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Ats?Mct

An sd.tSroun.l r1n. f1r€ {tll tnfl!.nce th.

6nt11!llon €qlllthrt@ tn ..@r.l r.ya vhLct

leru1t. ta . r.d!.t!$utlon ol th. venttlrttna

q!.trtM.. .nd pE..orer throuShout dre vhol.

dre. Th. v.attl.tloa c.rtt.! th. .oElstlon

teduct8 vht.h codtltut. $. sre.t..t &neerof

dne fire6 throlgh th. ldd .nd provtder th.

ory8.n on rht.h rh. tnt.n.try of th€ ftle

deperd.. liovev.r, $ . r..utt of th. v.nttl.t-

ton dtlturbsnc€. cr.at.d by rh. ftre, ch.nae.

ln  6 l r l lo r  pa t t€m.  cm ta te  p l .ce  eh tch . lenot

.lrtyr obvlo$, erp€clrlly rhen th. !tn. l.

b.lng .cned bt 8.Er.l f.n.. Tt'. u.. of coe

Put.t .ltuIrlton lcchtr1qu.. tllor for rhe

llk€ly efrecr. ro be r.rt.d .nd rh. dlff.r.ri

ventllftlon opcton. to b. .v.lu.r.d .! an

tntearal prrt of the ov€lall eefgency/r..cle

pla..tn8 6nd control proc.du!...

INTRODUCTIOII

Llttle h8 b..r publ!.hed tbout the .ctual

ventll..to. ch.nge. ,nr.n h.v. lak€r place

duttla a! u elgloond rtn€ flre e@rSency .n.t

only a fee v.n.tl.tt6n r.v.!sdo h.ve b..n

r€cord€d such .. the Davtddon .h.ft tlre ln

1952 !t !(out 16. and the Sun6htne dne fire

Ar the Ge of dlalttl coEputers i6 aatntna

SereQl lcc€ptanc€ for conve.ttonal ventilatton

planntna rtthtn the rdnt.8 Indu.tlyr lhelt

.u l t .b t l t t y  a6 .  r t ru l r t ion  too l  In  6 re .s  ou t -

.1d. thos€ nodlly @$td€red, srch .. .und.n

8.. eo1.!ton., prclon8.d f.n 6topp.a.. .nd 6d.t-

Srosd ftr.. tr incre..tn8lt b.ln8 r.co8nt..d,

fte orpleatty 6f tulttpl. uln f.s v.nttl-

.tlon .y.t.d .nd tn. h1$ ptob.blllty of

!.Erred ltr lId. ,!. lnv.lttatted tn 8oc

d.r.tl by Kngery .nd (rp6ch (1959) (2) uEt.8

rMloA coqoters. The lntbductlon of dlattrl

corfur.r. ln .he .trtt.. h.. 4d. rhe c.lculst-

lon  o f . l r t lo r  rnd  pr€ ! !u r .  d l . l r tbu t lons

(co@nly c.lt.d n.t{ort .!lcul.!lo ), rl@.ta

roulln. orter for ordln.r, ventl!.tton pt.nntng

pu!por... Th... t.chnlq@. curr.nlly frnd ,1d.

.ppltcltto. tn v.nri.t.rion dr.btltr, deretoin-

.ilon. for the l,r..r c.tun coal !!n.. (l).

VENTTIATION IIODELS

lr.rdy c!o!. (4) develop€d the

Mthe@ttc. rhtch en.bt.d eenatlltton n.tbtk8

ro be cdcola.ed on diStt.I cotrpute!. u.1.8 .

re l t . r . r l v .p rocedur . ,  l toBr  ! l t ru l ! ! lon

pro3r6m.  cur renr ly .v . t l .b le  u .€  rh .  above

t€chnlq@ a rr..t ih. .Ir .. .n

lncoEpr€gEtble mdiun, r'htch @in. rhri rhe

change tr d€n€lly due to .enpera.ure! €lev.tloq

nuldlty and rtxtured of o!h.r gas.. is belno

Ignored. ?or louttne venttlatton pld.ntna

purpo.e. thls hconpte€3rble srsunptton does

.ot alve !l8e lo unsattafac.ory resultr aB lhe

er rora . !e  @u. l l y  r t th tn  the  11d.3  o f  rho .e

encoulered durtn8 the pre..ure-quantlty

{hen cotutderlnA Natural Venttl.rtn8

PleEsure !  (N.v .? . )  dur tn8  f {  s topps3es (5 )  (6 ) ,

atr rlocltles tn excess of 100 n/s and

lveDt t la t lon  
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A. Llphr R.ll- Otfoltl, lt.D. Velteloer

{ttt.!.n.. ln.lev.t1d a!4t€t tnln 500

r.tr.. (7) th. lnc@r.lrtbl. odel no lons€r

t1v.. r.tult. ,ith1n o accePtlbl. Gdor

i.na.. Ubder $... conilttton. the .t! rut

b. tr..Ed .. ! c@r..r$l. 4dt@ rttch

u..s the lrvr of th.@dFetc. to d.fttu th.

rthdttc.r r.lltlonritp. b.tred th.

v.!t.bre!.

