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. SUMMARY

Fire statistics are analysed to estimate the inflﬁence of various factors
‘on the spread of fire in buildings. The spread ¢f fire beyond the room of
origin is considerably less likely in modern buildings, particularly in
multi-storey buildings, -and spread is much more likely at night time,
probably because of delays in discovery.. Early attendance by the brigade
over the range of theseidata has no measurable influence on this chance of
spread, probably because of the wide range of variation in the size ¢f fire

confronting the brigade.
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F R. Note No. 848
November 1970

- STATISTICAL ANALYSIS OF FIRE SPREAD IN BUILDINGS

" by
R. Baldwin and Lynda G. Fardell
INTRODUCTION _ ‘ ,
This report descrlbes an analy51s of the 1967 fire statistics aimed.at
assessing the influence of various factors on the spread of fire in buildings.
Previously these factors, which are measures of brigade act1v1t1es, building
characteristics etc., have been the subject of separate studies 1,2, 3 4 2 . but
because they are not independent of each other a more formal gnalya;s is necessary,
Ig which each factor is studied not in isolation, but in reIationzfo all the otler
factors. ThlS is the subject of the present paper.. . T R
The statistics of fire spread are drawn from brigade fire reports,.collated
and processed at the Fire Research Station. In the reports the extent of. fire
spread is recorded by noting whether the fire was confined to the item fipst .
ignited or to .the room, floor, or building of origin. From these.data the probability
'Of_important;evénts in the fire can be estimated, e.g. the chance of fire spreading
beyond the 1tem first ignited,. the chance of spread beyond the room of origin, etc.:
In thlS paper we study the chance. of fire spreading beyond the.room of crigin
and the wqy:;q_whlch_ls varies under different circumstances.. It is.at this stage
thaf the .structure of the building plays an important role In,iphibiting_furthe;j
spread of fire. This is demonstrated.in a recent paper by Melinek, Baldwin and
Thomas6 who have shown that if we denote the chance of spread beyond the room.of
origin by.:f)S- and the chance of a fire becoming large (i.e.-loss exceeding £10 000)
by PL - t,h.en .

._.'.-Fj

approximately. o '
Hence small reductions in 1:5 can lead to substantial.reductions:in. the number. of |
large fires and therefore in the total fire.loss,-since these fires account for .
more than 60 per cent of the annual fire loss, a strong argument in favour of
improved cowpartmén#ation. An important implication of this correlation is that- -
large fires may be studied_by resggrch-on those factors which influence whether or

not fire spreads beyond the room of origin, the subject of this. paper..



DATA

In Tables 1 - 7, Ps ’ the probability of fire spreading beyond the room of origin,
is tabulated in a multi-way classification for various factors associated with
the fire. 1In chéosing the factors to be included in this analysis we are limited
by the information recorded in the brigade fire reports. -Sinée‘the feporting system
was devised some years ago, and for a quite different purpose, it is hardly surpris-
ing that the data are insufficient to assess completely the effect of varying degrees
of fire protection, fire fighting orldela&s. Héwever; they are currently the only
information avallable and they do provide some useful information, however llmlted

The factors chosen for this analysis are’ ' ' '

1. "Time of discovery (night or day)

2. Number of storeys (multi or single storey)

3. The age of the building

4. Pire Brigede risk classification

5. Building regulation purpose group. The composition of these purpose groups

is shown in the Appendix. ' ) . T '
6. Brigade attendance time (time from discovery of the fire to arrival of
" the brigade) ' |

Each of these factors is an indirect measure of importent variables associated
" with the fire. For example, dela&s in discovery are measufed‘indirectly by the time
of discovery of ‘the fire, since delays are likely to be longer at nlght Varying
building controls are measured indirectly by Building regulatlons purpose ‘group
(which elso reflects varying hazards of different typés of building) and by the
age of the buildihg. They may also be reflected in the differences between multi
and single storey buildings since only multi-storey buildings are subject to
regulation, but once again the effect is confused to some extent by dlfferlng uses
and contents, ' '

‘Brigade activities are measured by the attendance time and the risk classification
of the building. The risk.classification.is determined by the brigade in pre-fire -
visits on the basis of a subjective assessment of the risk of fire spread, and this
classification then determines the speed and size of the first attendance. This
variable therefore reflects-the varying risk of fire spread in buildings of
different use and with different contents, but this is counteracted by a more
determined effort by the brigade where the risk of fire spread is high (the
highest risk is labelled A in the tables). Brigade attendance time has not been
included in the tables for reasons which will be discussed below. '

