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FOREWORD

The work described herein was done under Contract No. N00140-82-C~-BD0O
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 laboratcry 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 Shipboard work clothing w2s de-
termined at various exposure conditions, the investigation described in tais
report is concerned with the resistance to high heat fluxes of various outer-
wear garments. The materials of which the outerwear garments 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 theses 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 Pacility 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.

11. 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; wool blends; Womex and Kevlar
hlends; coated fabrics; and fabric assemblies. A 1003 acrylic knit and a PAN
(polyacrylonitrile) fabric are aiso 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 l.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 expogure 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.)
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Table 1. Pabric Description
Fabric Weight Thicknesa (inch}
No. Fiber Content Fatric Descripticn goigmzz 0.03% psi 0.63 psi Colot Intended Use
Bingle-Layer Fabrica:
36 100% cotton wafile knit 13.3 ©.120 0.090 white cold~westher underwear
i8 1005 cotton sateen 10.3 0.037 0.028 white coveralls for explosives
handi. rs
70 80/20 PFR twill 8.6 0.022 0.018 blue flame resistant fabric
rayon/poly~
ester
n RO/20 PFR knit 8.3 0.059 0.041 purple identification jersey
rayon/somex pullover
10 rayon warp, 4/1 twill 8.2 0.026 0.018 royal identification vest,
cotton fill blue tlight deck clothing
34 80/20 PFR plain weave 7.0 0.020 0.012 blue coverall, battle dress -
rayon/Nomex
44 100% cotton twill 6.8 g.028 0.019 yellow radiation protective
coverall
50 1003 cotton oxford 6.4 0.024 0.016 olive wind-resistant, hot-
green weather coat
7 100% cotton jersey knit 5.1 0.037 0.02% royal flight deck identifi-
blue cation garment
48 1008 cotton jersey knit 4.3 0.03% 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 .weatet
modacrylie green overqarment
23 100% wool knit 12.3 0.132 0.097 olive sweater
drab
46 100% wool knit 11.6 0.096 0.072 navy sweater
{mothproot
treated)
62 70/30 wool/ knit 11.% 9.098 3.074 navy lightweight sweater
wmodacrylic (body sweater)
28 '30/10 wool/ flannel 8.2 9.071 0.056 olive cold weather shirt
nylon grew.:
25 55/45 poly- plain weave 6.6 0.020 0.018 navy trousers
ester/wool
45 100% acrylic knit 8.7 0.106 0.080 navy wvomen's Sweatsr
18 Amatex !6HT6S herringbone twill 15.4 0.083 0.052 yellow/ flame resistant fabric -
Series 900 black
corespun sem.-~
carbon/Kevlar .
15 1008 KXeviar twill 8.3 0.051 0.025 yellow standard faoric in )
proximity clothing
47 100% Nomex knit 8.1 0,027 0.024 olive flyer's coveralls
drab
74 $0/50 Nomex/ twill 6.0 0.029 0.022 yellow experimencal
Kevlar
73 95/5 Nowmex/ clogque 5.3 0.02¢ 0.018 olive cutershell for ship-
Kevlar green board clothing
17 95/5 Nomex/ plain weave 4.6 0.019 0.01S olive shirt, panta
Kevlar green




Table 1. Pabric Description (cont)
radric Weight Thickness (inch)
No, Fidber Content rabric Description gosadzz 0.01% psi 0.63 pui Color Intended Use

ki ] nylon double butyl coated 12.5 0.016 0.013 grey coverall for toxicologi-

cal agent prntection
S cotton,resin- butyl coated 10.5 0.020 0.014 black coverall for rocxet fuel
modified handlecs

32 nylon neoprene coated 7.7 0.016 g.o11 green  outer shell for cold-

waather jacket

18 nylon polyurethane coated 3.1 0.009 0.00¢ olive poncho

green

72 (PAN) poly- herringbone twill 15.6 0.053 0.042 black high heat tesistant fab-

acrylonitrile ric
Fabric Assemblies:

40 polyester pclyurethane coated 12.¢0 0.0%3 0.042 black 1lightwelght raincoat
outer shell; with lining
1008 wool twill
liner

1A polyester batt, quilted bact, 1.1 ox 4.6 0.09%8 0.043 olive poncho liner blanket
nylon fabric cip-stop fabric both greer
sides
1 polyurethane coated fabric outer 7.7 0.107 0.049 olive poncho with liner
ccated nylon shell, quilted liner green  blanket
+ 1A above 1A above

13 $0/50 cotton/ sateen; knit fleece 20.0 0.18% 3.149 olive co0ld westher jacket
nylon fluoro~ green with insulating liner
carbon treated
outer shell;

1008 nylon liner

2A 50/50 cotton/  poplin; knit fleece 12.5 0.09%4 Cc.068 aavy utility jacket
polyester outer witih insulating liner
shell; 100%
nylon l.ne:

53 $0/50 cotton/ sateen 22.0 0,338 0.232 olive continuous cold
nylon fluoro- green waather jacket
carbon treated
outer shell
(same as #13);

100% cotton oxford
liner;

polyester batt- quilted batt
nylon fabric

21A 1008 wool 3/1 crowfoot 24.9 0.213 0.15% black overcoat
vuter shell .
i00% nylon knit fleece
liner

