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Summary

Three tests have been designed to assess the suitabiiity of protective
materials for aircraft crash rescue teams, . BExperiments have been carried cut
to determine flammabiiity both with and without supporting radiation, and also
the thermal protection afforded against conducted heat to the skin'from flames

and from radiation.
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MATERTALS SUITABLE FOR CLOTHING AIRCRAFT L?“
_ FIRE CRASH RESCUE TEiMS - PaRT 1 ‘

by

R. W. Pickard and D. L. Simms

1. _ Introduction l 1

Alrcraft crash fires often burn v1gorously and fire-fighting is greatly
hampered by thermal radiation and by flames. The rescue teams must therefore have
ciothing that will give them adequate protection and at the same time allow them
sufficient freedom of movement for their work to be done efficiently, This paper
examines the first part of the problem only, : '

Three tests have been devised in order to assess the relative merits of a
number of clothing assemblies developed for the Ministry of Supply. The first test
was designed to assess their ease of ignition by a fleme in the presence of
supporting radlatlon the others to estimate the protection given by the clothing
against conducted heatIthn exposed separately toc heat radiation and flames, In
the latter two tests human flesh was simulated by hcrse meat placed in contact
with the unexposed face of the assembly., The protection was measured by the time
taken for the meat surface in contact with the clothing to.rise by 2500., corres-
ponding to a skin temperature of just above 60°C. Though there is scme uncertainty
about the maximum acceptable rise in temperature the object of the work was to
classify the.various fabrics in order of effectivencss rather than to make measure-

‘ments of the protection time. This of course would involve other factors and a final
assessment could only be made as a result of field trials, :

The clothing assemblies tested have beén divided inte four groups as folldws:*?
(1) Suiting | |
(2) Gauntlets
(3) Helmets

(4) Footwear, ;

TABIE 1

Materials.used together with their weights per unit area-
and thickness '

SPECIMEN COMPOSITION Wt/unlt area | Thickness
-gq/cm - mm.
4= EWhlte leather : . 0.1k 2.3
9 ‘
el —
© (Open weave asbestos 0.77 2.0
g |(cloth
E Aluminium vynlde P.V.C. on a cotton base | 0,069 q C. 6
ié laminate ‘ with aluminium coatlng .
_:mwﬂH‘EWhlte goatskin 0,069 .
Lsbestos cloth Asbestos bonded to 0,081 RN
' cotton with rubber
Socks Wool 0.043 1.5
Lasting cloth Wool 0.029 0.9
String vest Diameter of string 2 mm, 0.092 5.k
String made of cotton
Lining Lcetate rayon 0.010 0.3
Raschel netting Cotton . " - 0,033 2.3
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TA%IE 1 (contd, )

)%

5‘ | Wt/uﬁit arca | Thickness
I = ;
. L_“ SPECIMEN QOMPOS%TION _ gm/cm2 - mm, |
” (Asbestos cloth { 0,12 1.9
28 ¢ - . —
%hg kCanvas interiayer Jute 1 0,092 L6
© 17 | (Cotton Tining | 8,021 0.6
! C2 Gauntlet Aluminium falced 0.083 1.4
“ ' asbestos cldth
—- .
' | ¢7 cauntlet Aluminium faled 0.12 2.0
| . asbestos clqkh
" | Brushea 0.025 1.8
4 knitted cotton
[ lining (brown) 0
W Brus hed 0.031 . 1.9 &
I | knitted cotton :
i iining (grey) -
. Lining canvas Linen 0.086 2,0
| lining .
‘ ? Space fabric Polyvinylidene 0.13 10.5
| chicride and
| polythene
i -
I
I Marglas fabric 13 oz, glasslfibrc - -
| 1007/72 fabric coated both :
” sides with néuprene -}
J aluminium faqed
ﬁ Aluminium foil 13 oz, alumirium - -
i coated fabric f2i1 on a flﬁme
! proofed cotton
| base
%| i ) o
{ Fearnought Wool treated Lith 0,085 3.0
| borax and boric ’
H acid ’
lr -~ - ——
B Sole leather - I - L, 2
| Insoic leather l - 3.5
| White sole leather _ 13,0
— I R - N i
i} Expanded 0,21 3.1
ﬁ| rubber.
. | (Chromium - 1.2
! plated steel
¢ — -
; Upper leather - 1.3
I} (Expanded 0. 21 5.f
| | {rubber: ' -
1 | {Perforatea - 2.5
| Leather | St
” Gauntiet leather
1] (paim)
' | Geuntlet leather )
;| (back of hand)

&~
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Only the lower sections of suiting, the gauntlets and the footwear were subjected
to the flame test as these alone would be likeiy to be exposed to a hazard of this
All the groups were tested for flammabirity and protection against heat
radiation with the excepticn of the fcotwear which had to pass the more severe flame

kind,

test,

2.