It do.. lot r.qulr. Dch 1[StnrtloD lo

re.11.. !h.t rh6 cdrt.l.ttna th. lntencttd

b.t e.n dn. f1t.! .n.l !h. dne v&ttlrtton

.y.td th.t th. th.tudF.dc .ppto.ch lqt

lFlECls ol urxs FrRSs
FlrG! h.ve br.tcllly t o .tI.ct. on th.

v.trrt1.t!on.qutltbrt@ t-

(.) !b!9rgqE_419.!.' r'nteh t. Dtnly
c.u..d bt th. vol@ 1ncru.. of .t!

p...tn8 throqh th. ft!. ro!. .nd b.in8

(b) !g9I9!.9I_g&S!, vhtch t. cru..d by th.

.onv.!.!otr of h.rt tnlo @ch.nt..t

.n.!3y ritch t. tnen .v.t1.b1. to prop.!

Both .ft.c!. c.n h.v. . plondnc.d

.ff.cr on rh. dtlrllburlo! of th. dtn l&

p!e6.ur. c!rclgIout !h. !tn. rortinS. .nd c.r

1e6d to i!.tabtltty 1n p.rt or .. 6 rhol. ol

rh€ dft n trcrk. !h1! t. Frttcul.rly tn.

car. for e*t€nd.tl rorltn3. oeer .tgltftc.rt

elevttton dlff.reic.r .nd/or rulti l.n

sttu.tlon.. fi!. 1n.!.blltty c.n r..ul! tn

r.duced or !av.!&d quntltt fld. shtch t!

turn colld le.ult tn .:D1o!tv. elrru!.. b.tr8

dlth.eer th. ftt.r Inct....6 ol Cfi4

concentrattond to lucc.pt.bl€ h13h t€v.l. dil

..v.r.Iy e .nA.t tho.. e!8!8ed in tb. l1r.

ltthtlna/le.cue op.!.tton. A..coda!y

c6c.h rould De the tot.1 dt.ort.nt.rto. t(

r.lattff io .!c.0. loute. of olntng D.r.onnel

.. . .on..qo.nc. ol t veltllttlot lever.al.

ot the t1r .. tt p...e. throush the ttre zoG,

.o tncrea.. !n vol@ t.L! pl.ce rhlch tn

tum re.ultr h .n 1lcre.*d pr..sute d&P

ove! th.t .acttd. th1. pre..ore ilrop wuld

p  - R t 2 l l l Q 2

,h.r. p - !r...!r. drop ch.na. (pr)

R - t..l.t.!ce of .ectton of ro.drly
(x.2/D8)

tz - aurorot. ft!. t.oper.r!!e (()

t1 - .b.olute rnt.t. !dpe!.t!r. (l()

q - quuttty befor. the frr. ( h)

h .ddttlo!, th. pbdata of colhultton

Blle rt.e to 6n lncr..!.d volo!. fld |hlch

!..utt. ln th. folldtna pr...ut. dloP :-

p - RQ2 (4e)2

rhe!€aQ - tn.r...e tn volle due to th€
troduct! of .odb!.tton.

tht. @.n. lhrt foi . frte rourc.

reE .ratu!. of EoOoC EtvlnS off 10i by volu@

or prodlct. ol .ortu.tron, che P!e.Eu!. drop

over rh€ f1r. ,one ,ould chlnae by . f.ctor of

3 . 8 .
!cg$N!-g!!gt

a! th. toPelrlur. oJ lhe at! tn.r.....

th. d.n.lty d.cr.t!.!, shlch uatr! tl'.t tf rn

rtr colud t. rv6t1.bl. lhrouSh a difference

tn elevttlon . bloy.ncy .ff..t t.L.. Pl.c€.

tht! buoyancy do.. thetefo!€ .o! only dePend

on th€ reopcrlture ol th€ llr. itserf, but

r1& on th. h.t8ht of ih. .1r .orum

.vlllrbt. on che tntal€ .nd oulbte .td. of

the ftre. If ti.!. l. no dtff€t.n . 1.

el.vttlon on the ttrtat. .lde of ihe ftr., no

perunent !se!..I of the allfld c.n take

pl..e. Thl. !.d. tlEt lf the llre .oqce r.

loc.ted .t the top ot . dMca.ttna 6t.PIe

sbaf! the €ff€ct volId b. t pu1..!h8 tbrottlhB

doh to r.!o fld, but !o levelstl t111 t.L.

p lac .  d le . .  ihe .eMrL ls  shor t  c l rcu t ted

!!!t!!!!!!.-!:gg
L r nruli ol lh. tdpetatue lncr€a.e

'fttAi, t.m,l. tttrrr"r et nch, lsnliron., ErDlq iont .nd F .. l. co.l Mld svrEotlum, M'Y lgal
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flEtGHT hclllt ColuMN lrircl

PN€SSURE OfFER€NIIAL Of I{OIM TOLUI.III

ouE To AN u,6RdJN0 nF! IaFtER {ti.E€F

AND BOTH I

VENTIATION INSTI'ILII"I

l.c.nttonrl v.ptll.tlonFtgur. I !h@. th. t.q.t.iur.

d!trtb!.lo. .lon8 a 6tngl. !o..hr.y fo! a

800oc he.. .ourc. ftre u r€port.d by s.hub.rt

and Both (1974)(8). rtau!. 2 tllurtrrle. th.

buoyancy .ffect of th. ..!. llr. .ourc.

rettted to .tr colu6 h.llbt .v.11.b1. u!tn8

rhe folldtn8 rel.llon.hl! :

p  -  (b  x  h  r  ( t r t r ) ) r  ( r ( r r  +  273)  r
( ! !  +  2?3) )

rh.re b - rt.olute .1r p!.!.u!. (x)

n - eff.ct1v. dlfl.!.nc. t! elevatton

.E - .vela8e tetrper.tur. ln oC or
t€tuh .ldo of th€ ftre

t1 - tntale atr tdper.tue 1! oC

r - unlyelarl ga. co!!c.!t

aro! tlls telattd.htp the tlgllftc.nc€

of ,n accurate Lndl.dge of the flte .outce

terp.!6tur. ard lhe t.lpettture g!.iltent

.Iona the ro.&ay becoDs !@duy appalent.