S8 nylon/acrylic  twill 10.7 0.038% 0.042 green/ chemical protective

outer shell
carbon impreg-
nated linerc

gray

suit
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Table 2. Tensile Properties of Single Layer Outerwear Pabrics in the Warp Direction
Modulus Rupture
Weight {1bs/inch width/ Elongation Rupture Load
Fabr ic No. Fiber Content (o:/ydzj_ unit strain) {3) {1bs/inch width)
Single-Layer Pabrics:
36 100% cotton 13.3 240 95 70
38 1008 cotton 10.3 22580 9 122
70 80/20 PPR 8.6 700 17 83
rayon/polyester
71 80/20 PFR 3.5 430 74 54
rayon/polyester
10 rayon warp 8.2 2760 18 222
cotton fill
34 80/20 PFR 7.0 790 19 107
rayon/Nomex )
44 100% cotton 6.6 2350 15 148
50 1C08 coteon 6.4 1890 14 118
37 100% cotton 5.1 170 37 19
48 1004 cotton 4.3 150 59 25
21 100y wool 15.7 290 35 56
63 70/30 wool/ 12.8 80 12% 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
modacrylic
28 90/10 wool/ 8.2 200 30 35
nylon
25 55/45 poly- 6.6 440 8 92
ester/wool
45 1008 acrylic 9.7 90 113 3
78 seni carbon/Xevlar 15.4 2170 21 208
75 1008 Kevlar 8.3 8450 15 439
47 100% Nomex 8.1 600 4“ 152
74 50/50 Nocmex/Kevlar 6.0 4750 14 202
Rk 95/5 Nomex/Fevlar 5.3 2090 17 129
17 95/5 Nomex/Xevlar 4.6 900 30 118
39 nylon 12.5 790 26 173
) cotton, resin- 10.5 1300 12 72
wodified
32 nylon 7.7 840 17 158
18 nylon 3.1 350 28 37
72 PAN 15.6 3010 12 163




I1I. 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/
cm?/sec and corresponding to equilibrium temperatures from 270°C to 550°C.
Some of the knit fabrics in the series could not be tested in this manner be-
cause of their excessively high elongation-tc-failure which exceeded the ca-
pacity of the test equipment. The high levels of bilateral heat flux were
snupplied 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, arc 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, tlie duration of
exposure is precisely known, and subsequent mechanical 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 necestsary because constant use
had caused a ccnsiderable 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; how:ver, the rate at which that tem-
perature is attained will be greater with tlie new panels. Ac 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
o0ld 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°C, 350°C and 400°C is shown in Figqure 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/cm?/sec)
Heater Temperature New Panels 014 Panels
(°¢) (1983) (1982)
270 0.2 .1
350 0.3 0.2
400 0.35 r.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:

2709C (0.2 cal/cm?/sec);
350°C (0.3 cal/cm2/sec);
400°C (V.35 cal/cm?/sec);
500°C (0.6 cal/cm2/sec); and
560°C (0.8 cal/cm2/sec).

These temperatures were chosen to correspond with the heater temperatures used
in the earlier work desciribed 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, regpectively; individual test results
are documented in Appendix Table 1. Similarly, average values of fabric modu-
lus are plotted in Figures Sb 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
gince it i3 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 maximum slope of the load-elongation curves in the units lbs per inch
width of fabric per unit strain (see Appendix Figure 1 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 related to the ratio of the modulus measured directly from the
Ingtron load-elongation diagram to the original modulus at ambient tempera-

{(Text continued on page 51.)
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Figure 15b. Modulus of Fabric $#78 (core spun, semi-carbon Kevlar, 15.4 oz/sq yd)
During Exposure to Various Levels of Bilateral Radiant Heai
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Figure 16b. Modulus of Fabric #75 (100% Kevlar, 8.3 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 24b. Modulus of Fabric #72 (PAN, 15.6 oz/sq yd) During Exposure to
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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% cf 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 5a 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 500°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 strenoth 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 »f 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 grap*ts by a factor equal to 6 0z/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°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/sq vyd

10.3 oz/sq yd = 5 seconds.

8 seconds x

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 500°C (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.)
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At a heat flux of 0.35 cal/cm?/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 o0z 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 mcterials 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 exgosure condition at which strength reten-
tion was measured (560°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
from 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 mede 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. 1In the
present case. the point of ignition was taken as the first appearance of a
flame; in son2 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 cf
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 c¢f these components. The
tightly woven wool fabrics tested, including those blended with rylon or poly-
ester, also exhibit good resistance to ignition. The knit wool fabric #23,
however, resists 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/
cm?/sec. Fabric #46, also a knit wool but one which has been mothproofed
requires a longer exposure time 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
that the heavy, 100% wool fabric #21, semi-carbon/Kevlar fabric $#78, and PAN
fabric #72 have the greatest resistance to ignition by radiant heat 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 ani 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 guartz heater panel and a water-cooled copper calorimeter
were employed as illustrat~? iy Fiqure 31, The calorimeter is embedded flush
with the surface of a black “varn3ite board on which the fabric test strip is
mounted. At the start of e.posure 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 continuocusly for
the next 60 seconds. If ignition occurs during this time, the panel is pusbed
away while the calorimeter continues to monitor the heat flux from the burning
fabric. 1Incident heat flux is determined separately with no fabric specimen
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
surface of the fabric at the start of exposure.

Tabric response was determined at three unilateral heat flux levels:
0.4, 0.75 and 1.25 cal/cm?/sec corresponding to heater temperatures of 650,
800°C, and 1000°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, ir
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 gquantities of heat.
The response tended to be somewhat variable within the group of three repli-
cate specimens cof 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/cmz/sec; some of
the fabrics ignited during the 60-second exposure at 0.75 cal/cnz/sec; all
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/cm?/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 §
K]
.‘-: Summaty Ot Heat Transfe:r Values to an Undeilying Sutface fiom Palw {cn Expuosed (o
.\'A Various Unilateral Radiant Heat Flux levels
‘. -
'\‘. Maximum Heat Transfer in Pirst Time to Ignition Maximum Heat Transfer
s 10 Seconds of Exposure (%) {seconds) in 60 Seconds (%)
m Fabtic 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/
d _No. Fiber Content (oz/sq yd) cm2/sec cnl/nec cal/sec cal/sec cni/sec  cml/sec cml/sec cnd/sec
' Single-Layer Fabrics:
Y '
.::\ 36 100% cotton 13.3 55 3s 30 16-18 6-7 20 50 30
D]
'_.'_ 38 1008 cotton 10.3 50 40 80 -— 7-8 (1] 120 80
! 70 80/20 PFR 8.6 50 135 80 melted -] 138 1315 80
-~ rayon/polyester
o
,
"_\ n 80/20 PFR 8.5 50 95 50 10 ) 120 110 50
.‘,; rayon/Nome x (only 1 of 3)
“e. 10 rayon warp 8.2 40 50 50 15 s 60 140 60
. cotton fill fonly 2 of 3)

