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SOME EXPERIMENTS ON CLOTHING FOR ATRCRAFT FIRE-FIGHTING
by

D, I. Leawson

Introduction

Aircraft fircs on the ground can be divided into two categorics,
those associated with crashes and other fircs, The aircraf't crash fire
is usually serious, since there is often a large spillage of fuel and the
primary object in fighting the firc is to save life rather than to soie
the aircraft, In fact, no case could be made for the large expenditurce
of equipment and manpower nccded to fight these large fires on the score
of the rclatively small saving in property, and it is with thesc intense
fires that there is most need for special clothing, llost other fires
associated with aireraft are often comparatively small and can often be
dealt with befecre they have reached serious proportions,

It is important to keep this distinction clear as the size of fire
and the time-scale of the fire-fighting will have a bearing on the
clothing most suitable for fire-fighting duties,

It is interesting first to get some idea of the characteristics of
aircraft. crash fires, This is difficult at present, because crashes are
mercifully few, and also because there is no uniform system of reporting -
such fires, It is hoped to remedy this in the next few years, with the
co-operation of both the Services and the Ministry of Transport and Civil
Aviation, In the meantime the only evidence avalilable is that which can
be obtained by measuring photographs of aircraft crashes in various parts
of the world,

An analysis of forty airgraft crashes has shown that onc-third had
a gIT)und. plan arca of 200 ft< or less, two-thirds an area of less than
1 OOO £ and thé largest fire of the sample a ground plan arca of 5,000
ft The elevation arzas of the fires were generally less, onc—thlrd
having an elevation of less than 180 ft2 two-thirds less than 600 ft2
and the largest fire reported in the sample had an elevation of 4,600 f‘t2
These figurcs arc probably not very accurate but they give some 1dea of
the orders involved, and it is hopcd that zs time goes on they will be
improved, '

"There is cven less evidence on which to base the time necessary for
fighting such fires. This wiill be governed by the time of human survival,
and the only reliable evidence is that from a serics of tests carried
out for the National Advisory Committece for Aeronautics in the United
States and reported by Pesman (7). These results vould suggest that
for the severe crash fires studied, the maximum time for human survival
would be' about 5 minutcs, and that in some cases it might be as low as
50 seconds, The requirement, therefore, is for clothing that will
resist intense heat radiation for a short time, probably of the order of
10 minutes ot the outside.

Experiments have recently been started at the Joint Fire Rcsearch
Organization in order to decide which material assemblies show most
promise for use in the design of clothing for fire- fighting. It is,
of course, not possible to predict the performance of such clothing under
field condltlons, as in addition to the cffect of the design of the clothing,
both physiological and.psychological factors will have to be taken into

account, .. It .is pOSSlblL ‘however to place the matbrlal asscmblies in order
of effcctlvonuss : .-

The traﬁsm1q51on of hcat by materlals

Becsuse +hh outer layers of flro-flghtlng clothing have to take the
greaser puaishment from the fire, the part played by undergarments is
often overlocked, While the outcr garment must have a high degreec of
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resistance to flaming, and muct form a barrier for the transfer of heat,
it is *the wnderlinings that can ofteq be most effective in reducing

heat transfer as their function is|less specialized; that is they do not
have to withstand such great temperatures,

In choosing suitcble materials the most importent physical property
is the thermal conductivity, as thﬂs governs not only the meximum
temperatire reached by the interion clothing, but also the rapidity with
which this termperature is attaincd. The thermal conductivity is also
important besavee mterials have = wide range of valucs depending on the
amount of air encloscd by the flbreb. The density and spceific heats of
materials arc less important 0h1ng|to the limited renge of practical
values available snd also becausc thoy enly contrcl the time to reach the
final temperatwce =nd not the tcmucrature itself, Horeover a high
density is usually associated with ﬁ high thermal conductivity, so that
what is geined on one hand is lost on the other,

Experimental method _- |

The experiments tc date have dLalt with materials to be used ©
varicus garments, and either or bOuh of two types of test have bcen uscd
according as to whether they would be appropriate for the garment in
qucstlon.