Data are not available for single storey buildings for some purpose groups
normglly because of the few buildings at risk., For these groups the analysis will

be carried out for multi-storey buildings only.
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STATISTICAL ANALYSIS

The data in the tables have been analysed statlstlcally to dlsentangle the R
combined effect of the dlfferent variables. To do this we express the value of the
probability in each cell of the table as'a sum of a number of 1ndependent components,
each component correspondlng to ‘a different varlable, and taklng & different value
for each level of the variable. First however, we work w1th a transformed var1ab1e

=z ’ 1nstead of the prohabllltles T) N deflned by

z ';‘log (1__?) .o 10g1t:P oL

This transformation is expected to glve approx1mate1y additive effects for many

condltlons, so that we can assuime & linear model and then -

W A
N HEI
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where }L is a mean value
K:.is the effect of theith time of dlscovery (1 e.- D(i"‘isﬁthe effect
" of daytlme discovery, X, nlghttlme) ' S
/3] i§ the effect of the Jth rigk
Xk.1s the.effect of the k age group
Q_Jk is an error term - S S o
The constants’ of this model together w1th their standard errors are estlmated
from the data u31ng the method of maximum l1kellhood. _ B ‘
RESULTS AND DISCUSSION a 1 S
THe model described above has been fitted to the data’and the constants
estimated for each purpose group, multi and single storey buildings beihg'treated
separately. The goodness of fit of the model has beén tested by calculatlng the
" Pesidual chl—equared which 1s tabulated in Tables 8 and S None of these values o
differs slgnlflcantly from 1ts expected value, and’ we therefore accept the model as
a reasonable representatlon of the data. ' ' '
'The estimated components of ‘the model glve addltlve c0mponents leadlng to an
eetlmate of the loglt of FS as deflned in the model. These are of fo dlrect '.‘
1nterest and have been omitted from this report. Trends in the data may be ‘more
readlly discerned by 1nspect10n of the expected marglnal percentages sPreadlng h
beyond the room of origin, tabulated in Tables 10 and 11. These are the average
values of PS ass0c1ated with each varlable, corrected for 1mba1ance 1n the data.
Significant differencesbetween the different levels of a variablé are dlstlngulshed
by an asterisk. T
. The chance of spread in 1ndustr1al and storage purpose groups 1s slgnlflcantly
hlgher then in other groups, except in s1ngle storey buildings where the chance of

spread in 1ndustrlal bulldlngs is much smaller. It is pos31b1e that tooms in =
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single storey bulldlngs are larger on average than in multi-storey bulldlngs,
and this may account for the difference in spread. There are also slgnlflcant
dlfferences between single and multl-storey buildings in the industrisl and
assembly purpose groups, but not for storage buildings or shops. These results
'follow from comparing the mean value in the final column of the tables

The factor most influencing the chance of spread is the time of discovery
of the fire, with spread being considerably greater at night.- This reflecfs
the longer delays in discovery at night, although there is the possibility that
fires during the deytime may be of a different kind. The chance of fires becoming
large is aiso about 4 times as great at night, underlining t@é importance of early
discovery. ' B | | - .

The age of a bulldlng also has a strong influence on the spread of flre,
particularly in multlmstorey buildings. The chance of spread in post 1950 multi-
storey buildings is about one half that in pre~1920 multi-storey buildings in
most purpose groups, but the difference is small in single storey buildings.
There are many pOSS1ble explanatlons for the improvement in modern bulldlngs for
example, there may be less overcrowding in modern buildings, or older bu;ldlngs
nay now be used for a purpose for which they were not originally designed.‘;It
is worth noting, however, that during the period 1950 - 1967 legislation fbfh
building controls was introduced, applying mainly to multi-storey buildings.
Since the statistics show a very much more marked effect of age on fire spread in
multi-storey buildings, it seems possible that increased building.controls and
improved standards of safety leading to improved building design, have played a o
large part in reduC1ng spread. ' o

There are small differences between the risk cstegorles, but except for multl—
storey 1ndustr1&1 and residential purpose groups, the differences are not significant
atatistically, and could have occurred by chanoe statistical fluctuation. In the
industrisal purpose group the chance of spread in B risk is significantly lower
than the other rlsks, and in the multl—storey residential buildings the chance of
spread in D risk is significantly higher (by a factor of about two, so this
dlfference requires further 1nvest1gat10n) The 51m11ar1ty between the rlsk
categorles could 1mply that the brigade correctly allocate risk classlflcatlon
and_resources, 80 that fire has the same chance of spread in bulldlngs of high
risk as in the lower risks. Another poss1ble explanatlon is that the 'rlsk'
of a bulldlng is not important when compared with other factors 1nfluenc1ng fire
spread.

