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SU),;r.!hV':: MiD COtlCLUS:rO:'!S 

Tho 0!)j00\; of thin flt:;dy is to (k:d vc en o!ltin,(\ to of tho fiJr.ount of tiC b)r wh5.oh 
vhoulu bo providcd 1'01' f::"::o~'i6htl",;. 

Wator ct\pj11ics arc p;:oo'll.<lctl for nre!l ,·,h:l.oh /'!<::y oocur ill tho fUtll2"O. Thc~() 

flltUI'f} fh' us r,r'o ur,o ,,"'t~j . l : cvC'nb cnd tl:e \~ntGr roql'.:ircrr.ontc con only bo 
OXl'l'OS30U in prooebiLiG'd c tor,"s. Tho most cOll'lcniont l;[).Y of l'c:preccl,ting the 
})l'cb::bi:U.ty of :toq\lir'::'~)!: a [;o.V'on ..l",ol!nt of l'lf\tn' is to uno (\ frnquclloy 
distribution or a. OllU:~\:'" tiVCl d~.!I~~'Jbu.tion of' tho roqui.:ted nLl.ccber of jots. 

'l.'ho l:iJ,cly 170ter r oquh'cwont3 wHI vary I1Uh the. typo of btdldint;, and fit;uro 3 
flllol'/::I th'J nue.b"r· of j c t~ l'uqul.rcd 1'0::' firos in buildinGs of diff\Jr~nt types 
and occll~ncioll. 

Watoj.· 811pplios can bo 
fox' S.nc1.iv:;'iil1el fi2"c,c 
fil'o~ r:1:ic,h l;:~Y OOCD.~" 

factol' Tlh5.ch rnlt~i; bo 

~l&nned by t.(\kinc; into /lccour,t either tho r("qui,.ercents 
or th9 rO:l'!:L'.'u ;c."nts for thc "orst f)ro f\t'lonr, oIl the 

~ .h the o.rC-:- l; Dc)}Yod by the same wator f>llpply. 'ino other 
oonr,j" icrod i3 the probebility of the ,ontor ~llp;)ly b Ging 

I' 
sufficic!lt. It is i::::,,,g ~ul() to v,'c'ridc n SU!'D),Y uhioh is eCl'tc~.n to cover 
En~" ovc n·~lvtli·~y. All thc~ can Vi) clone is to onSU(,8 th.::l.t t·hero is n hi[;~ 
p~;ob~bn :i:i;y of' the Cltl" ' ·.city bob;; ~uri-iciol1t. Fit;tU'o 5 c:m bo usod to 
dctcrm!'llc the r,t:.rrbul'" o~ j0tD wh:1..t';b )c'ol!..ld bo sufficient'4 filth any Givc~ d~E.·l'DO 
of prob[&l;)~i-::y, for o:~'i:-l:c~ incliv:i.'lu.:"i fixos o~ the 110rst of n 
fll'OS. 

By m~d.n[; :I m:.:r,bcr of :;~_r" plifyin?, n3su~"Pt10ns H is possible 
roquired llUI:,bo~' of j il \;S to tha l'cquireu fioH rnt.o of tlatol" (r' 
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com-eIn's 


1. Intl'ou.uotion 

2. 11 1,loa!JlIro of tho IImoun1; of 1\'n-r.o;;- UGod. 

3. A Stat1::;tiOlll Description of ttJ.c Amount of Water Used. 

4. Clensif'ioation of th9 Rosults. 

5. Interprotation of thc Itosulto. 

5.1 Tho V/ator F.eqllir3I:.Q I~ts for a Particular DuildinG 
5.2 'l'lle Hatcr R(jquirc~lentD for a Group of nuiliiinglJ 

6. Tho nelationnhip Botv:een Nwnbor of Jots used and tho Wntor Supply. 

Reforences 

Fi{)Uros nl~d 	Tr.bles 

(Figures 1, 2 and 4 01'0 	in the text) 

Figure 3. Summary of 	tho Humber of Jots Usod in Various BuildinG Types. 

FigurOR ~, b, 0, d. 	 Number of Jets RcqlliL"cd for Vln-ious SSlnplo Sizes and 
Risk Lovels for n. All DuHc.ill{>S 

b. Coro~n9i.' oi[\1 DU.ilclinC;3 
o. Illd.U t.trinl Dui1dings

I 	 d. Non-d:J';ellinS5 

Fiem'o 6. 	 Relation~l,ip Bemeen Area of' Firo DomsGIl, Nl\!!:ber of Jc;ts Used &na. 
Estirratod ?otal Flow Rete• 

• 
Explanatory 	Notes for 7"b1co 1 and 2. 

Table 1. 	 Frequor,oy Distribu·aon of tho l;llli~or of Jet 5 UIllld in VariouD i3u j).c1i:'.g 
Types. 

I 	 " 

I Table 2. Frl.lquanoy Distribt.:.tion of the Humber of Jet::; Usod :I.n t:ora G~me!'dly 
Defino<l Ilulle.ing Typas. 

I , 

lippendix I. Tho D16tribution of the J.IaximUJ:l NUll:beJ.' of Jets Ucod. 


J.ppcncUx II. A Che~ on the Frequoncy Distribution of Jots Used. 
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. 1. 

