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FOREWORD

The work described herein was done under Contract No. N00140-82-C-BDOO

for the Navy Clothing and Textile Research Facility, Natick, Massachusetts and

follows a similar investigation of the heat protective capability of Navy

Shipboard Work Clothing carried out under Contract N00140-81-C-BA83 and re-

ported in Technical Report 148, October 1982. The Technical Representative of

the Contracting Officer was Mr. Zelig Kupferman. The work at Albany Inter-

national Research Co. was under the general supervision of Norman J. Abbott,

Associate Director, and was planned and directed by Meredith M. Schoppee,

Senior Research Mathematician. Judith M. Welsford, Research Assistant, per-

formed the laboratory measurements and assisted with interpretation of the

test results.
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I. INTRODUCTION

AS a continuation of the work performed under an earlier contract for
which the heat protective capability of Navy Shipboare work clothing w!s de-
termined at various exposure conditions, the investigation described in tMs
report is concerned with the resistance to high heat fluxes of various outer-
wear garments. The materials of which the outerwear gsrments tested are com-
posed includes: cotton and cotton blends, wool and wool blends; Nomex, Kev-
lar, Nomex/Kevlar blends and a semi-carbon/Kevlar corespun construction;
coated fabrics; a PAN fabric; and assemblies of various of these materials
with insulating and heat-resistant liners. The 36 fabrics and assemblies
tested ranged in weight from 3 to 25 oz/sq yd.

The same methods of investigation were employed as in the earlier work
and consisted of: determination of strength retention and time-to-ignition
during bilateral irradiation of single-layer fabrics to fluxes of 1.1 cal/
cm2/sec for exposure times ranging from a few seconds to a minute or two;
measurement of heat transfer to an underlying surface as the result of uni-
lateral exposure of the single-layer fabrics and fabric assemblies to a ra-
diant heat source up to 1.25 cal/cm2/sec, in one case, and to a directly im-
pinging flame at 2.2 cal/cm2/sec in another.

Test equipment, test methods and exposure conditions are described brief-
ly in this report; a more complete description of each is contained in U. S.
Navy Clothing and Textile Research Facility Technical Report No. 148 to which
frequent reference will be made.. Test results for the various fabrics repre-
sented by the outerwear garments are given in detail herein accompanied by
discussion of the results in the same context as for evaluation of the pro-
tective capability of shipboard work clothing in the earlier report.

II. FABRICS INVESTIGATED

A description of each of the fabrics and fabric assemblies in the current
test series is contained in Table 1. The entries are grouped by weight in the
following categories: cotton and rayon blends; %ool blends; Womex and Kevlar
.'lends; coated fabrics; and fabric assemblies. A 100W acrylic knit and a PAN
(polyacrylonitrile) fabric are also included.

The tensile properties of the single-layer fabrics measured in the warp
direction are given in Table 2. These properties of the woven fabrics were
determined from 1.0-inch wide raveled strips which were tested at a crosshead
speed of 20.0 inches/minute using a 13.5 inch gauge length in order to conform
with the test conditions employed during exporure to radiant heat. Cut
strips, 1.0-inch wide, of the knit fabrics were tested and in some cases the
gauge length was reduced to accommodate their greater elongation to rupture.

(Text continued on page 5.)



Table 1. Fabric Description

Fabric Weight .hickneos (inch)
ro Tib.,t Content Fabric Description (o!/L 2) 0.035 pet 0.63 ?Si Colot Intended U0,

f 8~n~e-LyerFabrics.,

36 100% cotton waeile knit 13.3 0.120 0.090 white col4-weather underwear

38 100; cotton sateen 10.3 0.037 0.020 white coveralls for explosives
handl rs

70 80/20 PFR twill 3.6 0.022 0.010 blue flame resistant fabric
[ayon/poly-
ester

71 P0/20 PF* knit 6.5 0.059 0.041 purple identification jersey
rayon/Nomex pullover

10 rayon warp. 4/1 twill 8.2 0.026 0.018 royal identification -eat.
cotton fill blue flight deck clothing

34 80/20 PFR plain weave 7.0 0.020 0.012 blue coverall, battle dress
rayon/fowtx

44 100 cotton twill 6.6 0.023 0.019 yellow radiation protective
coverall

50 1001 cotton oxford 6.4 0.024 0.01. olive wind-resistant, hot-
green weather coat

37 100% cotton Jersey knit 3.1 0.037 0.025 royal flight deck identifi-

blue cation garment

48 100l cotton Jersey knit 4.3 0.035 0.025 white anti-flash hood

21 100% wool 3/1 crowfoot 15.7 0.079 0.064 navy wool melton for peacoat

63 70/30 wool/ knit 12.8 0.122 0.094 olive heavyweight .witer
modacrylic green overgarment

23 100 wool knit 12,3 0.132 0.097 olive sweater
diab

46 100% wool knit 11.6 0.09 0.071 navy sweater
(Mothproof
treated)

62 70/30 wool/ knit 11.5 0.013 3.074 navy lightweight eweater
modacryl ic (body sweater)

28 "90/10 wool/ flannel 3.2 0.071 0.056 olive cold weather shirt
nylon qre*_

25 55/45 poly- plain weave 6.6 0.020 0.018 navy trousers
ester/wool

45 100 acrylic knit t. 7 0.106 0.030 navy women's mseater

78 Amatex 16HS65 herringbone twill 15.4 0.063 0.052 yellow/ flame resistant fabric
* Series 900 black

corespun s-
car bon/Kevlar

75 100l Kevlar twill 9.3 0.031 0.025 yellow standard faoric in
proximity clothing

47 100l Hose knit 8.1 0.027 0.024 olive flyer's coveralls
drab

74 50/50 Ncex/ twill 6.0 0.029 0.022 yellow experimaittal
Kevlar

73 95/5 tomex/ cloque 5.3 0.02E 0.013 olive cutershell for ship-
Keylar green board clothing

17 95/5 Moser] plain weave 4.6 0.019 0.015 olive sa;rt. pant.
Xevlar green



Table 1. Fabric Description (cont)

labric Weight Thickness (inch)
No, Fiber Content Fabric Description (os/vd

2
) 0.035 psi 0.63 poi Color Intended Use

39 nylon dkuble butyl coated 12.5 0.014 0.013 grey coverall for toxicologi-
cal agent protection

5 cottonresin- butyl coated 10.5 0.020 0.014 black coverall for rociet fuel
modified handlers

32 nylon neoprene coated 7.7 0.016 0.011 green outer shell for cold-
weather jacket

18 nylon polyurethene coated 3.1 0.009 0.006 olive poncho
green

72 (PAN) poly- herringbone twill 15.6 0.053 0.042 black high heat resistant fab-
acrylonitr ile ric

Fabric Assembl.ie•:

40 pole-star polyurethane coated 12.0 0.053 0.042 black ligh.twe.ght raincoat
outer shell; with lining
100% wool twill
liner

IA polyester batt, quilted bact. I.. ox 4.6 0."98 0.043 olive poncho liner blanket
nylon fabric rip-stop fabric both greet.

sides

1 polyurethane coated fabric outer 7.7 0.107 0.049 olive poncho with liner
coated nylon shell, quilted liner green blanket
+ LA above IA above

13 50/50 cotton/ sateen; knit fleece 20.0 0.185 0.145 olive cold weather jacket
nylon fluoro- green with insulating liner
carbon treated
outer shell;
100% nylon liner

2A 50/50 cotton/ poplin; knit fleece 12.5 0.094 0.068 :Savy utility jacket
polyester outer with insulating liner
shell; 100O
nylon line:

55 50/50 cotton/ sateen 22.0 0.335 0.213 olive continuous cold
nylon fluoro- green weather jacket
carbon treated
outer shell
(same as 613)1

100% cotton oxford
liner;
polyester bett- quilted batt
nylon fabric

21A 100% wool 3/1 crowfoot 24.9 0.213 0.159 black overcoat
uuter shell
i0 nylon knit fleece
liner

58 nylon/acrylic twill 10.7 0.055 0.042 green/ chemical protective
outer shell gray suit
carbon impreg-
noted liner

3



Table 2. Tensile Properties of Sinqle Layer Outerwear Fab-ics in the Warp Direction

Modulus Rupture
Weight (lbs/inch vidth/ clongat~on Rupture Load

Fabzic No. -Fiber Content (oiz/v
2 j_ unit strain) jVJ (lbs/inch width)

Single-Layer Fabrics:

36 100% cotton 13.3 240 95 70

P 38 100% cotton 10.3 2250 9 122

* 70 80/20 PFR 8.6 700 17 83
P. rayon/polyester

71 80/20 PFR 4.5 430 74 54
rayon/polyester

10 rayon warp 8.2 2760 18 222
cotton fill

34 80/20 PFR 7.0 790 19 107
rayon/Nosex

44 100% cotton 6.6 2350 15 148

0 50 ICnt cotton 6.4 1890 14 118%I

37 100% cotton 5.1 170 37 19

48 100% cotton 4.3 150 59 25

21 100% wool 15.7 290 35 56

63 70/30 wool/ 12.8 80 125 41
modacrylic

"23 1C0% wool 12.3 110 93 28

46 100t wool 11.6 100 84 35
% (=mothproof

treated)

62 70/30 wool/ 11.5 90 102 36
4. modacrylic

e 28 90/10 wool/ 8.2 200 30 35
nylon

25 55/45 poly- 6.6 440 38 92
ester/wool

------------------ ---------------------- -
45 100% acrylic 9.7 90 113 35

78 semi carbon/xevlar 15.4 2170 21 205
','

Ia 75 100% Kevlar 8.3 8450 15 439

47 100% Nomex 8.1 600 44 152

74 50/50 Nomex/Kevlar 6.0 4750 14 202

73 95/5 Nomex/Fevlar 5.3 2090 17 129

17 95/5 Nomex/Kevlar 4.6 900 30 115

39 nylon 12.5 790 26 173

5 cotton, resin- 10.5 1300 12 72
modified

32 nylon 7.7 840 17 158

18 nylon 3.1 350 28 67

72 PAN 15.6 3010 12 163
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III. EXPOSURE TO BILATERAL RADIANT HEAT

A. Test Procedure

The tensile strength retention and tensile modulus of 20 of the 28
single-layer fabrics in the test group were measured during short-term expo-
sure to five levels of bilateral radiant heat ranging from 0.2 to 0.8 cal/
cm2/sec and corresponding to equilibrium temperatures from 270°C to 560 0 C.
Some of the knit fabrics in the series could not be tested in this manner be-
cause of their excessively high elongation-tco-failure which exceeded the ca-
pacity of the test equipment. The high levels of bilateral heat flux were
sulpplied by two, facing quartz heater panels shown in Figures 1 and 2 and
described in detail in TR 148, Section IIIA. At the start of a test, the
heater surfaces, already at equilibrium temperature, are pulled along a track
to surround the test specimen which is clamped in an Instron tensile test
machine. The onset of exposure is virtually instantaneous, the duration of
exposure is precisely known, and subsequent mec-hanical stressing is performed
quickly so that information on fabric tensile properties can be generated
during the period of rapid temperature rise as well as after thermal equilib-
rium has been reached. Tests were run at total exposure times ranging from a
few seconds to one minute. A testing speed of 20 inches/minute was employed
with a 1.0 inch wide test specimen at a gauge length of 13.5 inches.

The quartz heater panels used to investigate retention of tensile
properties under this contract were newly installed. Replacement of the set
employed for the work reported in TR 148 was necessary because constant use
had caused a considerable decrease in thermal output as a function of temper-
ature. The thermal characteristics of the new heater panels are compared in
Table 3 and Figure 3 with the output of the old panels. Although the heat
flux emitted at a given temperature is higher with the new panels than with
the old, the equilibrium temperature attained by exposed specimens at a given
heater temperature should be unaffected; howqver, the rate at which that tem-
perature is attained will be greater with t:,e new panels. At a result, the
rate of change of tensile properties during the initial period of rapid tem-
perature change may be somewhat increased.

Measurements were made with the new heater panels of the tensile
properties of a 95/5 Nomex/Kevlar fabric which had been characterized with the
old heater panels; previous data for this fabric (#17) was reported in TR 148
(see Figures 33a and b). A comparison of the results obtained with both old
and new panels at 270 0 C, 350 0 C and 400 0 C is shown in Figure 4 where tensile
strength and modulus changes are plotted. There is obviously very good agree-
ment between result3 obtained with the two heater systems.

A complete discussion of the thermal environment created by the
facing quartz heaters and its interaction with exposed fabric specimens is
contained in TR 148, Section IIIA.

(Text continued on page 10.)
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Table 3. Thermal Output of New Quartz-faced Heater Panels

Radiant Heat Flux
(cal/cm2/sec)

Heater Temperature New Panels Old Panels
(oC) (1983) (1982)

270 0.2 0.1
350 0.3 0.2
400 0.35 ý.25
500 0.6 0.4
560 0.8 0.5
600 0.9 0.6
650 1.1 0.7

B. Single-Layer Fabric Tensile Properties During Exposure to Bilateral
Radiant Heat

The tensile strength retention and modulus of 23 single-layer fab-
rics were measured during bilateral exposure to radiant heat at the following
exposure conditions:

270 0 C (0.2 cal/cm2 /sec);
350 0 C (0.3 cal/cm2 /sec);
400 0 C (0.35 cal/cm2 /sec);
500 0 C (0.6 cal/cm2/sec); and
560 0 C (0.8 cal/cm2 /sec).

These temperatures were chosen to correspond with the heater temperatures used
in the earlier work described in TR 148. Measurements were made after five
different exposure times, where appropriate, ranging from a few seconds to one
minute.

The average values of fabric strength expressed as a percentage of
original strength for various times of exposure at each heat flux condition
are plotted in Figures 5a through 24b, respectively; individual test results
are documented in Appendix Table 1. Similarly, average values of fabric modu-
lus are plotted in Figures 5b through 24b and individual values are listed in
Appendix Table 1. The values of strength retention are given at total expo-
sure time to rupture: this time includes both the dwell time prior to the
start of crosshead motion and the time required to rupture the specimen after
the onset of loading.

The modulus is a measure of the stiffness of the fabric in tension
since it is essentially the ratio between the applied load and the resulting
elongation in the linear region of the load-elongation diagram after uncrimp-
ing of the fabric structure has taken place. The modulus values given repre-
sent the '-ximum slope of the load-elongation curves in the units lbs per inch
width of fabric per unit strain (see Appendix Figure I for an example of this
calculation). These values are somewhat in error, however, because a portion
of the specimen length is located outside of the high-temperature region be-
tween the facing heater panels. The true modulus of the specimen during ex-
posure is rplated to the ratio of the modulus measured directly from the
Instron load-elongation diagram to the original modulus at ambient tempera-

(Text continued on page 51.)
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Figilre 5a. Strength Retention of Fabric #38 (100% cotton~, 10.3 oz/sq yd)
During Exposure to Various Levels of Bilateral Radiant Heat
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Exposure to Various Levels of Bilateral Radiant Heat
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Figure 7a. Strength Retention of Fabric #10 (rayon warp/cotton fill,
8.2 oz/sq yd) During Exposure to Various Levels of Bilateral
Radiant Heat
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Figure 13a. Strength Retention of Fabric #28 (90/10 wool/nylon, 8.2 oz/sq yd)
During Exposure to Various Levels of Bilateral Radiant Heat

27



-• -, - 0.2 cal/cm2 /sec ,0.3 cal/cn2 sec
2700C 3500 C

250 no=-

0 20 40 60 80 0 20 40 60 80

0.35 cal/ 2/sec 0 0.3 cal/m21se

150 _ _ ___ -___' 250

x 0 20 40 60 so 0 2u4U 60 80

500-
--0.8 cal/cm 2/sec

5600C

250 --

0 20 40 60 80

DURATION OF EXPOSURE (SEC)

Figure 13b. Modulus of Fabric #28 (90/10 wool/nylon, 8.2 az/sq yd) During
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During Exposure to Various Levels of Bilateral Radiant Heat
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ture. For example, if the measured modulus during exposure is one half of the
original modulus, the true modulus may be as low as 85% of the measured value;
similarly, if the measured modulus is one tenth of the original level, the
actual modulus may be only 76% of the measured value. Notwithstanding this
error, the approximate modulus, as measured, can be a valuable indicator of
the occurrence of physical and chemical changes within the material with in-
creasing temperature.

