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BEVIEW OF LATHST DEVELOPMENTS [N P:R% FROTETION
vy

D. J. Rashach

INTRODUCTION

In this review an attempt will be made to see in perspective the various
methods of providing protection against fires and explosions described at this
meeting, not only one with another, bul also with the fire problem as & whole.

This will helpApinpoint where there are deficiencies and drawbacke in 'hese methods

aml where there is room for future development.

The important aim for any interested party is that the total cost of fire per
annum should be kept to a minimum, Of course, the individua! Pactory Manager who
is concerned with rumning his plant at a profit and the Insursnce Manager, makirg
a profit ou the business of sefvicing the fire risk cover wil) see the problem
differently from Government, who should be concerned with keeping down the total
cost of fire to the nation. However, all these partjes require similar information
ou the cost and effectiveness of various approaches to the fire problem to allow a

sound judgment to be formulated.

IRTRINSLIC VALUR OF FIRE PROTECTION MEASURRS

In order to assess the value of fire protection measures it is necessary to
compare the cost of the measures with the potential reduction in fire lesses that
they might bring about. The major }art of the cost of fire is due to large fires. -
It has been estimsted1 that iaking e mear. value for all buildings in a built-up
ares the ezpectéd loss in large fires per annum per square foot of floor area is
well under 0.53. per annum. The present cost of installing detectors or sprinklers
when amortized over a perieod off twelvé years, and including maintenance costs
varies from 2d. per square foot per annum upwards. BEven if it is assuwed that the
wholesale installation of these devizes would wipe out rcompletely all large f'ire
losses, and even including an ample aliowance for losses in small fires and
consequent.al losses, the above figures suggest thatrauch uriversal installetion
would not pay for itself at present prices. For this reason it is necessary that
protective instalilations be concentrated in high riak aress, and irdeed wmany, if
not most industrial premises méy be classified as being high risk aress. Neverthe-
less, there is wide variation in fire risk in industry, for example, there is a
factor of 70 in the probability of the more hazardous industries having a fire
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comparcd with the least harardous industriesz.

To achleve the widespread use of fire protective installations *here is
little. doubt that they need to be considerably cheaprer than they are at present,
Uﬁile this is of dominant importance for non-industrial premises, it is likely
that certain sections of industry of low fire risk or of'fire risk ccmparabie to
commercial, office or domestic premises may stand to benefii by the develorwment of =
auch systema, It i3 relevant, therefore, to give some conaideratlon here to possible
ways of reducing the cost of protective installations.

REDUCING THB COST OF PROTECTIVR INBTALLA&IONS

To achieve this aim nay require certain reducticns in the standards of the
detection and extinotion of fire, but such fsquireﬁents may well be less onerous in
comparatively low hazard premises under congideration. Moreover, a reduction in
technical performance to achieve simplicity and cheapness may well be balanced by
8 reduotion in the necessity for meintenance. A reduction in costs may also be
obtained by improved standardization and the production of inoreased numbers, but
the contribution in this direction is limited, since the labour costs of
installation would not be affeoted. Here, the main way of reducing costs is to
reduce the smount of piping nseded in the installation of sprinklers, and the
‘apount of wiring meeded for detectors. ’ )

Aa far as sprinklers ‘are concerned normal sprinkler systems operate at a mean
flow of about 5-10 kg m 2min~' (0.4 to 0.2 gal £ 2min”') of floor area.- The
amount of water, however, required to pxtinguiéh's square foot of fire in wood is
far less than one-tenth of this fisureB, a8 long as the spray-can be made to reach
ths bﬁrning surfase. Therefore. ary situation where the fire load is not too
great and the surfacea at which' burning can take place are easily exposed to water
from the sprinkler, 8 cheaper system may be Justified. As far as detectors are

oéncornod, wiring may in many cases be reduced or eliminated by using an infra red
4

 dsteotor or a liéht beam such as a laser to monitor a large area or by using a

single aonducting wire with a number of fusible links at intervals,
Another possible way of reducing costs is for a number of factories to share

high cost capital items, e.g. pumps and detector monitoring equipment. These

could well form part of a common service on an industrisl estate. However, it is e
important at presenmt to state that before encouragement can be éivon to the
widespread instellation of cheaper systems than at present exist, more operational '
information on the fire risks will be needed than is at present available, to
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give a olear definition where such syatems mre likely ‘o be bonef‘inial-.
Horeover the standards for any cheaper systems must be as rigidly controlled as
the standarda for more expensive systems.
' NECESSITY FOR MORE ADVANCE PROTECTION SYSTEMS