W:l.th th" (\xoilptlon of 8pcoial h['7.flrd~ nl'cl V01'Y f,'lnll. fl.l'oo, mO .1 t fi!'e3 att,,:~dcd b;r the 
bl'l{;:!,1tl~ /-.1'" cxtin.r.,uir.lwd by t..'lO nppliulJ.tioll of HutC1', ~'Jl(l rol'ltiYllly ~"cd.l UIClOClrl.t of' 
rm".cr (u~) ,I) nbo~'.; l~CO callons Cl.' 1800 lH;,os) c,lrricd in firo D.ppll .nnot);:< il)· ~uFfil,j.cnt 
fc,,',' t.ho o::Hnotlon of about eo:, of fir()s in build:LllC:~' Tho 1';)72 1'l.ro Ht"ti:;t::'C3 ~!lo" 
th"t obollt 4Q~ of tho firen in buildinGs floro cxtinGu:\.sho<l u3inC hono roel jots o.nd n 
fUl,tllor ~.()/: usint; otilOr small rJeo.n:'l, inol~uinG ohomicnl 0xtl.ncui!;ho1'S. 

If '~ho fire 13 lDX110 hO'iiovor, or if fixo fiGhting is prolonged, additiond ',mtor nll;,,,li(? g 
rlllst b:. Pl',;Cll.rOU.. Water is uS\lal~\' 0\.>to.:\.110U f!'Ol~ tho wlin~ !IUl'ply o.oco t. r,cd by n fir~ 
llYdrollt. If 0 nL1.in:J f,~jl!lly i~ un'lvoilable or ilL1.doqu':Ito then vd<li':;ional ,"~ti'~' 71il). bo 
obbl,inod from souroos ouoh c.S 1'iVCl':;, canel:;, ponus or p~rhaps " ';(lto!' rcl::.y 1'1'0:.1 U 

diGt:::.nt main. Th(l neod to obt!lin ,;·otcr from <1ietant EOIU'COS ir.Jpoaos an ot:.d.it:Col'..'ll load 
on mOll end cquip:ocnt that roir,ht othcn7i:;o bo usou for fixofit;hUnG. 

I In thin s·~udy \1e havo cttcrr.pted to c3ti~tc tho rr.<:ximum domend fC'l' wntOl' et u fu..; in a 
civen oocup:lnoy ond bu.ildinG typo. At tho olltnot it should be DJr.uo qui'.c clam' th'l1. \7>3 

ure llv'. tl'ying to Pl'occu'ibo how m'loh Imtor ,::~o~l.j bo ll.:nd_ at e firo of any C:;.-;"n type. 
We huyo merely u~e(~ tho roeords of hOTl much r!ui;or ~~u"C'l at fh'on of different. ty:,:·~3, 
in 01'U01' to ostir.l.'lto tho In5lximum a",ount of 1'Iator which co,,-y b" usod at thr:t t;i'PO of :-il'G. 
In pl'~oti.oe the amount of "ater whioh ",as ll Go d at tho firos for ..hich \';0 h~.\' G fj.l"o l'epoC',-·s 
will [l.G;:>e),d not only on tho fire size Rnd zi tu:. tion, but olso on the jllcl.(;; ',",CiTb cnd 
dooi!Jion~ n~ue by tho offioer j.n oharCQ of tho firc;fi&lting, and on the omol<nt of .:atQl' 
that \'1(;.:; ,.otu''llly eVllilnble Clt tho tirJo. 

Ol1e of VIe m~st illpOl'tnnt fClctOl'S dotermining the ,iilter rcqllirolT.cl,t et a firo is t!10 S].~,G 
of tho fixe;. :rhe rolntion,;hip betwoen tho llumbor of jots Llsed p..n<l th>3 fire d Z0 h"s bee" 
tho 8ubject of a number of invostic;."tions (nci'e rences 1, 2, 3). Tho rel:.tiot<:hip be'Gcu" 
tho size ef fixe ani the numbe:.' of jets requi:roi \'Iould be rolo'J:mt to cstil:,:liir.G the 
water reqlul'amcnt5 at e l2.~..!.::tt~111!l.1" fJ.:.-c of l:r.~n si7.eo In this study \10 hava t[1.kcn ~ 
differont npproac.h t and considcl'eu. oni:r the effoct of .l.:;ho bu.ild~.r.lG typo, bl.!:ll(: i;lS cl:.e 
and oocup::.n(,y. Th.z: results derived from thin study Hre thel'ei'o~'o rclsv£!nt linG:! 

oOnE;idor.ing what flatol' supplies Eay be z'cqu;.rcd in a p3rticulRr building fo::: '~ !'\y fh'" 
v/h'i ch l£:1~" OOCIJ..'t in t~~:\t b'~:Llclin~ in "tho flltl1!'O. 

2. A MRr.sun:s OF THE /Il.:OUNT OF WNJ.'ER US;;;D 

UGoflll lJCil.5'UeS of tbo wator used at n fixo m5.e!lt bo the nlaxirJum d:l.schsl'f,C lC'"te , the 
Jl1tnd.Du.,11 Dumber of jots in usa ut Rny timo, 0:' 'the tot"l volun:o 01' .-t'"tGr lL~:'{l. In o',oo.sin,; 
a moaSlll'e Tia ore hO',70vor limited to the inforG'.:l'don provided on the otaniOo.:'u fi::'o rcpv!'·:;z. 

