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SUMMARY

The number of outbreasks of fire has risen rapidly
in recent years and it is suggested that this is a
consequence of the expanding national economy. Research
is being carried out to limit the spread of fire and this
involves finding out more about the fundamentals of fires
in buildings, how these develop and the kind of fire
conditions to which structures are likely to be subjected.
’ The paper discusses early warning devices and new methods
of fire extinction. Finally, it is suggested that more
should be known about the economics of structural fire
protection as the area of uncertainty in this expenditure
is probably about twice the current fire loss,
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'RESEARCH INTO. FIRE PROTECTION -

by

- D. I. Lawson

There are three main objectives in fire protection, rather
like lines of defence:
1. To eliminate all outbrgaks 6f fire
2, To ensure-tﬁatrall_outbreaks are localized
3. To ensube'that the brigades ére abie to extinguish
all outbreaks quickly and efficiently, even the few
that become large fires. . |
The Joint Fire ﬁeseapqh_Organization'was formed in 1946 to
carry out reSeérch into fire protection as a joint venture between
government and ihsurénce with the object of redﬁcinglthe loss of
life and properfy in fire. This afternoon 1 shouldllike to tell

you about some aspects of its current work.

ELIMINATING OUTBREAKS OF FIRE

No one would ex@ect to succeed in eliminating all fires but
this in no way detracts from the importance of the objective. In
spite of all efforts our statistical records show that the number
of fires attended by the brigades, excluding trivial chimney fires,
has risen from 72 OOQ in 1950 to 167 000 in 1962, About half of
these occur ouf-of-doors and their number depends markedly on the
weather, the wérm dfj'éummefs of 1947, 1949, 1952, 1955 and above
all, 1959, showing péénounced peaks. '

Fires in ﬁuildings are more important than those in the open,
by virtue of béth thé greater potential risk to life and the loss
of the building including the goods stored in it. The number of
fires in buildings attended by the local suthority brigades has
risen steadily from Lk 000 in 1950 to 73 500 in 1962. It is

unlikely that this ‘is due to an increasing willingness to call the



fire brigade because the proportion of fires found to have been
extinguished on arrival has not varied during these years.

Fires are produced as a result of human activity; this may be
measured by the Gross National Product, a term embracing the value
of goods, buildings and fuels produced. The number of fire calls
may be compared with the Gross National Product or rather the |
Product normalized to take into account the changing value of the
pound. The number of fires per annum rises more rapidly than the
normalized Gross National Product (Fig. 1) which may be explained
by the fact that somé goods are consumed as they are produced
while others are durable and accumulate over a number of years.

There is no evidence to suggest that over the last deca&e new
hazards have arisen; generally speaking, the causes are the same
and about threé fires out of every foﬁr aré due to a failure to
apply information already known. Fires due to the usage of fuels,
cigarette smoking and children with matches figure prominently.

It is difficult to believe that the very rapid increase in the
number of fires in the period 1950 to 1962 is a reflection of a
change in our ﬁational behaviour and yet recently the number of
fires attributéd to émoking materials, electricity and gas has

! .
risen more rapidly then our consumption of these products. It is

likely that th; 1ncréase in the production of both igniting sources
and flammable ﬁateriala explains the rapid upward swing in the fire
curve; certaiﬁly this seems to be true for fires attributed to
smoking materials. .Whatever the explanation, the conclusion is
the same, thatiour awareness of the hazards of fire is not matching
our increasing‘produétion.

It seems that the growth in the number of fires is influenced
largely by the‘increasing responsibilities placed on the community
by the expending national- economy. It is too facile to charge the

public with increasing carelessness. The production of a

favourable public response to the prevention of fire ought to be
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studied. A failure t6 respond may be due to a genuine lack of

. knowledge; this could be found by sample surveys so that propaganda
could be directed to the areas of ignorance. Of course, the mere
possession of knowledge will not influence all individuals so it
will also be necessary to measure the influence of propagaﬁda on

the behaviour qf sample populations with a view to devising more

effective wayalof conveyling fire prevention information.