‘While it is possible that for a number of applications it may be desiratie
to cheapen fire protection systema with a possible acceptable reduction in
performance in order to bring about the optimum use of these sysiems, <here is,
on the other hand, an increasing requirement for installations which need to
manifest the fullest degree of technical sophistication. The whole tendency of
‘modern technology is to cheapen production and handling processes by the use of

' expensive automatic equipment, operating in one single concentration of capital

goods. The traditional principle of compartmentation ia resisted as it
interferes with the efficiency of the process. Once fire gets out of control in
& situstion of this kind - and partioularly when highly flammable materials are
involved - the losses can run into several million pounds. Ome tends not to have
Just large fires, but small fires and enormous fires, and the margin between the
two is dangerously reduced. Over the last few yeara', there have been very large
fires in petroleun and chemical processes and in high-stacked extensive storage
warehouses, which bear out this point. In this type of fire too, the consequential
lossas may be even more painful to bear than the direct fire losses. In these
1nst:qnoea an even larger proportion of the burden in preventing thess high losses
must fall upon the efficlency of the proteotivé equipment than in tradi;tional
risks, and it is worth investing a great deal to ensure that protective equipment
is rapid in action and very effeotive. The pmblem is difficult, since often in
this field the experience gained over the years 1n protective inatallations 1is of
limited value; one is not dealing with old problems writ large, but with new
problems. Great care is needed in erxtrapolating empirical information from past
experienca, partiocularly Il;nn the basic understanding of the lawe which goverm the
operation of the system, is only sketchlily oomprehended. Perhaps in this oontext
it is relevant to look at some of the oriteria by which the effectiveneas of
protective installations may be Jjudged.
CRITICAL FACTORS IN PROTECTIVE IRSTALLATIONS ,

To protect a plant or a building against fire or explosion, an installatiom
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(1) detect a fire at an early stage and follow the detection by some ection,
which either directly or indirectly brings the fire under cenive:
before getting out of hané, e.g. informs the rire Liigece, trings in
an extinguishing agent sutomatically, instructs computer to divert

flammable material in an automatic process up a flare stack. or,

(2) be an inbuilt part of the plant or building which limits tlie damage
caused by a fire or explosion, e.g. fire-resistance between ccmpartments,
separation between buildings and storage tanks, flame arresters between
items of plant, explosion relief on itePa of plant.

-

DETECTION OF PIEE
There is no difficulty about the detecgiqn of fire in its very earl;
Current amoke'dotectors and infre-red methods are very sensitive, and ever theze
do not represent the limits of sanaitivity‘that'are technically possible., Tie
soientific background on fire detection ia-also reasonsbly well understocd,
although more information is needed on the movement and composition of smolce,
particularly of the 1imiting conditions when the buoyﬁnqy forces resulting from a
smell fire are too small to counteract extraneous imfluences due to draught etc.
Thare is & definite tendency at present for the fire detection qyatema to give
ifllae alarms, which can be s very undanindble feature, partitularly when the
detector is harnessed sutometically to an‘ettihguiaﬁigg system. This drawbeck
should be capable of rewoval with careful design of the system and definition of
sadient levels of the paranet er thgt 1a'bein3 detected. ‘ .
Tha'large cajority of sutomatic ingtallations used indoors, and partiocularly
nlloat,'nll sprinkler aystems, are opereted by deteoting the smoke and hot gases
riaing and spresding under the oeiling. For sny complete flooding system, for
_ example carbon dioxide or high-expansion fbtﬁ, there is no reasen'uhy this type of:’
deteotion should not be msde as aunsitdve as poasible, ‘subject of course to
. obtaining no false alarm. Horaver, vith a looalised aystem’ gych as sprinklers,
while their rapid operation near’ the fire’ is en adwantuge, thelr operation remote
frop the fire by the spread of - hot &ae8es’ under the oeiling is not, not only

because of the possibility of unwanted water damage but the disastrous effects
Thess factors have, over the yeers,