34 80/20 PFR 7.0 50 40 80 -— 5 70 125 80

rayon/Nomex

44 1003y cotton 6.6 SS 50 55 15-29 47 75 80 55
N 50 100% cotton 6.4 50 $S 50 8-23 4-5 75 90 50
A .
!= 37 100% cotton 5.1 60 80 60 - 68 3 75 80 60
S 48 100% cotton .3 50 60 50 7-8 3 220 60 50
L) .,
':‘- 21 1008 wool 15.7 65 50 30 -— 15-60 75 50 60
S
(
JA\ 63 70/30 wool/ 12.8 40 35 85 - - 140 120 100
LYy N .
- modacrylic
o 23 1008 wool 12.3 55 125 110 melted 30 120 100 130
o (only 1 of 3)
‘-
S 46 1008 wool 11.6 50 60 65 - 18-30 70 80 65
_\: (moth-proof
.'.'- treated)
n 62 70/30 wool/ 11.5 5 95 100 -— — 150 120 100
‘e, modacrylic
‘e, 28 90/10 wool/ 8.2 40 3s 33 - 12-23 80 115 108
N nylon
:{‘l
.:- 25 55/45 polyester/ 6.6 65 40 120 melted 5-7 160 150 120
~4 wool
d
MBS 45 100% acrylic 9.7 30 20 138 17-24 8-11 100 160 140
e (only 2 of 3)
F
A 78 Amatex 16HTSS 15.4 55 4s s - 60 60 60 60
.'\' Series 300 (only 2 of 3)
RS
.- 75 1004 Kevlar 8.3 40 35 30 - -— 60 60 80
TF 47 100% Nomex 8.1 45 40 S0 - 30-45 70 60 120
\"', 74 50/50 Nomex/ 6.0 50 as 40 - 23-45 65 65 75
-.: Kevlar
~
»z; 73 95/5 Nomex/ 5.3 45 35 40 -— 45-54 70 55 70
e Kevlar
.t
-
‘
a
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Pabric

No.

Table § (comt)

Summdry of Meat Transfer Values to an Underlying Sucface from Fabrics Expoeed to
Various Unilateral Rediant Neat Plux Levels

Weight
(oe/sq yd)

Piber Content

Maximum Heat Transfer in Pirast
10 Seconds of Exposure (%)

Time to 1Ignition
{seconds)

Maxisus Heat Transfer
in 60 Seconds (%)

0.40 cal/ 0.75 cal/ 1.25 cal/ 0.75 cal/ 1.25 cal/ 0.4 cal/ 0.75 cal/ 1.25 ¢

cnl/sec

/sec

_ca?/sec

/sec

ca?/sec  cmi/vec

cni/sec

cnl/s

Single-Layer Fabrics:

19

32

13

(cont)

nylon; double
butyl coated

12.5%

cotton, resin 10.5
modified;

butyl coated

nylon; neoprene 7.7
coated

nylon; poly- 3.1
urethane coated

65

70

30

40

LH]

100

120

110

- 5-13

2¢ 5-6
{only 1 of 3)

120

70

170

100

140

100

75

100

120

110

72

polyacryloni- 15.6

trile (PAN)

60

30

75

50

Fabric Assemblies:

40

1A

polyester
outer shell,
wool liner

polyester batt, 4.6
nylon fabric

18 + 1A above 7.7

55

30

40

43

100

40

s

113

- 6-13

(outer shell

only)

selted 2

melted 2-3
(1A only)

120

120

100

100

100

100

55

115

3¢

13

2A

55

50/50 cotton/ 20.0
nylon fluoro~
carbon treated
outer shell:;
100% nylon liner
50/50 cotton/ 12.5
polyester outer
shell; 1008
nylon liner
50/50 cotton/ 22.0
nylon fluoro-

carbon treated

outer shell;

100t cotton

liner; polyester
batt-nylon fab-

ric insulation

30

20

45

33

40

45

30

30

selted 3-8
{outez shell
only)

10-11 30-32

17-40 2-4

110

60

128

198

" 40

100

20

50

58

100% wool 24.9
outer shell;
1008 nylon
liner
nylon/acrylic 10.7
outer shell;

carbon impreg-

nated liner

55

45

40

85

30

50

63

- 15-28

-— 4
{outer shell
only)

55

130

90

100

k1

50
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N 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

t' 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 underlying
surfaces.
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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

The flame-impingement test device used to measure the heat flow
through the various fabrics and fabric assemblies when expused 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
shown in Figure 34.

(Text continued on page 68.)

64

R

-a




Te Sl

e

ATETE TR TR TaTATE LT W et 8T e BT PTLN Rt e TR BT TR, LY,

W WP s 8 e WM e B B-e e
v

LEINR A APNLDIM Y - EAPEE N\ VSANSSRY L R G PR R SR R e o

193891, juduwabuyduy-awety jo weabeyg °IE dInbig

H3INUNG H3IN3IN H3NLL OL

A1ddfi§ SO 01
\7

AlddnsS Hiv OL

JUNLXIS ONILNNOW N3WIO3dS

H3070H NI
LNVINNIS NIXS

H313NIHOTVD
337000 ¥31vm

¥3QH0034 oL

H3WIL OL /I\\\

KddNS ¥3ivm Ol
Alddns Hiv O4

H430H0334 OL

PAPMATA 2.2 P AP P S T L I D D N R IR T

3




_.-..-w_.--._.,....-.‘.-.-..\....-...-

(b)

Figqure 33. Flame Impingement Tester: (a) Tester, Control Panel, Recorder
(b) Close-Up of Specimen Mounting Block Over Burner
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S$kin Simulant in Holder

Specimen in Place

Figure 34. Assembled Specimen Mounting FPixture
and Skin-Simulant Holder
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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/cm?/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 500y below the surface.

During a test, the quick motion of the shuttering and carriage-
control system allcws precise timing of the expmosure (within milliseconds) so
that a square-wave heat pulse is experienced by the fabric specimen. xpo-
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. 1In 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
extramely high heat flux level. The principal difference between the two
modes of exposure is probably the abundance of oxygen available to the heating
specimen during radiation with the quartz heater panels and the lack of it as
the specimen is surrounded by flame during flame-impingement.