Thoro IU'O two posdblo sourccs of dato.:- the Kl,,33 f:xe roports c,ncl. the S.H? f~:;;, ,, l."oT'or',z. 
Tho Kl~33 fire repor'c c:i.efines tho buildinG type anu contdnn a rocord of tbe llud,c:/:, of j e t:; 
uS3d or the r.ui!lbe).' of jets plus hos~ro(Jls llsec1. If tll" nu;;)bcr of' jets, Oi' j')'c,: plus 
hosel:'ooln, is mO:('G than 8, thin is ooded as "8 o!' c:ore" r.hen the U.33 d-:d;:\ is trr.;1~f· eri'2c. 

I to computer fil~s. 'The euvllntoGo ef tho Y-433 r'ocordz is ttlat 0. YC1'Y lr.:t'C) sCr.!ple ~;;'ze 


onn bo usod. 


The S.U'2 uata. Tias collootod in a specid oxeroise ~.n 1970 Etnd. 1971 a::u about mli' th~ 
brigf!dos eo:.lplotod tho SAF2. data form in addition to the K433 l','::or)l't-.- The S!;'?:2 fel'!!) 
il1olu{lC3 a rcoor-u of the nUwbsl' 01' jets of' each nozzlo sizo used, but thoro :er, a fe.'!' 
=llc~' &aL1ple of Sf.}vJ.. roco~'ci.s a\,uilable. 

In this fV'cUdy ITe ho.vc choc~n to u~o thG K433 o.8,t.n in ('I'(1.~!, to get 'the 2.!l:::[;c:.t pc~~jbl 'J 
oomplo size, i.i.nd h3V'3 thol"eforo u.sed "number of jots" an 0. 1~'l 9D. ~U::-:U of IH1tei:.~ Uf:,6(~ Ht f~ 
firco '?l'e lGC!:'O d.'3t~.ilcd $:\;....2. d~to h':ls th811 been used tCl find th:J cViJrfJ.[}J flo:" l'n'~(; O'i."1 

I llutcr p;;:o'::i.<lcd u:... u givon oU::::lDcr of jets. 'rho ~lethod of t!'£I.nnlo.:tine; nl'.~.lbe;..~ of" jC'~ij uS(' t\ 


to amount of "ate!' Ullo(l is daseribc.d in 1:00-l;i0I1 6 of thin ropol' ·i;. 


}. A S1'A'i'ISTICAL DSSCRl?l'XON OF 1'11:: AEOU1l'l' OF l7.1,,!'Eit. US!.:D. 

Kv~n for 1'iros in a olosely dofinod 17cup ef tll:i.lcl.inga 01 tho f,lime sizo, con&1;!'uQ·th.n ur,u. 
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co:-.tcnto t!lO=c ";Iill Cu (l~rf,-,).·ulLu0£i ~U1 i,1'1,) number- 0'. .10);3 U30c.l b ('cnu~c of tho ("iCi'cr~ncor. 
ill tho sb') of t.h() firo, loe.,tJ.cn of t!~n !'i.).'o nnd t~lO .l.nt ~ n:;i"i. 't nr til t) fir,). '.l'Il(! r.u:;.';)cc 
ol jotll u::;cd ~.n fit-on ill thi:J t.::pe C'f 1;11.11;1 in[; C:l." he l'ow:-r.on:;ou by r. fr'cquc llOy 

• IU:;tt'lbution or hl"tO(;rll'l1. 1·' i O.lro 1 cbo':1 3 n typio~.l di:;trlul1ti'):l of tho numtor of' j0t:: 
usod. In this oX~Hn111o 71~~~ of t!lC fi~'0G :11'\) oxtin6uif.hJ u. by }Jo~u X'l"'l"l n or oth<:r :::::1!1.11 
moano, 14% are oxtincui ~hod by 011') jet, 5-;;; by tT/O jot::;, 3;~ by '~bre() j(.to oto. 

l!1etoe;ram of No. 
of JQ'~9 used 

5 
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Pl:'0yj::'C'"1 1:h~t: t.h" ut:ltn n~ed. ~.n oo!"!~trl!c·tinb t!1c fl'~!JUOric:( d!.t.t:4~ibl,~ion is d ..../ ~·:ty~;cl fi~L,,'li i\ 

ll\l'I~~ ,:: .'Pl'O "-onto "h'o s~n:plo, '~ho info.',,'!'tion 0~11 be r;ivan a l'rob!\bili ty in'Co).'j\r.) '.n U<'ll. 

, Pl'C~ ~'~G c~'!nlllatl\io diutl'lblltioll in fiGl.Iro 2 \1 9 oould 1I,~ke ntaton,onto B'JO'1 flf, "9'1;:' :,,' 
:L'it'i'g in t.:1:I.D G1'0:i.p fl1'O oxtinr,uioho<l by::; .letc or loo~" or an oquiv9.1ont statce,lont '\)nly 
.3;~ of fi;" .1J in t.hin (7'Ollp I,El roquil'o mOl'O than 3 jots". 

1;.. QL,iSSH'ICIITIOH OF TilE HE3U'LTS 

Tho f1','qUO.'i0Y <1istributi0nz of numbor3 of. joto' usod ero obtaincd by aeGI'OilfltinG the n:l:cplQ 
·datn (th0 F)~33 rocordu) into 8imilnr crO'-1ps. The buildinG tYPOD in v.:\oh r,rO:.l)l [.hoaiu be 
I.dtnJ.lel.' with ;,'aspoot to tho likoly firo si~o and thn typical firo fiGhting oonditio!1s. 

li1 '\;115.8 nn:,ly 5i s the ba 8io eronps have boen defined in tormo of the followinG fnotore. 