As seen in Figures Sa through 24a, at the lower heat intensities,
many of the materials exhibit a rapid decrease in strength during the initial
few seconds of exposure followed by a more gradual decrease until ultimately
an equilibrium level of strength is attained. This is the type of behavior
that would be expected for materials whose strength depends more or less lin-
early on temperature because of the rate at which the temperature of a typical
specimen would increase during the course of exposure (see TR 148, Figures 17,
35 and 36). However, some exceptions to the general shape of the strength
loss vs. time curve were observed; most notably, fabrics #21 and 28, heavy
fabrics with a high wool content, PAN fabric #72, and semi-carbon/Kevlar fab-
ric #78, show delays or reversals in the initial downward trend of strength
loss vs. time. These delays for the wool probably result partly from the
vaporization of large amounts of sorbed water and partly from the rigidifying
effect of drying on the protein molecule. Some additional carbonization dur-
ing exposure of the PAN fabric, and to a smaller extent, the semi-carbon/
Kevlar fabric may serve to delay strength changes in these materials.

At heater temperatures of 5000 C and above, all of the fabrics in the
test group except the heavy PAN fabric #72, the heavy wool fabric #21 and the
group of heavier fabrics containing Kevlar or Nomex, #78, 75, 47 and 74 lose
all strength within a few seconds after the start of exposure. However, since
the rate of strength loss is strongly dependent on temperature and the tem-
perature achieved after a given period of exposure depends directly on fabric
weight per unit area, the behavior if the various fabrics as materials is best
compared on a weight normalized basis. Accordingly, bar graphs were prepared
comparing time-to-90% strength loss at different heat levels for each of the
fabrics tested normalized to a 6.0 oz/sq yd fabric weight (chosen so that
comparisons could be easily made with the similar data presentation in TR 148,
Figures 37 through 42). These graphs are given in Figures 25 through 27. The
weight normalization is nerformed by altering the time scale of the strength
retention grapts by a factor equal to 6 oz/sq yd divided by the actual weight
of the fabric tested. For example, for 10.3 oz/sq yd fabric #38, a strength
loss of 90% occurs after approximately 8 seconds of exposure at 500 0 C (see
Figure 5a); to estimate the time to 90% strength loss for a similar 6.0 oz/sq
yd fabric under the same exposure conditions the following calculation applies:

6.0 oz/sg yd
8 seconds x - 5 seconds.10.3 oz/sq yd

Similarly, for 5.3 oz/sq yd fabric #73, the strength falls to 10% of its orig-
inal level at about 7 seconds when exposed at 5000C (see Figure 19a); there-
fore, a 6.0 oz/sq yd fabric of this type would be expected to lose 90% of its
strength in 7x(6.0/5.3) - 8 seconds. Thus, the time scale for fabrics heavier
than 6 oz/sq yd is lengthened and that for lighter fabrics, shortened. Be-
cause of the time-adjusted and interpolated nature of the data presented in
Figures 25 through 27, the values should be considered as approximate and
differences less than about 4 seconds between materials should probably not be
regarded as significant.

(Text continued on page 55.)



I7

0 to

9~~~c _____ ___.

o r=

%W e C I .

u u

00

N I

*. 0 ~ 4 000000
-4 *4 -4

E 52



iZv

' t iI i I••
', , ! ... . . . . . ...... I....."

.. . 4 . i -----
a. a, . . ; - . .

* a a.