It was p01nted out earlier that the brigade attendance time (tlme from dlscovery
of the fire to arrival of the brlgade) has not been included as & factor in thls

analysis, in spite of its supposed tactical importance. It was originally 1ncluded
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when the data were extracted from the fire records, but inspection revealed

that there were no systematic differences associated with attendance time"gthet o
than those implicit in the differences between risk categories. It was found :' o
that flres attended late had no greater chance of fire spread than fires attended
early. This factor was therefore excluded from this report in the’ ;nte:esta:

of space. _ ‘ " ' o ' et _

Thene:afe"again several explanationa for this reault,vwnich‘is rathef'surnrising
at first sight. 'The most likely explénation is that the differences in a:tten'dance
times that we are examining are relatively small, of the order of a mlnute or’ two,
whereas the perlod from ignition to discovery is subject to varlatlons ranglng up to
an hour or two. “Phe range of variation in the time of dlscovery swampe any possible
benefit reaulting'from eafly attendance. A similar argument resﬁlta ffbm’a“cbnsider-
ation of the size of fire confrontlng the brigade on_ arr1va1 because of the large
varlatlon in the period’ before dlscovery of the fire the 51ze cf “the flre on “arrival
is also subJect to considerable variations, so that the beneflt ‘of dlfferences of a
minute or two in the arrlval of the brigade is unllkely to be measurable." L
CONCLUSI ONS , '

An analy31s of ‘'statistics of fire spread has lead to estlmates of the
influence of various factors on the chance of fire spreadlng beyond the room of
origin. There are 31gn1flcant differences between bulldlngs ugsed for dlfferent
purposes,. and between some multi-storey buildings and 51ngle storey bulldlngs.

The blggest 51ngle ‘factor influencing fire spread is the time of’ dlscovery of the
fire, the chance of spread at night being twice that during the day. The chance of
spread is alsoc considerably smaller for modern buildings, particularly in multi-
storey buildings. The brigade attendance time has no measurable influence on the
spread of fire, and there are few differences between buildings in different risk
categories.

More data are required in order to understand fully the implications of these
results, but it seems likely that the difference: between night time and day time
fires is a result of delays in discovery at pight, and there are indications that
the smaller spread in modern buildings may be the result of increased building
contrel and safety consciousness. Early attendance by the brigade has no
measurable influence on fire spread probably because of the wide range of variation

in the size -of fire confronting the brigade on arrival.
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PURPOSE GROUPS

Residential

Qffices

Shops

Assenbly

Industrial ;

Storage

Flats and meisonneties

APPENDIX

" Residential clubs, colleges and schools.

Residential ecclesiéstical-buildings.

Hotels, hostels.

Public Houses with residential accommodation attached.

Children's homes, old peoples' homes. '

Hospitals, private nursing homes.

Sanatoria, special schools for handicapped children.

including blocks of offices attached to other:
establishments, ‘ '

includiﬁg television, radio aﬁd film studios, and
laboratories.

Non-residential clubs. - i

Colleges, schools, ecclesiastical buildings,.

meeting houses, clinics-and public -houses.. ... ...
Theatres, cinemas, radic and television studios to .- -

which public are admitted, concert halls, restaurants, .

© cafes, exhibition halls, ‘dance halls.

L PR SN

_Motels, lodging houses and boarding houses. ; PRI
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Table 1 The chance of fire spreading beyond the
room of origin in the Industrial Purpose Group

PERCENTAGE OF FIRES | - NUMBER OF FIRES
SPREADING BEYOND
ROOM OF ORIGIN
STOREYS | TIME OF |RISK|.  AGE GROUP ___AGE GROUP
DISCOVERY | | Pre 1920 1920- 1950- |Pre 1920 1920- 1950-
| 1949 1967 1949 1967
'SINGLE DAY A 8 11 60 141 120
B 1M 14 8 95 346 355
c 12 . 13 11 49 215 309
D 35 14 11 | 23 79 104
. NIGHT A 25 . 13 7 14 | 41 83 17
B 15 718 11 61 219 214
c 14715 16 | 43 112 77
D | 20 20 14| 10 43 ST
wiel” | bay | A" | 28 . 18 11 | 180 96 71
"B 15 14 .9 233 132 150
.c 23 16 16. 128 74 62
D 28 25 23 25 20 22
NIGHT A 41 33 15 116 69 41
B 29 3% 15 164 76 110
c 31 40 31 85 55 39
D 36 42 14 11 12:0 .7
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w

fMable 2 The chance of fire gpreading beyond the room
of origin in the storagé purpose group

