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SUMMAMY AND CONCLUSTONS

Tho objeet of this study 1s to éerive en ostimnlo of tho amount of weier whioh
should be provided foxr firofighting.

Wator cupplics are provided for fires whioh mey cocur in tho fubture, Theso
future fires cre unocexlain events ond the watcr roguircmonts can enly Le
expressed in prebebilistic terms. The most conveniont woy of representing the
prebability of reguivine a gilven amount of watce is to use a frequency
aistribution or & owrul tive disirdbution of tho required nuiber of Jets.

Tho likcly water reguiremonts wilil vary with the typo of building, end fizure 3

phowp tho nusber of Jets required 10" firos im bulldings of d&iforant iypes
and occupancios.

Vietor supplics can be vlenned by taking into account elther the reguirements
Tor individuvel firec or tho requlrsicnts feor the worst firo enong ali the
fires wrich uay oech» in the area scrved by the same wator supply. The other
factor wirich muegt bo considerod is the probability of the wator supoly being
sifficicnt. It is imsoascible to previde a supply which is ecrtein to cover
any overtuality. ALY thet can bo done 1s to ensure that there is a high
probebility of the cawpscity beaing surficient. Iiguroe 5 can bs used to
deterrine the rurber of jots which would be sufficient, with any given dogroc
of probability, for ecither individunl fires or the worst of a sarple of
firose

By malzing o nwiber of simplifylinz s
a1
tha

sumptions i% is possikle to aonveri the
roquired nurber of Jjois Yo red

flow rete of wator (Figere 6).
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' ESTL1i NG THE MAXTLUM DEKAND FOR WATER AY A ¥IRE
- 1, INMROVUCTLION

I With tho oxooptlon of spcoial hezards and very small firoes, mont fires attonded by the
brlgelos rre extinguwished by the applicvetion of watere Tho relatively sanll amcant of
o water {(uw» vo about 400 gollons cr 1800 liiros) carricd in fire opplinnoos is: suffieicnt
I for the extinotlon of about 80% of fires in bulldinga. Tho 1972 fire sististics show
thet about 40% of the fires in buildings wore cxtingulshod using hoso reel jois and a
furthor 40X using othor small mewns, inoluding chomical ovxiinguishers.

IT tho Tire is lorpge however, or if firo fighting is prolonged, additionsl wator sunplies
rmet by preeuroed. Walter is usnally obiained from tho wains supply aocessed vy a ifiro
hydrvant, I o maing supply is unavallable or inadeoquats then edditvionzl woter will bo
obtained freom sourcos such as rivers, cansls, ponds or perhaps a vater rclay frem o
distant m2in. Tho nced to cbinin water from distant sowrcos imposos an additionzl load
on mein and equipment thet might otherwise be used for firofighiing.

In this study we have sttempted to cstimate the maximum domand for water 2t & fire in e
given oocupanoy and bvilding type. At thoe outzet it should be mede quite cloav thai wa
are not tirying to prosaribe how much water shotld bs uced at a firs of any given tvps.
We have mcrely used the rocords of how much water wos used at firvoes of difTerent iyges,
in order to ostimate the maximum amount of walor which may be usod et thet %ypo of Iirs.
In praotice the awount of watcr whioh was usod at the fires for which wo havs firo reports |
will denend not only on tho fire size and situation, but also on the judgements ond
dooisions wede by tho offioecr in ochargo of the firsfighting, and on the amount of water
that was aotunlly available st the tine.

One of the most iwportant factors dotermining the water requirement at a fire is the sisze
of tho firc. The rolationzhip betwoen tha numbor of jets used and ths fire cizo hes beon
tho subjcet of & number of invostirations (References 1, 2, 3). Tho relaticnchip betweon
the size o¢f fire and the number of Jets required would be relovant to estiveling the
water requiremenvs at & particulax flre of known siza. In this study we have taken &
differont approach, and considered oniy the eifoct of the building typs, brilding size

i
I and ooccupancy. The results derived from {his study are thereforo relsvant wheh

oonsidoring what weter supplies may be required in a particular bdbuilding for zny fire
which may cocur in that buildinz in the future.

2. A NMEASURE OF THE ALCUNT OF WATER USFED

Useful ncasures of tho water used at a firo might be the maximum discharsge rates, the

maxivun punber of Jots in uso at any timo, or the total volume of wetsr us2d. In choosing:
& moagure we are howover limited to the information provided ecn the standéord fire reporis.