FATALITIES ‘

Every yeér approximately 600 - 700 people lose their lives due
to burning accidents, the numbers showing no significant trend with
time. The same is true for deaths in conflagrations ﬁhich account
for just over 100 of these fatalities. - However, the number of
deaths due to clothing becoming ignited by gas or electric fires
has shown a downward trend with time (Fig. 2). This must be due
to the influence of the Heating Appliances (Fireguards) Act, 1952,
which requires'gas, électric and oil-burning appliances tc be fitted
with fireguardé befo;e sale, rather than to the influence of newer
clothing materials, for the number of deaths due to clothing
becoming ignited by other sources of heat has not degreased. With
electric and gas fires alone (the figures for oil fires are not
available) the Act is at present responsible for the saving of
LO lives per year, cémpared with the 1952 figures, déspite the
increased usag§ of fuels. No similar trend is apparent for the
domestic fire ﬁhich does not automatically carry a fitted fireguard.

Despite cénside%able work carried out by the Joint Fire Research
Organization t6 deviée standards for fabrics of low flammability and
of the efforts‘of ma@ufacturers to produce materials conforming to
these standards, deaths due to clothing becoming ignited still

account for about one-half of all deaths by fire.

LOCALIZING FIRES
The prevention of outbreaks of fire is in the main a problem of

human science, while that of preventing fire spread depends on the
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material sciences, the results of research into the iatter being
applied through administration rather than through the general
public, Much of our work is concerned with fires in buildings,
since these are economically more important than those out-of-doors.
Modern buildings are built as a series of fire compartments,
the walls, floors and columns serving as barriers to flame and heat
while still continuing to perform their load-bearing functions, the
aim being to confine a fire to the compartment of origin. An
important part of fire research, therefore, must be the study of the
growth of fire in compartments and their ability to contain fires.
It would be quite impracticable to study a subject of such complexity
with full-scale fires so recourse to modelling must be made. It is
essential that the physical principles of the developing fire be
qnderatood'befére the results from models can be applied with
confidence to the large compartments encountered in everyday life.
All fires left to themselves have a similar history;‘ after ignition
a fire spreads‘initiélly much as it would do in the open, but later
the restrictioh of the enclosure is felt as the air supply becomes
limited. The combustion at this stage is incomplete within the
compariment ana flaméa appear from the windows. The heat radiated
from the flames and the window apertures falls on nearby buildings
and these become ignited if the separation is insufficient. Pire
spread involves the study of ignition, size of flames, rate of

burning and radiation to other buildings.

IGNfTION

If cellulosic materials are heated sufficiently, the flammable
gases evolved will ignite, the more rapid the rate of heating, the
more rapid the. ignition. In most everyday fires we are concerned
with ignition at timés between 1 and about 2 000 seconds. While
the detailed process of ignition is very complicated, it is
relatively easy to predict ﬁhen a material will ignite, by making

the assumption that ignition will take place when the surface has
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(1)

been brought to & given temperature‘~’/. This works fairly well in
practice and enables a wide range of experiments to be expressed on
a single curve (Fig. 3). A study of ignition is necessary to
understand the spread of fire which is a continuous process bringing
the unburnt materisl ahead of the flame front to the point of
ignition. (A_knowledge of ignition is also used in deciding how
far buildings should be geparated.)

The simplé treatment just outlined is equivalent to assuming
that at these rates of heating, the chemical heat generated by the
material itself may be neglected. This ceases to be true for
ignition per;oés in excess of 2 000 seconds when the analytical
approach becomes much more complex and is important in studying the
self-heating and stobage of materials(z)o

At the other end of the scale (ignition in lesslthan 1 second
which involves a high rate of heating) ignition is likely to be
determined by the mechanical behaviour of the surface under thermal
shock and by tﬁe aerodynamics of the issuing combustible gases. The

extreme rates of heating required for ignition in such times lie in

the province of nuclesr explosions.

SIZE OF FLAMES

During its early stages, a fife in a building burns as though
it were in the obenﬁ: The size of its flames governs the level of
radiation to surrounding materials which affects the rate of spread
of the fire. ‘A flame is continually entraining air so that
combustion can teake ﬁlace, the flame length being just sufficient
for combustion to beigompleteo By studying the entrainment of air
into flames it has been possible to predict, for & wide range of
fires, their size in terms of the rate of burning and the linear
dimension of the fire area(B)(Fig? 4). The same theory is also
being applied to flam?s from windows, treating the window aperture

as the fire area and the burniﬁg compartment as a producer of

gaseous fuel. A further development bringing together, in terms of
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dimensionless variables, all the results for the length and vertical
height of flames in winds should be important in the study of
forest fires.