Experimental -procedure and resultsy

(a}

(b)

The. fliammability test

A specimen of each outer fabric 12 in. x 2 in, was hung vmrtléaily and a
small petrol flame was allowed to play on the lower end of the specimen,
It was exposed to radiation at an intensity of 2 watts/cm2 characterlstlc
of a temperature of 850°C. Any vertical spread of flame over) the specimen
vas noted; ‘ ’ '

The results showed that flames spread rapidly over the surface of lasting
cloth® and severe flashing was cbserved with Fearnought,® No flame
spread was observed with the aSbCobJS gauntlet gloves and +he helmet
fabric thcugh siight flashing was observcd with the latter,

The Iadiation test

——

The clothing assemblies were mounted on a metal frame (Plates &4 and 5)
so that an area 2% in. x 2% in, was exposed tc radiation from the gas

fired panel, Behind these a 28 8,W,Gi copper-constantan thérmocouple

was placed between the material ‘and a piece of horse meat, 51mu1at1ng

human tissue. The 1ncldent radiant intensity was again 2 watts/cm

The specimen was initially shieclded frbm-thé radiation and then rapidly
moved into position in front of the panel. The output from the thermo-
couple was recorded autunatlcally The specimen was exposed to the
radiation until a temperature rise ofi 259C, was recorded, The radiation
was then cut off and any further rise in temperature noted,
The additional protection provided by underwear ccnsisting of a.shirt
and string vest was assessed by carrying cut the test both with and

‘without these additicnal layers, The results are given in Table 2,

T4{BLE 2

Time for the temperature on flesh behind different cicthing assemblies to rise by
2500, when irradiated at an intensity of 2 w/cm®, (The figures in parentheses denote

1

th# results obtaingd when underwear was inciuded in the -assembly,.

i

. Time for Maximum - Further time

: . tempe:ature temperature ‘to reach
Material rise of 25°C, rise " maximum’
o temperature
(sec,) C. - (see,)
Pearnought - é 65 25 f -
' (255) (25) - ()
% Lasting cioth/1 layer strlng 105 25 ' -
H | vest spacer/lining {255) (25) - (10)
Mo e, e, ‘
H : -
0 Iasting cloth/2 string 190 35 0
vest spacer/lining (350) (28) . (55}

-
b S

®These materials. haa been treated with a fire-re tardant prtparatlon normaily

this prevents pripogation of flame, but not. howcver An the presence of
supporting radiation of the 1nten51ty used (2} ‘
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h TABLE 2 (contd, )
'ﬂ o
ﬁ Time for Moximum | Further time
{ : temperature temperature to reach
J Material rise|of 25°C, |- rise maximum
! . ) temperature
” (sec.) °c. (sec.)
I ]
o
”‘ Lasting cloth/spacer fabric/ L0 31 20
| | 1ining (60) (30) (10)
| — _
‘ v - —
~ | | Lasting cloth/1 layer Raschel 70 25 -
ié h netting spacer/lining q280) (25) (-)
= i - J——
8 F Iasting cioth/2 layers | 55 2% 10
> ﬂ Raschel netting spacer/lining (310) (25) (=)
E ﬂ Lasting cloth/1 layer string 40 25 -
= | | vest :
@ i | — e m
| Iasting cloth/2 layers string 190 25 -
i vest, .
” Standard fire crash duty glove 65 27.5 - 15
\! e
) |
I} C2 gauntlet/brushed knitted 580 25 -
i| cotton lining (brown) \
| - e
;‘l C2 gauntlet/brushed knitted 210 25 -
]‘ cotton lining {grey) |
1 . 1 — :
I| c2 gauntlet/linen canvas 435 25 -
Il iining |
48] i RO
B 4| €7 gauntiet/brushed knitted 120 25 -
E i cotton lining (brown) |
. | -
3 ‘ C7 gauntiet/brushed knitted 6L5 25 -
| cotton lining (grey) \ .-
. | ‘ -
C7 gauntlet/linen canvas 270 25 -
1lining \ ‘
i
Leather/foamed rubber (palm) 130 31 105
"2 layers leather (back of | [T B T -
51 26 10
ho.ndX : 15_ .
‘ i
. Marglas Fabric No.{007/72 8l 25 -
2] Neoprene coated and (132) (25) (-)
‘ | aluminium faced I ,
J . ‘
2 | Aluminium (Foil) coated 255 25 -
j fabric flame-proofed cotton (264.) (25) (-)

. (c?