FEURE 3

SIASILITY OF AIRFLOV WIiH IN UNOEN6Rd][) F]RE
ASCENSIOM'. V'NYILATION

5 - lloot ufaTlon
- _ flos DtR€r.fioN 8€F0Rt FtRt
--- - FLIrW DIRfCTPN 8€aAUSE OF flnE
- - sIlELE AIR!IA\5

\ 
nn*"* T#*tt

I WLO(TTY ROAOWAY
\ 2 ' r /s

500

14oo

a lo
d'!O

1t0 20 29 !t 150
or rm ol rurvnr slc {
FIOURE 1

orrANcE rRor Fm ox REflnN slc {6.tnil

IEI'PERATIJRES
I'TTR SOiUBIRT

Th. Au!. LM,M. lllrw.ru Brrnd|, lonhlorc. E pl@lo.. .nd Flr.. l. Co.l MIn6 Sympo.lum, Mry 198i



a. lalplir R.Il. upfolit, x.D. velreboe!

dir.etlon ol fld d.p.ndln8 on th. r.t.ttv.

!.!t.t.nce.,tthln th. letloit. lit. 4.!.

th.t of the n.trclk on1y.ttu y. 8_7, 7-3,

3-5, 5-4 dd 4-I .t. .1.n1.,

D..c.n.totr.l V.!t11.ttotr

ln tht. .ttuttlon tb. v.rttltlng

qrnttty t. redu..d both by rh. throttrh3

.ff.ct .nd th€ buot.ncy .ff.ct Yhl.h both .cr

.g.t..t th. no@1 v.ntu.ltn8 dtrectto!.

rlawe 3 !n@3 a 6tq1lfled det@*

r1th..c.n!&@r Enttlatton, l.e, node 7 t.

th. 1de.t potnt. Bt hlvtnA a ft!. .t .

i.oc.tton betred no<te! 5 .nd 4, v. loce th.t

th. quail.y (toslns to th. ftr. t. tncr.r..d

t.t6u.. the booydc, .faect t6 !.ully 8later

rh.n the throttlt!8 .ll!ct. tlt. o!.t!11

.tf.c! on the EtrorL r41d be :-

FtAule 4 .hd. . .1!p1lIl.d neBolk rtth

. ttre b.t een !ode. 2 dd 4. Tbe folldlnl

..quence ol .v.nt. 1. 11kely to occu! :

Lae!6.I ol vdtllrtlon 6.tE.n node 3-2

rthlcb, t! ton, cr$.! th. .trfld to be

rever..tl .cto!! cte lt!e' 2-4. Rev.Eal

!.tr..! node. 3-7r 7-6 |nil 6-2 du dePenil

on th. re16ttv. rc!lrt.nc.. of the

n tb!t. li th. flr. l. I.!ae 4ouahr

r.v.t!.l of th. venttllltotr of tb. rhol.

ltn€ netsrk 1. p!..1b1e' rht.h ,ould be

rne c..e .r lhe bo!i6 of . dosc$t dlltt

li. rr.btltty of th. v.ntll.Lton t6

d.pend..r on ih. !!ze of tt€ l1r. tnd loc.tto!

of th. flt. la.erf. lt 1. tDpoiluc to not.

thtr onlt .he coluD of 6{r .bove rh€ ftle

r$rc. 1. of lnfluenc€ lor th. rcvet€.I d!. .o

.he bloyancy err.ct.

the llre of .nt flre vtll ulltct.Iy b.

ltrlt.d bt the gupply ol oxySen av.tlable ttr

th. rlrrtr..o tlovina .lona th. to.dt y .nd

th.t . d.cr.t.lna fl@ ol .tr to th. fti.

.ou!c€ vtU, 1n tuft, r..ult tr . dlDtnlrhlnS

lnten.lly ol lh. ftrc. Ill|en Mxtnutr

d.velop!.nc 1! lelched the ltr. l.nds to beMve

. .  .  h .a t  rource  o f  con ! ( .n !  !€ lpera tur .  (9 ) ,

FIRE SlltUlA?lON I,ODELS

Fo! the purpo..8 of rh. €i@htton. th.

venrtlatlon pto8r.@. & avallabl. ft@

a.C. I .R .L ,  r .s  u lcd .  rhe  buoy lncy . f fec t  o f

the ftre ,.. t.p!.!ent.d !y . bo6..r fan

vhtch etther ltded o" ne8at€d th. vertll.tlo!

of tbe rod*ay. Tie thtottltnS eIfe.t ,a3

.cht€v€d by lnc!€a6tng the re.t.tatrc€ of th€

f,re .ecrton of th. ro6dr6y. The set{ott r6t

purpo..ly tept very .t!Dt. so th6t th€ order

of @anttod. of the effect. could be ere

!e.d1ly aptr.ctated, ltldt.e th€ v!1ue u..d

ve!. cho.en 4cotilln81y.