Thore ere two possible sources of data:- the K433 fire reports end the SATF2 fire onort
Tho K433 fire report Gefines tho bullding type and contains & rocord of the nuchber of
ussd or the nuambor of Jjets plus hoscroels used. If tho nuader of Jjels, or jeis plus
hogerosla, is moxre than 8, this is coded as "8 or more" vhen the F433 duzta is treacferve

-~

Y]

to computer files. The advantege c¢f the X433 rocords is that a very lsrg? scimple cise
oan be uscd.

The SAF2 data was colleotod in & speciel exercise in 1970 and 1971 and about half the
brigades complotoed tho SAF2 data form in addition to the K433 renmorts— The 8472 foan
inoludes arecoord of the number of Jjets of each nozzle sizo used, but there is a fer
smallee sample of BAIL rocords availeble.

sample size, and have thoreforo used "number cof
fire., TI'e mero dstailcd SAFZ data has then been u
water provided by u givon nuaber of jelss Tho method of Translating nuader of Jjeus us
to amount of water used is described in section 6 of this roport.

In this study we have chocen to use the KL33 data
J

&

3« A STATISTICAL DEISCRIPIION OF THE AHOUNT OF WATER.USHD,

Cis

Evan for f'ires in a clossly defined greup ¢f bulldings of the sume size, construoticn an
I . :
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odntonts thore will bo Aiffurvnoes in il number of jois used becauze of the ¢ifrfersncosn
in tho size of tho fire, loeation of ¢ho fiyo ard the intansiiv of Lho firo. The nuzber

- of Jots used in fivon in this type cf batlding can be roprosonzod by o frequenoy
‘ @dstribution or histopram. gnro 1 rhows a typioal dlstribuiion of tho nualer of jis
usods In thls example 715 of the firos are extinguished by hoso rorls or other gmoll

e rs
A n bt

moans, 14% are extinguishod by ono jet, 9% by two jots, 34 by ihree jets oto.

. F-IG'. l. W""‘_ N
Histogram of No. [
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An elternative rapresentation of tha nusber of Jots used is the ounnlative frogquencr
distributicn, shown in figure 2 below. The cuzeleltive disiribution can be obizined fros
the hictogpram, and indicates tho proportion of {ircs that cen be extinguished by H jets
or less.
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pwwﬂni that tha data nasd in oonsiructing the froquency distribution is daiived frow a
loy o roprosentative sawplo, the inforimation can be glvon a probability intorproieiien.
e the cwmnlative distribution in fimire 2 we ocould make statomonts such as "GU7 «f
fivos In thig group aro oxtinguichod by 3 jets or looss"” or an oquivglent statcuwent "Only
39 of Tiron in this group will require moro than 3 Jots", . :

L. CLASSTPICATION OF TilE IESULTS

Tho frequanoy distributions of numbors of. jJots usod ero obtained by asgsrogating the sawmplo

-datn (ihs 1233 rocords) into similar groups. The bullding typos in caoh proup should be |
l sdmilexr with respoot to tho likoly firo sizo and the typical fire fighting oonditions.

I this analysis tho baslo groups have boen defined in terms of the following factore.

I ‘ Puilding Sizge - 1 Ground floor dimensions less than 4000 r42
i1 Ground floor dimenslons LGOO - 10,000 £:2 |
111 Ground floor dimonsions groater than 10,000 142

|
l' Number of stoloys i Single storoy
_ ) d 33 Multi storey ' ‘
I . Use of building - As defined by building regulations sub=group and/o;
standard industrial olassification (S.I. C ) (Referencers &),

Other rselevant fectors such as degroe of compartmentation within the buildinz or cmount
ofscparation frar other bu3ldings have not boen sonsidercd as ‘this im orzatlon is not
avalloble on the Ki33 firo report.

The froquancy distributions of numbor of Jjots used for this basio claseclfiostion of
buliding type are sumirarised in Filgure 3. TFlpgure 3 shows +wre reprosentative 5P’Hu5 from
the froqusency distributicns = tho proportion of fires extingulshed by ona Jet or less sud
ths proportlon of fires resquiring four Jets or more. From this graph it can be socn that
certain groups ~ for example small private houses, and flats and malisonsttes ~ ave
similar with respcet to the dewand for water. By cembining the asic groups which are
Tolustercd" together we can obtein larger groups and honoe more reliacble frequency
distributions.

