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REVIB'W OF 1.A'J"F:ST OKVELOPU'EIITS IN P: R\"; PR01'E(T iON

lJy .

D. J. Ha sbe sh

T,NTRODOCTION

In this review an attempt .. ill be lll&de to see in perspective t.ho various

methods of providing prote~tion against fires and explosions des~ribed at this

meeting, not only one with another. but also with the fire problem a:; u Y/h")ie.

Thjs will help pinpoint where there are deficiencies and drawba~ks in ~he5e methods

and where there is room for future development. v

The ,important aim for any intere9tt!d J?.arty i.a tha~ the total co st of fj re per

annUm should be kept to a m1nimum. or course, the jndtvidua! Factory Manager who

is coneerned with running his plant at a proflt and the Insurance Manager, makipg

fA profit on the busi ness of servicing the fire risk cover wi 11 sec the problem

differently from Governm~nt, who ahou)d be concerned with keeping down the total

cost of fire to the nation. Howe,er t all these part'e9 require similar information

on the 'cost and effectiveness of variou9 approaches to, the fire pr:oblem to allow a

sound j udg1llent t o be fOl"lll'Ulated.

Utl'lUNSI C VA LUB OF FIRE PROTECTION MBASURF:S

In order to assess the value of fire protection ~asures it is necessal~ to

coapare the cost of the ~easures with the potential reduct jon in fire losses that
, "

~he.Y might bring about. The ~ajor part of the cost ~f fire is due ~o large fires.
1 .

It has been est.imated that taking a mear.. value fb~ all bUildings in a built-up

area the expe~ted 'loss in large f~re8 peT, annum per square f~ot ot floor area is

••1] under O.5d: per annum. The present eost" of installing detectors or sprinklers

.men 8.II1Ortised over a period .)i twelve years', and 1ncJuding maintenance costs

Yaries from 2d. per square foot per anuum upwards. Ifven if it is IlssUlDed that the

Wholesale in~tallation of these devi~es would Wipe out completely all large fire

losses, and ~ven i~cluding an ample allowance for losses in small fires and

consequent~al losses, the above flgureo suggest that such ur.iversal installation

would not pay for itself at. present. pr'tc8s. Por tb1a l"ea.son it is neces sary that

protective Lns t a l La t Lons be .:an·;entrated ,~n hi gb risk areas, and indeed many, if
',

not most Lnduatr.i a1 'premi ses may be classified as being high risk area5~ NevGrtbe-

less, there is wide variation .Ln fire risk in indust17, for example, there is a

factor of '10 in the probabili ty ,of the more hazardous industrip.s having a fire

• • '< ... "'. ~ ...... ~ .,
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oomparo4 with the leeat hazardous industries
2

.

To achieve the ~despread use of tire pro:ec~~~e installations ~here is

little doubt that they need to be considerably che eje r than the:: are at pr es e r.t ,

While this is of dominant importance f~r non-industrial premises, it is likely.
that certain sections of industry of low fire risk ar of fire risk ccmparablH to

oommercial, office or domestic premises may stand to benefi t by t.ne deve lOf'l~f]nt of

such systems. It is relevant, therefore, ~o give some consideration here ~o possible

.~8 of reducing the cost of protective installations.

umCING THB COST OF FRC1rBCTIVR lNSTALLATIONS

To aohieve this aim ~ require oertain reductions in the standards of the
\

deteotion and extinotion of fire, but such requirements may well be Le 5S onerous in.
cOlZlparatively low hazard premises undsr co~,ideration. )lore over , a reduction in

technical performance to achieve s1arpl1city ari'ci. cheapness may we 11 be ba)~ced by

• reduotion in the necessity for maintenanoe. A reduotion in costs rna-\' a I s-o be

obtained by improved standardization and the production of inoreased numbers, but

the contribution in this direotion is limited, 'since the labour costs of

iNStallation .auld not be affeoted. Here, the main wa.Y of reducing cos t s is to

!"eluoe the aDlount of pipi~ ne'eded in the installation of sprinklers, and the

-.ount of wiring neede4 for deteotors.