R.v.r..! of f1d: 2-3

3 - 5 , 5 - 4

ttAtN

SIAAIIITY 0f AIRFI-o|'/ \llTH AN UI{DERGRqJm nRE

OES'ENIIONAL VTNTILlIIOIi
5 - N00t LocArlol{
1 - RIVERSAL SEIIuENCE

- - FLOI/ ORTCTIOTI BEFOiE FIRE
- - + - FLoV 0nECTloN BECAIISt 0F FIRE
_ - STABLT AIRWAYs

\ o ' \

'rtli*;Li&.r!.
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A. nllph, R.!l. Upfold, t.D. Velreboei r3-5

INIAKE

Itsur. 5 .h@. th. lstc narrod. .. u..il fo!

tlE ftr. .lel.tlon..

F18ure 6 .ho$ th. b..lc n.trolt rlth tb.

ftr. rortlq 6sa1$r rb. oln !.nrllriton. Ar

ctn be re.n, the r.t.ttv. r..l.!.nc. o! p.rh

4-3 r.. hlsh .noueh to t!d{c. r.v.!rl o! tn.

6trf1d .1mg 5-3. A! ! re.u1t ot th.

1Mc.!ed la.ta8e qunrtry th. lld don| r-2

h.. dec!e.!.d .18ntftc.nc1y. th. !t!. r..

elul.ted by . boos!.! fm de1tv.tlq 4.16!3/.

.r . pt...ure or 44.1 pe!.t1. rhich 1.
qulv.l.nt to an atrp@er ol 0.18 ltld.rt..

Th. tot.l coDbu.tton of 52 i8 ol luUl S.a!

co.l 1n one holr or .llenattvely, .ptroitqt.-

ty 156 k3 of ptt ttiber (!nt!€.ted) routd b.

.ufflct.nr !o ltb.!*e 0,18 tttdrtrg tn ch.!

ho!r. ln .ddltlo!, .n ava1l.b1e .tr cotum of

63 Detrc3 vould he .lfflcten! to .!e.te .

Fe.ur. dlfferen.l.l of 44 pa.cds. T.ble 2
gtve. the 11.tttrA ol rh. .1ul6tlon !!n, ti.
oprton. of t.cldtnS the ftr., 6y etther

ttrcr€a.tn8 tbe utn l.n pre..u!. e /or
re.ttictlna the flor .long ate., 2-4 ts

rordily .v.l!&.d by cha!81n8 ch. .pplopri.re

v.rltbl€6 of lhe tnput dtra. 'fte flw

cha!.cterlrttc. of le.k.Be p.rl' l-5 v111 have

. rtBDtftc.nt be.rlnt on th. optton.

11.2

611_

20 OO- OUANIIY
l t r  5  -  pRtss l lRt

t t 6 u F E  5

8A5I CASI NETWORX_ NORMAL CON|]ITIONS

Table I ll.t. iie lnpu! datr .nd rhe

r€3!1tE of the 6lelrtto! run.

999-l

2-1
3-5

1 , 2
. l

- 2

R.rtEtance Prerrure Volu@
Ns2/b8 ra n3l.

3 . 9

L t ,2
3 . 3
2 . 0

.01

9 . 2

6 , 2 5
2 , 9 1
3 , 1 1
7 . 4 9

3 , 1 4
. 2 0

. 3
, 2

rr Lerklge P.th nr

xs resuhto! ffi (Fixed Re6l6tance Roidray)
l -5

5-6 r .2

-155.3

TASLE 1
IASE CAStrTEIIIORK SIMI'IATION

Th. Au!. LM.M,lllaw.(r Bianch, lgnl{ons, Explqtons.nd Fn.r i. Co.l M in.. Syfrposiuh, M.y t9a1
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A. lal,Ph, R.lI. Upfold, x.D. velreboer

_!.1
9 5

rel.tire re.1.t.!c6 of .ld.y. 3-4 !!d 5-3

tlt1uenc. tbe.lr fld of 4-5. T!b1e 3 Btvet
ti. llrttDa of the .lulatton ruo. Tie f.n

!6ed repre.elt. .!.lrt@r of 0.28 tl1dttt.

of rh&n 0.1 tlldttt. e$ .urplt.d by the

uln f.!. rh€ d€sr.e ol throttUn8 tlflllte.d

thB st6blllty o! fld .lo!8 rn. I..t a. tlth
r18ltftcmtl, N rltholt throtrung rhe fld

v.. flo noit. 5 to nod. l, rhlct G.tr! !h!t

th. .tr hby. nod. t .outd b.c@

contldmted rlth plo.tuct. ol c@lurton. lh.

l!..n .t! b..e for rh. tntll.l ftr.ft8hltq/

t..cu. ope!.tton. .hould th.!.for. b. .t nod. l.

rh. eff.c. of rertrlcttng th. .1tu y 2-3 ..

p.tt of th. ltr.ft8htttr8 op.r.tton uy r..dIlt

b. *61u.td by chan8tns th. !..!.t.n.. of

tlr. ch.n8. of th. utn ltn r.qrt!.E.t.