68




[ “-".;'.-‘

R et
e S

£ 2

S

0w

Sl .u‘
Rt e
N .

AN

/.

v
'H s
o #

|
-

e ]

N

P

.
H

£

. -.f'

7

OO DAS

r Iﬁl“lﬁl.

DR

L‘l .g

e

¢

YRNI el

B. Test Results

The results of the measurements of heat transfer through the various
gsingle 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 FPigure 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-gsimulant directly to the flame are excluded
from these graphs. Not surprisingly, these graphs show trat thicker assem-
blies are more effective in protecting against conductive heat transfer. 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 1s marginal; this value seems tc 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 zhell and a 100% wool liner stand
out as offering better protection than expectad on the basis of thickness.
Energy absorbed during melting of the polyester outer layer coumbined with the
structural stability of the wcol liner is undoubtedly responsible for the
better-than—~average performance of fabric assembly $#43J.

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 perfocmer. Neither fabric #72, fabric #78, nor the carbon-impreg-
nated liner of assembly #58 were altered in appearance after flame exnosure.
Both the PAN fabric and the Revlar fabric show evidence of high heat absorp-
tion in the strength retention and modulus curves given previously, but in the
absence of specific i1nformation 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-
sinulant 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 obtained using Figure 62 of TR 148. 1In 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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VI. SUMMARY AND CONCLUSIONS

Measurements of strength loss and ease of ignition during bilateral ir-
radiation to 1.1 cal/cm?/sec of various fabrics used in Navy shipboard ocuter
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 thermoplastic fraction melt readily even in combination

with rubber coating materials.

During unilateral irradiation to 1.25 cal/cmz/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 impingem:nt by a gas flame at 2.2 cal/cm?/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
thicker, 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.
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! Appendix Tadle 1
.
. Tensile Properties in the Warp Direction of Mavy Shipboard Work Clothing Pabrics During
:: . Exposure to Various Bilateral Radiant Neat Plux Levels
: Rupture
Radiant Heater Modulus Load Strength
Heat Plux Temp Exposure Time (sec) {1bs/inch width/ (lbs/inch  Retention
Fabric Description (cal/cnz/uc) {°C) At _Start At Rupture unit strain) width) (%)
»
¢ Fabric #38 - 20 -— ~— Avg. 2290 122 100
< 100% cotton
10.3 os/sq yd 0.2 210 0 3 1900 114
< 1840 108
9 1710 96
' Avg. 1820 106 37
i s ] 1960 98
. 2030 20
R 2080 29
. Avg. 2020 92 75
- 10 13 2160 76
l 2130 78
2080 82
Avg. 2120 79 (13
20 23 1850 60
2080 60
1930 62
; Avg. 1952 61 50
-
| 60 3 1710 40
. 1710 k)
& 1610 40
> Avg. 1680 4l 3
< 0.3 aso 0 3 1930 9%
> 1780 93
1780 97
l Avg. 1830 95 78
“ s s 1890 68
) 1840 66
N 1740 (13
: Avg. 1820 67 11
s 10 13 1130 30
! 1470 4“4
1410 a1
{ 1420 46
. 1480 F13
v Avg. 1380 a k7
>
? 20 n 420 s
4 350 s
! 2% s
N Avg. 190 s 4
;’ 0.J8 400 ] 3 1840 86
4 18%0 (1]
: B 1890 n
) Avg. 1860 T} 72
)
| 5 s 1670 54
N 1650 54
: 1520 $7
. Avg. 1610 55 45
. 10 12 900 1
. 830 17
60 26
i Avg. 900 21 17
3
! 20 a 60 <
. 70 <1
; 20 <1
’ Avg. 70 < <l
?
!
| 79
[ ]
.
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Appendix Table 1 (cont)
Tennile Propertier in the Warp Direction of Navy Shipboard Work Clothing Pabrics During
Expainul e (o Valious Bllateial Rediant Meat Flus tlevels
Rupture
Radiant Heater Modulus Load Strength
Heat Flux Temp Exposure Time (sec) (1bs/inch width/ (lbs/inch Retention
Fabric Description (cal/cmzluec)_ (°C) At Start A Rupture unit strain) width) (%)
Fabric #38 (cont)} 0.6 500 0 3 1690 73
1650 69
1730 £9
Avg. 1690 70 57
] 7 500 10
%0 20
750 16
640 13
120 1
Avg. 660 16 13
10 12 40 1
40 1
40 2
Avg. 40 1 1
0.8 560 Q 3 1470 54
1480 59
1500 60
Avg. 1480 58 43
5 $ 150 2
40 1
210 3
Avyg. 130 2 2
Fabric 470 — 20 - -— Avg. 700 83 100
80/20 PFR
rayon/polyester 0.2 270 0 7 610 74
8.6 oz/sq yd 680 73
830 3
Avg. 640 73 as
5 i1 590 70
600 68
560 s1
Avg. 590 68 82
10 15 560 63
560 63
560 62
Avg. 560 63 76
20 3 530 52
560 57
520 E]
Avg. 540 58 66
60 64 430 21
4350 26
380 16
480 315
480 4
Avg. 440 28 34
0.3 350 ] 6 560 64
550 [1]
60 §1
560 65 78
5 11 510 53
$30 56
460 53
Avg. 500 54 [}
80
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Appendix Table 1 (cont)

Tensile Properties in the warp Direction of Mavy Shipboard Work Clothing Pabrics During

Fabric Description
Fabric 70 (cont)

Bxposure to Various Bilateral Radiant Neat Plux Lavels

Radiant Heater
Heat Flux Tenp Exposure Time (sec)
(cal/cmi/sec) (°C) At Start At Rupture
0.3 350 10 1s
20 23
2% 2?7
0.3% 400 '] 6
5 i
10 14
20 -—
0.6 500 0 S
H ?
0.8 560 0 4
s -—
81

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

Avy.