I . . tt

~~~ . .. . . .. . . ._

* ~ ~ ~ ~ ~ ~ i w _ _ _ _ _ _ _ _ iw
"0 .

402

S. .. .V - -. !.. e,

0i -4
. * .,. .-i..ai .. . ..-

AJJ

0 4

do&

T.... S OL# ,-

C.,o =+

, ,- . . . . . .

0'~~~C - --.- -f b

o 0 0 0 0400

(38S) SSOI .. ... .4S %06-0" O m'"

53



---- . . .. .

0 . -

.0 4

0ý4 s- tow

WN

0" -- -- - ..

.. t............................

Em~.-. .-. -. . ___... "r

OLi

454



At a heat flux of 0.35 cal/cm2 /sec and heater temperature of 400°C
(Figure 25), the Nomex/Kevlar blends are clearly superior to the other mate-
rials. More than a minute of exposure time at this condition would be re-
quired to reduce the strength of a 6 oz fabric to 10% of its original value.
The semi-carbon/Kevlar fabric #78 and PAN fabric #72 also retain some strength
for significantly longer periods of time at this flux than the cotton, rayon,
and wool blends or the coated fabrics when compared at the same weight.

At higher flux levels and heater temperatures (Figures 26 and 27)
the Nomex and Kevlar me~terials on a weight normalized basis continue to show
marginally better performance than the other materials; the 50/50 blend of
Nomex and Kevlar #74 performs particularly well in this group.

If we compare the behavior of the fabrics at their actual weights as
in Figures 5 through 24, it is clear that the heavy (15 oz/sq yd) fabrics #78
semi-carbon/Kevlar and #72 PAN retain some useful strength for the longest
period of time at the most severe exosure condition at which strength reten-
tion was measured (560 0 C, 0.8 cal/cm /sec). Some strength remains for both of
these fabrics to 10-12 seconds at this exposure condition. The combination of
more heat-resistant material and greater weight provides greater protection
f:om radiant heat.

C. Ease of Ignition

The average times required for the single-layer fabrics in the test
series to ignite spontaneously during exposure to bilateral radiant heat at
various levels are summarized in the Table 4; individual test results are
collected in Appendix Table 2. Such data should be used only to compare the
ignition properties of the various fabrics when measured under the same test
conditions and may not relate well to ignition behavior determined under other
circumstances since ignition is a path-dependent event affected by mode and
rate of neating, specimen size and position, rate of air flow, oxygen avail-
ability and the criteria used to determine the onset of ignition. In the
present case. the point of ignition was taken as the first appearance of a
flame; in soms cases a glow preceded or occurred instead of a flame and this
is noted in the Appendix Table 2; the level of smoke generation and the inci-
dence of melting are also noted in the Appendix table.

"As with comparisons of strength retention, the times-to-ignition of
the various fabrics have been normalized to a fabric weight of 6 oz/sq yd and
presented in histogram form in Figures 28 through 30. On a material behavior
basis it is again evident that the Nomex and Kevlar fabrics and those fabrics
with a high carbon content resist ignition better than those fabrics consist-
ing of cellulose, thermoplastic polymers or blends of these components. The
tightly woven wool fabrics tested, including those blended with Pylon or poly-
ester, also exhibit good resistance to ignition. The knit wool fabric #23,
however, resist3 exposure no better than the wool/modacrylic blends #63 and
#62, each of which melt apart within a few seconds at fluxes above 0.6 cal/
cm2 /sec. Fabric #46, also a knit wool but one which has been mothproofed
requires a longer exposure tirmIe to ignite than the other fabrics in the wool
group. Since differences in finishing history and types of dyes and other
chemicals used to process these materials are not known, the differences in
behavior observed between knit wool fabrics #23 and #46 cannot be explained.

(Text continued on page 60.)
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If the resistance to ignition of the various fabrics are compared
." directly without normalizing for fabric weight, it is evident from Table 4
S".that the heavy, 100% wool fabric #21, semi-carbon/Kevlar fabric #78, and PAN

fabric #72 have the greatest resistance to ignition by radiant hat of the
"materials in the test group.

IV. RADIANT HEAT TRANSFER

In order to assess the extert of protection to the skin provided by the
various work clothing fabrics ai;1 fabric assemblies from the direct penetra-
tion of radiant heat, measurements were made of the amount of heat transferred
from unilateraly irradiated fabric strips to an underlying surface. For this

- measurement a single quartz heater panel and a water-cooled copper calorimeter
* were employed as illustrat! , Figure 31. The calorimeter is embedded flush

with the surface of a black <.,:zrsite board on which the fabric test strip is
mounted. At the start of e.xposure the preheated panel, mounted on a track, is
"quickly pulled into place facing the fabric strip. The voltage output of the
calorimeter, proportional to impinging heat flux, is recorded continuously forp the next 60 seconds. If ignition occurs during this time, the panel is pushed
away while the calorimeter continues to monitor the heat flux from the burning
fabric. Incident heat flux is determined separately with no fabric specimcii
"in place. The total heat flux transferred from the fabric to the surface of
"the calorimeter is expressed as a percentage of the heat flux incident on the

* Dsurface of the fabric at the start of exposure.

Fabric response was determined at three unilateral heat flux levels:
0.4, 0.75 and 1.25 cal/cm2 /sec corresponding to heater temperatures of 650c,
"8000 C, and 1000 0 C respectively. Table 5 contains a summary of the heat trans-
fer and ignition behavior of the 36 fabrics and fabric assemblies tested;
individual pieces of data for three specimens of each fabric are reported in
Appendix Table 3.

Because of the diversity of fabric types and assemblies tested, there
were no "typical" traces of the calorimeter output, although there were, in
general, two distinct peaks during the course of exposure. In general, an
initial peak in heat transfer was followed by a more gradual rise to a steady
level or, if ignition occurred, it was followed by a sharper and more intense
peak as the burning fabric itself gave off considerable quantities of heat.
The response tended to be somewhat variable within the group of three repli-
cate specimens of each fabric or assembly type tested at each condition de-
pending on the extent of specimen shrinking and curling away from the calo-
rimeter. However, the data in Table 5 represents a reasonable estimate of the
worst case conditions.

None of the fabrics ignited during exposures at 0.4 cal/cm2 /sec; some of
the fabrics ignited during the 60-second exposure at 0.75 cal/cm2/sec; all

IL single layer fabrics except the PAN fabric #72 and the 100% Kevlar fabric $75

ignited or were destroyed within 60 seconds at 1.25 cal/cm2 /sec. The Kevlar
fabric #75 was glowing at the end of exposure at the highest flux level but
the PAN fabric #72 although smoking showed no signs of ignition. The outEr
shell of each of the fabric assemblies also ignited at the highest flux, with
the entire assemblies of #1A, 2A and 21A igniting.

(Text continued on page 64.)
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Table 5

SuMMi-ly of NeO-t Tiansfet Values to an Undet lying Mut facc rom rot" i.a z3pa.uhd tO
Various Unilateral Radiant Heat Flux lavela

Maximum Heat Transfer in Fir t Time to Ignition Maximum Heat Transfer
10 Seconds of ,xposure (1) (second*) in 60 Seconds (1)

S Fabric Weight 0.40 cal/ 0.75 cal/ 1.25 cal/ 0.75 cal/ 1.25 cal/ 0.4 cal/ 0.75 cal/ 1.25 cal/
No. Fiber Content (oz/sq yd) cm2/sec cU

2
/0#c c2

2
/soc cR

2
/s8c cM

2
/sc CE

2
/6C C=

2
/soc C0

2
/soc

Single-Layer Fabrics:

36 100% cotton 13.3 55 35 30 16-18 6-7 s0 50 30

'. 38 100% cotton 10.3 50 40 80 - 7-0 65 120 t0

.I 70 80/20 PFR 8.6 50 135 so llted 5 135 135 s0
%" rayon/polyester

-% 71 80/20 PFR 8.5 50 95 50 10 4 120 110 50
rayon/Nomex (only 1 of 3)

10 rayon warp 8.2 40 50 50 15 5 60 140 60

cotton fill (only 2 of 3)

34 80/20 PFR 7.0 50 40 80 - 5 70 125 s0
rayon/Nomex

44 100t cotton 6.6 55 50 55 15-29 4-7 75 80 55

50 1001 cotton 6.4 50 55 50 8-21 4-5 75 90 50

S 37 100t cotton 5.1 60 80 60 6-8 3 75 s0 60

, 48 loot cotton 4.3 50 60 50 7-0 3 220 60 50

S 21 100% wool 15.7 65 50 30 - 15-60 75 50 60

p 63 70/30 wool/ 12.8 40 35 85 - - 140 120 100
,modacrylic

23 100% wool 12.3 55 125 110 melted 30 120 100 130
%" (only 1 of 3)

. 46 1001 wool 11.6 50 60 65 18-30 70 80 65
(moth-proof
treated)

S 62 70/30 wool/ 11.5 75 95 100 - 150 120 100
modacrylic

28 90/10 wool/ 8.2 40 35 33 12-23 60 115 105
nylon

"25 55/45 polyester/ 6.6 65 40 120 malted 5-7 160 150 120
-z4 wool
I------------------------------------------------------------

45 100% acrylic 9.7 30 20 135 17-24 8-11 100 160 140
(only 2 of 3)

78 Amatex 16HTG5 15.4 55 45 35 - 60 60 60 60
"Series 900 (only 2 of 3)

75 100% Kevlar 8.3 40 35 30 -- - 60 60 80

47 1001 Nomex 8.1 45 40 50 s 30-45 70 60 120

74 50/50 Nomex/ 6.0 50 35 40 -- 23-45 65 65 75
"Kevlar

73 95/5 No.ex/ 5.3 45 35 40 45-54 70 55 70
_ d NKevlar

I. 62-------------------------- ------ -
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'Tabe 5 (Cmt)

summary of Heat Transfer Value* to an Underlying Surface from rabrics Saposed to
Vacious Unilateral Radiant seat rlux Levels

Maximum Beat Transfer in First Tim to Ignition Maxinum Reat Transfer
10 Seconds of xposur* (t) (second8) in 60 Seconds 10)

Fabric Weight 0.40 cal/ 0.75 cal/ 1.2S ca1/ 0.75 cal/ 1.25 cal/ 0.4 cal/ 0.75 cal/ 1.25 t
iNo. iber Content (oz/tq yd) =a2/sec ca2/80c cm2/se c* 2 ,/ssc cm

2
/i4• cm

2 /Gec cs
2
/sec c*

2
/s

"SingIe-Layer Fabricas (cont)

39 nylons double 12.S 60 30 120 5-13 120 140 120
butyl coated

S cotton, resin 10.5 60 40 0 26 5-4 70 100 90
modified$ (only 1 of 3)
butyl coated

32 nylon; neoprene 7.7 65 55 110 4-5 170 75 110
coated

is nylon; poly- 3.1 70 100 s0 melted 2 100 100 s0
urethane coated

72 polyacryloni- 15.6 60 30 50 -- 75 s0 So,%" trile (PAN)

"..* Fabric Assemblisesa

* 40 polyester 12.0 55 45 55 -- 6-13 120 100 55
outer shaell, (outer shell

Ioo liner only)

1 lA polyester batt. 4.6 30 100 115 melted 2 120 100 11S
nylon fabric

" 1 18 + A above 7.7 40 40 30 melted 2-3 100 100 305 (1A only)

13 50/50 cotton/ 20.0 30 35 20 melted 3-4 110 195 20
nylon fluoro- (outer shell
carbon treated only)

,% outer shell;
1004 nylon liner

2A S0/50 cotton/ 12.5 20 40 30 10-11 30-32 60 40 50
polyester outer

shell; 100%
nylon liner

55 50/50 cotton/ 22.0 45 45 30 17-40 2-4 125 100 50
,. nylon fluoro-

carbon treated
*) outer shell;

100- cotton
liner; polyester

* .~ batt-nylon fab-
ric insulation

21A 1001 wool 24.9 55 40 30 - 15-28 55 90 30outer shell;

* 100% nylon
liner

58 nylon/acrylic 10.7 4S 85 50 - 4 130 100 s0
outer shell, (outer shell

. carbon impreg- only)
nated liner

V..
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%• In several cases at each of the incident heat flux levels, the calorim-
eter located behind the fabric specimen sensed a transmitted heat flux that
was equal to or greater than the incident flux. Exothermic reactions occur-
ring within the heated fabric associated with melting, smoke generation and.
ignition can result in significant amounts of energy transmitted to underly'ng

3 surfaces.

Among the group of single-layer rabrics with a cellulosic component,
ignition or the a :ainment of maxiraum heat transfer occurs, in generil, at
shorter times for the lighter weight fabrics. Those fabrics in this group

containing PFR rayon were no better in retarding heat transfer than similar
all-cotton fabrics; fabric #70 with a polyester component exhibited particu-
larly high heat transfer rates at short exposure times that were associated
with melting.

The modacrylic/wool blends, #63 and 62, tended to split apart during
exposure in some cases allowing the heat source to impinge directly on the
calorimeter. Although the 100% acrylic fabric remained intact, it did ignite
"readily at the two higher flux levels with attendant high levels of heat
transfer. The 100% wool fabrics #21, 23 and 46 ignited at the highest flux
only.

Of the uncoated single-layer fabric types, the Kevlar, Nomex and carbon-
containing fabrics exhibited the longest times to ignition and the most con-
sistently low heat transfer rates.

The coated fabrics, #39, 5, 32 and 18, ignited readily at the highest
flux and transmitted considerable heat either because the fabric failed by
melting or because the coating material was exothermic. Although the outer
layer of most of the thicker assemblies ignited during exposure at the highest
flux, transmitted heat levels to the underlying calorimeter were lower after

60 seconds than with most of the thinner, single-layer fabrics tested.

The heat flux sensed at surfaces located behind covering fabric layers
depends little on fabric construction, whether knit or woven, more on weight
and thickness, but mostly on the material type and the ease with which exo-
thermic reactions are induced by increased temperature within the material.

V. FLAME IMPINGEMENT HEAT TRANSFER

A. Test Device and Test Procedure
7

The flame-impingement test device used to measure the heat flow
through the various fabrics and fabric assemblies when exposed to the heat of
a flame consists of a Meker burner flame source, a specimen holder which in-
cludes a skin-simulant sensor, and a shuttering system for controlling the
initiation and timing of exposure of the specimen to the flame. A diagram of
the device is given in Figure 32, and photographs are presented in Figure 33.
A specimen mounted in its holder and the skin-simulated mounted behind it are

V shown in Figure 34.

(Text continued on page 68.)