The final groupings, and the frequency distributions of the numbor of Jetis uszd for each |
of the final groups, ero chown in tcble 1. f

Tho summary infcemztion in figure 3 also providos a simple meens of identifying thoss
groups of buildinzs whioh have a higlncr than overags prebability of recuiring four or more

Jots, and thoesc groups of hu;.ld;.nbs whore there is g higher probebility of one Jot baeing
l sufficient. :

The frcguerncy dilstributions for all tho basio groups ere derived from the 1971, 1972 and |
1973 K433 rvceris.e These records inoludo some instoncaes where the fire sprasd btevoad the
building of origin. In these ecases the fire i1s still recorded es e singie fire cecwiiting
to +tho building type in which the fire originated, and the nmumber of jsts includes th.osc f
Jets used in all the buildings involved in the fire.

';no K33 records do not provide detailed information whers more than 8 jets wero used. To
got this moro detalled informatiion we noed to refer to thse SAF) data, which is a far \
graller semple. Becguse of the cmzall samplo size, and particulerly the vewy crall namber

|of‘ fires requiring eight or more jots it is not ‘poszible to incliudo the detnil for more
than cight jols in ¢he fregquency distributions for esch bulilding type. Hewever by

< combining all tho non~dwelling groups we can obizln e frecuocnoy distribution Sor 1 %o 20
Jetse These detailed frequency distribution are shown in table 2,

o~C

5. II]T"‘M’RE TATION OF ThE RESULTS

l 5.). The ¥ater Reguircrants for a Pertilrlur Building ' '

. The probability of requiring any given numbser of' jets 1n & pardic * bl
shoim in table 1. The probsbilities from those frequency c;*:;t:':'.bu‘:’ ona
to constrund cumulative froguency distributions to answer cuestionz of %l
tho probability that foun jeis (or eny given nuwber of jein) will be suff

l fire in this particuler type of buililding?”.
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i Monover when ucing these results tho folleoving Linditatlions st be borne In mind:

&, Thoesc reaults avo derived from obaervalions of bripoadae
& preseriplion of -tho number of Jots {hut should bo used.

l = s Theso results are dovived from the 1871, 1972 and 1977 K372
allowanoe hes boen made for any timo trend in thc typo of t'ire

praotico, and thoy are not

records, and no

3. Thoso rosults doneribo tho water regquirements fer a yypical tuilding within a
| fairly broad pgroup. Theso frequeney dlstritutions may not be ropresentative of any
exoceptional or special rick bulldings. Any cxeeptional buildings must bo considercd as
spooinl cases and theo wafer requirements estimated by referernz to the maximunm fire size
l that rdght oocur in tho perticular situation in that building,
4. Thore is a fadxly small sample in some of the builéing grenns and the readis ey
be subjeot Lo small nomplo variation. This is purtionierly true for tho prehabilities
l assooiated with largo nucbor of jets, beeause there ere so few rooords of these fires.

2
4
s}

I 52, The Water Reouirements for a proup of builédines

n.)
Tho froqueney distributien of water requirements for an individual £iro can be used to
optinmcte the water requiramsnis for any specific building. However any weter main, or
gystom of mains,wlll secrve a nupber of buildings and should be sufficiont to nrovide {tke
I wator requivced for a fire which may occur in ary of the builiings served by that rain. IF
we lecok at the problom from tho point of view of a group of buil. dires then the relevant
l. faotor wouid be the largozt fire vhich mielth ceenr in the preun of tuilding

A TVIE, It ....1
possidle o dorive tha Givtribution oF the mexirun water rcquirament in a sample of lires
from e knoilacge of the distribution of the water

The statistlcel theory uscd in this estimetion is

I The lexger the sample of fires that is considered
fire will occur somevhore in the sample. This is
frequency distribution of vwater requirements at a

l distribution of' the maximun wator requirerments from samples of 50 and 100 fires. The
digtribution ¢l the maximum wvater requirements mercly represents the probebility that the
largest nuwiber of jots used will be of some given vaiue, It does not give any indication

l of which of the fires in the sample will bs tho largest, or what the water requiremants
will be for fires othor than the largest.