Radiant hcat has been applied %o materials to be used as suiting,
gauntlets and helmets, as these are associated with the upper parts of
the body and would not usually be reguired to withstand flame.  The
sulting on other parts of the body e.g. the legs, boot solcs and uppers
and to a lesser extent gauntlets, niy have to withstand flame conditiens
for some period, snd thesc have becn tested with flame impingement.

This tcst is considerably more severe than the application of radiant heat
alone,

]
Rediant heat |

The experimental srrangement ig shown in Fig, 1 in which it will be
seen that the radiant heat is allowed to fall on the clothing assembly
which 1s backed by horsemeat 51mu1ﬂt1ng human tissue. The material is
subjocted to a radiant intensity of 2 vatts/cm?, that is about thirty
times the rodiation from the sun undcr summer conditions, at which wood
will rapldlv char and emit coﬁbustlbie gases, It is representative of
the intcnsity encountercd close to a) petrol fire, A typical curve showing
the rise in temperature of the horsemeat as measured by fine wire
thermocouples in the surface is show? in ¥Fig, 2.

Resiétance to flame i
L
Tne experimental arrangement shown in Pig. 3 was as described above
except that in this case the naterlals under consideration were exposed -
to flame instead of radiant neat. The flame was produced by burning a
tray of petrol 5% in, square, 4 in, ?elow the sample under test.

Results of tests

In evaluating the various matprlal assemblies 1t has been assumed
thet & temperature of about 60°C would ceuse discomfort. Although
this would probably very somewhat from subject to subject and at different
pavts of the body, pain would usuellw be experienced within 30 seconds,
.and this might be followed by blistering some time afterwards. The actual
tomperature used in the experiments was 62°C, that is a temperature rise
of 2370 ebove the normal body temperature, 37 ©C. Heat takes a certain
time to travel through protective clothlng 50 that the heat will continue
to be *fveremivted, Fig. 2, through the clothing even though the subject
removes Limnelfl from C1thur the flamclor the radiated heat,once conditions
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heating was stopped once a
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& fow examples of the clothing which must withstand radiant heat
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Tahle 1t

Perivrmance of clothing assemblies

2 wattz/om

2

whed from the clothing assemblies which have been tested
e results of these tests are shown in Table 1,

when irradiated at an intensity of

. The figures in parenthesis dencte results when underwear
{shirt and string vest) was included in the assewbly

: Tine for Maximum Further time
Material temparature temperature tgxgﬁggh
rise of 25%C rise Gy
s o¢ temgcéggture
Tearnoughit 65 25 -
(255) (25) (-)
Suiting .
Lasting cioth/1 layer string 105 25 -
spaocn/llnlpg (320) (26) (10)
Lasting cloth/2 laver string 190 35 60
spacer, lining (350) (28) (55)
2 lavers leather 51 26 10
Siandard fire crash duty 65 7.5 15
giove
Gaurtiets :
C2 gamtlet/knitted lining 580 25 -
brushed cotton (brown) '
C7 gauntlet/initted lining 645 25 -
brushed cotton (grey)
Marglas Fabric No. 84 25 -
1C(7/72 Neoprene coated (132) (25) - (-)
and aluminium {'orced -
Helmcts | _
| a3orinium (£oil) coated 215 25 -
| febric flame-prooted . (26%) (25) (~)
:i aotlton base
- l.--———- A B e W
Tha oorr

flame viere
suiting rey
Tavle 2,

ST
shorser,
e

escnting leggings, and gauntlets;

seonding times when the assemblies were tested against
These assemblies included boot soles, boot uppers,
the results are shown in
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Table 2