© stages..

it @ight have on the efficiency of the gystem.
resulted in a development of Eelatively insensitive deteotors for sprirnklers and

the trend now is to make them even less ghnsititq atill by uprating the uprinklaras.

As 8 result, a gap is tending to build gblbetieen t@e-t;ms shen g fire can de
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reliabily detect . an: Lhe * .4 wnen (prine.ers Cpernt e, 8o that the Tir- ocan be

of & large size even *efore s, v ni. s oprrate. Thos alfficully can b cerog e
t¢ some extent by having a sensi® .- fire dete o syston in additinn 0
srrineinrs. On the cther hand, . 1z reassr 1y deveugr = fire oo 'rr
cystem which is net opércted by the no! gases At the coroling ., ka2t rstlo- -

rea: fiame in the aren coveref by the ¢s«tinguishing devices which the lotect.r
sctuates. It ts juite Feasible that infra-red systems can te mede Lo Culfal
this purrose. A positive detecter ¢f this xind cculd not only, lor exaaple,
*rirng in the appropriate local extinguishing system at the earliest prnc:icabie
moment in & {ire, but could also prevent a remote part of the syste:s helrg

Al -
actuated s.perfluously, in the absence of a local fire, mereiy Yy lle pnresence

of the smorke and hot gases.
EXTINGUISKEILG AGENTS

Turning now to actual materiala used for extinguishing purposes, tiere are
certain basic requirements by which their performance may be judged. These may
be summarized as follows:

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

2. Capability of use under & wide range of fire conditions so that

oultiplicity in the number of agents used 1s avoided.

3. Capability of being delivered in a very short time, onto the fire
and i%s immodiate vioinity.

h.. No undesirsble extransous sffects, lucy as toxicity or extra damage .
Bter -

There is no doutt that, per unit cost and availability and probetly per
unit welight as well, watef relgns supreme as an extinguishing agent. Its draw-
batk 1s that in order to manifest its full extinguishing power it must be
distridvuted sufficiently evanly onto swfeoces which are actually burning, %o
that it can be vapo;iaods. Under these conditions e little water can go & very
long way indeed. Ho ever, when water is not vaporised at a burning surface,
theres is a triple penalisation. Firstly, the latent heat of vaporiestion is not
used to reduce the burning rete of fuel. "SQooudiy, the vapour which oight have
beén evoived is not available to extinguish the flames, and thirdly, the water
thet runs arvay may well cause water damege. There is a oompenssfion. hoviever,
in that the wetting dorn of the material in the vicinity of the fire, allows the
rate of spread to te reduced and even stopped; the fire is thus isolcted anmd
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burts out. Jndeed- ; . . r crs o ocercrolliine fires,

i‘ere a_nin, as far w8 S <0, Poeite,, Wery L.t 16
water i3 neeled t: jrevert vt oL - ela 5oy Doire, Althongn 108 et Do oon
precisely how =ich water s re.. .=, riwi cOw . . enon o on the 8ize off wie Tuel
arud the 2,2 o7 the fire ih o ver L indesd; wmupermine iy carried out Ly
C'Daghe=t" “wve wr wro t7al Lr ocvd orabs tris Tow rete o ua ol 1. orilaer o

