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SUMMARy·

The statistics of fires attended by the fire brigades are examined

to investi~te the influence of certain structural features on the chance

of' a fire spreading beyond the room of origin.. A statistical analysis shows

that there is no signif'icant variation from year to year (1963 and 1964) and

that the chance of' spread in buildings with timber framed walls is about

twice as large as in those with other types of walL The role of internal

columns is not clear and those variat~ons w~ch have been found to be

significant' may be the result of other features associated with the type of

column.
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THE SI'READ OF FIRE INBUTLDINGS '"
THE EFFECT OF THE TYFE O~ CONSTRUCTION

by

R. 'BaldWin and P. H. Thomas

Previous papers1 ;2:have used the u.k. Fire Statiitfcsto ,investigate the

ilif'luence of various factors on the spread of fire in ,buildings. This

techhique is based on the calculation of the chance, or proportion, of fires
attended ,bY the fire brigades which spr-ead beyond the room of origin, and it
is used in 'the present paper to investigate the effect of certaihstructtiral
feattires on the spread of fire.

In 1.96,3 and 1964 ,buiidfugswerec:I:assif'ied.by the FlreBrigadeinthefr

reports according to the fbliowingstructural feattires.

- ... , .. " .. .. .. ..•.. ---- .._~- .. -...--- -.-..• " ..-., --.. .-_. •• ,'••• __" n_"• ...~._~ .-- ._--' •

Type No • structural features
---. •.._... - .... .. .._- ... _--- .-.__•...._.... .

---~-, ._"--- ._.-- --..--- ..,

1 Timber framed walls., no internal .oci11.1JIihs

2 II II II unprotected into coli.uIihs

.3 II II .i protected int columns.
4 Loadbearihg walls, no internal coluinhs

.5 II II unprotected. internal colUniiis

6 II II protected internal columhs

7 Framed, tihioaded walls, flo ihternal coluinns

8 II II II unprotected into coltiriihs

9 II II II protected lilt • coliimhs
. , ----.. .. ..-." -- .' ..--.- "_.- -_... _. ---~._ ... __._-- .__ ...• -."----

In this table each type of coluinn appears in combination with each type

of wall so the 9 construction tyPe s may be arranged fua .3 x .3 table as

follows.



t Internal co Lumns ',

None Unprotected Protected

Timber
" Type 1 ' Type 2 Type 3framed

Walls
Load

Type 4 Type 5 Type 6bearing

Framed
Type 7 Typ~:8 ' Typ'e, , 9,

unl.eaded

"

--......

, "

'~'. ~ '.

, , .
.. ; •• I

. . ..
': ~r~m the '.st,a ti stic s of fires att ended by, the fire br-Lgades , .coded a.t the

, . . . • ~. ::: -. t . .: - .' :.' ..~

Fi~e·,Rese~ch ,Statiqn,it is possible to calculate a value of p , the

proportion of fires spreading beyond the room of ,origin,'~a~h~alueof p being

associated with, one of the nine construction types,. The values of p'" ent~~ed
in a 3 x 3 table as de~c~ibed'abo~e-ar~ amenable to ~tati5tical'anaiysis, by

, ,

means of which any trends may be detected and "their significance"te"sted. Details

will be given .be'l.ow, ,

Whaf.ever.~~:t.'~c~,~,tJ:l:~re' inay be in ,thi,s, ~l~ssification,~hichhas"recently been

altered,it is the only systematic one for which data a~e c~rentiy'~vailable,and
.. .' " . . . . ' . . .

its two way ,s~~try allows the, data to be very effectively anaLysed ,
I

-~

CALCULATION OF THE CHANCE OF FIRE SPREAD

The values of the spread paranleter p for the'different construction types

are shown 'in Tabies:'1'a, 2a, 3a'and 48.', the upper one in edch cell being for ,1963 and

the lower: one ttir1964. This analysis excludes fires confined to a sing;r.e item, in

which t~e integrity of the structure is not affected,'the~smalinumber of fires
: ,..... • I

spreading to other buildings, fires occurring in single compartment buildings

in which ther,~ .i's' no mea sur-e of spread, and fires corif'ined to exteri'or components
•. • • • ' • . • I ,-' _. • ,A ,~

or service areas. The data have also been broken down into different occupancies

and 'into single' and multi-storey 'buildings, since tihese f'act.or-s ,a~ljl known to

influence the 'spread of fire1,2.

.:

Tables 1b, 2b, 3b, 4b show the frequencies of fires occurring in Tables',

1a - 4a. It will be noticed that the frequencies are very unbalanced and in

some cells there were no fires at all. This probably reflects the numbers of

bUildings of each construction type at risk: type 3 in particular is very rare.

- 2 - .
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Internal co.lumns

None Unprotected Protected

Timber 0.667 - -
;framed 0.667 0.667 0.500

Walls Load 0.355 0.313 0.296
bearing 0.328 0.290 0.182

Framed 0.484 0.333 0.294
unloaded 0.370 0.385 0.159

Table fa., Proportion of fires spreading beyond the room
of origin in the year 1963-1964 for different
'construction types in the Manufacturing
Industries (multi-storey bUildings)

., Internal columns

None Unprotected Protected
'",.