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(a)

(b)

-SFigure 33. Flame Impingement Tester: (a) Tester, Control Panel, Recorder(b) Close-up of Specimen Mounting Block Over Burner
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Specimen in Place Skin Simulant in Holder

Figure 34. Assembled Specimen Mounting Fixture

and Skin-Simulant Bolder
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The Meker burner, located 2.1 inches from the surface of the fabric
"during a test, causes a vertical propane flame calibrated to a total heat flux
of 2.2 + 0.1 cal/cm2 /sec to impinge perpendicularly on the surface of a hori-
zontally mounted test specimen. This level of heat flux was chosen to conform
to the value of heat flux generally accepted as average for a large fueled
fire. The flame is calibrated frequently by means of a water-cooled calo-
rimeter and adjusted by altering the rate of gas flow at maximum air intake.
"During calibration the surface of the calorimeter is positioned in the flame
at the same distance from the burner as is the fabric specimen during a test.

Prior to exposure a fabric swatch measuring about 4 inches in diam-
eter is mounted in the specimen holder which is designed to provide uniform
and reproducible clamping pressure; the skin-simulant sensor is placed behind
it in intimate contact with it. The skin simulant is a special formulation of
resins designed to duplicate the optical and conductive properties of real
skin. A fine-wire thermocouple is embedded 5 0 0 1 below the surface.

During a test, the quick motion of the shuttering and carriage-I control system allcws precise timing of the exposure (within milliseconds) so
that a square-wave heat pulse is experienced by the fabric specimen. E::po-
sures of 3- and 6-seconds duration were carried out for each of the fabrics
and fabric assemblies in the test series with the skin simulant in direct
"contact with the fabric specimen, a worst-case situation.

Typical skin-simulant temperature response curves illus --ate the
rapid temperature rise during the period of actual flame-impingement, the
attainment of maximum temperature a few seconds after cessation of exposure
and the more gradual decrease of temperature as cooling proceeds (see TR 148,
Figure 54).

Ignition cf fabric specimens does not commonly occur during the

"flame-impingement test even though the outer surface of the fabric undoubtedly
reaches temperatures sufficient to cause ignition. Specimens decompose, char
and become ash but actual flaming of the specimen itself does not occur. This
behavior has been observed even when the specimen is not backed up by a skin
simulant. The nature of the decomposition that occurs during direct, intimate
exposure of fabric specimens to a flame seems to be quite different than that
which occurs during irradiation only. In the previous section it was seen
that exothermic reactions induced in the fabrics during %::posure to a radiant
heat source almost completely dominate the heat transfer situation. During
the flame-impingement tests, the heat transfer gives all appearances of being
completely conductive, or dependent only on level of heat source, with no
evidence of exothermic reactions developing with the material despite the
extremely high heat flux level. The principal difference between the two
modes of exposure is probably the abundance of oxygen available to the heatingJ

specimen during radiation with the quartz heater panels and the lack of it as
the specimen is surrounded by fla.-re during flame-impingement.
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B. Test Results

The results of the measurements of heat transfer through the various
single layer fabrics and assemblies are reported in Table 6. Temperature rise
in the skin simulant at flame cut-off times of 3- and 6-seconds are given
along with the maximum temperature achieved in the 3- and 6-second exposure
respectively. Three replicate tests were made with each fabric at each con-
dition; good agreement among replicates is generally the case.

The correlation between thickness of the specimen and the maximum
temperature rise observed is shown in Figure 35(a) and (b) for the 3- and 6-
second exposure respectively. Those fabrics which melted, or split-apart
during the test exposing the skin-simulant directly to the flame are excluded
from these graphs. Not surprisingly, these graphs show that thicker assem-
blies are more effective in protecting against conductive heat tratisfer. The
nature of the non-linear relationship between temperature rise and thickness
depicted in the figures makes it possible to suggest a thickness level above
which improvement is niarginal; this value seems to be about 0.15 inches for
the conditions employed in the flame-impingement test.

On the basis of the point spread in Figure 35 only the PAN fabric
#72 and assembly #40 with a polyester outer shell and a 100% wool liner stand
out as offering better protection than expected on the basis of thickness.
"Energy absorbed during melting of the polyester outer layer combined with the
"structural stability of the wool liner is tndoubtedly responsible for the
better-than-average performance of fabric assembly #43.

The PAN fabric #72 retards heat transfer significantly better than
the semi-carbon Kevlar fabric #78 of approximately the same weight and thick-
ness while fabric assembly #58 with a carbon impregnated liner is a particu-

larly poor performer. Neither fabric #72, fabric #78, nor the carbon-impreg-
nated liner of assembly #58 were altered in appearance after flame exposure.
Both the PAN fabric and the Kevlar fabric show evidence of high heat absorp-
tion in the strength retention and modulus curves given previously, but in the
absence of specific information about the thermal properties of the three
"carbon-containing fabrics, it is difficult to postulate reasons for their very
different response to flame exposure.

C. Burn Injury Potential

As described in the previous report TR 148, there is no exact or
wholly satisfactory method of predicting burn injury potential from skin-

simulant temperature rise data. Because of the uncertainties inherent in the
"method used in TR 148 to obtain estimate of burn injury index, only very broad
approximations were attempted for the fabrics in the current test series.
These approximations, which are given with the temperature rise data in
"Table 6, were obteined using Figure 62 of TR 148. In this figure, the burn
injury index of each of the fabrics tested in Phase I is plotted against tem--
perature rise after 3-seconds of exposure to the flame. A best fit regression
line was calculated for this previous group of data and used in conjunction
with the measured values of temperature rise at 3-seconds given in Table 6 to
estimate burn injury index for the current test series.

• • (Text continued on page 75.)
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(a) 3-seconds

0 100% cotton and blends

75 c 100% wool and blends

w4_ 100% Nomex, Kevlar and blends

.L3 Carbon liner and PAN

~50

4A
E 50

"E

X 25 0
00

* 0

0

as89 .05 .18 .15 .23 .25

Fabric Thickness (inches at 0.63 psi)

*In -0

(b) 6-seconds

0 100% cotton and blends

S0 75 100% wool and blends

G 100% Nomex, Kevlar and blends

o Carbon liner and PAN

*.. o\ I *

00

X EE

* 25 (3

a sU .5 .13 .15 .21 .25
S,

Fabric Thickness (inches at 0.63 psi)

Figure 35. Variations of Maximum Temperature Rise of Single Layers and
Fabric Assemblies with Fabric Thickness
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VI. SUMMARY AND CONCLUSIONS

Measurements of strength loss and ease of ignition during bilateral ir-
"radiation to 1.1 cal/cm2 /sec of various fabrics used in Navy shipboard outer
garments have shown that the Nomex/Kevlar materials and those containing a
carbon component (PAN, semi-carbon/Kevlar) retain strength and resist ignition
longer for their weight than other fabrics in the test series including those
composed of cellulose (cotton, rayon), wool or wool blends, or coated thermo-

%, plastic fabrics. Fabrics high in wool content may or may not resist ignition
"well depending on their finishing history, but generally lose strength more
rapidly than cotton or rayon fabrics of the same weight. Those fabrics that
consist primarily of a thermoplartic fraction melt readily even in combination
with rubber coating materials.

During unilateral irradiation to 1.25 cal/cm2 /sec the Nomex/Kevlar blends
and PAN fabric tested consistently exhibited low heat transfer rates to an
inner surface and resisted ignition for longer times than other fabrics in the

. series. Transfer of heat during one-sided radiation of fabrics in air with

. ample oxygen available during heating is governed principally by the nature of
the chemical reactions induced in the material. Exothermic reactions, even
considerably prior to ignition, can generate sufficient heat in irradiated

materials that the amount of heat transferred to an inner surface exceeds the
* heat flux incident on the outer surface. Fabric geometry has little effect on

heat transfer under these conditions.

During direct impingement by a gas flame at 2.2 cal/cm2 /sec, heat trans-
fer is primarily conductive and depends principally on fabric thickness and
material type. The lack of oxygen in the immediate vicinity of the flame
prevents additional generation of heat within the exposed fabric from chemical

* **. reactions. A PAN fabric and a polyester outer shell with a wool liner per-
"formed better than expected for their thickness under these conditions.

As concluded, during the previous investigation, it can again be stated
on the basis of the comparisons of fabric behavior contained herein that
tnicker, heavier fabrics composed of the more heat-resistant materials offer
"better protection to high impinging heat fluxes. Such fabrics can provide
precious additional seconds for escape from the vicinity of a fire before
"their strength is lost and ignition occurs.

.7
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ApPeaiJ~m Table I

'ensile Properties in the Warp Direction of Wavy Shipboard "ork Clothing Fabrics During
. poeure to Various Bilateral Radiant meat Flux Levels

e. Rupture
Radiant Heater Modulus Load Strength

Heat Flux Tamp Exposure Tij. (see) (lbs/inch width/ (lbs/inch Retention
Fabric Description (cal/cN2

/sec) {°C) At Start At Rupture unit strain) width) (%)

Fabric 38 --3 20 -- - Avg. 2290 122 100
1001 cotton
10.3 os/sq yd 0.2 270 0 3 1900 314

1840 108
1710 96SAvg. 1820 106 87

, 1960 98
2030 90
2060 89

Avg. 2020 92 75

"10 13 2160 76
2130 78
2080 82

Avg. 2120 79 65

20 23 1850 60
2080 60
1930 62

Avg. 1952 61 so

60 63 1710 40
1710 43
1610 40

Avg. 1680 41 34

"0.3 350 0 3 1930 95
1780 93
1780 97

Avg. 1830 95 7S

5. a 1890 68
"1840 66
1740 66

Avg. 1820 67 55

10 13 1130 30
1470 44
1410 41
1420 46
1460 45

Avg. 1360 41 34

20 21 420 5
350 5
390 5

Avg. 390 54

"0.JS 400 0 3 140 6
., 2I4 87

1890 91
Avg. 1860 is 72

5 6 1670 54
1650 54
1520 57

Avg. 1610 55 45

10 12 900 21
830 17
960 26

Avg. 900 21 17

20 21 60 <1
70 <1

,-70 c..i

Avg. 70 <1 <1
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!V

k, Appendix Table I (cant)

r, Tlwrnpilp Propertiorm in tho warp Direction of Ntavy Shipboatrd Wdork C•lothinql Fabricsn Drina

+Rupture
SRadiant Heater Modulus Loabd StrengJth

Heat Flux Te _ _ Exposure T,__(_J__ (lb_/inch width/ (_b_/inch Retention
,v Fabric Description cal/cm2

/sec) (
0

C) At Start A a-upture unit strain) width) ([),,

Fabric #38 (cont! 0.6 So0 1690 73
.•1650 69

Avg. 1690 16 57

5/ 75So 10

690 20
750 16

Avg. 640 13
120 19

."Avg. 660O W6 13

.10 12 40 1
40 1
20 2

"Avg. 40 1

F i0.8 560 1A70 3 1054
1480 59

" r,/ e5 070_0 67".Avg. 1480 so 48

"o/. 160 2
"40 1

260 67

Avg. 530 2

" "Fabr ic #70 -- 20 -- -- Avg. 700 83 100

80/20 PI1R
ayon/polyester 0.2 270 0 7 610 740.6 oz/sq yd Goo "73

630 73
- Avg. 640 73 7s

2 0l2 590 70
5600 G7

5620 67
Avg. 590 55 82

10 is 560 63
560 63

056 61
"Avg. 460 28 76

0. 20 23 530 52
560 57

•,520 5_7
SAvg. 540 55 66

60 64 430 21
5450 25

530 16
460 35

840 41SAvg. 440 26 34

,•0.•3 350 a6560 64
550 65

01 560 67
e' 560 i-5 '78

5 11 510 53
530 56

I 460.2 53
Avg. 300 T4 65

Seso



Appendix Table I (cotJ

Tensile Properties in the Warp Direction of Navy Shipboard Mock Clothing Fabrics Duting
1xposuce to Various Bilateral Radiant Most PluX Levels

Rupture
Radiant Beater Modulua Load Strength

Heat Flux Tamp Exposure Time (sec) (lba/inch vidth/ (lbs/inch Retention
Fabric Description (cal/cu2

/sec) (°C) At Start At Rupture unit strain) width) (.)

Fabric #70 (cont) 0.3 350 10 15 350 32
360 35
370 3S

Avg. 360 34 41

20 23 200 9

130 5
190 9

Avg. 180 8 10

25 27 91 4
32 1
34 1

Avg. 52 2 2

0.35 400 0 6 550 55
540 58
550 58

Avg. 550 57 67

5 1I 330 31

380 34
350 34

Avg. 350 33 40

10 14 240 17
170 9
240 15
270 15
260 19

Avg. 240 15 18

20 - Avg. 0 0 0

0.6 500 0 S 430 33
470 39
420 30

Avg. 440 34 41

S 7 70 3
80 3
60 3

Avg- 70 3 3

0.8 560 0 4 350 18
370 21
390 21

Avg. 370 20 24

5 Avg. 0 0 0
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"Appendix Table I (coat)

"Tensile Properties in the Warp Direction of Navy Shipboard Work Clothing Fabrics During
""xposuce to Various Bilateral Radiant seat Flux Levels

Rupture
Radiant Heater Modulus Load Strength

Heat Flux Temp Exposure Time (sec) (lbs/inch width/ (lbm/irch Retention

Fabric Descript.'n (cal/cm
2
/sec) (OC) At Start At Rupture unit strain) width) t),

Fabtic 110 -- 20 - - Avg. 2760 222 100
rayon warp
cotton fill 0.2 270 0 6 1770 153
8.2 oz/oq yd 1730 175

1800 190
1810 176
1950 170

Avg. 1810 173 78

S1 1910 1S6
1030 168
1920 183

1890 187
1900 187

N Avg. 1730 182 82

* 10 16 2000 178

2240 170

2180 180
Avg. 2140 176 79

20 25 1930 155
2230 192

,%"2180 163

2200 191
2310 192

" Avg. 2170 1759 81

60 65 1840 157
2110 161
2090 160

Avg. 2013 159 72

"0.3 350 0 7 1230 172