Modulus
(1bs/inch width/

unit strain)

350
&0
310
360

200
130
1%
180

91
32
N
52

550
540
550
550

330
380
50
350

240
170
240
270

3%0
370
390
370

Rupture
Load
{1bs/inch
width)

Strength
Retention
(8)

41

10

67

40

18

41

24
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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 Plux lLevels

Rupture
Radiant Heater Modulus Load Strength
Heat Flux Temp Exposure Time (sec) (lbs/inch width/ (lbs/irch Retention
Fabric Descript.-~n (cal/cmz/sec) (°C) At Start At Rupture unit strain} width} (V)
Fabtic $10 — 20 - - Avg. 2760 222 100
rayon warp
cotton fill 0.2 270 1] [ 1770 153
8.2 oz/3q yd 1730 175
1800 190
1810 176
1950 170
Avg. 1810 173 78
1 il 1910 166
1030 168
1920 183
1890 187
1300 187
Avg. 1730 182 82
10 16 2000 178
2240 70
2180 180
Avg. 2140 176 79
20 2% 1930 155
2230 192
2180 163
2200 191
2310 192
Avg. 2170 179 81
60 65 1840 157
2110 161
2090 160
Avg. 2013 159 72
0.3 350 0 7 1230 172
1250 17
1330 183
1240 164
1320 167
Avg. 1270 in 77
- 11 1850 1
1880 i70
1790 160
1850 154
1720 157
Avg. 1820 162 73
10 14 1870 129
2050 146
1880 148
1510 124
1500 132
Avg. 1720 136 61
20 24 900 ”
790 80
820 f“ 66
930 ' 66
200 20
Avg. 870 72 32
60 61 430 6
340 s
T s
Avg. 450 6 3
82
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Tensile Properties in the Warp Direction of Mavy Shipboard Work Clothing Pabcics During
Exposure to Various Bilateral Radiant Heat Plux levels

Fabric Description

Fabric #10 (cont)

Fabric 934
80/20 PFR rayon/Nosex
7.0 oz/sq yd

Appendix Table 1 (cont)

Radiant Heater
Heat Flux Temp Exposure Time (sec)
{cal/cmi/sec) (°c) At Start At Rupture

0.35 400 1] [

- 10

10 14

20 21

0.6 500 [} S

5 8

10 -—

0.8 560 0 k|

] -

—— 20 — -—

0.2 270 0 Al

H 12

10 17

20 26

€0 (11

83

Avg.

Avg,

Avg.

Avg.,

Avg.

Avg.

Avg.

Avg.
Avg,
Avg.

Avg.

Avg.

Avg,

Avg.

Avg,

Modulus
(1bs/inch width/

~unit scrain)

1630
1580
1730
1650

1770
1710
1800
1760

830
910
920
890

420
340
390
380

© 1530

1480
1410
1480

860
820
870
850

[}

1270
1410
1380
1350

790

770
800
130
770

770
770
150
760

710
720
80
740

760
790
120
750

690
760
170
740

Rupture

Load

(lbs/inch
width)

Strength
Retention
(%)

197
189
179
188

123
117
w
ils

53
64
61
59

LI T

136

138

135

32
28
33
3

85

53

27

61

14

41

100

84

83

"

64

4%
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Appendix Table 1 (cont)

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

Rupture
Radiant Heater Modulus Load Strength
Heat Flux Temp Exposure Time (sec) (lbs/inch width/ (lbs/inch  Retention

[ e GG G LN N oAU I S

(% SRR

AT Y

e SR

AT

"

e

PIRaNY'

LU LS ) e

el

[

R 17§ WP

Fabric Description Ea_l/cmz/seg _J°C) At Start At Rupture _ unit strain) width) {%)
Fabric 334 (cont) 0.3 350 0 7 750 82
730 80
740 82

Avg. 740 81 76
5 11 7150 65
720 71
630 69

Avg. 720 68 64
10 14 610 48
630 51
640 36

Avg. 630 52 49
20 23 250 12
140 8
2% 14

Avg. 230 11 10
60 64 230 10
210 1c
230 10

Avg. 220 10 ]
0.35 400 0 7 640 70
560 70
70 k1]

g 650 70 65
5 iC 54¢ 43
550 45
s00 i

Avg. 530 43 40
10 13 220 8
220 10
110 s

Avg. 200 8 7
20 20 170 1
130 1
110 1

Avg. 130 1 1
0.6 s00 0 5 510 33
480 37
4s0 29

Avg. 480 34 32
5 8 10 1
40 1
0 2

Avg. 40 1 1
0.8 560 1} 4 400 21
350 19
30 19

Avg. 360 20 19

s - Avg, -—- 0 0

84
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Appendin Table 1 (coat)

At _Rupture

3

10

15

23

65

10

15

24

61

Ragiant Seater
oo Neat Plux Tenp Exposure Time (sec)
LN rabeic Description {cal/cnd/sec) (°c) At Start
)
\ Fabric #44 — 20 -
! 100% cottoa
| 3.2 oz/3q yd 0.2 270 0
1
: S
10
‘ 20
. 60
0.3 aso ']
-]
10
20
60
85

{1bs/inch width/
uni® strain)

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

Modulus

2350

2130
2230
2310
2230

2030
2000
2077
2040

1820
1829
1330
1850

1890
1710
1710
1770 .