Buildin;:; Sizs - i Ground floo~ dirncnDion~ lesz than 1.;.000 ft2 
11 Ground floor dimonsions 1.,.000 - 10,000 f·~2 

111 G1'ou.nd· floor dimonsions groater than 10,000 fi2 

NLUnber' of stol'OYS i Sin61e storoy 

11 Multistorey 


Use ' of builc:1.ine; - 11 s defino(1 by buildinG rO f,ulat1.ons 6Llb-[l;l'oup ana;0.' 

standard inclustl'inl olasoificution (S.Le.) (RCrGl'Cl'C"~ 4~, 

other l'slevl}n'i; fe.ctors sU0h ns de~oe of oO!llpart[r.entation "i t,."in the bui.ldinf- or I',"Oltr:'~ 
of'scp31'at"10!1 frolr other bu.J~dines have not boen oonsidorod as this infor,7stion ::'s r:ot 
avail.nblo un Ule )433 firo ropol't. 

Tha fl'oqu~n(\y o.i:;tributioll~ of numbor of jots u5e1 for this b:lsio clr.sdfio,;.t!'ol1 of 
'l;ulidinc: t.rP '~ (Ire :;\lm;r.~ri3'3d in 1'1@lra 3. Figure 3 shorl5 ,",10 rcprosont<:t!.-,r() ;>r.int5 f~r.>," 

th", fl'o'luenc:{ di3b'ibLltiO:l~ - tho proportion of fL'os oxtineui~h01 by 0!1.3 jet or l O!ls 1::.:,(1 

"I' 	tha proportlun of f'~i.'es raqllh'ing 1.'0= j~ts 01' moro. l"rorl thic craph it can be soon thr,i; 
certain &!' ()ll}l~ - for example small priva'oQ hOUHOG, cnd flats nnd maison8ttes - ~,'e 

similar vd.tll :cespcct to t.he ufJlr:lnd fOl' \'late).', Ily Ct'.'nu:1nin g the 1n sic gt'oupll ~:hich are 
"olust(;rcd" to.;athor \'10 oan obtein la1'g6r g!'OLlPS and honoo more rclio.bl0 f'rcquDnc'Y1 di6tl·ib~'oion;:;. . 

The f1n:.11 [~o\).P)_'·l"S, nnd th9 frequenoy distribiltions of the numbor of jets u~zd for ea~h 
of 	the final [TO!!P5, ero sho\':'n in tc.ble 1. 

Tho /lUi:"",,'n'-y- :1n:':'(01':n;;.tiOll in figure 3 a150 providos a simplo rr.oe.ns of id~ntif.)'bg th:",,'S 
t;1'vupa of bnilci:i.ncs whioh h:lve u hi(S.1-:cr th.:m c.'I'craga prvbllbll1t.l of reqllil'lll(; fot'.!' O~· t!crc 
jets, and tho~e g>.'oups· of buildings whore there is n highC1' probability of onc jot bQi~.; 
sufficient. 

Tho fl'e<:lu<Jn,:,j' il:i.Gtributions for 0.11 tho basio groups era dcri¥ed from the 1971, 1972 o.r.d 
1973 1\4-33 "'Uc(;)-~~. '1'!105e reoords inoludo some inst~noGS Hhere the fire SP2·~~.o. t>cyor:"~ 'che 
build:ing of oi:i5in. In these CIl80S tho fh'o is still record()d an a sin31e fir e l,cc~.; '·:"i:1 '~ 

to tho buildinc type in nhloh the f:i=o orieino.tcil, and the mUllbcl' of jGts inclv.do 3 ';;"000 

jots used in all the buildincs involved in th<3 fire. 

Tho lQ...... 33 l"CC01'ds clo no", pY'l)vido dotnilcd infor:na tion whel'e more than 8 ,jets ':'1e)~o Uf>O!l. To 
Gat this mOl'O dctniled infon;-,u'.;ion we nocil. '.;0 refer to the SAF.'. d:!ta , ~';!lich is p. r<-~ 
N.ullc!' sct:lple. Bec:lUSO of t:1O ~,""ll snmp10 size, and porticlLl=ly the vc).'.)' uc·:,ll n~ll,ber 
of' f'i:'':)s reqldrini; eight or I:\oro jots it is not 'possible to inclu.do the dehil for rl·)l' € 

than c:lt;ht jv~s in the, fr\1quency ui !.rtril.Ju"tions for each "ouUcir:g typc~ HO','icYcr by 

< combining aJ.1 tha non-d'7"ll:~_ng (;l'OUp5 w(; cnn obtain c. fre:::.'~:]n(jy di51.ribution ;-'01' 1 'to 20 


jets. These ucteileu !'l'E:q:.ie r.ro;, distribution arc shown in t!!bls 2. 