Timb.er 3 - -
framed .6 3 2

"

Walls Load 476 265 27
bearing 433 321 33

Framed 31 3,2 34
unloaded 38 52 44

Table 1b. Numbers of fires occurring in the years
1963 and 1964 in different types of
construction in the Manufacturing
Industries (mUlti-storey buildings)

- 3 -



Internal!columns

None Unpr-otiec't ed Protected

Timber 0.527 0.300 -
framed 0.460 0.500 -

Walls Load· 0.211 .0.153 -- 0
bearing 0.266 0.170 0.176

c •• ~ _

r ,

Framed 0.202 - 0.124 0.333 . -,

unloaded 0.2.30 0.148 0.111

Table 2a. ~oportion of fires spreading beyond the
room. of origin in the years 1963 and 1964
for different construction types in the
Manufacturing Industries (single-storey
buildings)

Internal columns

None Unprotected Protected ;.

,
Timber 55 10 -
framed 65 10

Load 26-1 190 6
Walls bearing 34-1 224 17 . _.

Framed 84 145 6·
unloaded 117 210 9

Table 2b. Numbers of fires occurring in the years
1963 and 1964 in different types of
construction in the Manufacturing
Industries (single-storey buildings)
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Internal colunms

None Unpr~ected Protected
~,~

Timber 0.600 - -
framed 0.143 0.333 -

Walls Load 0.231 . 0.417 0.368
bearing 0.220 0.390 0.212

Framed 0.167 0.333 0.219
'Unloaded 0.182 0.200 0.206

~ ..- " ...

Table 3a. Proportion of fires spreading beyond the
room of origin in the years 1963 and 1964
for diff·erent construction types in the
Distributive Trades (multi-stor~ buildings)

Internal columns

None Unprotected Protected
.... ' .

Timber 5 - -
framed 7 3 -

Walls Load 822 72 19
bearing 823 59 33

Framed 12 3 32
unloaded 11 5 34

----

Table. 3b. Numbers of fires occ:urring in the years
1963 and 1964 in different types of
construction in the Distributive Trades
(multi~stor~ buildings)
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Internal columns

, , - None Unprotected Protected

'Timber 0.371 0.667 -
framed 0.548 - -

Walls Load 0.254 0.286 -
, bearing 0.313 0.222 , -

,'.-.

Framed 0.100 0-572 -
unloaded 0.462 0.125 -

Table 4a. Proportion of fires spreading beyond the
room,of origin in the years 1963 and 1964
for different construction tyPes in the

,Distributive Trades (single-storey buildings)

" ,
Internal columns

None Unprotected Protected

Timber 35 6 -
framed 31 - -,

Walls " Load 130 14 -
bearing 163 27 '-

Framed 10 7 -
unloaded 13 8 -

Table 4b. Numbers of fires occurring in the years
1963 and 1964 in different types of
construction in the, Distributive Trades
(single-storey buildings)
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STATISTICAL ANALYSIS

A statistical analysis of the data has been performed on a computer,

using a program described by Lewis3. First, the data were transformed us.irig

thelogit transformation, .so that if p is the observed proportion in each

cell and q = 1 - P the logit z of p is given byZ = -& loge (.p/q) •

This transformation is used becau~~ it may be expected to give approximately

additive effects under many conditions. Thus we assume an additive model,so

that if Zi' j is the logit of the proportion in cell i, j, (with wall i,

column j) tHen

Zi'i = I + ~ + fJ + ~i-
where r is a m7an ~~lue, .0( i· is :he effect of the i th . wall, ~i is

the eNect of the y column and .04!11.,; is the error term. The constants

r-' 0( i' ~J' a~ fitted by the comp&er by. the method of maximum lilfelihood.

kSULTS OF S TISTICAL ANALYSIS

Table 5 gives the residua:I1/::sulting from fitting the above model. It is

clear that the differences bet~en observed and fitted values are not

significant so we accept the additive model of the transformed proportions as

an adequate representation of the data.

Table 6 gives the estimated constants of the additive model together with

.the standard errors. Combination of these leads to the value of the logit for

a particular construction. A clearer overall picture is given by Table 7, the

expected marginal proportions for each construction element. These are simply

the expected probabilities of spread for all fires in buildings with a

particular type of structural element. The expected marginal proportions for

the two different years have not been inclUded since the difference is very

small and not significant.

Other quantities were derived by the computer, such as an analysis of

variance, the standard errors of differences within walls, columns and years,

and the expected cell percentages, but these will not be tabulated here.