B =
| ' ' °

FIG, 4.

reguirements at ecoh individual fire.
dosoribed in the Appendix.

tho higher tho chance thet a very larce
shown in Figure }4 below where the
singlo fire is compared with the
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o. 1 .2 3 & 5
Number of Jets f

Tho freguenocy distributlon of the maximum water requirements:can be expressed as '
cumilativo distiribution, Tho cumulztivs diutribub-on desoribes the probability thut f

given nupber of Jets will be sufficient forr the lergest {ire in thc sample, and therelcre |
sufficiert for every fire in tho sanplo, (

In ordexr to use tho concept of the neximum water r 'quircments o risk levol (R) and a
Bamplo slza (N) mast be ohossne The cotwinle siza stould be the number of fircs cxpeotled '
in somoe future time perisd in en area ccived by & systom of msins, Tho cumulative \
distribution of ths maxlimim water reguirements can then be vsed 4o determing the oapaciiy )
of the mailn wrcquircd sucn that there is an R probability that nono of ths N fives will
Foquire wore vatewr than is evallables. Flguves 5a, b, o, d show the watcr reguiremsnts '
for various risk levels and semple sisces for fires in a, a typical mix of buildings

b, a commcrelal area (offices and shops :)e, an industrial area (industry and storagc) ond |
d, a typical non resideniicl area (industry, storsge end commoreial).

Tho average size of ths largest likely fire 1s not a velid statistis for thoe planﬂuv 0% l
water suppllese The weter :nppl 5 should be sufficient to cope with ihe lergest Tire
which is likcly to occur and not merely sufficlont for an averapgs firs. Becanse the

ma jority of fiwegs are smsll the average wator reguircments would be low and might be a
very mislea dlng statistio if used for pleinning pvrposes,

Vhen using the statistics reluting to tho maxinum water requiremsnts the following points
should be notod.

1. Ths nurer of Jets requircd at zny given rick level will depsnd on the esmple '
size, and thoe =zample gico is o scuewhat arbitrexy ooncepts If, say, a twdniy year vicw |
is taken rather than a ten yesr view the celculsted semple size will be larger and hence ‘
& larger capaclity tain will be indicated,

-nuamber of fires, not the nunbsr of brildings.

\
|
2, The somple sisc used in calculating the mas irum water requirements is tha expecicd i

3. The statistic derived from the cumbletive distribution is the probsbility that N,
Jots will bhe sulficicat for 21l the fircs in the samnple. It docs not indiczte whero ths
largost fire will occw or vhot ricks ere associstcd with any specific building.

Lo The meximuun wator reoquircement in a sample ¢ fires may be vezy much larger than
the water requircients in the majarity of fires in the sample.

5 The mexirume water reguivements in Flgure 5 are calculated for broadly defined
groeups of typlead buildingc. Tieo resulis may not be valid foe bhu¢di“gs where the fir
ray be exocpuionzlly sovera.

6. THE D2ELATICHSHIP BETVEZN KINMDER OF JETS USEID AND THE WATER SUPHLY

Tho anal vsls 50 far has hoen in terms of the nuaher of jets used, b
faotor for plenning puarposes is the esmount of water actually regui

Thera cre dcae?;: Cifficuliics in dolng this cuirtvorsion. It is di

H ts

cult to ostimate the
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Iucﬁurre rato from & given number of Jetn becaunso tha lona bty o vl wacavacae wnn .

o8 or ney bo variable Jots overatod 2% coro unknoun discharpe »ato.  Jiven for o iiscd

nozzlo sizo the dischurge vill depend en tho water preassure pyailablo. Vo enn only

llwm"u nunber of jeis to vwater suppliez by making use of a nuwbor of sluplifying
sumptionc.

he Jots of fixcd nozzle sizes must bo assured to Lo gueratln'* at the prceosuves
oommended in the lanual of INxrcmenship [1 cforence 5/, nlthourt theso irccomrmendod
soharpoe rates may not be achleved in practioce. 355 of tho jotp recerced in the 1970
SAF?2 sample woroe variable Jots and the estimatie of water requircrents i thorefore
rongly dopondent cn the assumcd disobargs from the variable Jets., Wo havoe assumcd
m averago disoharpgo of 10 litres/seo (130 gals/mm) fox theso veriable jots. Using theso
assumpticns together with the SAF2 rocords of the total number of jets us2d, and tho
mbor of Jots of each nozzle size used we can dorivse an estlmate of tho everage dicchurgas
to for a given nuabar of jetz. This relationship is shown iu Figmie 6. TFipgure 6 elzo
shows tho rolationsiiip between the median nunbor of jets and the {ire nize. The fire
izo/nuiber of jois rclationship is the avorage for oll non duelling bullding firves
‘Rei‘orcnoo 3)e. 'The median nurber of jets is the numbor of Jjcis exceeded Ly 507 of ths
ires (io if the median is J, 507 of the firos roquire more thun J Jots, and 507 roquire

less than J jets).

e oan mzke no ostlmate of the size of wator main required to provide ony given dizchnrge
.rate, sinoe the flow obitalnable is very dcpendent on local conditions. The flow will
epend not only on the sizo of the water main, but also on the distancs froem the pumping

tation, %tho pressuro at which ‘the mein is oporating, and the age and condition of tho
in, i :
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Froguency DNistridbution of Numbor of Jots Used