Aa £8r'as sprinklers 'are ooncerned normal sprinkler systems operate 'at a mean
-2 -1 ( -2 -1) ,

tlCl'f of about ~-1~ kg lD min 0.1 to 0.2 pl f"t min of floor area.' The

..-unt of water, however, required to ,extinguish a square foot of fire in wood is

tV' less than one-tenth of this fi8ure3, 88 long 88 the' spray" can 'be made to reach

~he burn1118 surtao~. Therefore, arty situation where the fire load is not too

IJ."'8at and the surfaces at which' burning can tate place are easily exposed to water

tro- the sprinkler, a cheaper syBtem lJ1tG' be' Justified. As far as detectors are

concerned, wiring may in ID&l\Y cuea be re&lced or eliminated by using an infTa red

deteotor or a 118ht beam aueh as a laser4 to monitor a lar~ area or by using a

siP8le OOnducting wire with a number o~ tua1ble linlta at ,intervals.
, '

Another possible flay of reducina oosta is for a I1Wl1ber of faetories to share

high coat oapital itelllB, e .s. pumps and deteot.or monitorill8 equipment. These

could well form part of a common set"Vioe on an 1nd.uatrlal estate. However, it 18

important at present to state that before· encourapment 'can be given to the

rldespread installation of cheaper systems than at present. exist, more operational

information' on the fire risks will be needed than 1s at present available, to
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giw a oleQl' dafiidtiol' "here such systems are U:.c.p.ly :0 be b~nefioial.

Hor-eover tho ste.ndar~ for a1\:' cheaper sys tell's mus t. be ..... rigidly can tro ~Ied as

the standard.e for more eXJlensive sys tems,

NXCXSSI'l'Y FOR HOllE ADVANcE PRorECTION SYSTEl1S

While it is possible that for a number of applications it may be o",irable

to cheapen fire protection systems lrlth a possible acceptable reductior. ill

performano .. in order to bring about the optiltum use of these sys :e:n~. ';hFI·e is,

on the oth"r hand, an inorellBing requirement for installations which ne ed to

manifest the .fullest degree of teohnical sophistioation. The whole tendency of

modern technology 18 to cheapen production and handlina processes by the use of

expensive automatic equipment, operating in OM sill81e concentration of capital

good:!. The traditional principle of compartmentation is resisted as it

in+,erferes with the eft"iciency of the proo'!-ss. Onoe fire gets out of control in

a situation of this kind - and partioularly when hi/!J11,y fl8llllllable materials are

involved - the losses can run into sevoral million pounds. One tends not to have

just large fires ,but small fires and enormous fire~·, and the margin between the

two is dlin8"rously reduoed. Over the last few years, there have been very large

fires in petroleum and memical procesB8s and in hi/!J1-staoked extensive storage

wlU'\'lhouaes, which bear out this point.· In this type of fire too, the conaequential.

losses III&y be even more palntul to bear than the direct fire losses. In then

instanoes an even larger proportion of the burden in preventing these high loases

must fall upon the efficiency of the proteotive equipment than in traditional

risu, and it is worth investill6 a great deal to ensure thaf. protective equipllliolnt

is rapid Ln action and veryeft"eotive. The problem is diffioult, since often in. .
this field the "xperience gaine4 over the years in protective installationa is of

I .

11mlted value; one is not dealina witbold prob18lllJl writ large, but with new

p"",lems. Great care is needed in ertrllpOlating empirioal int'onnation from past

experiencll, partioularly when the baBic Ull4ent.lld1na of the laws which govern the

operation of the system, is only sketcbiJ,y oOll1P"ben4e4. Perhaps in this context

it is relevant to lock at 80me cf the criteria· by which the effeotiveness of

protective installations ·may b8 Jud8ed.
lmTlCAL FACTORS m PRtmlC'fiVi lJlB'U1'.LltICI'B

To proteot a plant 01' a building against fire or. eJgllos1on. an installaticm

!
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(1) detect a fire at an ear~ stage and follow the detection by some action,

ghich either directly or ir.J.irectly br i ngs the fire under ccnt rc .

before setting out of hanG,' e s g , "i.nforms the fire '::.'i~C:e, CC::'f-S ir.