ln boln .r.!tl.. lhould b. not.d. The !e..on

th.t the op.!.tln8 potnr of th. uln fan 16 not

.l8nlftc.ntly tntlu.nc.d tt th. rir. !3 b...u..

both rr. *p6r!t.d b, re!.tt!.lt ht3h

r..lrt.!.. .tr p!th., contt.t.r.bl. f .n tnr.r-

.crt6 13 ro b. .rt.ct.d 1f rht. v.r. mr rh.

c.& or tf th. llt. lrn pd.! tnplt sele

r3-6

FIFE vlIRXINI:

-- 
.-ltlr,r6E au-. _rL-.-ri# ni

3

20 00 -ouANJtlY
14a5 -  PRTSSW

ltg!-E!--_-!"
A6AINST NAN VINIILATION

nod.! R..t.t.!c. P!...q!. 9ol@
!rs2h8 p. !3/!

2-U ,8
3-5 ,2

2-4 .3

57,2 6.9
2 , 1  4 . 5 9

t3.8 -4.16
. 3  - r , 1 1

9 . 5  6 . 9
2 3 . 0  8 . 7 5
t . 0  5 , 9
7 , 1  2 . 6 5

4-5 , 2
, 9

*i* te.b!. t.th ..*
l -5  6.0 32.0 2.3

ftr R4ul.ro! r*r (!L.d B..t.trc. Ro.hr.y)
5-6 L.2 57,2

-156.0

Tttl,B 2

6 . 9

6 . 9

llt{oll 8ll4'Lartol| rElq uRl LorxlNc acaDtsT
I{AIX VINTIIATION

t laq ! .7  t l lu i r ! . te .  tb . . f f . c r  o f .  f r re

i$ $. mttt.tlon. lh. r.v.!*t alons

alrrtr a-f .!d 3-4 x.. erpecr.d dd th.
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corcL!8IOn8
rr 1. cI;a;-[.:FiF.4.. o! rh. !in.

vencrl.tton can r.t. tl.c. .. . !..ott ot .n
uDd.Bround flre. Th. th@ry ot ,ttlld
!€v€r6.1 1. g.n Elly Ell .t!r..t.r..t by D.!
ornina €nstnee!., bur th. .ct!.t l.a.t.ctl.n
b.teeen vftlble. .uch d th. !.trtte.
qu6ntttre., !..t.r.nce .rd th. .n.tor tntur ot
the he.t .olrce c.nnot b. d.r...n lor ..ropt.r
v.lt1latton ..rbrl. 6nd rhe !.. ol co$uta!

.l@l.tlon t.chEiqle. 1. requlr.d.

A1thouBh thl. .pprolch rrtU n..d.

con.td.rtble r.fln@nt tt t. tho!8ht rh.t dan

1n ll! pr...nt 16r tt uy conftdently b.

lpplte.t .. .! @4ency conrtna.n.y pl.nnlna

s.ver.l b!.tc ulnm. .rrl! rrve !o b.
q!.ntlfted for Au.t!.11.n .o lrton. .uch 6r I
.. rhe t.!t.r!t!re ot tne ftr. !oorc.. t.

th. ftgut. of 80oot t! !.ntto.ed by S.huberr

tnd Both (8) !..11!ttc or !. 4OOoc closer ro
!..r!ty? !t so!1d .ppar th.t rhe typ. of ltre

rould Br.rr1y lnfh.nc€ tbe .outc. r@per.!ur..

,, Th. t€!p.r.t!r. ar.dl&r .lon8 t,!r.nd.!d

Au.t!rl!.n typ." !ord,.y. i. llso .n

.. The lqolt.nc. ot the v.!lo! 6..uptlon.

!.qulr.. cl€ller d.flnltton .nd thetr tDtluence

otr tbe !el1.bl11ty of th. r6!ult. re.!e<t, Th.

htelectton of th. Nltural Venrtl.tlnS

P!e..u!e., d.gr.e ol cdtr...tbtl,Ity of th. rl,r
.d denltty chanae. of th. at! as i r.sult of

th. tlre dorlce lts tbolBhr ro iav. a

st8ntflctnt lnfr{.nce on rhe .t.btllry ol a

!.ptdly ch.!81D9 6tlfle p.ctcn, In addtrlon,

th€ tDport{ce of th€ throttllDa €ffec! on rh.

fire behavtou! tn 8e!€t.1 siould be
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DISCUSSTOt
R.D.  I , rU  (C.S. I . r .O. ) r  Both  lB t  p .p€r .  h l t
at d!. top of the q@.tlor ehtch h!! tee! r.l..d
by !(f. X.rttn: rh.r i! cr... ..hcr. the 1tE. oa
p€opl. .rc 1n t!.na.r !6 it.ct.td.rc.pt rhr ltait

d.cl.ton t. rcc.t!.bl.. me {. ot @!pu!.t

t.clntqu€s t. .olvln8 co4t.x n.thrl fl@
proble@ 1. . gr.t h.r! tn uuq rh. r18ht
d.ct.ld. lt 1' .rltanr {n.n 1t tr . non-

t ..y rta.; th. eh.n8. tn rerp.!.ruft lnd cn6t
tn slt@ c& b. t.k.n tnto cost.t.!.ttd .!d
lt c.n c!u. @tr.tricrtd or the GE!.. of lt.