PERCENTAGE OF FIRES | NUMBER OF FIRES
SPREADING BEYOND
ROOM_OF ORIGIN
STOREYS'|" TIME OF ‘| RISK | ____ AGE GROUP | ° AGE GROyP .
DI SCOVERY. Pre 1920 1920- 1950- | Pre 1920 1920~ 1950-
(| PISVURERLL 1909 1087 | 1949 <196~ e
SINGLE DAY A 22 4 17 -9 22 RRT:
' 1 B 26 28 18 19 36 39
c 29 34 39 14 35 38
D 60 20 0 5 15 10
NIGET | & 45 40 40 11 20 ‘10
B 50 52 48 12 23 25
c 50 56 35 14 21 23
D 50 44 38 .2 9 8
MULTI | DAY | & 28 33 13 58 18

o B 49 26 54 43 19 13

c 21 11 o 29 9
D 33 25 0 9 4 2
NIGHT A 58 31 31 43 13 16

B 64 40 50 28 10

¢ 61 60 67 30 10
D 71 25 100 7 4 1
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Table jl The chance .of fire spreading beyond
the room of origin in Shops

TIME @ | RISK
| DISCOVERY| . - ..

PERCENTAGE OF FIRES

AGE GROUP

. SPREADING -BEYOND... .-|.-
ROOM OF ORIGIN ...|..

_ NUMBER COF FIRES

AGE GROUP

-Pre 1920.1920-..1950-.

Pre 1920 1920~ 1950- ="

1949 1967

1949° 1967 -

s

SINGLE | DAY | A | 14 11 o | 7 9 5%
B 10, 10 1 10 21 19
c 17 14 3 12 143 3
D 13 23 ' 8 139
NIGHT A 25 20 22 4 5 . 9 .
| B 0 26 23 4 19 13 .
c 17 17 100 6 46 39
D 50 19 13 2 16 8
B e T T e
B 14 12 12 280 137 113
c 4. 10 7 263 144 113 |
D 19 6 13 62 1T 8
NIGHT A 22 4 16 - 122 25 .- 44
B 24 10 10 195 96 84
C 18 . 8- 5 196 135 93
D 21 25. 22 43 16 9 .

- 10 -



F.R.NOTE No, 848
Table &4 The chance of fire spreading beyond the room of
origin in the Assembly Purpoae Group

PERCENTAGE OF FIRES| NUMBER OF FIRES
SPREADING BEYOND
- "ROOM OF ORIGIN
STOREYS | TIME OF | RISK AGE GROUP | AGE GROUP
DISCOVERY | - Pre 1920 1920- 1950-| Pre 1920 1920- 1950-
'} ' 1949 1967 1949 1967
SINGLE DAY A 13 17 9 . 15 2% 23
B 11 26 13 K, 69 76
C. 16 25 17 62 136 150
D 9 28 22 32 32 37
. NIGHT A 100 11 33 2 9 12
B }8 Lo - 19 13 25 27 o
. C 31 59 50 16, .51 8 Ll e
D 50 50 56 6 12 18
MULTI DAY A 20 13 10 137 L0 58
B 16 10 6 178 7379
c 11 14 7 174 76 76
D 22 o 0 65 16 17
NIGHT A 30 38 15 50 16 13
B 24 17 17 82 2L 24
c 33 29 13 75 31 32
D 23 W 17 38 7 6

-1 -
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Table 5 The chance of fire spreading beyond the

- room of origin in the Residential purpose group.