AIl extinguishing agent automatically, instruct 5 con.pi.t cr to divert

f~ble material in an automatic process up a flare otack. or,

(2) be an inbuilt part of the plant or building wt.ich limits He dama ge

caused by ,a fire or explosion, e.g. fire-resistance between ccmpar-t.ment a ,

separation bet.een bUildings, and storage tanks, flame arresters betfieen

items of plant, ~plo8ion relief on items of plant.

DETECT! ON 01 PIllS'

Thln'e is no difficult,. about the detection of fire in its very earl. stages.,

Current smoke detectors and intra-red methods are very sans! tive, and ever, t he se

40 not represent the, limits of 8ensitivity ..that 'are technically possible. T:'1e

scientific background on fire deteotion i8 'also reasonably v;ell understoro.

althou,&b more informat~on is needed on the movement aDd compos1tion of S.IIlol:e,. ,

particularly of the 11m1tin~ cC?ndlt1~8 when the buoyanc,y forces resultinr. from a

..11, fire are too sma.ll to oOUDteraot, e::rll-aneous i.n1"luencea due to draught etc,

!bee 1a a de1"1nite teidency ~~ preaen~' tor the fu-~ detection 113 stems to g1~e

,tala. a~B, which oanbe a very UD4..~ble tee.ture~.part'1cularly.hen the

4~ector 18 harnessed automatically to an ,exttn8'&1ab1J;l8 system. This drawback

It>>u1,d be capable of r-.oval with oaretul dealp of the system and definition of

.-dent levels' of the parameter that i8 'be1n; deteotecl. "

The large IIl&Jor1ty of .utOllat~c ~t&uatlon"u_ 1n4oors" fI:Dd partioularly

alaollt, all apr1nkler ay8t~8, aN 'opve.t.t4 by 4eteot1ila 'tbe smoke am hot glues

r1a1ng and spreading under tbe oeiling. for My 'complete tlo041DS fG'atem, for
• ,. •• • I

saaarple cal"bon dioxide or h1&b-expWiontu, there 18.DO .r~eon -tur this type at.'
deteotion should not be made as 881'1s11:.1ve &8 po~aibl~, subJeot of course to

obtainin@ no false alarm. Hor.&VeI", ,dth • looaii.ed', ..~t_'l'J'Ch ae epr1Jlklerll,

while their rapid operation near'th. r1re 'ia_ &4'Y&11tap, their operation remo~e

f1"01D the fire .by the spread Othot' 88sea' '~er:t~e Oe1U:n8 111 not, not only

because of the possibility of'unwan~ed _ter'c1aiDage , but' the eli.atrous e1'feota

it might have on the e:f'ficienoy of the system. These factors have" over the' years,

resulted in a development ~ relative1,j inauaiU.e deteotors tor eprinklers aM

the trend now is to make them even les8 sealti~~ '~111 by upratins the IIpr1Dklers'.

A. a result, a saP is tending to build U;' betWeen th~- time _hen' a fire 0811 be. . ."."
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- c t us t es . It:.s -i!.lito fe ... s:t'!e that infrf\-:"l'll 5'y~·t(·:;s C"r': by alf!.J( ~." f:;.lf~l

this ~)'.X;'cl:ie. A po s.i t i v o detectcr c:' thi:; ~::'.d. c c u l d not. on Iy , for !!X'in:r- 1t> ,

~riq: iI; :~,e appr-opr i at a local eJCtinguisr.i~" system' at ~.he earliest pr ...c t i car-l.e

!lIOment in a fire, but could also prevent a. remote pa.:ot of' the sy s t I'll:, hoir.g

ac t ua t ed s"j1erfluously. in the absence of a l'ocRl f~re. ~erely t:,' ~~.c ;,rcsence

of th~ s~o~e and hot gases.

EXTn:GUIsa::c. AGENTS

Turning now to actual mat~ala used for extinguishing purpo ae s , t:.~re a.re

certain bade requirements by which their perfol'tlance may be judged. The s e Ina;;

be summarized as follows:

1. High extinguishing power per unit weisbt, cost or availability.

2. Capability of. use under a wide !"&nae or tire conditions 80 that

multip11city in the nueber of agents used i8 avoided.

,. CapabUity of be.1.n1 4.livered in a very abort time, onto the fire

and ita 1ued1ate vioin1t7.