IlITERPRETA':Io~'r Oli' '£}iE RESUT/i'S 

" 'I'he pl"obab~"lity of rsqu:Lzoing :::.ny [iv-e n r.u.mb er oi' jet::. i~ c:. ?C'.rticu.~,..;r t~il~i.:.~" . '~:n;~ is 
811o'"n in tr..blo 1. 'rho prob~bill J~ ie s fr~lj) tho s.e freqlJ.cr..c,Y ell !:!'!:!"':.bu. t~ O~ 8 car! c.~. .s(. i...;: i.::..s~:tl 
to const!'uo"~" cu:~~leti\"c fX't:;\len.:.;y distributions 1.:0 nn~rrcr clln::;i:ic)'!3 of 'th~ f0:.':":'1 "~'::A:'l.'1: i::. 
tho p;·{}bchiJ..:i:ty t.htl.t !,CoU2' jot!.) (c.!' c.ny given n~L1bcl' of je-;"'~·. ) ··..;ill bo sL1.fi'ici.c!"d; :t'6i' a 
i'iro in thin p~j,.'ticull!r type of' iJuilding?". 
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lk'r~0ye!" "hen n:inc; thc~(! r~::l.!lt!) tho f"ollv~7inG l:l !;lit.{"t:r)ns il:U':;t. l)c bOl.~l\I.: 1n IlI lnu: 

1. Tho~ o r03uJ.t~, m'l) llOl'ivod f!' !J1ll obc'crv[Lt~()n.J of bricntio pl'tiOt.ioo, find thoy w.'o not 
.n pl'cncript:~oll c,f ·tho nUlf,ber uf jots th:, t sl~oul," bo u!)cd. 

2. Thono l'onultz arc lIorivcll from tho. 1971, 1972 null 197) 1\4-3:~ rcc01'ch, and n() 
nllOliUlloO hr.n boon mallo fm' any timo t.rlJr.d in tllO tYl-'O of 1'iro or Inl";hod of firo fic."ti:1t; 

3. Thoso ronnl ts donct'ibo tho wr,ter r~ql1il'e"'C l1t3 for n )'W,£[.l c'lilchne v: ithin a 
fairly bro"d (;l'onp. Theso frcquency dintl'ibution3 limy not bo r opl'Oso,l'wtive ef any 
oxo('ptionlll or spocil\l r:l.::'~ buUdin,"5. Any e):ccptional bu:I.J.<l:i.nr;o r.:u",':; bo con~ic.crotl us 
spoo:i.ul c::t,;o~, and tho W::l t Cl' rcquire"",nt5 o"tiwt~d by l.'cfcrop0,~ t,) th~ ,coximum fixe sizo 
that 1'L1 [,ht oocur in tho pc.1'ticulnr situation in that builc.in!;. 

1... Thol'o is n fn:l1..~J.y forr.nll sflI:lple. in some of tha bui10~, ng CJ.~C~1~)5 and tho rC~I.t.J:tr- r!r.y 
be [;ubjcot to ~rr.:l.l1 r.c.r.plo vnr.i~tion. This is P:Jl'l'.iuu1urJy ~l'ue .for tho pt'Ob.J.b5.1i ~ic~ 
nssooi"tcd \'IH;h lart;o nUDbor' of jets, because therc 1'.1'0 so few rooorda of the3G firoD. 

5.2. TI!o ,;atcl' Jl.enuJ.r('c~,nnt0 for n ,'7'OUP of buUdinp.s 

Tho froquc-noy dbtribution of watc;r requirerr.cnts for an individual firo con be used to 
eotinntc tl!o .w.te!' l'oqlli,'"monts for ::tny specific building. lIo;/cvcr any water u:ain, 0:-
IlYstom of m~il1s. will serve a nu.cbor of bllildin.,3 and should be sufnc:icnt to nrovicti) tee

1 watol' rc,CjIl:i.l' ocl f(\~' a fire which m!ly OOCill' in or.'r of the bl',)l c~~~'!J;s sC!";ed by that p:~in. If 
r.o le-ol;: a.t tho problom fro!!l the point of viowof" a £;I'onp of buildir: es "then the rC}.c"'·,'i.!1t 

footor wo\1J.l1 be the lm'r.,l ::t fir~ lihi c, ;~ mi r.h i; c· cc- :: ~' in 'cho l"~r,~1U of tu~,ldin!(s. It:.:;

I "pos£iblo to dCl'i'~o the-di-~·t!'ibu·~1"OI1G~· t}~;:irr;uy,e:t;er rc'q'uTrom€Jht -1.nD:-;ur.:plc of ~il' ~s 
fro:n e. kno',;locGo of tho d:;'r.tl'ibution of thG vle.tel' rqllirements nt e&oh indi·/iOllc.l fire. 
The statistical thpo~-y us(;d in this o5'~i",e.tion is dosoribed in tho Appendix. 

The lc.q:cr tlw B::lr::p:CO of fh'Of. that is cO!1siCi.ercd the; hl£her tho chance the.t a very 101'[0 
firCl tlill ooe·" "' somc,',hore in tho sa.mplo. This:1.n sho;m in F1GUI'e 4 bolow r:hel'e ti:e 
fl"r.quency distl'ibu:~ion of \';a ter require;r.8nts at D.. zinslo fire is COI:lr).~l:ed t'!i'th tb8 
distributioil. of the rr~'lxi!m;" ,:ator rcquil'0",ent~ fro:n sac:ples of 50 und 100 fi;'cn. The 
di8tl'ibn"tiior~ er the n:ax].iJ;um \'iatcr requi!'emonts 1)3:t'cly l""0pl'e[;~nts the p~obHbili ty tr..:!-t tl:: 
lare;cst n~I:,·.hc r of jots use'::' Hill b'l 01' some t;i\'('n vc.luo. It clOc;ll' not Givo eny i:l.diotion 
er \·:hl.oh of tho fil'2r. in the sample TIHl be tho 10rGost, Ol:' what the \later requil'er.;onts 
will be for f~GS othor th::tn the lurgest • 
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Numbar of Jets 


The froqucnoy dir.t!'ibu·aon of thc m:\):j. r:Jl1."~ v:utCl' requirements · can be m:prcRt,en ns 0 

Glllllulotivo di!:i;ribl!tion. ~'ho cUl1'.ul;:bv6 dbtl'ibu'l:ioll doseribcs the pl:'obnbility th"t n 
given nUlllber of j ~'"S \;-iJJ. be sufficie;·,t for the le,r cest fil'e in the sample, and. thct'efc'l'e 
sufficient 1'01" every firo in tho sCII,;:>lo. 