Blt drt !.ctoi. blld b. hl.n trto eootit r-

lttd vh.! th.!. t. . 8...t dn., .nit rh.!

th.& Fqtd b. . d.ftEtt. tnfld ol so f!.e

co.r tqrFs.ttoS tn. brd%y {htch t. 6d.!-

aotng ch.n& ln t.q.r.tur. .trd thcr. rh.

r.Ep.ratur t. lncro.lna. Th. probl.r tr

c.rtlt y ! coql.r on .nd h.. !r b..n rrlh

lnto co@ld.r.tloE tn th. rh.oiy ps.ntcd?

A.  Rr :LPa (^ .C. I . l . l . ) :  T t .  u .  o f  d t8 t t .1

.orput€!. co .l@t.t. . dn !tr. h.. onlv

c.rt.tn .tpllc.ttod. It c.n'r !. @.d tn .U

ln.r.nc.., tt th.r. .E .nt .orr of fl.@abl.

or .rp1orlv. 8o.. frdt3 b.ck oEr . atr.

b.c.u. o! . i.snt th.n & .lplotton t. Boin8
to occc!. If rhor. !d.. .ou fo 6. lidE

of th. llr. tn n.n .rDlo.tor rtu o.cu, tb.t

.ctuLly h.pD.D ln lldlvldul lltutl@ or .

.tlsrton ltL. rh.r 1. Et roo .q!. tn !.tu of

tt. .rDlo.1or. Th. r. chtqu h.. got . q. t!

tn.r. t'a b..n ! ltR tn . rl&. o! tf . ftn

1. to be .lrul.t.d t! ! puttcol.r pl.c. to

trd rt[t t. aotnA to h.pp6 to th. Enttl.tt.tr

U. VELZIBOER (The Sh.ll Coatby o! Autrrlt.),

Furth.r oo th.t, theE .!. p!og!a@. !v.11.b1.,

tD C€rury the t..l.(. for ln.tt!.e, h!. .
pb8r.@ vh.r€ !tE!@ of E!h.u c.D h. pur

ln a!.t the effecr of th.t c.! b. an.Iy.ed.

Tht. prbld h.. @t !ee! cout.ier€d .t th1.

D. R(xLANDS (Untv.r.try ot (tu..Dr.n.t) r tttt
p.rttcul.t Dape! 6d .h. DroU.. rh.t ll!.
n !t1r poled t! rt. pr.vtou ,.p.! lfoulht to
Elnd rhe lor Fltt dt.dt.! rh.!. rlara [r.
p.!.U.1 ro..l,.y. dtpptn8 td.rd. th. l.c.r 2
lnr.t.. .r 1.!.r .nd rh. ttr. rr. tn tt. !.rm

on thc oE .td.. On. of tn. .fl..t. th.r occqr!-
.d ol couE. ru th.! rh. pr.r.!!. bdt! ut
b.htnd th. !1r. r.r !!lftct..t to bitnr . lstt

lolnt .c!o!t .r 1...t o* cro.. c!r. ttu .tt
.t.rted to !.-ctr.u1.t. .nd fl4. rh.n oD aM

th. ht.l. .od Dbductr of co!'b@rton ,.nt b.cl

ou th. rtr., So th. llnd of prcbl.D dt..u..d

1! very F.l ln 4@trd1. rnd th. lor rl.t

.nq1. t. . a@d otu. T$rt .l.o bltn8. up rn.
p!obl.! th.t tli. Xrrttr po..d: "t. rh. lt!.

conrroll.d o! t.ntt tr',? ttr.t t! . {!y Gly
ltrPortot thtns vh.r . 4..1.1,otr ol tht. t1na

t. n.tna ua!. !n ord.i to t..D rh. llr.

.ont!otI.d. !t l. . rry ...y on. .nd tt t.

...t.r to ..y th.t ltE. .!. b.in8 di.cu..d,

not ery. tt.t 1r th. !t!.r oc th.t @t

b. a.l. .nd th6 th. oth.r d. ln rhtr !h.os,

t. th. probl6r th.t p.rh.p. Dr. kr lndtc.t.d

1. . ulor oc, !hi. & rn.r. trll rbour !1r..

co@n... md ti. oth.r tolnt 1! th.t ri.r. rr.

th... 8...., th. d1lttlttttd a...! b.hlnd tb.

fit. .nd .!y udy.t. obvlouly n!! to t.k.

tnto .cco6t t!. t!..!ur.r .nil vol@. ...oct.t-

.d u!!h tlEdt.tl11ltton s!.... Ir 1.nt! qult.

.. .14I. 4 tt lool.,

!i. valzlloEt: !r vd mr rhe inrenllon ro

t!...!t tt u .tEple. I'lh.n th.r. t! !ev.!r.l

lt t. lccept..l th.t th. codutton 8...r rur b.

coo1nS .c!o.. th€ ftle .g.tn. Bt tDj.ctlns
gl. tnto th. alr .t!..r, rd frtt.r D.nr h

. t.tufr .ttqttd tt .tl of I .udd.! . 16r of

1.. coE! fE!. aolf .r.., th.! th. coutder

.rton of n* thl! ar. goes th!o!8h rh. !r.te!

b.tor. lt coc! up the upcer .t.!t re mt

eaile, Cdtddt tt t. r lolnt &.ilt!g

coetder.rld. Th. rtlhlltry of the e.tlt.tto!
Th. A!. r.M.M, uaEn Boftrt hnhtd!,6elo.brr{F rtn Co.t Mt||. qn!..tun, {.y.|!€l
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*aitlt to rt@I.t. .cc6.t.1r. co-tr .d.
tlll uqUt .ufalc! lo pEdicttrs rfi.t rt11

-||t* ,.. llm .o!cot!.t..i !tte!tt6 !.th.!