Notos

ke

1. Theso distributions are derdved from the Combined 1971, 1972, 1973 K433 dats., On
tha ooded K433 records the data is recorded as "Humber of jebts or number of jeis

plus hose reels used". A rooorded valuo of 1 must indicato 1 jui, and it is likely

that whore & largo value is recordod thils will consist only of jots. Howover e

veluo of 2 or 3 wight in como ousos imwly a miztwo of jota aad hosoroels. It is

assumcd that any orror introduocd by this amibuity would not be significant.

P ™
.
=

N
.

It can reasonably be assmaed that the underlying distribution of nunbor of Jjeis used
woutd have a smooth, monotonio shapo. Whero the obcerved datz shows obvicus
inoonsistcneies due to small samplo variaticn, the dzte has been smoothed.

When froquonoy distributions are oonstruoted from szample datoe thero comes a point
whore there aro so few many Jjet firoes that tho sample data no longer provides an
adequate ostimate of the true distribution. At this point the distribution must o
truncated and 211 tho remoining obsorvations aocumalated in tho last group., 1In the
tabtes which follow the last value is always an "aoccumulated" v2lue.
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‘.Tho distribution of the maximum samplo valuo deponds on tho distribution of tha individua

!_:p‘w!"h)f I

o 8 e it

=

'_l‘hu Distribution of tho Mesxdium Nuibor of Jois Used

obsorvations whioh make up the samplo,and on tho sample sizo.

Assumo that tho individusl obsorvations aro gonorntod by the dicorots distribution which
s dofined as fellows:=

! P"Ob ( j a\':tfh -F%LL\&A \ = rl"'

jrot,2 e M

3
3
.?*ob( Jv d,;\s ot loss {-Q.W\.ﬂ\-l‘tfl) z 2 fe = ?.1 \s_—_o);,,-;_ ..M
) 2 =0

If the semple size is N the probabili'i:y that the largest obsorvation is I is:

N2 i
Rrob (2L s N .. +(N3f‘u L-.+....+ e
: o :

k. ’ -~ o ?L_ﬂ s PL-I .:591 ‘L'>O
/. r ¥ oy ('JE.I)
oL Qe Lo

The size of the seoond largest observatlon in a szmple of N 1s used in ths validation
degeribed in Appendlx II.Te calculate the probability that the sooond largest value,
X3y - takos the valuo K we oonszideor two separate outcomes.

@+ The first and seoond lergest value are both equal to L

Pt o = (308 R0 4 3y 020070l |

' N N-1 -
.= r_?l_ﬂ - PL'—I == i i P-\ ot L>o

(T4
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0w - yn PO

b. The largest value is larger than the seoond lergest value
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Tho Trequoncy distribution of tho numbar of Jois used at a fire is deirivoed from tho
yeportod fimros on the I35 and SARZ roports, Becauso of tha apor. j*y oy la:ge firos
thas uppoer teil of the distributlon s difficult to estimato cocuvraicly, and it is this
uppor tail which bYooowes oritlcal when tho maximum samplo vatus is coiicidered. In ovder
to onswro that tho darivmd distribution of tho maiximum campla size is velid a chock was
made by comparing the c¢xpaotnd and cbaerved largest valucy for o nugper of samples of

diffevent sizss. The lavpgest observed velue may in preotics Surn out to be an anomnzlous,
p

and so the oxpeoted and obacrved seoond largest velues were also considered.

The fires within the sepnrate brigodes in 1970 were taken »3 ths semples. The sample
sizos axo tharofore the total number of fires whioh occurred in cach brigadsc in that
yecare

The averagoe or oxpaotod size of the largest and ssecond largest firas are oaloulated from
cquafions i, Iii and Yiii.

The expeotcd value of the largest observation, =y is:

™~
€ (Xew) = i <+ (P-r“- Pc_. 3 (-ﬂt\

gzl
Tk

The expectod valtie of" the ssoond largest observation, >y is:

Cleons Se Lot 6 —npe P w wG PR 0E ()

£r

Compurdsons of the cxpooted snd observed values are shown in Figures T % and I ii, If
tho estimited distributions are velid the graphs should show a scatter of points abont
tho 45° line. This app°arb to tho case and vie can therefore assiwme that the distridutis:
of the maximum {irs sizes ero valld, at least within the limitations desoribed in seotic:

b-‘l
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