PERCENTAGE OF FIRES .| NUMBER OF FIRES
SPREADING BEYOND
ROOM_OF CRIGIN
STOREYS | TIME OF | RISK|  AGE GROUP-...: . |::- .. AGE GROUP
DISCOVERY Pre 1920 1920-:1950- |.Pre 1920 1920- 1950-
1949 1967 1949 1967
MULTI - DAY . .;A;K . 2.t A L9l 56 g1 “j1;ﬂﬁiu
| Bp |13 8 6 | 139 53
c 11 L6 158 B4 49
D 18 0 0 82 10 10
fNIGH@* A 20 02 22 30 9 9
P ‘B 16 2l ‘5 £9 17 20
SRR N 13 2 0 63 19 15
-D 42 33 0 38 -3 1
- 12 -
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nce of fire.gpreading beyond
the room of origin in the Office purpose group

PERCENTAGE OF FIRES NUMBER OF FIRES
“SPREADING BEYOND : :
" ROOM OF ORIGIN ‘
STOREYS | “TIME.OF |RISK| -  AGE GROUP AGE GROUP
DISCOVERY Pre 1920 1920~ 1950-| Pre 1920 1920- 1950-
o 1949 1967 ' 1949 1967
MULTT DA‘f:_ A 5 5 7 20 22 43
| B 14 8 4 k2 13 23
c 0 14 9 14 7 M.
D 0 -0 0 N 3 )
'NIGHT | A 33 8 15 21 12 27
: B 32 0 7 22 8 15
C . 1‘_5 O n 13 . 11‘. . - .-_..3._ I 8 ¥ oam beds . e TR
D 100 0 0 1 0 0

- 13 =
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Table 7 The chance of fire spreading beyond the
" room of origin in Flats and Maisonettes

PERCENTAGE OF FIRES NUMBER OF FIRES
SPREADING BEYOND
ROOM :OF CRIGIN

STOREYS | TIME OF | RISK|- . AGE GROUR. ..... |, ‘" AGE GROUP
DISCOVERY Pre 1920 1920~ 1950- | Pre_1920 1920- 1950-

1949 . 1967 ;.| 1949 1967

A5 12710 L W81 220, 252
110 TN A DR
11 8 '

498w 931

MULTI | . DAY..:

bUalw e
- NI

1. 8 59 60 111 )
. NIGHT | A 20 -7 -8 |15  -54 63
S ;) 17 11 17 | e 97 100
C 25 14 9 140 0 118 194
f D 5. 2% 8 |13 17 35
S

-4 -
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Table 8 Residual chi-squared - multi-storey buildings

" Purpose_group - chi-squared o?e?;ee:;om
Industriak ' ' 15.3 17
Storage . ‘91..0 17
Shops . ’ 15.3 17
Asseﬁbxy . 47.0 17
Residential 251 17
Offices - ' 16.0 15
Flats;. maiaone‘ttes' : 27.5 ' 17

Table 9 Residual chi;squared - single-storey buildings

S ' ) Degrees

~ Purpose group- chi-squared of freedom
Industrial 4.0 ' 17
Storage 15.53 - W
Shops - 9.6 N
Assembly 3.9 V7

T



Table 10 Expected marginal percentages spreading - multi-storey buildings only

Mean for

Purpose Group Time of Calll| Risk Category Age Group the Group

=

Day |-Night . || --A.| B F ¢ | p.fl Pre-1920| 1920-1949 1950-1967 ”;”

' H CR -
Industrial | 18¢ | 30% ‘| .26%| 19%T25%| 30% of oL® B " 2

Storage S B BETEN T3S TN AETH IFURY Y- P T “ 42

Shops S R G R R A SR ) TR R

Assembly 134 | 25*; || 20|15 |16 [ 15.) 20 155 |9t |l a7

Residential 100 | 19xt |l 108 | 12x[ q08| 21l o | 120 o R7 “an

—9L_

Offices S - R LN LS RPN A VA IR & 20 |7 ex | gal P13
Flats, Maisonettes [ 10% | 15%: I 12| 10 a1 | 14" 14,% 10% g 11
l-- - ) d i':
: i :
® ZDif‘h:f‘eretnces sf'f:;.‘tisticaflly ‘significant ‘
i : : :

gfe "ON IION'H°d
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Table

11

Expected marginal percentages spreading - single storey buildings

1

Risk Category "

Purpose Group Time of Call Age Group Mean
Day | Night || A | B | C I Pre-1920 1920-19-.49 1950-1967
Industrial 10% 15% 13 |12 {13 |16 u 15% 11% 13
Assembly 19 Lu* 17 121 | 28 u_ 20* 3% 20¢ 25
Shops 10 | 18 |16 | 16| 12 | 16 16 17 10 14
Storage 28* | 46* 1133 |34 |40 |29 38 39 3 36

* Differences statistically slgnlflcant

g%g ‘ON HION'Y'&