The fiame test

7 »
petrol fire,
shown in Plate 1 and inserted

the asbestos wood shieid A (Figure 1
protected from flames by the asbesto
apparatus for the footwear specimens

. i
into a

).

The apparatus used for these tests is shown in Pigure 1 and Plates 6 and
It was designed to expose the cﬂothing assemblies to flames from a

The suiting and gauﬁtﬂet specimens were mounted on the frame

square hole 2% in, x 2% in, cut in

The rear of the specimen was-

s board B,

‘The slightly mcdified

is shown in Figure 1.,
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" The petrol fire was obtained by burning about 150 cc. of petrul ficated
on water in the metal tray C, The shield A was mounted so that-its front
face was vertical and 2 in. beyond the edge of the tray ¢. The petrol
was dgnited and allowed to burn until a tcmperature rise of 2500
measured in the manner already described, was recorded. Tne flre was
then extinguished and any further rise 1n temperature noted, .The results
of these experiments are given in Tablie 3, Except where stated the foot-
wear specimens were all tested with two iayers of knitted woollen sccks,

TABIE 3
Time for the temperature on flesh behind different c¢oth1ng $S€mbiles
to rise 250,
Time for Maximum .é Furfhér time
Material temperature temperature - 50 reach
rise of 25°C. rise maximum
temperature
(sec.) °c. (sec.)
Fearnought 30 25 -
lasting cioth/1 layer 30 25 !
string vest spacer/lining
Lasting cloth/2 layers 65 27.5 15
strlng vest Bpaccr/ilnlng
= lasting cloth/spacer 35 25 -
E fabric/lining
& Iasting cloth/4 layer 20 25 | -
Raschel netting
spacer/lining .
Iasting cloth/2 layers 40 25 -
’ Raschel netting spapen/
lining
e e e S e e
Standard fire crash duty 23 31 8
(asbestos) glove :
‘€2 gauntiet (aluminised 15 30 '8
asbestos )/brushed knitted
cotton lining (brown) .
C2 gauntlet/brushed knibted 7 29 3
cotton iining (grey)
02 gauntlet/1linen canvas 13 30 A
lining
- a— — —
E ¢7 (aluminised asbestos) th 25 i -
gauntiet/brushed knitted
Eé cotton lining (brgwn)
3 C7 gauntlet/brushed knltted 28 29 19
cotton iining (grey)
c7 rraunt.Let/nnen canvas 19 35 16
llnlng
Leathen/foamed rubber 70 85 . 36
2 iayers leather . 53 31 1k
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 TABIE 3 (contd.)

I\

a E Time for Maximam Further time
L -tFmperature temperature to reach
U Material rise of 259C, rise maximum
“ ' temperature
! -] (sec.) ©c. (sec. )
e e g e man s R N N Y, S S SO PRV NS U P .
1 : .
| | Sole leather/fcamed rubber/ min, | sec Sole min, sec,
| perforated leather/=sbestcs 9 L5 giowing
| cloth/le ther
1 Ins:lo leather Whitc/foamed | 11 L5 !
: rubber/ﬂhite sole leather
I J Y S SR — . . .
. | [luniniun de laminate/
white leatgzgz/ en weave, 8 b5 35 4 40
agbestcs clot amed rubbcn/
upper leather
% is above but without socks L " 50 39 6 10
“ s - [ U e
ﬂ (Toe cap) Chromium plate/ 6 20 35 5 50
| | wpper leather/focmed rubber/
. | white leather
) :
z, ” Discussion of results
” The results of the fiame test show that this was a more severe test than the

radlatl on test as cumparabile protection tlmes were shorter,
glvq extra protecticn against radiation, Tabie 2 (gauntiets),
not true for exposure %o the fiame test, as the flame rapidliy blackened the
alumlnlum surface. The heavier standard gauntlet provided longer protection tlme
than‘the 'C2 and C7 gauntlet assembly (Table 3, gauntiets), .