So fér, we have‘been concerned with the very early stages of
a fire when it can be considered as being unrestricted by any
enclosure. It is within this period that detectors should operate.
When the flames reach the ceiling of a compartment, the hot layer
of flaming gases mixes with difficulty with the cool air beneath
and consequently the flame length increases rapidly. The layer of
flame at ceiling height irradiates combustible materials stored on
the floor and the fire develops rapidly. This break-point in the
development of a fire has been called 'flash-over' &and is
an important stage fbr it marks the division between a small and a
large losse.

I have avoided mentioning one difficulty; the size of flames
depends on the rate of burning but the rate of burning depends on
the heat supplied to the fuel which in turn depends on the size of
the flames. To make progress, the two latter factors are now being

studied separately so that the points of equilibrium can be derived.

FIRES INVOLVING WHOLE COMPARTMENTS

When a fire has involved a whole compartment, the question
arises as to whether it can be contained by the walls, floors and
columns remaining integral. Structural damage to these is a matter
more of the duration of the fire than its temperature. The
duration depends on the quantity of stored fuel and its rate of
burning which in turn varies with the air supply. From simple
buoyancy considerationé(u)(5), the air supply depends on the area
of the window openings and the square root of their dimensional
height. Whilé this is roughly true, it is not sufficiently accurate
for predicting how long a structure will have to withstand a fire,
for it can give errors involving a factor of two in the rate of

burning and hence in the duration of the fire. This has led to a
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more‘detailed study of steadily hurning fires in model compartments
in which the heat transfer from the flsmes to the fuel is being
considered. o B |

It is only by understanding the different kinds of fire and
why they occur that it will be possible in the future to lay down
rational standards for the firedperfOrmance of structuraI~e¢emegts
in buildings. It has'not §é£'beéﬁ possible to model their
performance-in_firelso fire tests are carried out on structural
elements.of approximately full size in large column, wall and
flocor furnaces to determine whether they will withstand the action
of fire while continuing to act as a barrier to flame and heat
under normal load conditions.
| ROOF ventzNe
J Although the compartmenting of buildings is the best method
- of preventing fire spread throughout a building, the compartments
themselves have’ sometimee to be very 1arge to accommodate
manufacturing processes. It is therefore important to see what
can be done to minimize the fire spread in a large single
compartment.

A emall fire can oompletely black out the whole of the
interior of a compartment, €. g. a petrol fire of area only A
I20 square feet will be completely_hidden in a compartment, having
a volume of 250 000 cubic feet, in 5 minutes (Fig. 5); the fire
can then burn unchecked. One remedy is to arrange for sections
of the roof-to open automatically by fusible linke as soon as
possible after the fire starts. This prevents the building
becoming smoke- logged and helps to reduce the temperature of the
load—bearing roof trussea thereby preventing the collapse of the
roof in the fire area. If the roof space is divided by screens,
the hot gases from the fire fill up one aection, rather like an
.inverted bath and Open the roof vents in that section. This has

the duel function of increasing the exhausting action of the vents
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and of preventing the spread of fire at roof levei. Médel-scale
experiments have provided design data for the size and disposition
of the vents and for the sub-division of the roof (6).

Recently, the value of this work has been demonstrated by a
fire in the upholstery and trim store of a motor manufacturer.
Due to the oPerétion of the roof venting system, the brigade
could fight the fire, 13 206 square feet in area, in ciear
conditioné, which undoubtedly proved one of the important factors
in reducing fire spread. |
MULTI-STOREY BUILDINGS

A muiti-storey building consists of a series of fire compart-
ments staéked vertically. These are connected by staircases and
1lifts whi&h are themselves enclosed by fire-resisting walls so that
escape routes are always kept open. If a fire occurs in one storey,
the built;in fire-resistance of the ceiling will prevent its spread
upwards, unieas the flames from a window can ignite the contents of
the compaftment above thus leap—frogging the built~in fire
protectiop of the ceiling. To avoid this, depending on the
occupancy; undé;—window panels are require@ to resist fire for
1, 2 or h:hours; If the building.is faced with curtaiﬁ walling,
brick or block walls of appr0priafe fire-rgsistance have to be
provided on the floor slabs behind the curtain walling and this has
been 80 far an onerous restriction. Recent experiments on a large-
scale towér building have shown. that curtain walling cén be
constructed to have the necesgssary fire-resistance provided that
attention is paid to the design of‘the panels, to the method of
fixing and to fire-stopping between adjacent storeys.