1250 171
1330 183
1240 164
1320 167

' Avg. 1270 171 77

5 11 1850 171
1880 ;70
1790 160
1850 154

1720 157

7 Avg. 1820 162 73

"10 14 1670 129
2050 146
1880 148
1510 124
1500 132

Avg. 1720 136 61

20 24 900 77
790 80
820 , 66
930 66
9!00o 70

Avg. 870 72 32

1. 60 61 430 6
340 5
573 6

¾Avg. 4 50 63
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Appendix Table I (cost)

Tensile Properties in the Warp Direction of Navy Shipboard Work Clothing Fabrics During

Ruposure to Various Bilateral Radiant Heat FJux Levels

C. Rupture
Radiant Hoater Modulus Load Strength

Heat Flux Temp ExPosure Tim (sac) (lbs/iech width/ (lbs/inch Retention
Fabric Description (cal/cm2

/sec) (LC) At Start At Rupture unit strain) width) 1.}

Fabric 010 (cont) 0.35 400 0 6 1630 197
"1580 189

1730 179
"Avg. 1650 188 85

5 10 1770 123
1710 117
1800 117

Avg. 1760 118 53

10 14 830 53
% 910 64

920 61
Avg. 890 59 27

20 21 420 6
"340 5
390 6

Avg. 380 6 3

S0.6 500 0 5 1530 131

1480 136
1410 138

Avg. 1480 135 61

5 8 860 32

820 28
870_ _3

Avg. 850 31 14

10 - Avg. 0 0 0

"0.8 560 0 3 1270 83
1410 93
1380 93

Avg. 1350 90 41

5 - Avg. -- 0 0

Fabric 034 -- 20 - - Avg. 790 107 100" 90/20 PFRt rayon/Hom
07.0 oF/F o m yd 0.2 270 0 8 770 87

Soo0 93
,750 91

Avg. 84

5 12 770 91
770 92
750 89

Avg. 760 91 85

10 17 710 76
720 84780_• 88

Avg. 740 83 7f

20 26 760 "72
790 69
720 66

Avg. 750 69 64

S60 65 690 39
760 51

• 770 s5

"Avg. 740 49 46
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Appendix Table 1 (cont)

Tensile Properties in the Warp Direction of Navy Shipboard Mork Clothing Fabrics During
Exposure to Various Bilateral Radiant Beat Flux Levels

Rupture
Radiant Heater Modulus Load Strength

Heat Flux Temp Exposure Time (sec) (lbs/inch vidth/ (lbs/inch Retention
Fabric Description (cal/cm

2
/sec) (OC) At Start At Rupture unit strain) width) 00.

Fabric #34 (cont) 0.3 350 0 7 750 82
730 80
740 82

Avg. 740 81 76
5 1i 750 65

.•720 71

690 69

11 Avg. 750 71 64

10 14 610 48
630 51

Avg. 630 52 49

20 23 250 12

140 8

290 _4

Avg. 230 11 10

60 64 230 10
210 10
230 10

Avg. 220 10 9

"0.35 400 0 7 640 70
560 70
670 70

'vg. 650 70 65

5 i0 54C 43
550 45

SS00 41

Avg. 530 43 40

14 10 13 220 8
220 10
170 6

Ang. 200 8 7

* 20 20 170 1
130 1
"110 1

Avg. 130 1

0.6 500 0 5 510 35
480 37
450 29

SAvg. 480 34 32

5 8 10 1
40 1
S0 2

Avg. 40 1

S0.8 560 0 4 400 21
350 19

1 30 19
Avg. 360 20 19

W

5 Avg. 0 0

8
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Appeiaix Table I (cot)

l teenile Pgopettie in the Vacp Digectias of navy Sbipboacd Wckt Clothing rabcice Ncing
b suge to Various Bilateral Madiant Usat Flux Lavels

Rupture
Radiant oeatee Nodulua Load Strength

seat flux teW htposure Tiaw (sec) (lJb/inch vidth/ (lbo/inch Pel-ention"Fabric Deecriptico (cajicm
2
/sec) (°L At Start At Rupture unit strain) vwith) (S)

Fabric 144 - 20 - - Avg. 2350 148 100
1001 cottoc
3.2 oa/eq yd 0.2 270 0 5 2180 117

22S0 11S
2310 117

Avg. 2250 116 78

s 10 2030 91
2000 96
2077 94

Avg. 2040 9; 64

10 is 1820 02
1820 es

Avg. 1850 43 S6

20 25 1890 78

1710 74
1710 74

Avg. 1770 76 51

60 65 1710 70
1720 69
1840 70

Avg. 1960 70 47

0.3 350 0 s 1770 98
1380 74
1800 91
1S9O as
oso 95

Avg. 1720 89 60

5 10 1550 64
1470 58
1300 64

Avg. 1310 62 42

10 15 1340 51
1266 52
1390 53

Avg. 1330 52 35

20 24 "90 24
760 21

1190 39
750 18
990 26

Avg. 920 26 1i

60 61 80 2
100 2
140 2

Avg. 110 2
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Appendix Table 1 (cont)

Tersile Properties in the Warp Direction of Navy Shipboard Work Clothing Fabrics During
Exposure to Varicus Bilateral RaAiant Heat Flu, Levels

Rupture
Radiant Heater Modulus Load Strength

Heat Flux Temp Rxposure Time (sec) (lbs/inch vidth/ (lbs/inch Retention
Fabric Description (cal/cm2

/sec) (cc) At St3rt At Rupture unit strain) vidth) (t)

Fabric #44 (cont) 0.35 400 0 5 1750 87
1280 67
1160 57
1670 65
1500 78

Avg. 1470 75 51

5 10 1310 54
1150 47
1410 54

Avg. 1290 52 35

10 14 770 21
810 25
770 22

Avg. 7',0 23 16

20 21 70 1
70 2
00 2

Avg. 70 2

0.6 500 0 5 830 43
1230 53

850 39
Avg. 970 45 30

5 7 100 1
60 2
20 2

Avg. 60 2 <1

0.8 560 0 4 260 10
780 33
730 26
500 19
580 19

Avg. 560 21 14

- Avg. - - 0

Fabric #50 -- 20 - - Avg. 1890 118 100
1001 cotton
6.4 oz/sq yd 0.2 270 0 5 2080 100

1800 90
1760 90

Avg. 1880 90 76

5 10 1990 82
1740 70
1740 69

Avg. 1820 74 63

10 15 1540 59
1710 62
1540 61

Avg. 1600 61 52
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APPMAin Tale I (at)

?naile Properties in the Warp Direction of Navy Shipboard Work Clothing Fabrics During
teposure to Various Bilateral Radiant neat Flux Level*

Rupture
Radiant seater Nodulus Load strength

seat Flux Teo POOUCre Time (see) (lbs/inch vidth/ (ibh/inch Retention

Fabric Description (cal/cm
2
/aec) (25L At Start At Rupture unit strain) width) 11)

Fabric 150 (cont) 20 25 1480 52
1550 55
1530 54

Avg. 1520 54 46

60 64 1800 58
1610 49
1690 51

Avg. 1700 53 45

0.3 350 0 3 1700 77
1660 72

1690 75
Avg. 1680 75 64

5 10 1700 54
1660 50
1690 56

Avg. 1680 53 45

10 15 1160 40
1310 39
1380 48

Avg. 1290 42 36

20 24 900 23
990 25

1040 26
Avg. 980 25 21

60 62 190 3
170 6
190 4

Avg. 180 4 3

0.35 400 0 4 1390 57

1470 57
1390 55

Avg. 1420 56 47

5 9 1290 43
1260 42
1230 40

Avg. 1260 42 36

10 14 710 19

550 13
770 is

Avg. 680 17 14

20 22 90 2

80 1

Avg. 70 1

0.6 S00 0 4 990 33
900 39
81o 32

Avg. 900 35 30

5 7 110 3
80 2
40

Avg. s0 2 2
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Appendix Table 1 (cont)

Tensile Properties in the Warp Direction of Navy Shipboard work Clothing Fabrics During
Exposure to Various Bilateral Radiant Heat Flux Levels

Rupture
Radiant Heater Nodulus Load Strength

Heat Flux reup Exposurt Time (Gec) (Thu/inch vidth/ (lbs/inch Retention
Fabric Description caj/cm2

/sec) (0) At Start At Rupture unit strain) width) jjj

Fabric *50 (cont) 0.8 560 0 4 500 18
640 22
570 23

Avg. 570 21 10

S - Avg. --- 0 0

Fabric #37 --- 20 -- Avg. 170 19 100
100% cotton
5.1 oz/sq yd 0.2 270 0 14 120 13

150 17
IS0 15

Avg. 140 15 79

5 17 90 8
110 11

80 9
Avg. 90 9 49

10 21 60 6
50 6
70 7

Avg. 60 6 32

20 28 30 4
5o 6
40 4

Avg. 40 5 26

60 65 20 2
10 1
10 1

Avg. T0 1

0.3 350 0 9 50 4
30 4
50 4

Avg. 40 4 22

5 10 10 1
10 1

10 1
Avg. 10 1 6

10 13 ) >0.5
-- >0.5

>0.5
Avg. - >0.S 2

0.35 400 0 7 20 2
20 2
2n 2

Avg. 20 2 9

5 9 -- >0.5
>0.5
>0.5

Avg. -- >0.5 1

0.6 500 0 4 -- >0.3
--- >0.5

>0.5
Avg. -- >0.5 1

0.8 560 0 0 Avg. 0 0 0
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Appendix Table I fost)

Tensile Properties in the Warp Dtrection of UMa Shipboard Wotr Clothing Fabrics During

Exposure to Various Bilatecal RIdst ueat FLUX Levels

Rupture
Radiant Neater Modulus Load Strength

Heat Flux Teep Nxpoaure Time (oewl (ibs/inch width,/ (lbs/inch Retention
Fabric Description (cal/c1

2
/sec) (0c) At Start At Rupture unit strain) width) (t)

Fabric *21 - 20 - - Avg. 290 56 100
100t wool
15.7 oz/sq yd 0.2 270 0 12 200 46

190 43
240 4S

Avg. 210 45 so

5 1i 220 46
210 44
220 46

Avg. 220 4S so

10 22 240 45
230 43
230 46

Avg. 230 45 80

20 31 270 47
270 48
260 47

Avg. 270 47 84

60 69 220 35
230 35

190 31
Avg. 210 34 61

0.3 350 0 14 220 42
ISO 40
170 42

Avg. 190 42 73

5 17 200 42
220 45
200 39

Avg. 210 42 75

10 22 220 39
210 33
220 3

Avg. 220 37 64

20 29 1s0 18
170 21
210 27
200 26
1_0 22

Avg. 180 23 41

30 31 - <1
-- <1

Avg. Z 1 <1
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Appendix Table I 'cont)

Tensile Properties in the Warp Direction of Mavy Shipboard Work Clothing Fabrics During
Exposure to Various Bilateral Radiant Heat Flux Levels

Rupture

Radiant Beater modulus Lo.... Strength
Heat Flux Temp Exposure Time (sec) (lbs/inch width/ (lbs/inch Retention

Fabric Description (cal/cs
2
/sec) (0c) At Start At Rupture unit strain) width) (.)

Fabric *21 (cont) 0.35 400 0 12 210 45
190 41

21.) 38
Avg. 210 41 73

3 15 190 30
200 29
210 34

Avg. 200 31 iS

10 20 210 30
190 29
80o 34

Avg. 190 31 48

20 23 50 2
65 3
65 3

Avg, 60 3 5

25 - Avg. - 0 0

0.6 500 0 9 230 35
210 33
210 31

Avg. 220 33 59

5 11 180 18
180 18

180 17
Avg. 180 18 32

10 12 -- <1
1

Avg. --- <1 <1

0.8 560 0 1 210 23
200 23
190 21

Avg. 200 22 39

5 9 100 6
120 7
110 6

Avg. 110 6 11

10 - Av. -- 0 0
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Appsadil Table I (cost)

Yenail. Ptopertiea in thme Warp Direction of "ov fbipbomar Work Clothing Fabrics During
,iposure to Various Bilateral Radiant "aat Flux L~v*ls

Rupture
Radiant Neaxter Nodulus 1oad Strength

meat Flux Temp Exposure Tim. (sac) (lbs/inch width/ elbs/inch RetentionFabric Description (c&l/cm2 /gue)(0c ) At Strt At Rupture unit strain) width) (JL1)

Fabric 128 -- 20 -- Avg. 200 35 100
90/10 wool/nylon
8.2 ax/aq yd 0.2 270 0 14 90 22

90 29
100 24

Avg. 90 25 71

3 17 120 22
130 24

90 27
Avg. 110 24 69

10 22 130 21
130 24
1S0 28

Avg. 14-0 24 69

20 30 120 20
120 22
120 20

Avg. 120 21 60

G0 70 90 15
100 1s
100 18

Avg. 10-0 16 46

0.3 350 0 1s so 19
110 21
s0 19

Avg. 90 20 57

5 1s 70 15
100 16

90 17Avg. 90 1646

10 is 90 10
90 9

100 14
Arg. 90 11 31

20 23 40 <
so I
soI

Avg. 50 2

0.35 400 0 11 140 23
IG0 25
140 25

Avg. 150 24 69

3 14 120 15
120 13
120 16

Avg. 120. 15 43

10s1 60 4
70 5
60 4

Avg. 60 4 11

20 - Avg. 0 0 0
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Appendix Table 1 (cont)

Tensile Properties in the Warp Direction of Navy Shipboard Work Clothing Fabrics During
Exposure to Various Bilateral Radiant Heat Flux Levels

Rupture
Radiant Heater Modulus Load Strength

Heat Flux Temp Exposure Time (sec) (lbs/inch vidth/ (lbs/inch Retention
Fabric Description (cal/c 2

/sec) (°C) At Start At Rupture unit strain) width) (t)

Fabric 028 (cont) 0.6 500 0 7 40 3
30 3
40 3

Avg. 40 3 8

5 -- Avg. 0 0 0

0.8 560 0 4 20 1
20 2
20 1

Avg. 20 1 4

Fabric #25 --- 20 -- . Avg. 440 92 100
55/45 polyester/wool
6.6 oz/sq yd 0.2 270 0 11 250 48

360 48
320 48

Avg. 310 48 52

5 17 190 3?
200 44
190 41

Avg. 170 41 45

10 20 190 22
166 19
210 40
220 31
210 36

Avg. 200 30 33

20 27 140 12
120 11
170 16

Avg. 150 13 14

60 64 100 6
90 5

90 5
Avg. 90 S

0.3 350 0 7 130 1e
170 20
140 17

Avg. 150 19 45

5 12 s0 3
40 3
40 3

Avg. 40 3 7

0.35 400 0 6 110 12
90 6

120 11
Avg. 110 10 24

S - Avg. 0 0 0
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Appendix Table I (ost)

Tensile ftoperties in the VOCap Direction of Navy 5hierd Nock Clotaing Fabrics Durinq
EXpoUare to Vagioua Bilateral Radiant Met Flum Levels

Rupture
Radiant Neater Modulus Load Strength

Neat PluX Temp Uxosurm Time 15e0 (lbe/inch width/ (lbs/inch RetentionFabric Description (Cal/c=2
/s*c) J0 At SaCt At Rupture unit *ttain) width) (11)

Fabric 825 (cont) 0.6 P00 0 2 70 69
70 67
60 60

Avg. 70 65 6

0.8 560 0 2 40 1

40 1
40 1.

Avg. 40 1 I

Fabric 878 - 20 - - Avg. 2170 205 100
core spun, semi-
carbon Kevlar 0.2 270 0 a 1720 168
15.4 oz/sq yd 1770 169

1740 174
Avg. 1740 170 #1

5 13 1610 171
1500 171
1510 172

Avg, 1570 171 83

10 17 1540 170
1600 169
1620 170

Avg. 1590 170 83

20 26 1520 139
1540 159
1610 156

Avg. 1560 151 74

60 65 1480 .10
1440 11.
13.0 109

Avg. 1420 112 55

0.3 350 0 0 1340 153
1370 152
1290 154

Avg. 13:0 153 75

5 12 1440 148
1450 155

1380 140
Avg. 1430 148 72

10 16 1260 125
1390 136
1420 136

Avg. 1030 130 63

20 26 1130 101
1110 104
1200 l02

Avg. 1150 106 52

60 62 960 39
1010 26
1080 27

Avg. 1020 31 15
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Appendix Table I (cont)

Tensile Properties in the Warp Direction of Navy Snipboard Wer•i Clothing Fabrics During
Exposure to Various Bilat~ral Radiant meat Flux Levels

Rupture
Radiant Heater Modulus Load Strength

Heat Flux Tamp Exoeure Tine (sec) 'bs/inch vidth/ (lbs/inch Retention
Fabric Description (cal/cs 2

/sec) (0c) At Start At Rupture unit strain) width) (1)

Fabric #78 (cont) 0.35 400 0 8 1210 148
1180 148
1190 148

Avg. 1190 148 72

5 12 1270 135
1260 139
1320 143

Avg. 1290 139 f8

10 16 1060 100

1070 100

1240 11.
Avg. 1120 106 52

20 25 870 63
840 63
890 69

Avg. 870 65 32

60 62 990 29
960 28

1010 28
Avg. 990 28 14

0.6 500 0 7 1160 133
1240 136
1170 120

Avg. 1190 130 63

S 11 980 78
1110 87
930 78

Avg. 1000 K1 40

10 14 500 25
560 33
480 25

Avg. 510 2T 14

20 22 420 11
460 12
440 13

Avg. 440 12 6

60 61 640 13
6SO 11
640 13

Avg. 650 12

0.8 560 0 7 1080 94
1040 106

1100 110
Avg. 1070 104 SI

5 10 740 51
710 49
740 47

Avg. 730 49 24

10 13 200 10
;70 S

2 9 13
Avg. 200 10 5

94



Appendix Table I (mel

Tensile Proerti*es in the Warp Direction of "avy Shipebrd Nock Clothing Fabrics During
Zzpomute to Vlrioua allateral Radiant Meet Flux Levels

Rupture
Radiant Neater Moduius Loa Strength

84.t Flux ?esVp Exposure Tlma (sec) (1be/inch vidth/ (Ils/inch Retention
Fabric Description ,cal/cm2

/sac) . At Start At Ruvtu:9 unit strain) width) M3)

Fabric #78 (cont) 20 22 560 13

540 12
560 12

Avg. 560 12 6

60 61 940 12
890 14
620 12

Avg. 880 13 6
Fabric #75 - 20 - Avg. 8450 439 100
1004 levlar
8.3 ox/rq yd 0.2 270 0 C 7670 350

7670 340
6310 30C

Avg. 7220 330 75

5 11 8770 320
7180 320
8770 340

Avg. 8240 330 74

10 15 6820 283
8130 294
7500 318

Avg. 7490 290 fe

20 25 6310 254
7760 265
7420 275

Avg. 7160 264 61

40 65 7500 244
6740 263
6960 270

Avg. 7070 260 59
0.3 350 a 6 8230 285

7760 304
7420 280

Avg. 7o00 291 64

5 10 6030 236
7180 255
7670 257

Avg. 6960 249 37

10 15 6890 205
6750 206
6960 203

Avg. 6870 205 47

20 25 5430 156
5320 150
5670 1ll$

Avg. 5370 165 36

60 65 3690 1ie
4090 125
4290 129

Avg. 4020 124 20
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Appendix Table I (cont)

Tensile Properties in the Ydarp Directicn of I6avy Sbipboard Work Clt.thing Fabrics DurAng
Zzposure to Various Bilateral Radiant seat Flux Levels

Rupture
Radiant Heater Modulus Load Strength

Weat Flux Temp Exposure Tine (3ec8 (lbm/Inch width/ (lbs/inch RetentionFabric Description Ical/cm2