WThe thermal resistance of the gauntlet that can be obtained by increasing

the thickness of the liinings is limited by |the loss of manufacture power,
H

Aluminised fabrics
However, this is

, The most satisfactory methed of 1ncrea51ng the protection time is by increasing
the thermal resistance of the clothing assembly. Increases in the time of protection
agalnst radiation of up to five times can hb vbtained by wearing underwear consisting
of ajshirt and string vest. Similarly, Tabie 3 (footwear) shows that increased
protection is obtained by wearing two palrs of socks., The poor protection given
by the assembly inciuding a "space fabric") Table 2, (suiting) was due to the fact i

of the fabric melting and ceasing to furfiil its 1ntendtd function of provldlng an
air gap. : :

‘Some other points were noted during the tests. When leather was’ exposed .
dlrectly to heat it became britftie and cracked exposing the underiying iayers to
= radlatlon and flames though the protection time remained reiativeély long, This

was aiso true of some of the garment fabrlcé which disintegrated on heating and
ceased to prov1de'any protection, the exceptions being the woven asbestos cloths.
The foamed rubber material used as a waterpfooflng layer readily ignited in the
flame| test when plaCed directly, behind the duter leather layer (Table 3, footwear)
and continued to burn after the petrol fire|had been extlngulshed

|In some assembliies, the temperature at|the surface of the meat continued to
rise after the source of heat had been removed, If such materials were adopted
it wouid be necessary to provide quick reledse fastenings,

Thls temperature rise was generally onalier in these g“rnents which had an
air- gap and was considerably reduced by strlng underwear, 13 air gap is furthest i

there[from the source of heat , its most offective pousition
. T . :
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Le Conclusions

The most effective garments tested were -

(1) suiting - lasting cloth/2 layers strlng vest spncer/llnlng
.- 'on both tests.

(2) gauntlets - all the aluminised fabrics were very effective on
the radiation test; there was little to choose
batween any of the malerjais tested against fleme
impingement.

(3) helmets - aluminium (foil) coated fabric on a flame-proofed
cotton base.

(u) footwear - the orthodox sole leather/perforated leathen/open
weave asbestos cloth/sole leather would give a
protection time in excess of that of the materials
of other garments; this in fact would apply tc any
conventional shoe sole..

From the test results the following general conclusions can be drawn on
the design of protective-clothing.

1. Materials which propagate flame even if only in the présence of
supporting radiation should not be used.
1

2. Materials which disintegrate on exposure to flame are unsatisfactory.

3. An aluminised outer fabric is valuable when the rescue. worker is
exposed to radiation but is of little value when in contact with sooty
flames.

4o Air gaps in the cuter garment assembly, such as that provided by
string vest fabric increase the protection time, but synthetlc "spacer
fabrics" with low melting points should not be used.

5. It is advisable to wear underclothing consisting of a shirt and
string vest or having the equivalent thermal resistance, particularly
with sections which are likely to be exposed to flames. This provides
an air gap at its most effective position.

6. The temperature of the inner layers of some assemblies continues
to rise after the wearer is no longer exposed to the source of heat and
such clothing should be designed to be removed as quickly as possible,

Te The thermal resistance of the gauntlets may be increased by
using additional or thicker linings; ths limit is the loss of manipulative
power.,

8. The results of these tests are comparative only. The actual
protection times could only be Jetermined by field trials.

5. References

1. Pesman, G.J. Appraisal of hazards to human survival in airplane
crash fires. N.A.C.A. Tech. No. 1996. - Washington, Sept. 1953,

2, Simms, D.L. and Walters, J.E.L. Joint Fire Research Organization
F.P.E. 60/1951. -

2



' Acknowledgment

-8 - A

3. McGuire, J.H., The Thermal Tn

sulation of Air gaps in the
vertical plane, Joint Fire Research

Organization, F.R, No. 108/1954,,

This work was done under contract for Ministry of Supply,

H.23055.




€51 g

gceifi

1M —
¢

"2.1 o2
! | | 1
,‘, ——— o — g v—— —-—%—-— - e —
i
8 A 2
4 ' //Metal plat.er
BEE P
— |
3 2"
2% i
s T s
i_: 2 ‘3 i ___..__._,..A r - 2 [
] l Petrol T r |
il L B ‘ ro i1 L ‘
15 e - 13"
. : =l ~Water .|
. " | : L in
!., . 53" o L 52 )

APPARATUS FOR SUITING AND GAUNTLETS

FIG.I. FLAME TEST APPARATUS

APPARATUS FOR FOOTWEAR

~)
-_



R e e T B
DRI .- oo \

e
e AR

- SPECIMEN MOUNTING - FRAME

PLATE.I.

ME

PLATE.2. SPECIMEN MOUNTED ON FRA

-

|




PLATE.4. FLAME TEST APPARATUS MODIFIED
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