1710
1720
1840
1960

1770
1380
1800
1590
2050
1720

1550
1470
1500
1510

1240
1264
1390
1330

%90
760
1190
750
890
920

80
100
40
110

Tensile Propecrties in the Warp Direction of Mavy Shipboard Work Clothing Pabecics Muring
Exposure to Various Bilatecal Radiant Neat Plux Levels

Rupture
Load
(1bs/inch

width)
148

117
118
7
116

.
"

Strength
Retention

—n
100

70

64

56

51

47

60

42

33

18



Appendix Table 1 (cont)

Tensile Properties in the Warp Dirsction of Navy Shipboard Work Clothing Fabrics During
Exposure to Varicus Bilateral Radiant Heat Plux Levels

Rupture
Radiant Heater Modulus Load Strength
Heat FPlux Temp Exposure Time (sec) {iba/inch width/ {l1bs/inch Retention
FPabric Description (cal/cmz/sec) (°C) At Start At Rupture unit strain) width) {%)
Fabric ¢#44 (cont) n.35 400 0 5 1750 87
1280 67
1160 57
1670 85
1500 18
Avg. 1470 7% 51
S 10 1310 54
1150 4«
1410 54
Avg. 1290 52 3s
10 14 770 21
810 25
170 22
Avg. 770 23 16
20 21 70 1
70 2
g0 2
Avg. 70 2 1
0.6 500 0 H 830 43
1230 S3
850 39
Avy, 970 [} 30
S 7 100 1
60 2
2 2
Avyg. 60 2 <l
0.8 560 [>] 4 260 10
780 33
730 26
500 19
s80 13
Avg. 560 21 14
b - Avg. - - 0
Pabric #59 — 20 -— -— Avg. 1890 118 100
1008 cotton
6.4 oz/8q yd 0.2 270 0 5 2080 100
1800 90
1760 %0
Avg. 1880 90 76
) 10 1990 82
1740 70
1740 69
Avg. 1820 74 63
10 15 154G 59
1710 62
1540 ' 61
Avg. 1600 61 52

86
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Appendix Table 1 (comt)

Tensile Properties in the Warp Direction of Bavy Shipboard Work Clothing Pabrics During
Exposure to Various Bilateral Radiant Heat Plux Levels

Rupture
Radiant Heater Modulus Load Streagth
Heat Flux Temp Txposure Time (sec) (1bs/inch width/ (lbs/inch Retention
FPabric Description ‘cul(c-zgmz {9C} At Start At Rupture unit strain) width) L))
rabric #50 (cont) 20 2s . 1480 52
1550 . LH]
1530 54
Avg. 1520 54 46
(1] (2] 1800 S8
1610 * 49
16%0 s1
Avg. 1700 $3 45
0.3 350 0 S 1700 n
1660 72
1690 i
Avg. 1680 H) 64
5 10 1700 53
1660 50
16%0 56
Avg. 1680 53 45
10 13 1160 40
1310 39
1180 48
Avg. 1290 42 36
20 24 900 23
990 25
1040 26 .
Avg. 980 25 21
60 €2 190 3
170 [
10 4
Avg. 180 4 3
0.3% 400 0 4 1390 LY}
1470 LY
1390 53
Avg. 1420 56 L))
3 9 1290 43
1260 42
1230 Q0
Avg. 1260 42 3
10 14 710 19
350 13
770 18
Avg. 680 17 14
20 22 20 2
0 1
30 1
Avy. 70 1 1
0.6 500 0 4 990 1
900 ki
810 22
Avg. 900 33 30
S 7 110 3
80 2
40 2
Avg. 80 2 2
87



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

Fabric Description

Fabric 950 {(cont)

Fabric 937
1008 cotton
5.1 oz/sq yd

Appendix Table 1 (cont)

Rupture
Radiant Heater Modulus Load Strength
Heat Flux Temp Exposur? Time (sec) (1bs/inch width/ (lbs/inch Retention
{cal/cm?/sec) (°c) At Start At Rupture unit strain) width) [O))
0.8 560 0 4 500 18
640 22
510 23
Avg. 570 21 18
H - Avg, — 0 [}
— 20 -— - Avg. 170 19 100
0.2 270 0 14 120 13
150 17
150 15
Avg. 140 15 79
S 17 90 8
110 11
80 9
Avy. 90 9 49
10 21 60 6
50 6
20 1
Avg. 60 6 32
20 28 30 4
50 [
40 4
Avg. 40 H 26
60 65 20 2
10 1
0 1
Avyg, 10 1 5
0.3 350 0 9 50 4
30 4
s0 4
Avg. 40 N 22
S 10 10 1
10 1
10 1
Avy, 10 1 [
10 13 — >0.9%
—— >0.%
: = >0.5
Avg, ——- >0.5 2
0.3% 400 0 7 20 2
20 2
20 2
Avg, 20 -2 9
- 9 — 0.3
— >0.58
frovied >9.5
Avg, — 0.5 1
0.6 $00 0 4 —— >0.58
-— >0.5
== >0.8
Avg, - >0.5 1
0.8 60 0 0 Avy, 0 0 1]

88




Appendix Table 1 (comt)

- Tensile Properties in the Warp Direction of Mavy Bhipbosrd Work Clothing Pabrics During
Exposure to Various Bilateral Radiant Beat Plux Levels

) ’ Rupture
Radiant Heater Modulus Load gtrength
Heat Plux Temp Exposure Time (sec) ~ (lbs/inch width/  (1bs/inch Retention
rabric Description ;cal(azguq g°c1 At Start At Rupture unit strain) width) {8)
rabric #21 — 20 — — Avg. 290 56 100
1008 wool ’
15.7 oz/8q yd 0.2 270 ] 12 200 46
190 43
Avg. 210 45 /]
’ s 16 220 "
210 1]
220 46
Avg. 220 45 80
10 22 240 45
230 43
230 48 ‘
Avg. 230 45 80
20 31 270 47
. 270 40
26¢ 4
Avg., 270 47 a
60 (1] 220 s
230 3s
190 3
Avg. 210 34 61
0.3 se 0 id 220 42
180 40
170 a2
Avg. 190 42 73
5 17 200 42
220 43
200 29
Avg. 210 42 75
10 22 220 3
p 210 33
220 3
Avg. 220 27 [{]
20 2 150 18
170 3
210 2
; . 200 26
, 180 a’
Avg. 180 23 41
30 k38 —— <l
— <1
== <1
AVg, === <1 <1




Appendix Table 1 (cont)

Tensile Properties in the Warp Dirsction of Mavy Shipboard Work Clothing Pabrics During
Exposure to Various Bilateral Radiant Heat Plux Levels