!.ot h.r.bt11t1.. dlct .4 olto sft

fD! r.tur tE th. vr!8t! c@dirlon to @1.r

t! th. .rpo.ed @odltlo! e.l tht. ba th. .!f.ct

of dltrtna th. co.1 to .n.tnl dd .t th. rD

tle to p.rt1.Ur nlt.r. tt!.tf of tt. 1o.d rttch

t. oa !t.o.l ln. dt rudt oa tlf..Dp..r. to

b. .! t!cra.. ttr FE.D1Itty. tl!.r. t. .

colotlo!.rt to tli,. to c@lil.r o! tlE .hd!-

.tE.r!.1d. of th. ltr rtr.t. th. t.dr.tu.

ar.d16t 1. r.sr.d .!d I tad 

 

tht tn.

co.1, h.vlna td.d !o .rpFa, .d. u.l.r htd.r

.tr... rlth ti. cor!..po!it!a !.dGtlo! tn

9oro.ltt .!.1 th. cor..roldtla r.dwtlo! 1.

D.tu.biUtr. tt 6uld .Dp..r th.t 1... ir
.hoqld c.@ out, d.p6atra d th. r.e.!.ts!.,

.tu! t! th.r. w .nt @Lt!a of th. @.1 &6-

.t!.& ol th. ltr. tht. sdd !..dt ln . -dlE

.En 1... Fioabl. tb& ln. @.1 t!..U, ot

onlt b.c.r. ol th. colh8, 6ut h.c.'r. o! th.

h.dl!! ol b.ddtla tt.u ed cl..t. t! th.

@L.. lt! loutt .hos1d b. lor th. tto b.io!

.t 1...! . r.d*tto! 1! th. ax .d..lon tF!

th. db.1il... Plll.r !tl. alabt Dt b. .r(ttt!a

.l,Fl!to!t !.. .4yv.t.

x, llLtlloln: fttr t. ...n bllc.Uy .. &

.urarlcy 91.61q t@1. l rtna su8.! tn th.

ddd. o! . crLi. o!tr. 6u!l D6t b. {rt

s!d.d .bort tn. .hrtnl.& or .E.dlo! but

EUld b. srr @!qr.d .Dos! ot!.! .l.r.U..

l. $!mr rb.t o! rn. coautton philEr. .!.

v11.t11. ott.r tb.t sulil b. ?rrdu..il t! tn.

c@butto! toE, dmt!.6 lF! rh. lt!.6tch

@u1i b. .! .e. of pr.hotln! r tn! tlr.

proar€... futt.!.

!, riogll^i G.a.l, CoUt.rt.., x@dtl.)l

16r qulctly c.n tnt. tool h.1r I pi.ctlrha

dE @a.rt ll !@6odt at!a. .!d t.ll.

. dugr! thrt th.L lt . f1r. 6n.rgF!&d,

hd !o! 5 h! .rFet h.lp trd rhl. rool

or .hould h. ilo rh.t rb, n !tL h! .us3!.t.d?

x. vxr,zlloll! r..tdn8 11 1. o.lt d..rhg dth

L ux : A Elt i+otrer Flnr 1. tll.t ts

.ol!ttt- t.t. 1!ro cdtd.!.tlm trc ..p...t.

!14.. rtr.t 1. th. ttrltt.l rt.a. .nd rh.

..co l i.,n r h.lD.@ .ft.r th. it.! h..

r.t tr p1... rd th. do1. th1.a i. .t.bttt..a.

lut tn.r t. & tFb.tr.n phr. vhtrh t.

!.l.t.d to th. l4rtl. ol th. -!Dnr o! rh.

.1r - . n.. ot .t! t! rh. *ol. dtftrl.

tt.t p.!1od .ould t. .O.tott.1, d6.ut

t@..h3 nd @n, A6Uy l! d.p.!d. upo!

th. tot.l 1..8th .l th. r{&.y. .ul rot.t

@. ol .tt tttsi t. floslnS . l th. acb.t

ot t.d .nd !n. tr...d. dlfl.h!.|., tlrt.

ttD could b. .rtr lt crltlol. It t. .b!bt-

td sn.thr tb. .otqtlou .r. .v.11.61. {tt.l

t.k. lnto cooid.!.ttd th. lflrt1. oa tn.

Fvlq.tr, lo o to itlctn rh6 th. !.rr..1

,tll t&. ple. ll qt dv. .outtq .D!th

l.rd r1! for rh. n.tclt ro t.t. .

.t ct.ton rd .dtt- th.t l.rd tl- ut t.