4. No W'u1••1rable extraneous effect•••ucb &1 toXlc~ty or extra damap.

There is no dcut t that t per W11t coat and aVailability and probacly per

unit we1aht as .ell, t:ater re1~ supreme ae an ut1n¢sh1ng asent. Its draw­

b&6k 1" that in order to -.n1t••t ita full utinl\1iah1ns power it muat be

eultr1bute4 aufticiently eve.nl.Y onto lUr'tao•• whiob t.re actually burning, '0
6that it can be vaporized,. trader thea. oonditione a little water oan go a vV)'

lonl way indeed. P.o· ever t ft. _ter i8 not vapori.eel at a burning surface.

thee i' • triple penali.ation. r1rat17. the latent. heat of Yaporil&tion 1& not

uaed to reduce the burning rate at fuel. 'Seoaa4J¥ t the v.;»our which dFLt have

been evolved is not tlva1lable to ext1ngu1eh the flame., and thirdly t the water

that runs any ma.Y ~ell oaua~ water ~Ie. ·!here 18 a oomp8Dsation, hOT:ever,

in that ~he nettinG doM'! or the _terial in the vioinity ~ the ~ire, allo... the

rate of' spread to te reduced and ••en atopped; thet1re 1. thus i.olf-ted and

5 -
,".

,. )
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:--..arIJlle:;~ ::.::.t. one CUI. kffor.:. to l\Fb"~t: t •. e ::';U:.{ of t:.~· ti.:..eLt: ev er. w!.e~. ",:::-l~ed :'or

l or.g r':':"ioo~" irovicieoJ ~U.5t' enout;h l'€:,:ain" or. all t i.e s urf'v.c es of i . "" :" -: . :,'·!".'r

'"~'e I'1le.·, prcved it" ,,~re8d. If one couId be <:erta1n of complete ':!I.-:.';.ction

~11 tt1e i'irst minute of IlpplicQt1on, there flCiuld b e R subs t unt ~ul Itr~llr.e:t :'0r

:aine a IllUC}: more expeuaive agent even for cellulos;c ll:ater181,. For" :~.Jel ) ike

• lit.:ht hydrocarbon, in which the &urface of t:;e ':."urn1nt. lD8terial hA:. f1 l t)'"

t_perature, then water cannot be vaporiled fit the fuel W1~er tbe be~t cor d i t i.on:..

and it becomes a peor extineuish1ng agent. P.o".ver, .under- tl.e right COU(. i t Lons ,

it is ,t111 effectiVe ... a ,method of 'reclucinc. fire ,pr••d , part ~cu18rly by

coo11ng metal aurfac.. in t he fire.

.
I'
I

~

) .

".

,
Agaln, ",ith hleh-ata a.ke4 .torage, and lWith water application Crom sprinklers

at the top of the store. \he aheer inaccessib1lity of fire ill the lOIter part. of

the .tore ",revent••ater reaching WlU"only all chaMela throush which fire .~

.pread hor~.ont&lly, and yrovldint: t.hem _itt. the neoe.eary degree of wetting

needed to atop t:,e lateral pr~r.u of t,.. r~,... ;Moreower, t r.e up.ard draught.
of the flelt.t w!.ieh Oell dwel0l= 1n &II \,lnlntvNpted oanyon bet".en :.tac.ked gooda, '

aan ruah ·tt.e water from the sprinkler. comp}"-_ly alid.e and p.revent water t;;ettinc

~ th_ actual ',ouree of fi.... The.e difficultie. CUl be overcome to lome

at_lit by the installation of arrlhk.lerl at intermediate level... Great care 1a

Meded in the 'it1~ ot aueh apr1nkler., ~1.nee th~ are geJ'!erally re.ponai"e only

to the direct ilDp'ict of n.am., and r0w.e.tful firea .1 develop in a neigbbour1n~

canyon or urtioal cr.imney, 1n or between atacked gooda without beill& detectecl.

MoreoYer. the obstruction effect of the p.c~ed 60~ round the sprinkler head

-.y prever:1. the adequate wtrttina ot all ~be r.orbontal channela within the

r@gion na.:lnally coyered by the sprinkler head•

.''.

\
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suffers frc:" '.: .e ..iis'l(;':alltace that it cannc t l+: ·:1rer.tr,,! ,':.: ....
1 lre.