Rupture
Radiant Heater Modulus Loza Strength
Heat Plux Tenp Expogure Time (sec) {1bs/inch width/ {ibs/inch Retention
Pabric Description Lcal[cnz/uc) (°C) 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
5 15 190 30
200 29
210 3
Avg, 200 31 5
10 20 210 30
190 29
180 3
Avg. 190 31 48
20 23 56 2
65 3
[ 3
Avg., 60 3 S
25 — Avg. - [} 0
0.6 500 0 9 230 3s
210 3
10 k1Y
Avg. 220 33 59
s 1 180 18
180 18
180 be]
Avg. 180 18 32
10 12 — <1
— 1
== <1
Avg. — <l <]
0.9 560 0 [ ] 210 23
200 23
130 a
Avg. 200 22 39
S 9 100 6
: 120 7
10 1
Avg. 110 [ 11
10 - Avg. —— 0 0

90




Appendin Table § (cont)

Tensile Properties in the Warp Direction of Navy faipbosrd Work Clothing Pabrics During
xposure to Yarious Bilateral Radiant Neat Plux Levels

Rupture
Radiant Reater Modulus Load Strength
Heat Plux Tesp te Time (sec (1bs/inch width/ (1bs/inch Retention
Pabrcic Description (cal/cmd/sec) (°¢) At _Start At Rupture unit strain) width) 3
Fabric #28 — 20 - - Avg. 200 3s 100
90/10 wool/nylon
8.2 oz/sq yd 0.2 270 [} 14 90 22
90 29
100 24
Avg, 90 28 71
-] 1?7 120 22
130 24
20 2
Avg. 110 24 (1]
10 22 130 21
130 24
150 28
Avg. 140 24 69
20 30 120 20
120 22
120 20
Avg. 120 21 60
60 10 90 15
100 18
100 18
Avg. 100 16 46
0.3 3%0 0 13 80 19
110 21
-2 19
Avg. 90 20 57
H 18 70 18
100 16
%0 pe]
Avg. 90 16 4
10 18 90 . 10
L 1] 9
. 100 1
Avg. 90 11 31
20 23 - 40 <1l
S0 1
s0 1
Avg, 50 1 2
0.38 400 0 11 140 23
180 25
140 2
Avg. 150 24 (1]
S 14 120 13
120 13
120 16
Avg. 120 15 43
10 16 60 4
70 S
[1] 4
Avg., 60 4 11
20 - Avg. 0 (] 0
91



Tensile Properties in the Warp Direction of Navy Shipboard Work Clothing FPabrics During
Exposure to Various Bilaterzl Radiant Heat Plux Levels

Pabric Description

Appendix Table 1 (cont)

Modulus
(l1bs/inch width/
ynit strain)

Pabric #28 (cont)

Fabric #25
55/45 polyester/wool
6.6 oz/8q yd

92

Radiant Heater
Heat Flux Temp Exposure Time (sec)
(cal/cm?/sec) (°C) At Start At Rupture

0.8 500 0 7

5 -

0.8 $60 0 4
— 20 -— —
0.2 270 0 11

S 17

10 20

20 27

60 (1]

0.3 3s0 0 7

5 12

0.38 400 4 [}

[ -—

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

Avyg.

Avg.

Avg,

Avg.

40
30
40
40

0

20
20
20

20
440

250

130
170
10
150

50
40
40
M

110

120
110

Rupture

Load

{l1bs/inch
width)

o Wi W w

b N e

Strength
Retention

—1Y

100

52

45

3

14

45

24



Appendix Table 1 (coat)

Tensile Properties in the Warp Direction of Navy Shipboard Work Clotaing Pabrics During
Exposure to Varicus Bilateral Radiant Beet Flux Levels

. Rupturze
Radiant Heater Modulus Load Strength
) Heat Plux Tenp Exposure Time (sec) (lbs/inch width/ {lbs/inch Retention
Fabric Descripticn (cul‘c-zgnc) (°C) At _Start At Rupture unit strain) width) (%)
Fabric #25 (cont) 0.6 00 0 2 70 69
70 67
1] 0
Avg. 70 65 6
0.8 360 0 2 40 1
40 1
0 1
Avg. 40 1 1
Fabric 478 — 20 -— — Avg. 2170 208 100
core spun, semi-
carbon Kevlar 0.2 270 /] [} 1720 168
15.4 oz/3q yd 1770 169
1740 174
Avg. 1740 170 LA
S 13 1610 m
1500 n
1510 1712
Avg. 1570 1711 83
10 17 1540 170
1600 169
1620 120
Avg. 1590 170 83
20 26 1520 139
1340 159
1610 156
Avg. 1560 151 74
60 (13 1480 110
1440 11,
1320 109
Avg. 1420 112 55
0.3 3so0 0 ] 1340 153
1370 152
1290 154
Avg., 1330 153 7%
] 12 1440 148
1450 158
1380 140
Avg. 1430 l48 72
10 16 12¢0 128
13%¢0 136
1420 136
Avg. 1030 130 63
26 2¢ 1130 101
1110 104
1200 102
Avg. 1150 106 52
60 [ ¥4 2%0 39
1010 26
1080 27
Avg. 1020 31 15
93




Tensile Propertics in the Warp Direction of Mavy Snipboard Work Clothing Fabrics During
Bxposure to Verious Bilatsral Radiant Heat FPlux Levels

Fabric Description

Appendix Table 1 (cont)

Pabric #78 (cont)

Rupture
Radiant Heater Modulus Load Strength
Heat PFlux Tenp Expoeure Time (sec) vibs/inch width/ (lbs/inch  Retention
(cal/cnz/lec) g°c1 At Start At Rupture unit strain) width) )
0.35 400 0 8 1210 148
1180 148
1190 148
Avg. 1190 148 72
1Y 12 1270 135
1260 139
1320 143
Avg. 1290 139 €8
10 16 1060 100
1070 100
1240 119
Avg. 1120 106 52
20 25 870 63
840 63
290 [1]
Avg. 870 (1] 32
60 62 990 29
960 28
1010 28
Avyg, 990 28 14
0.6 00 0 7 1160 133
1240 136
1170 120
Avg. 1190 130 63
S 11 980 18
1110 87
330 i)
Avg. 1009 [ 3} 40
10 14 500 28
560 33
480 25
Avyg, 510 28 14
20 22 420 11
460 12
440 1
Avg. 440 12 [
60 61 680 13
650 11
40 1
Avg, 650 12 [
0.9 560 0 7 1080 9%
1040 106
1100 110
Avg., 1070 104 s1
5 10 740 51
710 49
140 a
Avg. 730 4 24
10 13 200 10
a0 8
240 1
Avyg. 200 10 -