/sec) (0c) At Start At Rupture unit strain) width) (1)

Fabric 675 (cont) 0.35 400 0 6 7580 277
7370 268
7360 271

Avg. 7440 272 62

5 10 5920 192
6430 182
6190 191

Avg. 6180 1813 43

10 is 4290 120
4360 127
4150 127

Avg. 4270 125 28

20 24 3380 93
3510 92
3420 96

Avg. 3430 94 21

s0 64 1850 58
2050 57
2080 57

Avg. 1990 57 13

0.6 500 0 5 5770 190
5110 177
5190 186

Av. 5360 184 42

5 9 3180 84
2780 80
3380 79

Avg. 3110 81 18

10 14 1590 40
1391 37
1650 41

Avg. 1540 39

20 24 1230 34
1440 Z8
13.o 38

Avg. 1350 37 6

60 63 1090 26
940 25
S._ 25

Avg. 970 25 6

0.8 560 0 5 4820 123
4430 136
4910 13.

Avg. 4720 132 30

5 9 1860 45
1550 44
17i0O 4S

Avg. 1710 45 10

10 13 1040 34
1130 33
1130 35

Avg. 1120 W a

20 22 460 12
520 Is
530 17

Avg. 500 15 3
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Appendix Table I (cot)

Tenaile Properties in the Warp DireOtion of avy Shi8boad Work Clothi-. Fabrics During
IxpoSure to Various Uilatersl Raditt 2est Flux Levels

Rupture
Radiant Beater modulus Load Strencqth

Beat ?luz Temp Rxposurs Time (55ee (lbs/Lnch width/ (ibs/Inch Retention
Fabric Description (cal/c 2

/sec-) 0c) At Start At Rupture unit strain) width) |

Fabric 647 --- 20 - - .Vg. 600 152 100
q08t momex

8.1 oz/,q yd 0.2 270 0 16 500 172
540 130
520 125

Avg. 520 142 93

5 20 40 116
440 106
500 124

Avg. 480 116 76

10 25 S00 122
460 113
490 122

Avg. 4T8 11T 78

20 35 460 115
430 108
450 112

Avg. 450 11r 73

60 75 430 104
450 109
440 106

Avg. 440 104 70

0.3 350 0 15 460 111
480 107
460 114

Avg. 470 111 73

S 1s 390 60
430 86
410 91

Avg. 420 86 57

10 22 400 71
390 71
360 79

Avg. 390 74 49

20 32 340 72
350 64
340 72

Avg. 350 70 44

d0 72 370 70

34C 64
360 70

Avg. 360 69 45

0.35 400 0 14 400 so
$20 84
430 9L

Avg. 410 t6 57

5 17 350 i5
330 G0

323 is
Avg. 330 40 39

10 22 300 53
310 si
2A 49

Avg. 310 53 35
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Appendix Table I (cont)

Tensile Properties in the Warp Direction of Navy Shipboard Work Clothing Fabrics During
Exposure to Various Bilateral Radiant Heat Flux Levels

Rupture
Radiant Heater modulus Load Strength

Heat Flux tomp Exposure Time (see) (lbs/inch width/ (lbs/inch Retention
Fabric Description (cal/cm2

/sec) JOL At Start At Rupture unit strain) width) Mfl

Fabric #47 (cont) 20 30 290 43
330 43
310 5o

Avg. 310 45 30

60 68 310 31
320 37
270 20

Avg. 300 32 21

0.6 500 0 11 250 39
230 43
240 43

Avg. 240 42 28

5 12 130 12
170 19
150 16

Avg. 110 16 11

10 15 60 6
50 5
40 4

Avg. 50 5 3

0.8 560 0 a 160 23
160 21
160 19

Avg. 160 21 14

5 9 50 5
40 4
50 4

Avg. 50 4 3

Fabric 474 - 20 - - Avg. 4750 202 100
50/50 Nomex/Kevlar
6.0 oz/sq yd 0.2 270 0 4 4170 164

3920 158
3970 162

Avg. 4020 161 s0

5 9 4190 151
4410 150
4040 154

Avg. 4220 152 75

10 is 3500 137
3180 133
4030 144

Avg. 3570 138 68

20 25 3750 133
3550 134
3600 139

Avg. 3630 135 67

60 65 3290 136
3070 129
3380 129

Avg. 3250 131 65
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Appendix Table I (cont)

Tensile Properties in the warp Directic"of " shipaboard Work Clothing Pabrics During
Rxpsaure to Various Bilateral Radlant seat Flux Levels

Rupture
Radiant . eater Modulus Load Strength

seat Flux Tev 3xpoaure T1ie (sec) fibs/inch width/ (lbs/Inch Retention
Fabric Deacription (cal/cU2

/sec) {0c) At Start At RuIpture unit strain) width) 4j

Fabric #74 (cont) 0.3 350 0 5 3990 144
3000 144
3910 140

Avg. .900 143 71

5 10 3000 108

3140 110
3000 108

Avg. 3050 109 54

10 15 2970 86
2430 89
2700 91

Avg. 2700 89 44

20 25 2330 89
2330 81
2500 87

Avg. 2390 86 43

60 65 2350 04
2410 84
2290 84

Avg. 2350 84 42

0.35 400 0 5 3860 132
3800 132
3860 132

Avg. 3840 132 65

5 10 2700 85
2650 93
2900 91

Avg. 2750 90 45

10 15 2600 78
2050 79
2390 88

Avg. 2340 82 41

20 24 1530 46
1530 49
1690 54

Avg. 1590 50 25

60 64 1140 39
1100 38
1110 38

Avg. 1120 38 19

0.6 500 0 4 2530 77
2430 78
2480 72

Avg. 2480 76 38

5 9 1090 29
1220 32
1440 35

Avg. 1250 32 16

10 14 940 23
930 23
840 21

Avg. 900 22 11
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Appendix Table I (cont)

?*naile Properties in the Warp Direction of wavy Shipboard Work Clothing Fabrics Dur ing
Exposure to Various Bilateral Radiant Heat Flux Levels

Rupture
Radiant Heater Modulus Load Strength

Heat F'lux Temp Exposure Tinme (sec) (lbs/inch width/ (lbs/inch Retention
Fabric Description (cal/c=2 /gec) Jocj At Start At Rupture? unit strain) width) M.1L..

Fabric #74 (cant) 20 24 560 15
520 13
510 15

Avg. 530 14 7

60 62 290 10
290 9
240 7

Avg. 270 9 4

0.8 5f) 0 5 1990 53
1890 53
1890 55

Avg. 1950 54 27

.5 9 990 19
980 22
850 22

Avg. 940 21 10

10 14 590 14

520 13
51f0 13

Avg. 540 13 6

20 22 190 4
210 5
220 5

Avg. 210 52

25 25 8so
901
701

Avg. 80 11

Fabric #73 -- 20 - - Avg. 2C90 129 100
95/5 Nomex/Kevlar
5.3 az/sq yd 0.2 270 0 6 1780 102

1790 104
1780 106

Avg. 1780 104 81

5 10 1580 95
1530 101
1430 91

Avg. 1510 96 74

10 15 1320 85
1380 87
1320 89

Avg. 1340 8-7 67

20 25 1220 84

1270 82
1240 87

Avg. 1240 84 65

60 65 1390 86
1380 84
1530 87

Avg. 1430 86 67
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AppSaiLz Tabu I (oaot)

TeuMile Prgegcties in the Warp Direotioa of aMwy Shipboard Work Clothing Fabrics Duringups•eure to Various Bilateral Radiant Seat flux Levels

RuptureRadiant neater Modulus Load StrengthSeat Flux ?Me am.posure TIM (8ge) (lbs/inch width/ (lbs/inch RetentionFabric Description (cal/cm2
/"c) (0c) At Start At Rupture unit strain) vidth))

Fabric #73 (cont) 0.3 350 0 5 1200 69
1230 71
1290 76

Avg. 1240 72 56

5 9 890 47
870 46
840 47

Avg. 870 47 36

10 14 640 34

760 42
720 43

Avg. 700 40 31

20 24 640 36
690 39
700 39

Avg. 670 38 29

60 64 640 41
590 37
660 41

Avg. 630 40 31
0.35 400 0 4 1420 78

1420 s0
1320 76

Avg. 1390 79 61

5 9 840 40
700 36
650 41

Avg. 600 39 30

10 14 600 28
700 30
700 34

Avg. 660 31 24

20 23 460 22

530 28
570 30

Avg. 530 27 21

60 62 440 19
440 19
520 20

Avg. 470 19 15

0.6 500 0 3 1260 53
1290 46
:30 46

Avg. 1300 49 30

5 7 370 10
370 9
420 11

Avg. 380 10

10 11 70 2
10 2

90 2
Avg. s0 2
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Appendix Table 1 (coant)

Tensile Properties in the Warp Direction of Navy Shipboard Work Clothing Fabrics During

Exposure to Various Bilateral Radiant Beat Flux Levels
/

Rupture

Radiant Heater Modulus Load Strength

Heat Flux eamp Exposure Time (sec) (lbs/itch viejth/ (lbs/inch Retention

Fabric Description (cal/c"
2/sec) .JC. At Start At Rupture unit strain) width) (s)

Fabric 173 (cont) 0.8 560 0 2 1110 35
1140 37
1090 34

Avg. 1110 35 27

5 6 40 2
so 2

50 2
Avg. 50 2 2

Fabric #39 20 - - Avg. 1120 173 100

"nylon. butyl coated
12.5 ox/sq yd 0.2 270 0 13 720 97

/20 101
730 101

Avg. 730 100 58

5 18 590 97
580 96
630 96

Avg. 600 96 56

10 23 530 94
540 95
540 96

Avg. 540 95 55

20 32 500 91
480 89
490 98

Avg. 490 93 54

60 72 400 81

420 79
490 79

Avg. 400 79 46

0.3 350 0 12 570 71
580 72
590 74

Avg. 580 73 42

5 14 410 53
400 57
400 57

Avg. 400 56 32

10 17 350 42
.340 41
380 50

Avg. 360 44 25

20 23 40 3
40 3
70 6

Avg. 0 42

0.35 400 0 8 470 50
480 54
490 53

Avg. 480 52 30

5 10 290 32
260 28
290 29

Avg. 280 30 17
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Appendia taxle I (o I

Tensile Properties in the warp Direction of navy ShIpboard Work Clothing Fabrics During
WAposute to Various Bilateral RadIeat Seat Flux Levels

Rupture
Radiant Neater Modulus Load Strength

veat Flux Tem Exposure Time (see) (lbs/inch width/ (lbe/inc!h Retention
Fabric Description (Cal/cm2

/sec} (C) At Start At Rupture unit strain) width) (0)

Fabric 139 (cent) 10 11 140 9
120 7

4
"IS0 7
140 aS•9. 140 7 4

15 15 An. 0 0 0

0.6 S00 0 4 300 26
370 26
400 32

Avg. 360 26 16

5 S Avg. 0 0 0

0.8 560 0 3 300 17
360 20
300 13

Avg. 320 17 10

s 5 Avg. 0 0 0
Fabric #S - 20 - - Avg. 1300 72 100
cotton, resin modi-
.ied. butyl coated 0.2 270 0 S 1300 6810.5 oz/sq yd 1260 58

1090 57
Avg. 1220 61 65

S 10 1270 60
1260 53
1140 49

Avg. 1230 54 75

10 14 1310 54
1180 45
1230 46

Avg. 1241 48 67

20 25 1060 42
1130 42
1020 34

Avg. 1070 39 34

60 65 1050 35
1040 40
940 32

Avg. 1010 36 s0

u..3 350 0 5 760 30
140 39
920 39

Avg. 640 36 s0

5 10 770 32
850 36
920 32

Avg. 850 33 46

10 15 790 30
750 28
640 28

Avg. 790 29 40
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AppeMnIx Table 1 (cont)

Tensile Properties in the Warp Direction of navy Shipboard Work Clothing Fabrics During
Exposure to Various Bilateral Radiant Heat Flux Levela

RuptureRadiant Heater Nodulus Load Strength
Heat Flux Temp Exposure Time (secL (1ba/inch vidth/ (lbs/inch RetentionFabric Description (cal/cm2

/8ec) (LC) At Start At Rupt-ire unit strain) width) ,,,JLt)

Fabric 05 (cont) 20 2S 790 27
810 27
850 32

Avg. 820 29 40

60 62 50 1
60 1
30 1

Avg. 50 1

0.35 400 0 5 1160 50
1210 43
1220 49

Avg. 1200 47 65

5 10 750 27
910 31
890 33

Avg. 850 30 42

10 15 700 23
820 24
So0 25

Avg. 780 24 33

20 22 90 1
40 1

100 3
Avg. 80 2 3

0.6 500 0 5 1020 36

890 30
820 33

Avg. q10 33 46

5 9 296 8
13M 5
160 6

Avg. 190 6 8

10 10 Avg. 0 0 0

0.8 560 0 5 680 23
610 22
610 21

Avg. 630 22 31

5 S Avg. 0 0 0

Fabric 032 -- 20 -- - Avg. 1440 158 100
nylon, neoprene
coated 0.2 270 0 7 1050 120
7.7 oz/sq yd 1130 125

1130 125
Avg. 1100 123 7

5*" S 12 930 110

990 110
850 99

Avg. 920 110 67

10 18 750 83
790 102
730 94

Avg. 760 93 59
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Appendl Table I (Cnt)

Tensile Properties in the Warp Direction of MaVy Sb&board Work Clothing Fabrics During
aposure to Various Bilateral Radiant Beat P lus Ivelas

RVlPtUC4`
Radiant seater modulus Load Strength
seat Flux Tamp IxpEaure Time (sge) (lbs/inch width/ (lbs/irch Retention

Fabric Description (cal/c 
2
/sec) (OC) At Start At Rupture unit strain) width) (tL

Fabric 032 (cont) 20 28 680 95
740 94
670 93

Avg. 700 94 59

0.3 350 0 7 630 70
640 do
640 70

%vg. 340 59 44

5 12 480 62
400 50
400 52

Avg. 430 55 35

10 15 310 31
340 34
300 31

Avg. 310 32 20

15. 15 Avg. 0 0

0.35 400 0 490 48
440 48

570 61
Avg. 500 52 33

5 0 270 20
300 25
290 21

Avg. 290 22 14

10 10 Avg. 0 0 0

0.6 500 0 4 380 25
430 32
400 29

Avg. 400 29 18

S S Avg. 0 0 0

0.8 560 0 3 450 20
440 18
460 20

A"g. 450 19 12

S S Avg. 0 0 0

Fabric 010 -- 20 - - Avg. 350 67 100
nylon, poly-
urethane coated 0.2 270 0 14 210 30
3.1 os/eq yd 190 29

Avg. 200 30 45

5 18 130 29
120 31
130 30

Avg. 130 30 45

105



Appendix Table I (cont)

Tensile Properties in the Warp Direction Oa Navy Shipboard Work Clothing Fabrica Outing
Exposure to Various Bilateral Radiant Heat Flux Levels

Rupture
Radiant Heater Modulua Load Strength

Heat Flux Temp Exposure Time (sec) (lbs/inch width/ (lbs/inch Retention
Fabric Description (cal/cm2

/sec) (0.L At SLart At Rupture unit strain) width) (

Fabric #18 (cont) 10 24 90 23
120 29
120 28

Avg. 110 26 39

20 33 90 22
120 30
100 28

Avg. 110 27 40

60 72 120 28
130 30
130 28

90 4 )ialtad
120 7

Avg. 120 19 28

0.3 350 0 5 140 7
120 7
140 a

Jvg. 130 7 10

5 6 1
-- 2

1Avg. - 1 2

0.35 400 0 3 150 7
150 6
170 7

Avg. 160 7 10

5 5 Avg. 0 0 a

0.6 500 0 1 170 3
160 3
160 3

Avg. 160 3 5

0.8 560 0 1 160 3
160 2
160 2

Avg. 160 2 3

Fabric #72 -- 20 - - Avg. 3010 163 100
PAN
15.6 oz/sq yd 0.2 270 0 6 2410 127

2500 130
2780 138

Avg. 2570 128 79

5 11 2130 131
2000 136
2130 131

Avg. 2080 133 12

10 15 1900 129
1860 121
1900 1_9

Avg. 1890 130 00

20 24 1840 121
1970 131

1901 137
Av,. 1900 130 0o
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Appendix Table I (omt)

Tensile Properties in the Warp Directioa of Navy Shipboard Work Clothing Pabjics During
Exposure to Veriom Bilateral adiantt Heat Flux Level&

Rupture
Radiant Heater 4odu lus Load Strength

Heat Flux Temp Exposure Tiese (ec) (lbs/inch vidth/ (lbs/inch Retention
Fabric Description (cal/cN2

/sGc) (ýC) At Start At Rupture unit strain) width) (t)

Fabric #72 (cont) GO 63 1920 84
1930 91
1930 87

Avg. 1930 87 53

0.3 350 0 4 1990 113
2050 121
2000 113

Avg. 2010 i16 71

5 9 1710 126
1710 126
1840 123

Avg. 1750 125 77

10 14 1840 125
1780 118
1550 115

Avg. 1720 1I9 73

20 23 1570 95
1610 94
1580 as

Avg. 1590 92 56

d0 s0 600 6
1000 1
600 6

Avg. 730 7 4

0.35 400 0 6 1780 113
1590 113
1670 123

Avg. 1660 116 71

5 10 1630 120
1840 128
1563 115

Avg. 1679 12-1 74

10 14 1610 106
1710 103
1640 100

Avg. 1650 105 64

20 22 1890 55
1040 45
1210 50

Avg. 1300 SO 31

60 s0 1190 a
S00 6
790 0

Avg. 930 7 4
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Appendix Table 1 (cont)

Tensile Properties in the Warp Direction of Navy Shipboard Work Clothing Fabrics During
Expopure to Various bilateral Radiant Heat Flux levels

Rupture
Radiant Heater Modulus Load Strength

Heat Flux Temp Exposure Time (sec) (lbs/inch width/ (lbs/inch Retention
Fabric ,escription (cal/cm2/sec} (OC) At Start At Rupture unit strain) width) (%I

Fabric #72 (cont) 0.6 5n0 0 6 135A 125
1310 118

1410 120
Avg. 1360 121 74

5 9 1500 90
1510 95
1550 90

Avg. 1520 92 56

10 13 950 33
900 39
950 35

Avg. 930 36 22

20 20 680 4
650 3
550 4

Avg. 660 4 2

0.8 560 0 5 1340 103
1380 108
1330 109

Avg. 1350 107 66

S 8 1270 68
1290 68
1270 65

Avg. 1280 67 41

10 11 610 8
590 0
620 11

Avg. 610 9 6

15 15 470 3
440 3
350 2

Avg. 420 3 2
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ApWMdLZ Table 3

Time to Igaitiom for a Sbipboard uock Clothing Pbg..m Expoeed to Dilateral Radiant anet

Radiant Beater
"at Flux Temp Time to Ignition

Fabric Description (cal/c€2 /ssc) .(CC) (econds) Booke Generation

Fabric #36 0.2 270 so ionitiom, 2 lin Light moke agt 45 seconds
1000 cotton
13.3 os/aq yd 0.3 3SO G1w only Medium smoke &t 55 seconds

90

75

A"g. 83

0.35 400 aw ony On"? sake at 35 seacooda
s0
so
5o

Avg. 5O

0.6 500 17 Seavy smoke at 18 aeconds
21
is

Avg. 1W

0.6 540 9 Nedium smoe at e seconds
10

Avg. 10

0.9. 600 6 Light amok at S ecnaa
6
6