III orael' to usc tho conoept of the I;I'.xirr.UJn l'I:).t(!!' r ' ·quixel1'.ents a ,'isle level (r:) an ,l fl 

Bnmplo SiZ3 (N) IT~\:;t be ObO!:SIl. TllO : ~",ple S~hO d!oula be the nmlbc;L" of fil';::~ c~:!l eotei 
in somo fnt u.!'G tir:",c p0r1~d in n.n nr.cc, !J c l~vod by c· zystorr. of r::s.:i.nso Tho cU.r.mlativc 
di ~rtribution of ths m::'4~d.i.,I.1:n WEt b~l· rcC}t~i :;"t1 : f!ents CUll th en ho u~ G(l to detcr~ino the oap!\ci ~:.~ 
of the main l'cc;,uil'cd such tha.t th(;;:e ).3 2.n R)~ probahility tl:(.t none of tha H fires ,;ill 
#'oqu.ire LCure ".-c..to:.... than 5.s c.vIl1.1:lblc. F:tCJ.:t~es 53 , b, 0, d ::ihO';1 tho ,ratoj,· rcquir~lr.8nt!i 

fo:r vllrlous 1'1 So': levels eno. ~mplc 5i ,;c~ :'or fil'~n in a, a typic(\l r.ri.x of' bt\ilcJ.i.nr;z 
b, n oOi7!mcrcia l <)j•.'ea (offJ(; (:s and (j.hop ~~) 0, an industrial aroa (industry and storage ) c.nu 
d, (l typic~ non residGn t:,-(,l nre.a (iniiuBtr'Y, stC'!'i:Cll and eOIr.morciel). 

Tho 6ve1'Bt;<;) si%o of the Im.'C8st l:i2:o1y fiY.'c is not !l. v~lid statbtio for the )Jlenn~.I~C of 

l1c.ter nupp11csc ~:he \7P..tC).' s:.!ppl:!.c :1 ~~o~1.d bo r.uffiGiont to cope l'1 ith -the le..r [G~.t f'i;:'a 

I7hieh is likoly to oecU!' ur.d not J!lcr' ,~ l'y !'>ui'fic~ont for an avcra !:,~ !·ir8. BeefI'J.se the 

lJ'.ajol'i',y of :fi;:-es ura s;r:sll t!1C nVel'(!.(;O uz.t o1' r~quirements flov.ld be low and mi[;ht be a 

VClty lrlcleauing ~t('.i;i8i;io :if tl Ecd for pl[:.i·1l1inB l1~rpo~en. 


When l'.:ling tb~ :;-!; Clt istioJ l'Glutln.C; to tho mxd!llUJil nuter roquil '"mBnts tho folle.;i!\g poink 
should ba notod . 

1. Tho nUl';ocr of jctfl r equired (It eny eh'en risk leval Hill dcpsnu en t2.0 Mmple 

size, ana. thG ~o.r.!ple !Ji~o 1.5 n SCLi\671[;.:! t· Hr'bitrc.:.',)'· ooncept. If, [jay, a t.,·;i)rd;y .y Cllr v ic';',' 


is taken rllt.he~' t!mn a ten ye!'.!' vj.C-:7 tho c~lcul"tei! r,v.mpla oil<c will be lm'o;::- and hc rlvc 

a larGer e'lpo.ci ty l;",in ,::i.ll be indicated. 


2. The G1'.mplo si:.;o us~d in c(llculr,ting the Iw ):imUJlI water rcquil'eme nto 1.1) ·"h3 exp ecte d 
. number' of fil'05 , not the nur"ber of bu.ildl.ngs. 

}. The st~thtia d.c).':tved from tl;" eUn'ulr.Uvtl <lis'!:ribuUon is the p!'(:1.l!).bility that ,..;. 
jcr'Gs will ha sttfficicil1; rc}!." :-.11 the i'ii.'G5 in the r;;o.T:Iple. It doon not incli<..:~to ubc!'o tha 
largost fil.'a will oeem' or \·.'h~.t rir-ks c.;:e aS50ei8.1;Cd l11.th any 5peoii'ia bllildi ;;g . 

4. The 1I\a.Xir~ClJ,1 Y71ltor rC'quil'c:r,0nt in a. zumple (:'i.' fit'cs ITo!lY be ve~r. lou.ch lare.er than 

tho ':fnt6r r8qllirci'::cnts in tl!''; Ir.~jo::i ·~:':l of fires in the ssPlple. 


5. The mt.xir.wG l7at,,!, rcqLlirerroclltz in Fi.:;u1'G 5 lirE' enlculllt."d fo r b1'of.cl.ly dufinc," 

or"ups of typlcjl buil<iin;r. . Tho 1'6~uli;3 rr.a.y r.oi; b~ valid foX' buildines Hh~l':C the !i!":;~ 


J:;!\y be o:\ocpJ~ "iol1.::.11y ~oYcri3. 


Tho nn.'lJ.ys:ts so fC!l" MS hucn in tOT:'-: .~ of t.he ~!'.D~~cr of jetc u:::.ccl, but t~,G iTIGl"'e l'610Vil.ni.: 


fnotcl· fo::,:' pler~ ·tlnG pl.!rpO~S:~ is th.2 C.li;Ql~nt of Y/.).t c~ aotually ~~cqui.;:-cd . 