.ttr.aly .-U, lr. th.r oy Dn lbo!$r.

r. rrr,ru, nti..,o .od s* 6y th. 1t.8.!.!.

on Drop.8.tlo of ttrbc ftr.. 1r . 6n!tf.l

n... i th.y h.E 8pt l..d !16. a!ln8 tt6

lo! tn.t&c. & o:tar! rtci .trg. to r

tu.l rlct .t tr. flt.r. 1. sly tlttl.

tllontlon on cod tiE. ! .@[ b t.r

o! .ry 1..d or 1.8 tta.

ll.J. lAtCl vlS (!.4.!. st..l Dtv!'�lod

aoUi.rto) ! n!& t! aoirS o! arc! Dl. rer.

larr! l!-!td t n8.r.l to rh. .ffdr

]l!f!l..r or tlt. !1l. of $! ar @l!tt.r
l10.!.b .!c. !n th. DtDl @q..

rrl v|t!il.tto! 1. coole! th& th.

ll.f. L. t.T.!.t@ !r.ill.!r

ild.[{F. lllffirr l.|n n b|dolt., E9to.b...drt . b C!.t ratr- qr|lo.!i, ia.v trlr
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t lua. r1ne, lf th.r. t6 Jn6t , dtngle ftn, a

3t4le lntale tr t. very eay. No co4urer 1.

r€q{tled l@t the blct of etrvelop€ .hor-ld do

I!. l.rge rultt f.n sltutton no@Ily the

verrtlttion ctF* mdd be op to d.re. Th.t

13 upd.t.d @yb. dce . ydr rh1.h r.qulr.!

atie a M-En{.ek .terct... Ar.@trg

tha! th. b... d.r. t. .!.tl.U. p!ob.6lt 1t

vould not b. mE.ltlttc to e4.cr to h.v. tt

tn ttr hour o! tm ho!E. To tll@tr.r. tht! .r

! arn. xhlch ha .bo!t 4 upcot l&. .nd 2

bldelr polslbly o* ol th. dln t.n. could !.tt

.U or r rudden. fi'. u.s*r el.d th. qelt1d

,h.t ld Bolng to h4t.n to the venttlrtton,

drtch untr. c.n I hlE o! the.ltr etc.? lt e..

po.itbl. to glv. hl! th.t .dv.r rlthln tto

hou6 md to r.11 h1l "Tt1. t. rh.r. you

poldtbly 8e! !.Grr.l, you oDtto$ !r. th...

61t. o! tho.. @tt. but lht. t. yout .tr

ploducllon". thl6 1. rb.!. rh. corpute!

.rpllcatton rtn! h.ndr doh d . pr..tlch8

r@l rathet lhd r.6e.!ch.

D,  sltBllDcl (3.It.P. coUr.rt..) t Ttrt. t.

.o@vhat cont@tn8 to ! practtltna llft

@n.B.r. ^ prevlou. p.p.t h.. .u88..t.d rh.!

he dhould coEt&r soiq dd th. Eln. .nd

qut.kly a6.€.!tnl in .llu.tton .t rh. 6c.m

of the ftre. on th. oth.t hdd tt 1. nd

.ua8e6ted th.! ne .h.uld .cr o6ly ifrer t.ttna

.dvtce floD p€op1e sltb .pproprttr. erPertt6.

stth !h€ added ald of . coqucet. th€

apDloprtate de.t.1on ,ould t.t€ one to tro

houls to ro* olt or@ha .U l.forutton

va. avatlable. ln ..ldltton th.!. l. !h.

reqltled tra!.Utng ttD lor !h. .rt.rr. !o

.!rt!. .t the itn.. to obt.tn .U rh.

tnfo@tton muld r.qul!. .pott.r. 64.!arosd

to tndtcat€ rh.ther, ln f..t, th.r. t.. b..n

. lectr.slatlon .od to ,h.t .rt.nt. !n.l.r

th.!. clrc@t.trc6! .uch ,.opl. dontr.d.t

rd very olten . qutct dect.lon t! dtlltcdt.

Th. 'hcld.nt' otnlnS pl.n vh.n th.

.pproprl.t. d.ct.ton hil.r iho.. cl!c@t.nc..

r.! lndlc.t.d rd tn&r..tttr8, But v.r. tut

thora d.cllton! @d. in htnd.l8ht 6ft.i piohrbly

,..t. of a.th.!tq tnfoMtton .fter th. tncldant.

cu.r.tne, o.ly loushly 20t of .1! reqrir.d

lnfodrton euld b. .v.tl.bl. vhen r aeci.lon

h.. to b. 0d. Ery qutcut.

a. R llltt lil. r..hniqe l. @r th. t.chntqu.

th.t Ehould h€ r.ll.d upotr to .olv. any on th.

.por  d .c l r toM.  lL  6u ld  t .ke  a  coMtdet .b le

lEunt of ttd to pur.q otr. tr.trort ol tny on

colllery !p on . coqrt€! ro start vtth. To

do rhlr .11 6f rhe !eI.r.nc. v!l@r for che

v6rto@ ror&.y. 6uld n..d to b. lt1o6 .. e.lt

.. sh.t th.r. u.! tn th. plt pltor to th. ft!.

.rarrtng. Tn. rtm ttrvolved roold JBt be too

areat  t .  th .  s t tu r t lon  o f  th€  f t r . .  I t  1 .

pelhlpi a tool chrc colld b. ued! perhap., !

pr.cauttomry tool {n.!e tn€r€ 1€ r v.iy colplex

netxork and tl t. nor !.ally 8ur€ rhtl rlght

happen tt a flre ehould break out ln a palttcula!

trr A!., l.M.M. llrs.a. amcn, bnldd., Ci9ldld .d Flr! In C..l rala Svirco.hn, M.r llal