TSl ne e mih-t {.ne vren Peforoel U 4s tie s 0t Al Ares of tie Clel Lav taonadn.
Thia ;| .ire & Le cosierad Wato, "o 1307 rele LSea !Or norts] sprichTer o atems
ser utit riocr area, wiich 1s wbout H=10 kg m-; min . Irngerd, one tolora. es

water in maly protective in.atallaticns lecnuse 1t is s¢ cliewp alvl envre.iy
rarmless l::zt one cur. afforc to waste tie Lulx of tie ugert evern wher np_l.ed i'or
lorng periots ;rovided Just enough renains or all tile surfuces of L. e 7 v, iver
~Ye 'tie % prevert its s-oread. If one cnulg be certaln of complete exti;ction
in the first minute of application, there would be s substuntial wrgure:t for
uaing a mucl more expensive agent even for cellulos:c materisls, For » tuel like
@ light hydrocarbon, in which the surface of tie Lurnin; msteriasl has: a 1ow
tempersture, then water cannot be vaporised at the fuel uncer the best coriitions
and 1t becomes a .pcor éttinguishirzs agont, ﬂomeveé', .under tie right coicitions,
it is still effective as a method of reducing tf'ire spreed, particularly by
cocling metal surfaces in the fire.

Again, with high-stacked atofaso, end with water application'frbn sprinklers
st the top of the store, the sheer inaccessidbility of fire in the lower pert of
the store prevents water reeching unifermly all channels tirough which fire may
" spread horisontally, and providing them sith the necessary degree of wetting
needed to stop ti:e lateral progrou of tnhe t:re. .Moreover, the upsard draught
of the flares wiich can dcvolo; in an unint«rruptd ol.nyon betwaer. stacked goods,’
can push the water from the aprinklers completely aside and prevent mater getting
near the actual ‘source of fire, These diff‘icultiés can be overcome to some
extent by the instellation of asprhiklers at intermediate levels, Great care 1as
needed in the siting of auch sprinklers, since they are generally responsive only
to the direct impuct of flame, and powerful t'i.roa may develop in a neighbouring
canyon or vertical chLimney, in or between stacked 56«15 wit hout being dutocto;l.
Moreover, the obstruction effect of the packed géodl round the sprinkler head
may prevernt the adequate wetting of all t_.ho‘ rorizomtal channels within the
region nowinally covered by the sprinkler head.




High-expars on ‘nup

Soze of tre proteems onct D oned ahove L 0 o L0 T pmter nar, e oy oame b
uslng bigh-exrension onn. Thio lo w vooo ot L0 - pent which exntingud be pelre
fires as well as beiny wlle to §low into "re Lwrpor Channeis botwee: s oo
goods and Lrevents scceess of aur to the smaller Lpennel..  Howaver, L. agent
suffers Irei the <isauvantage that it cannot le airected oot o Joot o0 the
fire. The Toarn necdc o flow through & wholv Conjmrtmont whicih fa,ene Lo

include the regicn where there is fire. This takes time luring whici. the Jire
might spresd well beycnd the place where it began. Although resilus. uuiage

caused by high-expansion foam is substantially less than that causad

o owuater,
it is stili net xnewn to what extent it is acceptable, particulariy where food
is stored. Tihese linitations tend to make high-expansion foam less nccorptable
for ver:; large compurtments. There ure'ulso certain development nrotlens

outstaﬁding with this agent, particularly reliability in cold weather.