Avg. 6

1.1 650 4 Light smok* at 3 seconds
4
1

AvO. 4

Fabric 638 0.2 270 No igultiomn, 2 misno smoke generation
1000 cotton
10.3 oa/sq yd 0.3 350 No ignition. 2 aln Medium smoke at 30 Seconds

0.3S 400 no ignition, 2 min Medium smoe at 15 2eondn

0.6 S00 Gloa, 15 seondf Nee smoke at S seconds

0.8 %a 5 Light smoke at 4S seaonds
S2

AVg. 6

0.9 600 5 Nedtum ma@e at 4 ecoanda
S

Av. 5

1. 650 3 "f ms at ignition

Avg. 3
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Appendix Table 2 (oont)

Time to Ignition for Navy Shipboard rock Clothing Fabrics Zxposed to Bilateral Radiant Heat

Radiant seater
Heat Flux Temp Time to Ignition

Fabric Description (cal/cs
2
/sec) (C) (Veconds) Smoke Genwration

Fabric #70 0.3 350 so ignition, 2 min Medium smoke at 30 seconds
80/20 PFR
rayon/polyester 0.35 400 No ignition, 2 min Medium Smoke at 20 seconds
8.6 ox/sq yd

0.6 500 No ignition, 2 min Heavy samok. at 6-9 seconds

0.8 560 6 Medium smoke at 4 seconds
6
S

Avg. 5

0.9 600 4 Medium smoke at 2-3 seconds
3
S
3
_3

Avg. 3

1.1 650 2 Heavy Smoke at ignition
2
2

Avg. 2

Fabric 671 0.2 270 No ignition, 2 min Light amoek at 6G ,econds

80/20 FR rayon/
osmex 0.3 350 no Ignition, 2 min Heavy anke at 20 seconds
8.5 oz/sq yd

0.35 400 ne ignition, 2 min Heavy moke at 15 soconds

0.6 500 7 BeTwY smoke at 6 seconds

Avg. a

0.3 560 5 Light smoke at 4 seconds
6

Avg. S

0.9 600 4 Light smoke at 3 seconda
4

4
Avg. 4

1.1 650 3 no moke qeneration
3
3

Avg. 3
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Appendix ?abe 2 (cmat

Time to Ignition for Navy Shipboaud Moot Clothing Fabrics 2spoaed to Bilateral Radiant meat

Radiant leatr
Beat Flux Tem Tima to Xqnitica

Fabric Description (tcl/c*
2

/sec) J0L (*condo) _ Soke Generation

Fabric 010 0.2 270 so ignition, 2 ana No smoke generation
rayon warp
cotton fill 0.3 350 alim Light-medium smoke at 60-90 seconds
8.2 os/eq yd

70
Avg. 62

0.33 400 Glow Medium-beavy smke at 20-235 econds
34
30
30

Avg. 3J

0.6 500 9 14 Ieavy amoke at 7-10 seconds
10 8
14

Avg. 11

0.8 560 a 6 Light amoke at S scond

3
Avg. 6

0.9 600 5 Light awoke at 4 seconfe
S

I
Avg. S

1.1 650 4 Light mokte at 3 second&
4

1
Avg. 4

Fabric 034 0.2 270 go Ignition, 2 aMa so rNoke generation
00/20 PrS rayon/Wolex
7.0 os/aq yd 0.3 350 No ignition. 2 aln Medium-heavy smok at 20 Seconds

0.35 400 go ignition. 3 alm Meevy soke at 13 ecoanda

01 o 500 I Nevy mnoao at 7 second$
0
I

Avg. 0

0.8 560 4 Nedium-heavy moke at 2 sooanda
3
3

Avg. 3

0.9 600 2 LL4t smoe at I ecani
2
1
2

1.1 I50 1 Light s0oe at <1 djeond
2
I

.Avg. I
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Appendix Table 2 (cont)

Time to Ignition for Navy Shipboard Nork Clothing Fabrics Exposed to bilateral Radiant neat

Radiant Neater
Heat Flux Temp Tim to Ignition

Fabric lDecription (cal/cm
2
/sec) J°L (aecondsj Smoke eneration

Fabric #37 0.2 270 No ignition, 2 min No smoke generation
1001 cotton
5.1 oz/sq yd 0.3 350 Glow Only Medium smoke at 10 seconds

35
35
35
35

0.35 400 Glow Only Medium to heavy at 10 secxwns
21
23
23

Avg. 22

CA 500 6 Medium smoke at 4 second*
6
S

Avg. 6

0.3 560 4 Light smoke at 3 seconds
4
4

Avg. 4

0.9 600 3 Light smoke at 2 seconds
3
_3

Avg. 3

1.1 650 2 Light smoke at 1 second
2
2

Avg. 2

Fabric $48 0.2 270 No ignition, 2 min no smoke generation
1001 cotton
4.3 o0/sq yd 0.3 350 81 Light smoke at 10 seconds

90 (glow only)
Avg. 81

0.35 400 30 Medium to heavy smoke at 25 seconds
33
35 (glow only)

Avg. 32

0.6 S00 13 Medium smoke at 12 seconds
14
13

Avg. 13

0.8 560 7 Light amoke at 7 seconds
9

Avg. S

0.9 600 6 Light smoke at S seconds
7
6

Avg. 6

1.1 650 5 Light smoke at 3 seconds
3

Avg. 4
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Anendix Table 2 (cost)

?ime to Ignition for navy Shipboo d work Clctbing Fabrics suposed to Bilateral Radiant meat

Radiant oeatee
Beat Flux Tamp Time to ignition

Fabric Description. (cal/cun2/eec) (0c) (seconds) amoke Generation

Fabric @21 0.2 270 so ignition, 2 min No smke generation
1001 wool
15.7 o/s/q yd 0.3 350 No ignition, 2 min qedium smoce; slight intumescent

chat at 60-70 seconds

0.35 400 No ignition, 2 min Radium-heavy smoke, intumescent
char at 35 seco•da

0.1 500 Glow Heavy amoake intumencent char at
105 1S-20 seconds
110
120

Avg. 112

0.8 560 Glow with smail Heavy mokte, intumescent char at
flame 15 seconds

60
54
63

Avg. 5U

0.9 600 33 Heavy emoke, intumescent char at
44 9-12 seconds
35

Avg. 37

1.1 650 34 Heavy suckeF i,.tumescent char at
14 ?-10 seconds

11
31
33

Avg. 24

Fabric #63 0.2 270 No ignition, 2 min Medium smoke, slight melting at 80
70/30 vool/modacrylic seconda
12.8 os/eq yd

0.3 350 No ignition, 2 min Madium emoke at 55 seconds

0.35 400 so ignition, 2 min Heavy aoke, slight melting at 30
second

0.6 S00 Molts apart at 13 Medium smoke at 12 seconds

0.8 560 Melts apart at 9 Light smoke at S seconds

0.9 600 Molts apart at 8 Medium smake at 2 aeconds

1.1 650 Molts apart at 6 Heavy smoke at 6 seconds*

Fabric 023 0.2 270 no ignition, 2 min Light smoke at 40 seconds
100% wool
12.3 os/sq yd 0.3 350 No ignition, 2 min Nedium amok*, Intumescent char

45-50 seconds

0.35 400 No ignition, 2 sin Reavy moke at 35, intumescent char

at 40 seconds

0.6 S00 Melts apart at 13 Seavy amoke at 6-9 seconds

0.8 560 Molts Lpart at 10 Light smoke at 4 seconds

0.9 600 Malts apart at HeSvy moke at 1 second

1.1 650 Molts apart at 6 Heavy smoke at 1 second
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Appendix Table 2 (cant)

Tinm to ignition for Navy Shipboard Work Clothing Fabrics RIpoaed to lilateral Radiant Beat

Radiant Neater
Beat Flux Temp Tin to Xgnition

Fabric Description (cal/ a!ec) (0c) (*econdo) Smoke Generaticn

Fabric #46 0.2 270 No ignition, 2 min No smoke generation
1001 wool
(mothproof-treated) 0.3 350 so ignition, 2 sin Medium smoke at 70, light intu-
11.6 oz/sq yd nascent char at 75 seconds

0.35 400 go ignition, 2 min Heavy -mok*, intumeaacent char
at 45-50 seconds

0.6 500 62 Neavy smoke, intumeacent char at
70 20 seconds
s0

Avg. 77

0.8 560 53 Heavy smoke, intumoscent char at
Sa 15 seconds
51

Avg. 54

0.9 600 47 Heavy amoke, intumeacent char at
44 13 seconds
45

Avg. 45

1.1 650 43 Heavy smoke, intumaacent char at

36 9 seconds30
Avg. 37

Fabric #62 0.2 270 No ignition, 2 min Medium smoke, slight naltin4 at 110
70/30 wool/modacrylic seconds
11.5 az/sq yd

0.3 350 No ignition, 2 min Heavy smoke at 45 seconds

0.35 400 No ignition, 2 mnn Heavy smoke, slight nalting at 20
seconds

0.6 500 Glew only Heavy snoke, melting at 10 seconds
55
70
75

Avg. 67

0.8 540 Melts apart at 7 Medium make at 2 seconds

0.9 600 Melts apart at 6 Medium smoke at 2 seconds

1.1 650 Melts apart at S Heavy samoe at 4 secondo
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Appendix Table 2 (comt)

Time to Ignition for navy Shipboard Work Clothing fabelcs cpaeed to Bilateral Radiant Heat

Radiant Heater
Heat Flax Temp Time to Ignition

Fabric Description (cal/cm
2

/seo) (oc) (seconda| Smoke Generation

Fabric 028 0.2 270 No ignition, 2 ain No smoke generation
90/10 wool/nylon
8.2 oz/sq yd 0.3 350 No ignition, 2 mini Light-medium smoke slight intu-

maescent char at 45 seconds

0.35 400 No ignition, 2 sin Nedium-heavy smoke, intumescent
char, slight melting at 20-25
secon"s

0.6 500 Glow Heavy smoke. intumescent chat at
90 10 seconds

120
105

Avg. 105

Small
0.8 560 Glow Flame Heavy smoke, intumascent char at

25 30 10 seconds
21 24
25 32

Avg. 24 29

0.9 600 21 Heavy smoke, intumescent char at
18 8 seconds

Avg. 18

1.1 650 19 Heavy smoke. intumescent char at
12 6 seconds
10

Avg. 14

Fabric 025 0.2 270 No ignition, 2 min ino smoke generation
55/45 polyester/wool
6.6 oz/sq yd 0.3 350 No ignition. 2 sin No smoke generation

0.35 400 No ignition, 2 sin Heavy smoke, melting at 15 secondo

0.6 500 No ignition. 2 win Heavy smoke, melting at 8-10 seconds

0.8 560 Glow Heavy smokc, melting at 4 seconds
25
30
20

Avg. 25

0.9 600 17 Heavy smoke, melting at 6-0 seconds
20
16

Avg. 18

1.1 650 3 Nedium smnke at 2-3 seeoAds
3
3

Avg. 3
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Appendix Table 2 (cant)

Time to Ignition for Navy Shipboard Noct Clothing Fabrics Uzposed to Bilateral Radiant Beat

Radiant Neater
Beat Flux Tle Time to Ignition

Fabric Description (cal/cM2
/aec) ("L , secondao) Smoke Generation

'.bric 045 0.2 270 No ignition, 2 mnn Mo smoke generation
100t acrylic
9.7 os/sq yd 0.3 330 Melts apart at 70 Medium smoke at 60

0.35 400 Melts apart at 45 Medium smoke at 35

0.6 S00 Melts apart at 12 Light moke at 10 seconds

0.8 560 Melts apart at 9 Light smoke at I

0.9 600 Melts apart at 8 Light smote at 7 seconds

1.1 650 Melts apart at 7 Light smoke at 6 seconds

Fabric #78 0.2 270 No ignition, 2 min Mo moe generation
corespun. semi-
carbon Kevlar 0.3 350 No ignition, 2 mnm Light moke at 25 seconds
15.4 os/sq yd

0.35 400 no ignition, 2 min Light smoke at 20 seconds

0.6 S00 no Ignition, 2 min Light moke at 15 seconds

0.8 560 Light Glow Only, Light smoke at 10 seconds
40

0.9 600 Light Smell Light smoke at 8 seconds
Glow Flame

30 90
30 42
30 12
30 75
30 80

Avg. 30 74

1.1 650 25 Light to medium smoke at 8 seconds
28
21

Avg. 25

Fabric #75 0.2 270 No ignition, 2 min go smoke generation
lOOt Kevlar
8.3 os/sq yd 0.3 350 No ignition, 2 min No moke generation

0.35 400 no ignition, 2 min No moke generation

0.6 S00 go ignition, 2 min No smoke generation

0.8 560 Glow Flme Medium smoke at 35-45 seconds
40 70
s0 70
50 -

40
40 -

Avg. 40 70

0.9 600 Glow rlam* Medinm smoke at 15 seconds
20 43
20 -
25 36
20 32
20 26

Avg. 21 34

1.1 650 23 Nedium-heavy smoke at 12 seconds
22
21

Avg. 22
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Appendiz Table 2 (coat)

?ime to Ignition for Navy Sbipbos d Nock Clothing Fabrics Exosed to Bilatecal Radiant Heat

Wadiant Neater
Neat Flux Tom TIe to Ignition

,abric Description (cal/cm2/secj J0L (secondal Smoke Generation

fabric @47 0.2 270 so ignition, 2 aim no smoke generation
1000 Nonex
8.1 ox/sq yd 0.3 350 No ignition, 2 min No moke generation

0.35 400 No ignition, 2 sin Light mocks at 17 3econd*

0.1 S00 No ignition. 2 min Uediws .moak at 10 seconds

0.8 560 Nmalt. 10-13 Medium maoke at 7 son

0.9 600 Omal Medium amke at 5 a a.
Glow rime meits at 10

65 05
75 95
70 90

Avg. 65 SO

1.1. 650 43 Nedium moke at 4 seconds, meait
45 at 7
45

Avg. 44

Fabric 074 0.2 270 No ignition. 2 min No smake generation
50/50 Nowex/Xe*var
6.0 os/sq yd 0.3 350 no ignition, 2 sin No make generation

0.35 400 No ignition, 2 sin No moake generation

0.6 500 No ignition. 2 sin Light moke, at 15 seconds

0.8 560 Gl Medium smoke at 8 seconds
30
25
23

Avg. 27

0.9 600 Glow Sdium smke at 7 seconds
20
is

A"g. 17-

1.1 650 19 Medium-heavy moke at 7 seconds
19
17

Avg. is

Fabric 473 0.2 270 No Ignition. 2 sic No oe generation
95/5 "Noex/leviar
5.3 os/sq yd 0.3 350 No ignition. 2 min Light bake at 15 seconds

0.35 400 No ignition. 2 sin Nediu macke at 15 seconds

0.6 500 no ignition, 2 sin Medium moce at 7 seconds

0.8 56W Light Glow, 40 Nedium smoke at S seconds

0.9 4"00 Sl Medium to heavy make at 3-5
01 Flame "condo

13 30
20 35
is 27

Avg. 17 31

1.1 $so50 1s evy smke at 4 seconds

Avg. I1
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Appendix Table 2 (mot)

Time to Ignition for navy Shipboard Mork Clothing Fabrics Suposed to Bilateral Radiant Heat

Radiant Neater
Neat Flux Tamp Time to Ignition

Fabric Description (cal/cU2
/sec) (C) (econdo) Smoke Generation

Fabric #39 0.2 270 ft ignition, 2 min No moke generation
nylon, butyl coated
12.5 o0/eq yd 0.3 350 Neolt, 20-23 Light emokt at 10 seconds

0.35 400 Melts, 12 Light amoke at 8 seconds, blisters
at 10

0. Sa00 Glow Only Melts at S, light mote and bliater-
23 ing at I seconds
1518

Avg. 19

0.8 560 9 Blisters at 4, light smoe and melt-
8 ing at 7 seconda

Avg. a

0.9 600 6 Light smoke at S seconds
6

Avg. 6

1.. 650 4 Light amoke at 3 seconds
5
4

Avg. 4

Fabric #5 0.2 270 No ignition, 2 min No smoke generation
cotton, resin modi-
fied, butyl coated, G.3 350 No ignition, 2 min Light amoke at 15 seconds
10.5 o0/sq yd

u.35 400 Glcw* Only Medium smoke, coating melte expoe-
65 ing base fabric at 25 aeconds
63
60

Avg. 63

0.6 So0 13 medium smoke, coating melts At
16 1 seconds

Avg. 15

0.8 540 7 Madium mote at 5 seconda

Avg. 7

0.9 600 6 Light smoke at second

Avg. 6

1.1 650 5 Light moke at 3 seconds
5

Avg. 5
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Appendil Table 2 (cont

Time to Ignition for Navy Shipboard Wock Clothing Fabiclos• pomed to Bilateral Radiant Heot

Radiant Maeter
mseat Flux Ymp Tinm to ignition

Fabric Description (Cal/cm2
/soc) (cc) (seconds) Sto@ Generation

Fabric 032 0.2 270 No ignition. 2 i• So moke generation
nylon, neoprene
coated 0.3 350 melts, 15 Light smote at 10 seconds
7.7 on/eq yd

0.35 m00 elts, 10 Light mote at 10 seconds

0.6 500 Welts, 5 NEdium-heavy nmooe at 5 seconds

0.0 540 10 Nedi=m moce. malts at 4 seconds
12

11
Avg. 11

0.9 600 1 Medium noek. melt at 4 seconds
9
&

Avg. i

1.1 650 5 Medium moe at 4 seconds
4
4

Avg. 4

Fabric 418 0.2 270 Welts slightly, 40 No mnooe generation
nylon, polyurethane
coated 0.3 350 Welts, 10 Light smoeli at 5 seconds
3.1 oz/sq yd

0.35 400 Nolte, S so nmoe generation

0.6 500 Welts, 4 so moke generation

0.8 560 Welts, 2 No moke generation

0.9 600 Welts, 2 so smoke generation

1.1 650 2 Wo smoke generation, welts at 1
2 second

Avg. 3

Fabric 072 0.2 270 No ignition. 2 smin no smoke generation
PAN
15.6 oz/sq yd 0.3 350 No ignition, 2 sin Light nmooe at 25 seconis

0.35 400 no ignition. 2 aim Light mwoe at 15 seconds

0.6 500 No ignition, 2 mis Nedium to heavy smoke at 10 seconds

0.8 560 Light glow, 30-35 leavy smote at 10 seconds

0.9 600 Light glow, 30-35 Wedium neooe at 7 seconds

1.1 650 Light Small Nedium smoke at S seconds
Glow plame

10 24
1& 32
AS 40

Avg. 10 32
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Appendix Table 3