:

include tli.f: r-e g.i c n wh..,re th:re is fire. This t ak e s ~:"IC iurini wLiel. :.::(' :'ire

::li~ht :;prel~d well beyc nd the place whure it htlc&n. Altr.oufh res~.';l~""~ ~;~:';..Lge

caused by lt~r,h-expa.r.!don foam is substantially less t ha n that c au s ed ~ ..; wat er I

it :5 stil i nc t :<nU1i'll to what extent it is acc ept.ab Le , par-t i cu.l ar Ly wr""1'(J food

i5 stored. These Un:i tations tend to make hi.gh-e ex pans i.on foam .1 es s ;:v>-i,table

for v~r:: large ccmpar-ceent a, There ure"ulao cer-ta i.n deve.Iopment :.r-\:·:~H:::S

out.st.ar.d rng with this agent) particularly reliability in cold lteather-.

Carbon dioxide and vl:iporiaing liguids

Carbon dioxide is also mainly used for filling 8. whole apaco and ~.;,s l t mi t ed

d i.r-ec t i ona J effects; its use is also lim~. ted by i~8 toxid ty. T};e err 11.;1 ency

of liquid ':.h.rbon dioXl.de is hindered by the fact that when it is discharged as a

Jet into the atmc spner-e , more than 50 per cent of the agent immediately flashes

into a gas. the remair,der changing into a rine so11d. The gas stream t.hen

entrains I:&:r 'into it:lel1'. bringing'about some eYaporation of the :'ili6 solid. A

great deal of the cooLing affect which the B:gent could hev'e or. Ie;. burning surface,

15 ther~f(\p, elir.:ina:"fld. Vaporhint U ...uid agents such as halogenated methanes

do not s'Jf!'er frum this disadvantaSe» but their inherent' cooling capeci ty h

relative~ low ~cmpared w1tt, tt~t of li~u~d ~.l~on dioxide or waterS. In recent

mcnthe ~om" "or~ hl:iS leen carried out at the Fire Reaearch Station on the use of

liquid r.it:·Cf,~I: M.d ULsO slurries of so~id 'carbcn dioxide in vaporj Zing' liquid89•

These slurrLc; can extract a significant amount of heat from surfaces in and in

the ~edlQte vicinity. of the fire ana in the course of vAporizBtion produ~e a

useful inert~ng gas. It·~ be that .veh agents can achieve 8o~e of the

desiral:le properties of wa'tar. particularly.its ~bility to be projected directl,y

onto a bur-n i ng surface and cool it B8 well as those of carbon aioxiae and

brOlllochlor.:--di!'-!uoromethane , i.e. ability not to cause 'water damage and to

surround ti~f.' burr.ing material with an extinguishing vapour in the lNent of the

~gent r.~~ scoring a direct hit on·the'fire. Such slurries would also be

effective tigents against liquid f~res as they appear to be capable of flowing

I'lnd vapor:::ing smoothly over the surface of ~urnillg liqUids. However.
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halo~eI16.t~J 'lger.t~ abe:l i nv o l ved i:. ar , i n t er, e

bring about cor-z-oa i on effects und er unfavour.:'

Dry powder

r,,' ;nJ gh: produce ga s e e wi. i ch

c .id i t ions.

..

Dry powder, owing to its great.t!r fineness has p'.'!rr.flt:~ !1 freatcr a b i ) it.':

:.~1Ul water spr-ay to pe:letrRtc flame zones b erri nd oh:,tac. j '>.. }:rJ·,:r.:V\~1·, ~Li o7:Jr-r

wbich falls outside the fire zone is generally wasted, is, tr.'~rr:f()re.

~ss~ntinl t nat dry t,<)wder is accurately projected to whc!"'t the I'Larao «nd tbc

iur:1ing m!itl:rial is L:oing to be. This r-eat r I c t Lon llmitz :~.3 wide~?r"'ar. u s e ,

A 'lery pr-crm s t ng variant of dry poed er- is the p r'od uc t Lcn 0:' b. h5 gh ly I'·· .. i.v '::!

pov:d~r that owes its effectiveness to the fact that it d ecr ep .':ates an-: t hus

becomes very fine ill ·the flame 10. Another variant is the U5f- ..;~ adcro-enca~~u]a.ted

:::aterjg,::; a s ext.LngutshIng agentB
1 1

In tltia wuy some harmfl,.;.~ o r' nox i ou ;

:nateria~8 may be made acoeptable since they manifest their pr-oj ert i.e s or. iy when

the 9~capsulation is destroyed by ~ire.