- 7 -
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Residua112
Degrees of

freedom
,

Manufacturing
industries - 4.02 10
multi-storey

Manufacturing
industries - 6•.30 10
single-storey

Distributive trades - 4.41 9multi-storey

.
Distributive trades - 10.54 6single-storey

Table 5. Values of the residual},2
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W ALL S INTERNAL COL U M N S YEA R

Timber Load- I Pramed
framed bearing unloaded Non" Unprotected Protected 1963 1964

Parameter Standard Parameter Standard Parameter Standard Parameter Standard Parameter Standard Parameter Standard Parameter Standard Parameter Standard
values values yalues values I

values values values valueserror error error I error error error error error

Manufacturing i
Industries - 0.70 0.281 -0.02 0.011 0.11 0.071 0.06 0. 024 1 -0.03 0.033 -0.30 0.103 0.04 0.026 -0.04 0.025
multi-storey

I

I
Manufacturing
Industries - 0.55 0.085 -0.02 0.025 -0.10 0.046 0.12 i 0.030 -0.13 0.035 -0.13 0.220 -0.05 0.034 0.04 0.026
single-storey I

Dis tributi ve
Ifrsdea - 0.20 0.277 0.01 0.008 -0.18 0.150 -0.04 0.011 0.37 0.084 0.10 0.129 0.03 0.027 -0.03 0.027
multi-storey

Distributin
Trades - 0.36 0.111 -0.08 0.029 0.01 0.172 0.00 0.021 0.00 0.132 -0.07 0.057 0.06 0.048
single-storey

~.,..'

Table 6. Estimates of the conata~ts of the additiYe model

,

- 9 -
,

I- I

.

I

I
i - ..
I

J

-"



~.'

'..
'.

4-
"...

"

'.•
: .....,
t

':' .

•'(
~,

-
Walls Internal columns

.

Timber Load.- Framed ,
Unprotected Protectedframed bearil}g unloaded

None

-...

Manufacturing
Ir\dustrie s - 0.66 0.32 0.37 0.35 0.31 0;21
multi-storey

..

Manufacturing
Industries - 0.44 0.21 0.18 0.26 0.17 9.17
single-storey

Distributive Ti'ades -: 0.33 0.24 0.18 0.22 0,39 0.27. multi-storey

Distributive Trades
,.- 0.48 0.28 0.32 0.32 0.31single-storey .-

. ..

Table 7. Expected marginal proportions

DISCUSSION

The analysis shows that there are no significant differences in the 'proportion

of fires spreading in the two years, and such differences ~hat do occur could well

be by chance. In all Tables (1b, 2b, 3b and 4b) the totals for 1964 exceed those

for ~963. This is consistent with the view that increasing fire loss is the result

of an increase in the number of fires, or theiF value, not their severity.

Table 7, indicates clear difflerences between timber-framed walls and oth~r
•

.walls.'A t -test based, on the sbandar-d errors of dif~erences {not tabulated-here)

shows that' these differences are significant except in the case of. Distributiv,e

Trades (multi-storey), where only a few fires are involved. Thus from the

tabulated chance' of spread it appears that, by and large , fires in buildin,gs ,with

timber framed walls are twice as likely to spread beyond the room .of' origin as

'other fires. It is weh-known that timber framed walls are less likely to withstand

fire than other types of wall, but this technique has enabled a quantitatiye

. estimate of ,their hazard to be made,

The influence of columns is not so clear and varies between occupancies. 'For

manufacturing industries the chance of spread in multi-storey buildings with

,pretected internal columns is significantly less than with other columns, :but in

- 10 -
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single-storey bui laings f'ires spread more of'ten in the' absence of' internal

columns, .with no dif'f'erence between protected and unprotected columns. For

Distributive'Trades the position is dif'f'erent, spread being most f'requent with

unprotected internal columns.

The reason f'or the'varying merits of' 'columns is probably that the'

presence'and type of' internal columns is associated with other f'eatures: this

requires'f'urther investigation. For example buildings of' dif'f'erent construct~on

types may have ddf'f'er-errt uses, and content s, and may be of' completely dif'f'erent

size.

Uni'ortunately, the data in this paper is inadequate f'or a study of' the

ef'f'ect of' Building Regulations on f'ire spread and this is a def'iciency which'
. )

needs correcting. The basic philosophy of' such'regulations is the inhibition of'.

f'ire spread by specif'ying structural elements of' suitable f'ire resistance,'and

although these regulations have be~n in f'orce f'or some years now, there is at

present.no data collected specif'ically to measure their ef'f'ecti~eness. This. .
paper is not an appropriate place to discuss the nature of' such data, but, it

would not be dif'f'icult to 'design a scheme similar to the 3 x 3 table of' this

paper, or to collect data, answering some important questions about the ef'f'ect

of' some f'eatures of' buf.Ldang regulations.

CONCLUSIONS,

A .statistical analysis of' the chances of' spread f'or dif'f'erent construction

types shows that there is no signif'icant variation between the two consecuti~e

years 1963 and 1964. Fires in buildings with timber-f'ramed walls are about

twice as likely to spread beyond the room of' origin as in other buildings. The

role. of' internal.columns varies with occupancy and is probably. associated with

other f'eatures. An interesting result is that in multi-store1 manuf'acturing

industry buildings, protected internal columns are signif'icantly better than

unprotected columns or no internal columns. The signif'icance :of' this result ­

and whether .it. is really associated with the type of' column or with some other "

f'eature of'thebuilding which is. associated with"the type of' column ha~ sti'n"

to be studied •
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