.2.56 5.2 x ,.2 x 2.6 50 1250 1.0 x 1.7 9.0 io 16 lOlO 104.0 12.0 47.4 -
Ka.wa.goe Light-
weight Lower
Floor 2 .t
28.1.55 4.0 ll: 4.0 ll: 3.8 47 800 2.8 x 2.2 lB.O - - nco - 60.0 72-75 lIJ.O

K~...,.

1l88bJlO 2.t
16.9.53 3.6 x 3.6 x 2.5 29 350 0.7 x 1.2 4.6 - - e.ao - 28.0 23.0 14.0

2.t
1.1 x 1.2

Tower Block( 3)
10.10.57 3.0 x :<.8 x 2.0 24 210 2.2 ll: 2.0 6.2 ItfIX,. 3 15 005 B.B 6B - -
20. 2.58 3.0 x 2.8 x 2.6

~:~::~
4.74t'.. 0 15 ]D05 14.0 67 - -

1.11.57 3.0 x 2.8 x 2.6 6.2 t:,ex. 2 6 lO15 42.0 ]D2 - -
24-. 4.58 3.0 x 2.8 x 2.6 49 4a) 2.1 x 2.4- 7.8 max. , 8 960 35.0 JJ - -

- Ca1t~ued.



Table I omti.zwcd.

\

J:urat1on or Pire Rate of buming Esticated(2)
Teat Time to end Time to end .""""" estimated from Bwning rate

reference Room Size Fire Load Sizo o~ Air Flaw of grorlh of develqment Tecperaturo ... kg/min.
(Date)

kg/.2
openings

e~ -h~. feri<>d Re6Clhcd C.ca 1'2=7i: CooUng "to (KaJra.goe).. kg. .. 2 min• "c kg!lIdn. "<;Imin. cal<>U.oted eo","""",

Tower Blockl 3j
14.5.58. }.O x 2.8 x 2.6 ~9 420 2.1 ). 1.5 4.7 max. 2 18 900 1}.0 66 - -
15.5.58. 3.0 x 2.8 x 2.6 49 420 2.1 :.; 1.5 4-.7 I:l~. 2 13 1035 19.0 35 - -
17.6.58 3.0 x 2.8 x 2.6 49 420 2.1 x 2.4- 7.8 1Ilax. 2 5 lObS 70.0 ~ - , -
4.7.58. }.O x 2.8 x 2.6 49 420 2.1 x 2.4- 7.6 11aJt. 4 io 970 35.0 36 - -

20.11.58. }.O x 2.8 x 2.6 61 525 1.9 x 1.2 2.5 1Il.!l.L io 23 1000 ro 23 - -
24. 3.59. '.0 x 2.8 x 2.6 61 525 2.0 x I.' 3.0 1118Xo 12 21 11ro 29 40 - -
Swedish Teatl4, 1.0 x 2.0
1.8.47. 4.7 :It 4..1 x 2.8 lOO 1925 1.0 x 1.1 1.0-3.8 so 1ro 990 13.6 3.8 - -
Houae Fibrol 7)
Insulating
Board Lined.
1949 5.} x 3.7 x 2.7 C.}9 C.7'6) 2.7 x l.~ 5 4 14 11SC 36 153 - -
House Plaater!~
board Lined
1949 5.} x }.7 x 2.7 C.24 C.4~ 2.7 x 1.5 5 10 }2 9SC lD.2 - - -
p.1rd &. F1uehl
Half .soalo
RoollllS}
23.10.52. 2.7 x 1.8 x 1.4 e.15 C.74 1.5 x 0.8 1 7 '3 000 6.2 - - -
lngberg~ 6)
Test No.1

- 8.8 x 4.6 x 2.6 72 29}C - - 53 75 8SC 67.0 9.8 - -
Ingberg
Tsst No.2

- 8.8 x 4.6 x 2.6 75 }ClIJ - - ~9 7C 9lJ) 7}.0 9.8 - -
lngberg
Test r;o.3- 8.6 :s.. 4.6 x 2.6 64 2590 - - 5 27 820 59.0 6.9 - -
lngbcrg

\8.8 x 4.6 x 2.6
Test Ho.6- 27C oa6o - - 12 65 950 103.0 8.7 - -
mg~~ LTest No.16
26.9.49. - 1- - - - }9 8SC - 11.0 - -
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COURSE OF A TYPICAL FIRE