Carbon dioxide and vaporiging liquids

Carbon dioxide is also mainly used for filling a whole space and lus limited
directionel] effects; its use is also limited byvips toxicity. The erficiency
of liquid carbon dioxide is hindered by the fact that when it is discherged as a
Jet into the atmosphere, more than 50'per cernt of the agent immediately flashes
into & gas, the remairder changing into a fine solid. The gas stream then
entrains a:r‘into itself, bringing'about some evaporation of the Iine solid. A
great deal of the cooling effect which the agent could have or s burning surface,
is therefors elirinated. Vaporiszing liguid agents such as halogenated methanes
do not suffer from this disadventage, but their inherent cooling capacity is
relatively low ccopared with that of iiqu:d sarber dioxide or watera. In recent
months som» work has teen carried out at the Fire Research Station on the use of
iiquid ritrcgen and viso slurries of so.iid carbon dioxide in vaporizing liquidag.
These slurries can extract & significant amount of heat from surfaces in and in
the imnediate vicinity of the fire and in the course of vaporization produce a
ugaful inerting gas. It may be that such agents can achieve some of the
desiratie properties of water, particularly.its ability to be projected directly
onto a burning surface and cool it as well as those of cerbon dioxide and
. bromochlercdifluoromethane, i.e. ability not to cause water damage and to
surrcund tre burring material with an extinguishing vapour in the avent of the
ugent not scoring a direct hit on-the fire. Such slurries would alsc be_
effective sigents against 11qu1d fires as they appear to be cabaﬂle of flowing

and vaperizing smoothly over the surface of burning liquids. However,
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halogenated ngents wheu involved ir a: :nter ¢ : o might produce gases which

bring atout correslon effects under unfavour.t ¢ <caditions.
Dry powder

Dry powder, owing to its greater fineness has perhaps u grester ability
Lhan water spruy to penetrate flame zones behind obrtacie.. Hosiever, thi owder
wiiich falls outside the fire gone is generally wasted. ~- is, therafore,

#ssential trat dry powder is accurately projected to wher¢ the flame and the
turning material is going to be. This restriction limits :t3 widesprean use.
- 4

A very promising variant of dry‘powder is the production o & highly e-*ive

povder that owes its effectiveness to the fact that it decrep.%ates an! thus

becomes very rine in ‘the flame‘o. Another variant is the use & micro-enca;culated

zateriais as extinguishing agents11. In this way some harmfu: or roxious
materia:s may be made acceptable since they manifest their projerties or!y when
the orcapsulation is destroyed by fire.

DUAL FROTECTICN

~ The sbove commeﬁta irdicate that for some applications there are certain
disadvaitages in most typesz of protective installation. However there are ways
of providing two-pronged protection where the two individual prorgs are not only
combatible, but might reinforce each other to such an extent as to provide e
complete ansver to a risk, for which either one or the other would not be very
effective. The combination of sensitive detectors with insensitive sprinklers
g already .een mentionsd. Sprinklers which ccrtrol fire from the top of a
building downwards could aiso be used in conjunct:on with high-expansion foam

" which controis fire from the floor upwards. The ‘ise of roof vents is compatible

witi: the .se >f high-expansic- foam and will tend ‘o reduce the spreai of fleme

under the ceiliing in the tipe taken to fill. the ccapartment, They are not quitOA-

so compat .ble with sprinklers, as the latter tend *o push smoke downwerds into
the room .here there is fire, whereas roof vents rely on the buoyancy effect of
smoke and hot gases taking them through the vent in the roof. However, the use
of roof vents .n this context is stiil likely. to he advantageous.

Another pussibility is the stratified introdurtion of a light ine-t pas,
e.g. produced Sy & jet engine near the upper part of a building, combi-ed with
a stratified irtroduction of.heavy gas, 6.g. carbon dioxide or high-expansion
foum in the lower part of the vuilding. The light inert gas can contribute by
extinguihing =he fleme under-the ceiling which is the mechanism of firs spresd
i tuildings :nd - 1lsc the majcr influence tending to cause ceilings to collapse.
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Hethoda for sub~divic.ig o .arge bui .ing  “he wvert of fire, by Laing
curta‘ne, could also te used :r ronlunitio- .. ' Lirh-expensiol foan S e
doubling the aystem ir tre above mwer wi. | Fererai, inereagse
installation, and one must te cers’n. that <hvroe Lo redl dacrovens s

to warrant the exira cost.

CONTROL OF AUTOMATIC PROCESSES

o~

Very little experiernce 1s available on the detectior and centre’ =0 f'ire
that may involve automatic processes. In this situetion the cexputer wi._cCh
controls the process must have special consideration. Although the neijuter
itself pay be a comparatively low fire risk, its failure to operate tecuause of
fire may bLring a whole process to a halt and may even cause hazard in the
process itself. PFor this type of risk, therefore, a computer woulid s.r.*t s

protective installation in its own right.