Thoro c.re hc~!! ·'.":;: :· d:i.i':ri :::~ l-;;:l. ~s in doi,,!~ thii; OUilvor'5ion. It is difficu.lt tQ est "~"".2 'te t1:. ~ 
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Ilcliur.(.c l'~to from r, (livon llUrc.U01· of jot:. h(jonu~o tho .101;:> i;'''Y 'H' v .' ~""VAV" ........._ • 


. :-.or~ t'r r.>l~y bo vf\l~i~'lble jot~ o~'!crntou ;:.t ~OI;"O llllkno°,'l n dip,e;iwl'r:'.: J.·I~ ·~0.. l':V (: l1 for G. i"i~:~a 
'no",'}o ~i"o th03 uL;eL'""'f,a \';il1 d.' ponu en tb" V1f\trr r~'c~curo p.v".iJ."blo. \'10 cr.n only 

llV.cl't \llllllucr of jeta to \>,It(:l' 1Juppli03 1;y ,":11.inr; l\ ~O of n ntli!lh(';.' of simplifying 
Oltl:lptl.OllC . 

he jot:! of fuoe. nozzlo oizoo ",u:;t bo (\~~.'!!"CU to bo 9.perntin.:; nt tho T,!'e~. :JI.1)'~c 


oomm~l,dcd in the ).\nnunl of Fh'cmanship. !.11cforance 5/, nlthou[;~; 'Oh OBO ;:cr.cl":ocndod 

Goho1'(;o rntes lIlay not be nchiovcu in pr:lctioo. 3:li> of tho ;}',1;O rocc1't!ou in the 1910 


&'11-'2 :;amplc 1701'0 \'~r:i Clblo jotn Clnu tho o~tilCf\to of ,;ator requircnent s l. " th~reforo 
l'on.;ly uopondcnt 0:1 tho ll,t.UI:,od di30h:u'p f::-om t.hc \'nriabl" juts. 110 h,\'Io n:!:;uIT:cu 
~ o.vernGO 'disohaq;o of 10 litrce/noo (130 ()':\lo/rr.'ll ) for thczo 'I'">."i(1', le ,i~t~ . USllll\ tho30 

nfi~l\"'ptiC'ns tO G~tllcr' l'1ith the S',I,'?' roeol',1" of the total nuu:ucr of jot:! us ·~c, · and t ho 
mbor. of jots of ench nozzl" sizo uzca. .;'" Clln u01'1v3 en e:!ti;;"Y~c of tho e'lsr[lCc ui~c.r,',.rGa 

nto for a (livcn Ill\>;;h,,::- of jct3. Thi:! relationc,hip l.:; :!hol'ln :h. l'iGU1 'C (;. rif,ul"<; 6 f.l:o 
& OW3 tho l:'olotionGi1ip bet1lcc-n th" medinn nur:~bol' of jets onli the firo ~be . The fire 
izu/nu.:,:bcr of jots rclationship is t!lO llvora Ge for. 0.11 non c"clling bv.ll ,l).nr; fir03 
efercnoo 3) . 'fhe median nur.ber' of jets is tho numbor of jets exoeeded by 50;, of the 

irea (io if tho r.:eliian is J, 50/~, of the firo3 r3quirc more than J jots: and 5O;~ rO'lCli~ 
las s than J jets). 

a OlIn m::ko no ostim!l'ce of the size of nator mnin r cquired to l'r.oviue CllY given disch,ll:' Cil 
. l'nte, sl.noe the fl(\w obtainable is very dependont on 10001 oo "cJ.itions . The flo," "ill 

opond not .only on tho size of th" water It.ain, but ,,-lso on the distanc~ fr(,,,, the V,c'ping 
tntion, tho Pl'CSSUl'O at which the main is operating, nnd the "-GC and eon~.itiol1 of tho 
in. ! 
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Tho[(o ilintributions arc derived from tho Combinol1 1971, 1972, 1973 KI,-33 unt:. . On 
tho 00(1.00. J(J,·33 reoo~'ds tho unto. i6 rcool'deu as "Huclb cr ('f' .jc ~~ o-r. number of j e t.s 
pl\in hone roeln used". A raooruod v:llno of 1 must indic:.to 1 j .,.:; , :Inn it in 1i1<e1y 
tha':; whoro a Inr50 v:llue i~ r ecor do d thi" l1ill consist or,1.y of Jot s . flo;-'i.l1fe~' Co 

ve.luo of 2 or 3 I,;icht in ::'0T"9 O!lSOS i lf,!)ly n mi;(tLU'o 0:(' jots n,l-i hO:;"l'ool s . It i~ 
assumed th:.'" cny orror in':;y.'ouuocd by thi:; nrnibuity 7/0ulo. not ho :;.1.e;nific'-lnt. 

/ 

2. 	 It c~n reo.son'-lbly bo ns glllOed tlmt tho undorlyinG distribution of nunbor of: jets uscIi 
\Vol11(l have a smoo':;h, lOonotonio shapo. '(;'11c1'o the oh:;(H'ved dn t:: ~hO;7:; obvi ou~ 

inoonr,intenci03 dua to small s:"mplo v:J.l'i.?ticn, the dE.t~ hns bCOJn :;mootheo.. 