DUAL PROTECTION

The &bove comments indicate that for some applications there are certain

di:sadval,ta~es in most type:;, of proteotiv~ installation. However there are ways

of provi1ing tTiO-pronged protection where the two individual pror.gs are no t only

oompatible, but might rein1'orce each other to such an extent as to pro·.-ide a

cOftIPlete an",,:,sr to a risk I for 1Ihlcb either one or the other would not be very

etfective. The combination of sensitive detectors with insensitive sprinklers

~8 already ... een mentioned. Sprinklers which oc:.trol fire from the top of a

buildinf l.ownwari\e cotp.d also be u.ed in conjunc~:on with high-expansion foam

which control ~ fire from the floor up1!l&J"ds. 1'},t '.J s. of roof vents is compatible

p.1ti: the '.:58 :of high-expansio.-, rOM &nd will tent ~ 0 reduce the spreai of t'1&JD8

under the ceiling in the time taken to till.the cca~tment. They are not quite.. '

so compat: ble with sprinklers • • • the latter tend t;o push smoke dOlR11t'6.rds into

tbe room ',.hert- there ia fire, whereas root venta rely on the bUOY8n~· etfect of

smoke and hot gase~ taking them throup the vent i"l the roof. Howevez' • the use. .

of roof vl':nts '.n this context 18 still 11kely. to be advantageous.

AnotLer p;ossibility is t''18 stratified int~ul~tlon .of a light ine:-t C8S,

e.g. pr cdrc ed ":Jy a jet engine near the upper part or a bu11~8J combi' ed with

a stratified i~troduction of heavy SQsJ ~.gt oarbon dioxide or h1gb-ex~~r.sion

fOblJl in t:;1) 10r:er part of the buildine;. The 118ht inert gas can eontri bute by

p.xtinguLhing 7.hf f'Lame under the ceiling whioh 1s the _chanism of fiTI1 sprea4

L tuildint:s : ~J'; '.lso the majcrinfluence tending ~o cause ceilings to collap...

- 8 -



doubl i ::f. the system j L trR above :::''':.:.cr ': ..
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to warrant the extra cost.

CONTROL OF AUTOMATIC PROCESSES

Very little experience is avaaLab Le on the d e t ec t Lor: and c on t ; .....: .-c ,'irl'

that may involve automatic processes. In this s.i t ua t i or. tho cc nput t'r .... :. _ch

c cn t r-oLs the process must bave special consiJera t ior.. A Lt.nough the' ~c;.; ut e r

itself maj' be a comparatively loti fire risk, its failurl'.! to operate cect.tu:oc of

fire may bring a whole process to a halt and may even c aus e hazard in t h~

process it self. For this type of ri sk, t her-ef'or-e , 8 comput er' wou.;...l n:·.·l .... ~ J1

protecti ve installation in its own right.

A more complicated problem 18 the way in whi ch a ccmput.er may l!; str.:c:t

emergency prooedure to 8 process in a situation when fire may occur. 0:" :-: ~h~cr.

it has actually occurred. Decisions need to be made as to wh':!ther thl? i:!"OC€s::;

should be shut down and if it 1s to be shut down, the sequence in whicr: ~he shut

doWn should take place. If a fire has occurred, it may be neceS5a~ to d€cide

wbether an automatic QXtingu18h1DS agent should be brought in, (e.~. ~~e~ there

is a spillase of liqUid rUel) or whether itis best to deflect the fuel from the

fire. (as in the Case of fire in 8 gas leak which, if extin~i5hed, may lead to

explosion). These problems are 1n their infancy, but it is likely that in the

naxt few years we shall see a great -IV IIlOre of them.