It is clearly important that in a fire, staircases should
remgin clear of smoke and toxic products of combustion. Experiments
are now in progress to see to what extent smoke-stop doors 1ead%ng

on to staircases are able to perform this function. In parallel, a
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statistical survey is being made on the habits -of .the public.
in using smoke-stop doors, as it .is essential that they should .
remain closed. - .=~ o, T e b
' 'So far, ‘the rate of outbreaks of fire,in-mglti—atorey-

buildingé’hés'been about the.same as-in traditional dwellings,
though the pattern of causes has differed. Fortunately, the
rate of fires spreading beyond the room of origin seems to be
much loﬁér,‘but the consequences are potentially more. serious.
SPREAD BETWEEN BUILDINGS

Buildings have to be separated to prevent rapid fire spread
between thém leading to a conflagration.. To find the required
separation it is necessary to know the radiastion from.a burning
building and how this decreases as. the distance -increases, then,
Khowing: the rediation necessary 'to lgnite. combustible materials,

the required distance to prevent.1gn1tidnwﬁan-be,found. The

‘éBlculatioh of this aistahce"1S~complicated-but-fortunateiy the

“fact 'that light travels in' the same way as heat can -be exploited

“and it is only necessary to make an- optical model,of the burning

fécade 'of a building and measure the light intensityRKT? to work

‘6ﬁt tﬁé necessary distances. -Tables of required distances of

separation, based on these calculations, appear,in,the Draft
Building Standards (Scotland) .Regulations, 1961.
EXPLOSION HAZARDS -

‘' We' have been considering flaming combustion over materials
in ‘bulk;- ‘special prébléms:arise;thoweven, when combustiblg

materials are producéd as dusts.as.in the industrial processes

- of cutt;ng,'grinaing; crushing, -etc. .Due to.the increase in

surface ared of these-materials. when they are dispersed, flames

fafe”propégéteﬁ at speeds of tensiof.metres per.second. . It is

clearly important that dangerous dusts should be recognized so

that appropriate safety measures can be taken. As these will
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increase the cost of the process the tests for haﬁardoué dusts
should be realistic. At present, many dusts that seem to have
had a good‘industrial record are classed as dangerous.

Experiments are therefore being carfied out on the propagation

of flames through mixtures of combustible dusts and inert powders,
dispersed at various concentrations, to find the flammable limits
(Fig. 6).

.Expioéion hazafds also exist when flammable mixtures of air
and fapours are being conveyed along ducts from drying processes.
The ﬁrbpagation of flame in such gases may be stopped by using a
flamé arrester. This consists of a heat exchangef for cooling
flames BO ihat.combustion egan no longer take placé. Rapidly
moving flames are more difficult to stop than flames moving slowly
and gxperiments have now shown how arresters may be desjigned to
stop flemes in gases (8) (Fig. 7).

‘Occasionally, it is not possible to fit a flame arrester and
then precautions have to be taken to ensure that an explosion may
be vented before the pressure rises to such a level that the duct
is diarupted. This may be achieved by fitting weak sections along
the duct (9), which either melt or are blown off as the flame is
propagated (Fig. 8). '

- EXTINCTION
SPRINKLERS AND FIRE DETECTORS

Since many industfial fires occur outside wofking hours,
spri;lklers form a valuable means of combating t.he.m; not only
do they detect fires and give the slarm but they also start to
extiﬁguish'them,' Ideally, a sprinkler should extinguish the fire
thatlhgs céused it to épen and so both the fires hecessary to
openrsgpinﬁlers and the extinction of such fires must be studied

separately.
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A.progrémme:of:work-is'now?hearing-completioniin which the
opening of sprinklers, bothudirectly.thVé'éﬁd to one side of
various sizes of fire in compartmentsiéf various heights, is
being étudied (Fig. 9)..- 1t has been found that phe area of fire
necessary to open a sPrihkler-varies-with the.heigﬁt of the
compartment raised:to the power-ﬁ/2.;.Similar-gonsiderations
apply to all fire detectors.which are“thermally operated (10).
Information from'thesé expefimentsiin'gddition to that on the
growth of fire in compartments,'should help  to decide at which
stage in-é:devéloﬁing fire ‘sprinklers can be expected to open.

The next phase of ‘thé work will be to find the rate of
application‘of water necessdary to extinguish fires that open
sprinklers; it should ‘then be poéssible to state for the first
fime in'quantitative:terms what' can bé - expected of & sprinkler
system., ;

The'présent tests for ‘thermal fire detectors, based on
work carried out by the Joint Fire Research Organization, ensure
.that detectors operate quickly in building fires without giving
false alarms due to vibration and ambient changes in temperature.
A corrosion test measures their ability to withstand industrial
atmoapheresf Due to these tests nearly every commercial detector
of .the thermal type has been modified to improve its performance,
JET ENGINE |

Flaming combustion from extensive fires ceases when the
oxygen content 'of the atmosphere falls to about 14 per cent.