Beat Transfer to an Underlying Surface from Fabrics Exposed to
various Unilateral Radiant seat Flux Levels

Incident
Radiant

Heat !lux Radiant Heat
Fabric No. (cal/c•/sec? Time (soc) Transfer M8, Fabric Event Description

Single-Layer Fabrics;

36 0.40 5 5 6 33 38 55 Initial peak
100% cotton 40 40 45 64 79 76 Nedium smoke
13.3 as/sq yd 54 54 52 81 83 $6 Veat transfer stabilisee

0.75 4 4 4 34 34 32 Initial peak
16 17 16 46 49 39 Ignition

1.23 7 6 6 26 28 25 Ignition

38 0.40 3 3 3 33 50 31 Initial peak
100% cotton 25 25 25 60 60 50 Light smoke
10.3 ox/so yd 45 48 45 67 64 57 Heat transfer stabilizes

0.75 2 2 2 40 38 37 Initial peak
15 14 12 118 116 119 Medium smoke
25 20 20 77 87 80 Heat transfer stabilizes

1.25 d 2 2 31 29 30 Initial peak
7 6 8 68 80 82 Ignition

70 0.40 3 3 3 44 S0 48 Initial peak
80/20 P'R rayon/ 25 23 25 135 111 108 Melting
polyester 45 40 40 61 61 68 Heat transfer stabilizes
8.6 oz/sq yd

0.7S 3 2 2 34 42 27 Initial peak
13 11 10 114 135 129 Melting, heavy smoke
25 30 40 63 75 80 Meat traasfer stabilize*

1.25 2 2 2 32 30 34 Initial peak
5 5 5 73 76 79 Ignition

71 0.40 4 4 4 45 53 53 initial peak
80/20 PFF rwyo/ 25 25 25 87 108 117 Light smoke
Nomex 45 45 40 64 65 75 Heat transfer stabilizes
6.5 oa/sq yd

0.75 3 3 2 53 52 49 Initial peak
13 11 9 114 93 94 Keavy smoke
- - 10 - - 94 Ignition
30 25 - 71 41 - Neat transfer atasuilisee

1.25 2 2 2 33 34 33 Initial peak
4 4 4 50 47 42 Ignition, heavy smoke

10 0.40 4 4 3 40 40 36 Initial peak
rayon varp/ 35 35 30 62 60 52 Neat transfer stabilizes
cotton fill
6.2 os/sq yd 0.75 2 2 2 43 45 46 Initial peak

15 - 15 70 -- 65 Ignition with medium smoke
19 27 24 66 140 140 Maximum heat transfer

1.25 2 2 2 30 29 31 Initial peak
5 5 S 51 34 31 Ignition, heavy smake

17 5 25 60 34 44 Maximum heat transfer
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Alendix fable 3 (cInt)

"aeat Transfer to an Underlying Surface from MCad Masoed to

various Unilateral Radiant Meat ruts LeaOes

Incident
Radiant

"Neat Plux Aniant soft
Fabric No. (cal/cR

2 /0*c) Tfie (Me) Transfer M) Fabric Event Description

Sit gle-Layor Fabrics: (cont)

34 0.40 3 3 3 s0 52 52 Initial peak
80/20 "FR 35 30 30 71 49 71 Neat transfer stabilizes
rayon/Mmomx
7.0 oa/sq yd 0.75 3 3 3 40 40 40 Initial peak

14 13 12 123 127 125 Reavy moke
30 20 15 65 46 71 Neat tranafer stabilizes

1.25 2 2 2 38 41 41 Initial peak
S S 5 73 73 71 Ignition

44 0.40 2 2 2 50 55 52 Initial peak
1000 cotton 30 25 27 69 74 74 Neat transfer stabilizes
.6 aos/sq yd

0.75 3 2 2 43 41 48 Initial peak
29 15 15 78 48 70 Ignition

1.25 2 2 2 34 27 26 Initial peak
7 6 4 55 53 32 Ignition

50 0.40 2 2 2 S0 48 50 Initial peak
1001 cotton 30 25 25 74 67 74 Neat transfer stabilizea
5.1 oz/sq yd

0.75 2 2 2 53 42 40 Initial peak
8 23 23 61 88 No Ignition

1.25 2 2 2 31 28 31 Initial peak
4 4 5 45 41 49 Ignition

37 0.40 2 2 2 57 50 48 Initial peak
100% cotton 15 17 20 76 67 74 Light smoke
5.1 ox/sq yd 40 40 35 49 74 i9 Neat transfer stabilizes

0.75 2 2 2 40 41 42 initial peak
8 7 6 82 75 77 Ignition

1.25 2 2 2 34 28 32 initial peak
3 3 3 51 57 63 ignition

48 0.40 4 1 2 29 36 so Initial peak
100t cotton 15 17 18 57 49 55 Light amoke
4.3 os/sq yd 60 43 55 105 217 110 Maximum heat transfer

0.75 2 2 2 49 35 46 Initial peak
7 8 8 54 36 42 Ignition

29 27 8 54 45 42 Mazimm. heat transfer

1.25 3 3 3 52 47 37 Ignition

21 0.40 6 7 6 57 64 43 Initial peak
loot wool 30 23 25 48 55 48 Light smoke
15.7 oa/sq yd 40 45 37 67 74 $2 Neavy moke, intumescee

0.75 5 4 5 40 44 52 Initial peak
20 17 30 43 52 37 Meavy imoke, intumeaces
25 25 50 29 30 40 Neat transfer stabilizes

1.25 S S S 31 33 33 Initial peak
13 13 15 18 21 51 Heav-j smoke. intumesces
40 15 20 57 21 28 Ignition
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Appedix Table 3 (cont)

Beat Transfer to an Underlvtnq Surface from Fabrics Ixposed to

Various Unilateral Radiant seat Flux Levels

incident
Radiant

Beat Flux L.diant Beat
Fabric No. (.,al/cu

2
/jsj. i .. _c Transfer (S) Fabric Event Description

Single-Layer Fabrics: (cont)

63 0.40 5 4 4 37 32 32 Initial peak
70/30 wool/ 30 23 27 107 90 35 Heavy smoke
modacrylic 37 38 40 124 122 137 Maximoa heat transfer
12.8 ox/sq yd

0.75 3 4 5 23 36 36 Initial peak
15 Is 1s 73 91 02 Beavy smoke
20 10 - 100 100 - Fabric split
- - 20 - - 121 Nazi-mu heat transfer

1.25 2 2 2 16 22 37 Initial peak

1 6 7 72 80 86 Heavy smoke
15 10 15 100 10 100 Fabric split

23 0.40 6 7 4 51 54 29 Initial peak
100t wool 34 34 24 a5 110 110 Heavy smoke
12.3 os/sq yd 43 50 50 59 100 122 Beat transfer stabilizes

0.75 3 4 3 96 52 126 Melts, heavy smoke
20 13 10 100 100 100 Fabric destroyed

1.25 3 3 2 27 30 43 Initial peak
10 12 10 107 105 102 Melts, heavy smoke
15 - 12 100 - 100 Fabric destroyed
- 30 - - 127 - Ignition

46 0.40 3 5 6 27 51 39 Initial peak
1001 wool 20 25 30 24 46 49 Medium smoke, Intume.ees
(moth-proof treated) 45 42 43 45 73 59 IPaxiAmU heat transfer
11.6 oz/sq yd

0.75 5 4 4 58 57 62 Initial peak
12 10 10 33 43 36 Ned.um smoke
- 20 25 - 30 41 Neat transfer stabilize*
43 - -- 79 - - Maximum heat transfer

1.25 2 2 2 43 42 64 Initial peak, heavy smoke
10 15 10 33 64 49 Intumesces
23 30 18 49 44 52 Ignition

62 0.40 4 3 5 61 73 46 Initial peak
70/30 vool/ 20 17 25 93 74 117 Neavy Booe
modecrylic 38 35 - 35 46 - Beat transfer stabilizes
11.5 os/sq yd - - 34 - - 144 Naxim= heat transfer

0.75 4 5 5 27 41 24 Initial peak

15 Is 17 96 122 100 Neavy amoke
20 30 20 100 100 100 Neat transfer stabilizes

1.25 3 3 3 21 24 21 Initial peak
8 3 7 94 47 34 Heavy moke

11 10 10 100 100 100 Fabric split

28 0.40 5 4 5 33 34 33 Initial peak
90/10 wool/nylon 30 35 30 45 40 54 Medium-heavy smoke
8.2 os/sq yd 45 45 45 54 60 52 Beat transfer stabillies

0.75 4 4 4 37 36 32 Initial peak
i5 15 15 45 41 54 Heavy moke, intumesces
30 30 30 103 116 93 Naximum heat transfer
35 35 35 s0 100 100 Beat transfer stabilizes

1.25 3 3 4 35 34 32 Initial peak
10 12 12 U4 a9 30 Neavy Bmoke, intumesces
12 10 23 44 50 IOC Ignition
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Appendix Table 3 (fcct)

Seat Transfer to an Underlying Surface from Fabrics Niposad to
Various unilateral Radiant seet Flus Levela

Incident
Radiant

seat Flux Radiant Beet
Fabric No. (cal/C€

2
/6*.c Time (sac) transfer (1) Fabric Event Description

Single-LaYer Fabrics: (cont)

25 0.40 3 2 3 45 33 40 Initial peak
55/45 polyester/eool 30 25 25 119 160 102 Heavy smoke
6.6 oz/sq yd 40 30 40 112 114 67 Heat transfer stabilizes

0.75 2 2 3 41 37 38 Initial peak
11 15 15 72 146 109 Melts, heavy smwoa
45 30 20 130 110 109 Heat transfer stabilizes

1.25 2 2 2 31 29 30 Initial peak
7 5 7 119 119 114 Ignition, heavy smoke

45 0.40 10 5 8 29 27 24 Initial peak
1000 acrylic 35 45 37 110 90 100 Heavy smoke
9.7 oz/sq yd 40 50 40 100 100 100 Fabric destroyed

0.75 3 4 5 12 13 13 Initial peak
24 17 -- 130 159 --- Ignition, heavy smoke
-- -- 25 - -- 115 Heat transfer stabiliues

1.25 2 2 2 13 14 16 Initial peak
11 8 11 135 137 120 Ignition, heavy smoke

78 0.40 5 5 1. 47 54 49 Initial peak
Amatex 16HT65 45 40 45 63 65 62 Heat transfer stabilizes
Corespun semi-carbon
Kevlar FR 0.75 4 4 4 47 37 41 Initial peak
15.4 oz/sq yd 30 30 30 60 61 61 Heat transfer stabilizes

1.25 4 3 3 31 36 32 Initial peak
25 10 20 58 56 49 Heat transfer stabilizes
-- 60 60 -- 56 49 Ignition

75 0.40 5 5 6 37 37 40 Initial peak
100% Nevlar 35 30 30 60 53 58 Heat transfer stabilizes
8.3 oz/sq yd

P.75 4 3 4 34 37 32 Initial peak
]n 3u 30 59 61 56 Hoat transfer stabilizes

1.25 3 3 3 29 25 27 initial peak
20 20 20 62 40 62 Heat trAnsfer stabilizes
60 60 60 65 67 U1 Fabric gloving

47 0.40 4 3 3 45 40 38 Initial curve
1001 NWmex 20 20 25 O9 71 60 Heat transfer stabilises

0.1 oz/aq yd
0.75 3 2 3 38 39 33 Initial peak

25 20 30 58 58 57 seat transfer stabilizes

1.25 2 2 2 28 29 29 Initial peak
20 45 22 123 100 122 Maximum heat transfer
40 45 30 115 100 02 Ignition

74 0.40 3 3 3 41 41 50 Initial peak

$O/50 Nomex/Rewlar 25 20 30 57 55 65 Beat transfer stabilizes
C.0 os/eq yd

0.75 2 2 2 36 33 34 Initial peak
25 30 25 62 85 60 Heat transfer stabilizes

1.25 2 2 2 31 32 32 Initial peak
45 37 23 76 69 67 Ignition
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Appendix Table 3 (cont)

geat Transfer to an underlying Surface from Fabrics Exposed to
Various uailateral Radiant Neat Flux Levels

Incident
Radiant

Beat Flux Raiant hoat
fabric go. (cal/cm

2
/5ec} Tie (sec) Transfer (S) Fabric Event Description

Single-Layer Fabrics: (cont)

73 0.40 3 2 3 3 45 43 Initial peak
95/5 wcanx/Eevlar 25 20 15 59 63 67 Beat transfer stabilizes
5.3 oz/sq yd

0.75 3 2 2 32 36 29 Initial peak
20 20 20 50 54 51 Beat transfer stabilizes

1.25 2 2 2 28 26 29 Initial peak
15 13 15 53 56 53 Second peak
45 54 45 69 65 65 Ignition

39 0.40 7 10 12 52 62 57 Initial curve
nylon - double 30 23 25 86 86 67 welts

butyl coated 44 45 35 '•8 68 117 Beat transfer stabilizes
12.5 os/sq yd

0.75 8 7 6 31 31 26 Initial peak
15 16 16 81 132 140 Medium smoke
25 20 30 100 114 118 Fabric destroyed

1.25 3 4 4 17 30 22 Initial peak
8 13 5 122 55 79 Ignition

5 0.40 3 3 4 33 57 30 Initial peak
cotton, resin modified 25 35 25 42 67 67 geat transfer stabilizes
butyl coated
10.5 Pu/sq yd 0.75 4 4 4 41 44 35 Initial peak

20 15 19 69 71 99 Medium smoke
26 - - 81 - - Ignition
-- 30 30 - 60 62 Seat transfer stabilizes

1.25 2 2 2 22 39 30 Initial peak
6 5 6 35 34 69 Ignition

32 0.40 15 a 8 46 64 67 Initial peak
nylon, neoprene 40 37 40 79 79 119 Medium soke
crtjted 45 45 50 $1 74 169 Beat transfer stabilizes
7.7 o0/sq yd

0.75 6 3 6 26 23 27 Initial peak
15 14 12 71 59 7 Medium smoke
20 20 20 60 45 65 Neat transfer stabilises

1.25 5 4 5 109 53 33 Ignition

1i 0.40 5 1 8 71 71 67 Initial peak
nylon, polyurethane IS 20 14 100 iCO 100 Pecric meIted
coated
3.1 os/eq yd 0.75 2 2 2 33 34 41 Initial curve

3 3 3 100 100 100 Malted

1.25 2 2 2 62 71 78 Ignition

72 0.40 3 4 4 59 50 47 Initial peak
Polyacrylonitrile 45 s0 40 73 73 59 Neat transfer stabilises
(PAN)
15.6 os/eq yd 0.75 4 3 3 26 21 22 Initial peak

20 25 25 77 01 76 Second peak
45 35 40 44 67 63 Neat tronsfer stabilixis

1.25 2 2 2 3S 37 21 Initial ;Oak
10 11 12 52 53 52 Medium, moke
40 25 40 70 60 79 meat transfer stabilises
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Appendix Table 3 (cont)

Heat Transfer to an Underlying 6utfce fzro Fabrics Ehpos54 to
Various Unilateral Radiant Heat flux Levels

Incident
Radiant

Heat Flux Radiant HeMt
Fabric No. (cal/c 

2
/sim) Time (mec) Transfer (8) Fabric Event Description

Fabric Asseiblies:

43 0.40 5 6 7 54 58 49 Outer shell melted
polyester shell. 34 32 35 73 65 69 Medium smoke
wool liner - 50 - - 116 - maximum heat transfer
12.0 os/sq yd 50 - 45 58 -- 55 seat transfer stabilizes

0.75 4 4 4 43 43 47 Outer shell melted
15 15 14 51 55 84 Heavy smoke, liner

intwusces
40 30 25 97 77 94 Maximum heat transfer
45 35 35 60 60 70 Heat transfer stabilizes

1.25 2 2 2 45 34 45 Outer shell melted
6 6 13 45 54 45 Heavy smoke, intumesing,

outer shell ignited

IA 0.40 5 2 4 23 16 28 Initial peak
polyester bett, 15 - -- 12: -------- Assembly melts
nylon fabric -- 15 22 - 115 95 Heat transfer stabilizes
4.6 oz/sq yd

0.75 4 4 4 29 26 27 Assembly eolts, medium
smoke

7 6 7 100 100 100 Fabric destroyed

1.25 2 2 2 llr 70 50 Ignition

1 0.40 3 4 3 18 20 23 initial peak
polyurethane 15 16 17 60 38 53 Seccind peak
coated nylon and 20 -- -- 100 -- - Assembly melts
LA above 20 40 45 100 80 63 Heat transfer stabilizes

0.75 10 10 10 40 27 23 Assembly melts, medium
smoke

23 13 15 86 77 97 Heat transfer stabilizes

1.25 3 3 2 28 15 25 Ignition of th only

13 0.40 7 10 10 20 32 29 Initial peak
53/50 cotton/nylon 40 35 35 41 55 41 medium smoke
fluorocarbon treated 40 36 52 41 107 68 Maximum heat transfer
outer shell$
1000 nylcn liner 0.75 10 10 10 25 33 30 Medium smoke
20.0 os/sq yd 17 16 20 24 23 26 Heavy smoke

20 30 35 93 30 193 Assembly melts

1.25 - 3 3 - 11 12 Initial peak

3 7 0 6 21 19 Ignition of outer shell
only

2A 0.40 6 5 4 18 13 15 Initial peak
50/50 cotton/poly- 35 30 30 53 43 55 Light smoke
ester outer shellp 50 45 40 58 48 53 deat transfec stabilizes
1000 nylon liner
12.5 os/sq yd 0.75 3 3 4 20 14 15 Initial peak

10 11 10 41 39 39 Assembly ignition

1.25 5 4 5 27 21 29 Assembly ignition
32 30 30 52 46 30 maximum heat transfer

C-ring ignition
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Appendix Table 3 (cont)

Heat Transfer to an Underlying Surface from Fabrics Exposed to
Various Unilateral Radiant Beat Flux Levels

Incident
Radiant

Heat Flux Radiant geat
Fabric No. (cal/c&2/sec) Time (sec) Transfer (1) Fabric Event Description

Fabric Assemblies: (cont)

55 0.40 5 5 5 32 37 45 Initial
50/50 cotton/nylon 30 32 33 44 58 55 Medium smoke
fluorocarbon treated 60 60 60 77 124 124 Maximum heat transfer
outer shell
(same as *13)1 0.75 4 4 4 24 44 37 Initial peak, sedium smoke
100% cotton liner; 17 25 40 60 87 99 maximum transfer during
polyester batt/ ignition
nylon fabric
22.0 os/sq yd 1.25 2 3 4 17 27 26 Ignition

20 3 4 49 27 26 Maximum transfer during
ignition

21P. 0.40 7 7 6 39 46 54 Initial peak
100% wool outer 30 25 30 37 39 32 Heavy smoke
shell; 100% nylon 55 55 50 49 46 51 Reat transfer stabilizes
liner
24.9 oz/sq yd 0.75 6 7 7 "1 42 36 Initial peak

15 15 15 25 29 28 Heavy smoke, intumesces
33 45 35 91 48 69 Maximum heat transfer

1.25 5 4 5 28 26 28 Initial peak
13 13 13 13 13 12 Heavy sawk, intuaesces
IS 28 22 2. 25 13 Assembly ignition

58 0.40 6 4 7 35 45 43 Initial peak
nylon/acrylic outer 18 20 18 100 113 128 Medium smoke
shell; carbon im- 30 50 35 100 78 98 Heat transfer atabilisee
pregnated liner
10.7 ox/sq yd 0.75 4 4 4 31 31 41 Initial peak

8 S 8 88 86 85 Outer shvll malts, medium
smoke

20 20 25 97 98 86 maximum beat transfer
45 40 35 70 70 69 Heat transfer stabilizes

1.25 2 2 2 32 28 25 Initial peak
4 4 4 50 52 32 Ignition, outer vehll

only
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