A more complicated problem i1s the way in which a computer may instruant
emergency procedure to a process in a situation when fire may occur, or in which
it has actually occurred. Decisions need to be made as to whether the ;rocess
should be shut down and if it is to be shut down, the sequence in which the shu!
down should take place. If a fire has occurred, it may be necessary to decide
whether an automatic extinguishing agent should be brought in, (e.g. ¥ier. there
is a spillage of liquid fuel) or whether it is best to deflect the fuel from the
fire, (as in the case of fire in e gas leek which, if extinguished, may lead to
explosion}. These problems are in their infancy, but it is likely that in the
naxt few years we shall see a great many more of them.

RESISTANCE TC FIRE AND EXPLOSION

The above comments have dealt mainly with protective installations in which
fire and explosions are detected and positive action engendered. A different
form of proteétion is to have resistance to fire and aexplosion actually built
in. The nbject of this protection is to minimisze the damage which occurs even
if a fire or explosion were to develop to a very‘aeriouq proportion. Protection
of this kind for fire usuﬁlly takes the form of thermal resistance, and for
explosions of explosion relief. In both cases these may be designed to protect
either a plant or a building. In both cases there is slsc a dearth of
information which would allow proper design for the large (linear) scale
applicetion that is coming into use. This is partioularly so for the design of

axplosion relief, since the onset of turbulence and the transition to detonation

L

i o =




aro foctors uhich inorcase the tendonoy for explosions to become more violen*

as the scale 15 inorcased.

Here a point of oross reference exists with protective installations.
Undoubtedly a great deal more can be done in using water to help provide = - .
is the equivalent of fire-resistance. Indeed, wherever fire protectio..

difficultiea are envisaged in the protection of metalwork in fire, then tis

epraying or tho peesage of wator over or through the motalwork could bde a feacitle

oethod of protection. This principlo, of courso, is used extenaively fcr
protection of tanks containing flamble liquida. There i1a no real resson wnj
this should not be axtended ot leaot to shutter doors, possibly to structural
ateelwork, and even to temporary mstal compartment walls. The reeson is that
provided the water is sufficiently well distributed over the surfoce concerned
(ehich could be nn intarior swrface for oertain forms of structural steelwork), .
then it is difricult for the strusture to axceed sgubstantially a temperuture of
100°C without paking use of the oonsiderable cooling capacity of the water. Cne
csn use this, therefore, as a simple basio dealgn conoept, combined vith the fact
that if the saximum area of metalwork which must not exceed a certain critical
temporeture is known, the extent to whioh non-\mi.formity of wetting may be
tolerated oan also be estimsted.

CONCLUBIONS

The sxpected loss due to fires in different risks varies very yreatiy, and
%0 this extent the degree of proteqtion which is prudent alsc veries. High
asard industries such as e’npx'ul‘intonun process industries handling highly
flammadble zaterial and those invelving flamsable msterials of almost ~ny kind in
bigh-stacked storage of flammable goods serit s very high degree indecc in
sophisticetion in their fire proteotion engineering, but a nusber of practical
soaling prodblems in these fields still remin to be solved. On the otier hand,
there aay be scope in certsin instances for simplifying protective instellations

" An order to chespen thed and encoursge their more widespresd use. Some ,o4aible

new developments to improve fire protection are suggested. These inolulc thre
possibilities of double method instsllstions (e.g. the combined use of i
expansion foas and inert gas); sprinkler installations which Wue act ve more
rapidly and yet which do not cperate away from the seat of the :iro,- tix ase of
cold slurries of solid carbon dioxide in a vaporising liquid as an exti:iisning
fiuid; the possibility of using micro-encepsulation to reduce the noxious ard

~ damaging properties of extinguishing materials; and the nore w:ldospread uso of

water cooling as an alternative to fire-resistance.
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