3. 	 When fX'oquonoy ni:;tr.ibutions aro oon stl.'\loted fl'om !)am?le do. tn thcro comos a point 
whore there aro [l0 felT many jet firos ti:nt tho 5<lTP.plo dJlta no lo11car providG~ {,n 
ad!H!ua"\;a ostim~to of the '.rue disu.':i.blltiO:1. At this point the o.istdb\l"C ion r.;\l3t .~(j 

truncated and ell tho r cn'o. ininf, obso!'V(l '. i ono noeu;";lcllated in tho last group. In tile 
tllbl'os which fellew tho last v.uue is nlwnys an "n.o cumltlatcd" \',?luo. 
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lt~;:;,~2.Y:J.. 
TIle ni D l:rlbl\tJ on of the r ",,: iiOum Numh ,)1' of J ot ~ U!'od 

'Tho d1:r\;ribut ion of the r,1c-ximlLll CltllDplo vo.luo dcpondn on tho III stribvcioll of thn in<1ividu:l 
obsor\'lItions I'Ibio~ mako up tho nc.mplo , und on tho ~amplo dzo. 

AIlGUJllo that tho in<lividu~l obsorvations 0.1'0 cono1'atod b~{ the :1icorutJ distrj.buUon 17~ioh 
is donnod an follo17s:

. . M?< 0 b (.I ~h ,"""\. '" ~ ') .; l' j > ..\ - ", I ,<
~ p. 	 M 

~ 	 " 0, I, '4 ' "2'. 1" J > j 
-t';.o 

If tho se.rnplo dze i:; N tho probubility thnt tho larC33t obcorvation j.s Lis: 

" ·2 
? P 

+ (~) r. l·· + . . . . ... ,1'"'0 b ("" l.' et.) = 

tI 
, " r... - PLol::c 	 L,>o 'j

rl L= 0PL 

~'he size of tho sooond J.art;cst obss:-vntion in a P?mple of N j.s usea. :o.n tho valiil""d~!: 
described in App,s ncUx II .10 oalcllhto the probability t~at the sooond largest value, 
::£l>.) . takO!! the; valuo K \'/0 oonsidDl' ".....0 sep"rato outeomes. 

,a. Tho first and seoond hr[;6st 'ld:.tB are both equal to L 

' . 

b. 	 Tho largest value is larger than the seoond largsnt value 
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.A"":;hr.c~ en th ... Froqllonoy llist.d.b llt :\on of J (\to Usod 


~'ho frorjllO;) cy ((ictd.bution of tho nt:L1~')l' of jc'o~' usod at n firo 13 dUl:ivoil fr om 'ch" 
l'oportoil fi,-:11r0S or, tho Jc~.3.') o.nd f:.\ F.? ropol't.:1. Becfluso of t!1O !'P".l· .. j:::y 01' l£.~'co fir- os 
th'l llpp:'J.' to.il of tho d:l. st'.'ibution ):0 difficlllt to e~amato ~DOL! ~' '''~'' )'Y, p,n'1 it is thb 
UppOl.' t:.il which ~ooou,e" Ol::i.tloal I,.'nen tho n:o.t:<imnm "-"toplo ,/ 0 '.uo il:. c0t:d.dcrcd. In o,'Jcr 
to onc.1U'O tho:G tho tbri\~)<'. uig-c.l'ibution of. 'oho ffi'lx1tr.um c~t,'nl" ~h(J i~ v::lid n c!lock '1.'0.5 

1P.,t(1r, by oom?rn'ine the OXP(lotf!C and 0b~ (!rvod larGest vl\lu~ u for Co n'.lC!0Cr of ~:l!r.plc" of 
dlffel'ont sizas. Tho l(jl'ec~t Ob 301'\"od vnlue !r.uy in pl'cot)'c~ ·~tll'." ot'.t to bo an ano:::ilo\!s, 
and so tho oxpcoted and Ob!}Ol'Vt3d 30130ntl 1"r!;c3t valu63 \7O!'O elso co),,; idcl'cd. 

I 
The f~.rC3 within the sop.~l'ltto b,.'iGo.tlos in 1970 ,"C l.'O taken "J th" !Jr.",!,les . Th~ s~'l!!rle 
sizos lll'O th3'.'l)fore tho total number of fir tl~ w'110h occurrac. in o:\on b!'iG'dc in that 
y oar. 

Tho avcraeo o~ oA~ootod si~o of tho la~gest and sa cond lareast firo3 aro osloulatcd from 
cqlla/:1011S Xi, Iii antl 1iii. 

Tho expeotcd valuo of tho lareest obson'ation, xc,) is: 

".. >1'" (2." ~, (P.. - It, ) 11..1 
- .\1 

The expecto:.'l vall'.e of'the S90011<1 largest obserl/ation, XC>.) is: 

I 

. ,,, u-' 


r 0" P ._ N <l,t Pt" 
 (:IT '"')1. H - h" I' 

I COl,~p'ld, no!ls of the expooted nnd obs~l'ved value3 aro shCl'.m i), Figures I i ii. Ifand I 
tho cnt:cr.nted distributions aro valid the r;caphs should sho'n a scr..tte'.' of poil':h abOli" 
tho 450 li!18. This app~ar" to tho C9.se and Vie can thc:.-cfo"'c aS~1l1:€i th8.t tho tl:i.3·~;:,5,"'.lii~:: 
of tha DU)dl!lUI:! ' f'il';) sizes £'-l'O va.lid, at least .,ithin the limita tions il.esoribe:i in 5£Ct:'Cl 
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