In order to extinguish fires altogether; i.e. to prevent

smbulderihg combustion, - the oxygen content has té be reduced to

a few per-cent;' Flaming combustion in buildings may becontrolled
- by the injection of large quantities of inert’ gas,’ though due to
leaks which are likely to occur, particularly dnaer'fire'conditiona,
it is not practicable to extinguish fires completely without
auxiliary fire-fighting. |

ST



A modified jet engine has been constructed which will
produce about 45 000 cubic feet of gas per minute having the
following composition (11):

Nitrogen ... +e. ... U6 per cent
Oxygen se0 eee eas 7 per cent
Carbon dioxide ... ... 3 per cent
Water vapour ee» ose Uit per cent ‘

This inert gas will extinguish flaming combustion in a
comparfmént of volume 250 00Q cubic feet in about 20 minutes.

The injected gases, being hot, rise to the roof and the
compartment fills downwards, sb that roof fiFes are extinguished
first. Visibility is good and firemen can ehter to extinguish
the smoulderipg combustion which will give rise to flaming
combusFion again if the injection of inert gas is stopped. While
it has been found possible to extinguish fires in complicated
basemeﬁts about 100 yards from the point of injection, the
vislbility wae not good and further fire tésts are necessary in
this type of risk to investigate the clearing of the mist so that
firemen may enter under relatively clear conditions.

The Jet engine can also be used td produce large volumes of
highly expanded foam at about 80 000 gallons per minute. This
has the adyantage of conveying both inert gas and water to the
fire (Fig. 10). The foam contains from '/500 to /1000 of its
volume of water which improves the extinguishing power of the
inert gas by & factor of 2. Difficulties have been found in
preventing the water from draining from the foam before reaching
a fire but a foam compound has now been found which is much more
effective than those previously used. . The water in the foam makes
it heavier than alr despite the bhuoyancy of the inert gas, so that

the foam flows first over the floor and the building fills upwards.
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TIMES OF ATTENDANCE AT FIRES

During 1956, the local authority brigades in County Boroughs
were attending 80 per cent of the fires within 5 minutes of being
called. Since then, however, the traffic has increased in density
and a new survey, taking into account time of day, is being made
for various cities. The increase in traffic has brought about an
increase in noise level and there has been some doubt as to whether
the present fire bell would be audible to drivers of heavy lorries.
Randomised experiments have been made with various warning sounds
and as a result it has been found that the type of sound is not so
important as its volume. A fire engine with the present bell can
be directly behind a lorry and be inaudible to the driver, The
most audible equipment available is a group of four horns which
can be heard 140 feet away. The performance of the present fire
bell can be improved by amplification so that it can be heard at

?0 feet,.

ECONOMIC CONSIDERATIONS

Finally, it is necessary to look at the economics of fire
protection, for any investment in fire protection should be matched
by & reduction in fire loss. The direct loss due to fire is
published by 'The Times' and this has risen throughout the last
twelve years and particularly since 1959. The direct loss can be
compared with the national activity in terms of the Gross National
Product and it is found that about l/500 of the national effort is
destroyed by fire (about four times that due to industrial disputes
in 1960). While this fraction decreased during the early fifties,
it now seems to be rising again‘12), though it is difficult to say
why until further information is available.

The nation makes an investment to prevent or diminish this
loss, in designing'buildings to prevent the rapid spread of fire,

in information services, in local asuthority and industrial fire
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services, in hospital treatment for the injured and in research

and development. It also makes an investment in insurance

administration. Although the primary purpose of insurance is to

redistribute the burden of loss when it occurs,

insurance costs

include & considerable proportion of technical, survey and other

servicing expenses to promote improvement in fire protection and

to diminish fire risk. From all these investments, excluding

direct fire loss, the nation receives real benefit. The total

amounts to between £200 million and £300 million per annum made

up as follows:=~

i

TABLE 1

ESTIMATED ANNUAL INVESTMENT IN FIRE

! “Item

- d

. Cost o
(£ million)

birectlloss (1962)

Structural protection in buildings
Local authority fire brigades
Industrial fire-fighting

Treatment of injury

survey & other servicing expenses

Research & development (government
& industry)

Insurance administration (including technicai,

56.0
30,0 = 150.0 |
30.0
20.0
0.3

50,0

0.3

Total

186.6 - 306.6

It is an unsatisfactory state of affairs when the most

uncertain item is the cost of fire protection in buildings which is

much greater than the current direct fire loss of £56 million.,

To  approach the problem of balancing fire protection with building

costs, much more is required to be known about the current
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expenditure on fire protection and the ends to which it is being
directed. Clearly, it would not be worth making a further invest-
ment of £56 million per annum unless the Utopian situation could
be reached in which all monetary fire loss had been abolished.