Performance of clothing|assemblies against flame

-

|
l
|
Ei I
|

Time fcr Maximum Further time
Material ttemperature temperature to reach
rise of 25°C rise maximum
I % . temperature
1
I
Boot Leather sole/foamed rubber/ 1? min 45 sec i3ole glowing
Soles lcather sole/Z pairs socks |
i
Aluminised fabric/lcather/ | )
woven asbestos cloth/ 8 min 45 sec 35 L min 40 sec
leather/2 pairs socks - :
As above but without socks 4 min 50 sec 39 6 min 10 sec
White leather/asbestos { ‘
cloth/aluminium vynide 2 min 35 sec L5 2 min 45 sec
laminate/goatskin }
Boot | . ' [
Uppers As above but with |
2 pairs of woollen 3 min OO sec 37 1 min 00 sec
socks |
- |
1
;| As above but with no 2lmin & sec 37 2 min 30 sec
2luminium layer |
. [
.} As above but with i
2 layers of ashestos 4imin 10 sec 39 2 min 30 sec
cloth |
- |
Fear nought 20 |sec 25
1 1
o Lasting_oloth/1 loyer 20 lzwa 25
Suiting stfing spacer/lining |
l i
Lasting cloth/2 layers €5 gec 27+5 15 sec
string spacer/lining
Standard fire crash - 23 Lec 31 8 sec
duty glove }
;
) C7 gauntlet/wool 28 sec 29 19 sec
Gauntlets | £10cd knitted lining |
Ledther/foamed rubber 70 Qcc 85 36 sec

|
From the above tebles it will be, seen that at present the various

items of clothing can be made suitable for fire-fighting for the
approximate times given in Table 3. |
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' ' Tehiz 3
Approximate times for which variocug items of clovwhing will protect
human tissue against rise of temperaturs of ZIYC

— -
L
Clothing item Time Type of test
: i
Boot sole TO0 Flame
Boot uppers 5C) Flame
Suit without under clotning 60 Flame
(representing leg covering) |
Gauntlets 25 Flame
Suisv 300 Radiation
Gauntlets 600 Radiation
Helmet 250 Rediation

It will be scen that the weakest item is the performance of
gauntlets against flame, which is only 25 seconds as against 600 seconds
for radiation. In choosing material for gauntlets a balance has to be

struck bhetween retaining some degree of marivulation and providing adequate

thermal insulation. The actual time thot gauntlets have to be used for

handling flaming material is probably suall, and most of the time they will

be exposed to radiation,

The performance of the suit without wnderclothing against flame is
also low, This test was carried ocut to see what would be the effect of
leggings in which underclothing was not included,  The results suggest
that it would be nceessary to wear underclothing round the legs, possibly

in the form of long string under-pants; therce wowld slso be an advan-

tage in using a boot, the upper of which covered the calf, With this
in mind it would appear that clothing could be designed to withstand
severe fire conditions for sbout 4 minutes. Thig does not allow for
any advantages that might accrue from wetting-doewn the clothing durlng
firce-fighting qpcratlons.

One point which must be bore in mind in selccting materials, is
that as the protective valus of the c¢lathing is increasesd, the meore
serious will be the congitions that the outor layers have to withstand,
It is possible that the tests which have been used so far for flameproof
clothing are no longer adequate, for exwmple, any material which emits
combustible gases when subjected to radian* heat is likely to burn in the
presence of a flame and it may be that it would be necessary for outer
garments to be incombustible rather than flameproof,

From the tests which have been carried out several points have

emerged of a general nature which are useful in designing flameproof
clothing:=

(1)  Aluminium~faced fabric offers no advantages whcn used
between layers of materials.

(2) Reflecting materials are of great value in protecting fire-
fighters against radiant heat, buit are of 1little value for
protection against flame, as they rapidly become sooty and
thereafter absorb heat well
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(3) Space fabrics such as woven siring are very valusble in
reducing heat trensnlsuloﬂ 2ilher as llnlngs for fire-
fighting clothing or as unr\"giouh“__, Fusible plastics

are not suitable for thl§ purpose as they repidly melt
and their thermal resistance disaprears.

|
(4) Leather is not ideal as on externsl mate

motorinl as under fire
conditions it shrinks and splits, 2upos

mosing the linings of
boots, but it is probablv the best ~npromise with rcgard

to durebility and wate“bxooincsg

(5)

In most of the °'Scmb13ﬁs tosted the temperature continued
to risc, even though the source of heat was removed, and it
would b2 degirable that any  clothing shculd be able to be
discarded fairly rapidly}aftcr dizgcomfort was felt,
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