USlHAJeI TO ,m AND BlPLOSION

The above comments ha~e deelt mainly with protective installations in which

fire and explo-sions are detected and pooltlve aotion engendered. A different

form of protection is to have resistance to fire and explosion actually built

in. rhe object of this protection 18 to minimize the damase .which occurs even

if a fire or eXplosion were to develop to 8 very·serlou~ proportion. Protection

of tMs kind for tire usually takes the form ot thenu.l rea1stance, and for

explosions ofaxplosion relief. In both cases thes~ may be desisne4 to protect

either a plant or a building. In both casea there is also a dearth of

intONAtion which would allow proper design ~or the large (linear) scale

app 1108 t ion that is coming into use. This i B partioularly 80 ror the desi 91 of

explosion relief, since the onset of turbulence and the transition to detonation'

9 -
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oro fnctore ghioh increase the tendonoy for explosion, to become more violo~~

QIl the scale is increased.

Hare a point of oross referenC6 exists with protective installatio~l.

Undoubtedly'a great deal more can be done in using water to he Ip pr-ov i ds ..

is the equivalent of fire-res! stance. Indeed, wherever f: re pr-c t ec t i J.,

difficulties are envisaged in the protection of metab10rk in fire, t hen t~~'J

opJW1ng or tho paasage of goator over or through the motal~ork could be a fc,,l,dblo

method of protection. 'l'h1s princip~o, of courso, is used extensively fer

protection of tanka containing flC\JlCjbla liquids. There i 8 no real rea son 'U,j'

this should not be extended c.t leaot to abUtter doora, possibly to structural

steelwork, and even to temporary metal oollpClrtment galls. The reason i l'l that

provided the water' ie aaf"f'io1ent~ well distributed over the surtnoe concer-ned
, .

(which could be an interior surface for oet'tain formo of structural steel \tork) , ,

then it 1e d11'ficult tor the .tructure to .ceed SUbstantially & tcmpel'uture of

100°C without makin's uae of the ooneiderable coolina capacity of the watl:!r. One

can U8 ~h1., therefore. &8 a aUiple basio deaisn COIlCept. combined l'i tb the fact

tbat 11' the -.x1mwD area of metalwork whioh muet not' exoeed a certain critical

'.-perature' i. mown, the extent to 1Ib1oh QOn-\m1.formity of wetting ~ be

tolerate4 0&Z1 a180 be ..t~t.a.

lfhe up«rte4 1088 clue to tire. 1Il cl1tferent riek. varies "''''J ~'reatly, aDd

\0 thie ertent 'be dell'" of pI'Ot",U,oa wtdoh b prahat alao ?aries. Hip'
basa.rd ln4l1atri.. weh as cap1C&l'1nteu1•• pl'OOe.88 industrie. bandlinS highly

•
tlaMable ..t8l'"1al aacl tbo.. 1IJMl?1a1 n.-.bl••'W1&ls ,of lllJnoet .-.fry kjnd in

h1~.t.eked atarap' of tluabl. poll. Ul"it a vtJr7 h1sh clell'" indel.t, in
. '

IOpb1.tloaticn Ln their tire protection apneer1ac. but a 'Dumber of, p)'actical

8Oal1n8 probl_ in thea. t1e14. stU1~ to be 801ved. On the otl.",r hand.

'-zoe -:I be aoop. 111 certaiD 1Dst.uc.. tor simp1.U)"1Jla protective 1natE.llatiol18

1D or4_ to oheap_ th. &Del ecou:ra,e ta1l" IDON w1ae~ UN. Somt..: l,Jdslble

MW dnelopments to improve rUe pJ'Otaction are su&p.ted.. The.. inolw.-.(· ttA

poaaibil1tiea at double metb04 iDstallat10na (••s. the coabiD_ 108 of ,'i.'"l

apansion fOlUll and inert ••); .pr1bkler 1Det&UaUous whioh beooae ae+ ·.ve 110"

rapidly and yet.hich 40 no~ ",..ate .&W¥ tl'Oll tbe ..at of the t1.r,; t::,., .lse of

~o14 slurries of' eoll<1 ca.rboD 410:&148 in a Yaporidal liqui<1 U .. utbplia.i11a.'

fluid; t.he poaaibil1ty of uaina III1cro--.psulation to reduce the norloulJ U\4

duaging prcrpertiea of extinguiabins mater1&18; aDd. the JIOra w14espreae. usa'of

water cooling as an alternative to tire-ree1etaZloe.
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