Putting the cost of fire at its lowest figure of £200 million
and the national investment in research and development by both
go?ernment and industry at about £300 000 per annum, the investment
in researéh and development amounts to about 0.15 per cent of the
annual turnover in fire expenditure, This is & very modest figure
and yet our own nation is ameng the more enlightened where fire

research is concerned.

CONCLUSION

I have tried to give you a picture of the current problems we
are facing in research and I hope that you will have seen in it
lines of development which should have an important bearing on our
understanding of the Einds of fire which oceur in buildings, how
they develop and how they may be extinguished. New materials and
new forms of construction are continuously being evolved but it is
only by ﬁnderstanding the problems in this basic way that progress
wi;l be made.
" The ever rising number‘of outbresks and the rising cost of
fi}es seem to be a conseguence of living in an affluent society
which has new responsibilities and new distractions. Unless new
ways of enlisting public co-operation are found, it is difficult
to-see any way of halting the increasing inrocads that fire is

making into our economy.
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by other sources
(c) Gas or electric fires
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FIG. 2. FATAL ACCIDENTS DUE TO CLOTHING
BEING IGNITED BY, OR TO CASUALTY
FALLING INTO, FIRE ’



A

—_—
1-eﬂerfc/3
5-0
X
X ®
30
o g
- | ©
Q I '®©
5]
X x/
15 ® S v g
X X /
X 0
1.0
Q-2 - 05 P 1-0 2-:0 50
Pilot flame
X Columbian pine
O Oak
v @® Fibre insulating board
T 9
0-62cm 1-2em t I,2
| P+ e
& I —intensity of radiation
% H —Newtonian cooling coefticient
; K =Thermal conductivity
Specimen %L-o—-—— intensity I F—Density
/! c—-Specific heat
/] t—Time of ignition
é O — Assumed temperature of
f surchc for ignition
FI1G. 3. IGNITION OF

wWOOD



1000-;
- | [Laboratory |
fe —— ——~ -—--Large fires --f---—- "B fires ¢~ Point sources - ——:
100k ' T
o ‘:‘élope s
N 15—t =
. Slope -
[ »”
27
o A
! X Glasgow
T!‘lcorctlczalI;Ioptz ///,/. whisky fire
\"“';" P ) I
- A~ #'Camps Park firg(US.A)
10 - D :410 ft
e
e
Ve
s
10° % :
_®Trensacq fire(France)|
D=5900ft
10-3 I N EITRIT 1 1 i L 1 20iul Lt i 11 L ittty 11 1101l 1 1 111
107 1072 1074 1073 102 10" 1 10 100
O —— dimensionless
. /gD
L — Length of flame n =213 for large fires
D — Width of fire zone 0-61 for laboratory fires

m-— Rate of burning per unit area

2 )
. . flarmes from point sources
Po— Density of air > for fla from p

L n
FIG.4. SIZE OF FLAME DETERMINED BY THE RELATION “[Fr%f)]



+ o ¢ st R R i, BN
4 e { N A R TR D

‘i?ii!i't.

5 min

FIG.5. BLACKING OUT OF 250 000-CUBIC FOOT COMPARTMENT BY
PETROL FIRE 20 SQUARE FEET IN AREA



DUST EXPLOSIONS: LARGE-SCALE VERTICAL

FiG.6.

EXPLOSION TUBE APPARATUS
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PERFORATED BLOCK ARRESTER
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FIG.7. FLAME ARRESTER
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FIG.8. VENTING OF DUCTS CARRYING FLAMMABLE
GASES
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FIG.9. SIZES OF FIRE REQUIRED TO OPERATE SPRINKLERS

A

(b)

(d)

IN COMPARTMENTS HAVING HEIGHTS
(a) 36 FT (b) 28 FT (¢} 16 FT (d) 12 FT
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FIG. 10, FIRE EXTINCTION BY THE MASSIVE APPLICATION
OF HIGHLY EXPANDED FOAM