Appendix Teble 1 (comt)

Tenaile Properties in the Warp Direction of Mavy Shipboard work Clothing Pabrics During
Exposure to Virious Silateral RAediant Heat flux Levels

Rupture
Radiant Reater Noduius Load Strength
Haut Plux Terp Exposure Tise (sec {1bs/inch width/ (ibs/inch  Retention
Fabric Description lcal/ca?/sec) (°C) At Start At Rupture _ unit strain) width) (8)
rabric ¢78 (cont) 20 22 560 13
540 12
560 12
Avg. 560 12 6
[{] 61 940 12
890 14
820 12
Avg. 880 13 [
Pabric §78 — 20 - - Avg. 8450 439 100
1008 Xevlar
8.3 oz/rnq yd 0.2 270 0 [ 4 7670 350
1670 40
6310 30¢
Avg. 7220 330 7%
s 1 8770 320
7180 320
8770 40
Avg., 8240 330 74
10 13 6820 283
8130 294
7590 18
Avg. 749%0 298 [ ]
20 25 6310 2954
7760 268
7420 213
Avg. 7160 266 (33
€0 (11 7%00 244
6740 26)
$960 210
Avg. 7070 260 59
0.3 iso 0 [ 8230 283
7760 o4
2420 280
Avg. 700 91 3
S 10 6030 23¢
7180 253
1870 237
Avg. €960 249 37
10 13 6890 208
€750 206
€960 203
Avg. €870 203 47
20 a3 630 156
$320 150
5670 188
Avg. 3370 165 38
€0 (1] 36%0 118
4090 128
4290 129
Avg. 4020 124 28
95




Tensile Properties in the Marp Directicn of Kavy Shipboard Work Cluthing Pabrics During
Exposure to Various Bilateral Radiant Heat FPlux Levels

Appendix Table 1 (cont)

Rupture
Radiant Heater Modulus Load Strength
Heat Plux Temp Exposure Time (3ec) {lbs/inch width/ (1bs/inch Retention
Pabric Description jgl[c:z/uec) _{%C) At _Start At Rupture unit strain) width) (%)
Pabric #75 (cont) 0.3% 400 0 [ 7580 2n
7370 268
7360 21
Avg., 7440 272 62
S 10 5920 192
6430 182
6190 11
Avg, 6180 183 43
10 15 429¢ 120
4360 127
4150 127
Avg, 4270 12% 28
20 24 31380 33
3510 92
3420 96
Avg, 3432 94 21
80 64 1850 58
2050 57
208¢ 57
Avg. 1990 57 13
0.6 500 0 5 5770 1%0
$110 1727
2190 186
Avg. 5380 184 2
H 9 3180 a4
2780 80
3380 bi}
Avg. 3110 81 18
10 14 15%0 40
1399 Ky
1650 41
Avg. 1540 39 3
20 24 1230 k1]
1440 2
1380 ET]
Avg. 1350 3 ]
[{:] €3 1090 26
940 8
820 25
Avg. 970 25 [
0.8 560 0 H 4820 123
4430 136
4910 137
Avg. 4720 132 30
S ] 1860 45
1530 4“
1710 43
Avg. 1710 45 10
10 13 10490 34
1130 3
1100 38
Avg. 1120 k) s
20 22 460 12
520 15
30 1
Avg. $n0 13 3




Appendix Table 1 (comt)

Tensile Properties in the Warp Direction of Navy Shipboard Work Clothing Pabrics During
Bxposure to Various Bilateral Radiant Heat Plux Lavels

Pabric Description

rabric #47
1N0% Nowmex
8.1 oz/sq yd

Radiant
Heat Flux

(cal/cm?/sec)

0.2

0.3

9.3%

Heater
Temp Exposure Time (sec)
(°c) At start At Rupture
23 -— -—
270 0 16
5 20
10 25
20 k1
60 75
iso 0 15
L] 1
10 2
20 32
60 72
400 () 14
] 17
10 2
97

(l1bs/inch width/
—unit strain)

Avg.

Avg,

Avg,

Avyg.

Avg.,

Avg.

Avg,

Avyg,

Avg,

Avyg.

Avg,

Avg,

Avg.

Avy.

Modulus

600

500
S40
s20
520

48C
460
s00
480

s00
460
490
480

460
430
450
450

430
450
440
440

460
480
480
470

%0
430
430
420

400
390
30
390

340
350
360
350

370
36C
360
360

400
420
430
410

350
330
329
210

300
310
0
10

Rupture
Load
(lbs/inch

width)
152

172
130
125
142

118
108
12
116

122
113
122
113

118
108
uz
112

104
109
106
108

111
107
e
111

80
6
9
3

n
n
1
74

72
73
n
0

70
66
10
7]

10
[ 1]
13

1
0
58
7

53
1]
4
9

Strength
Retention

—i
100

33

76

78

73

10

73

57

49

46

43

57

k1]

kL



Appendix Table 1 (cont)

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

Rupture
Radiant Heater modulus Load Strength
Heat PFlux Temp Bxposure Time (sec) (lbs/inch width/ {lbs/inch Retention
Fabric Description (cal/cnz/aec) (°¢) At Start At Rupture unit strain) width) {8)
rabric $47 (cont) 20 30 290 43
330 43
310 S0
Avg, 310 4 30
60 68 310 31
320 37
270 28
Avg., 300 32 21
0.8 500 0 11 250 1
230 43
240 43
Avg. 240 42 28
- 12 130 12
170 19
150 16
Avyg, 110 16 11
10 15 60 6
50 5
40 4
Avg., 50 5 3
0.8 560 0 8 160 23
160 21
160 19
Avg. 160 21 14
5 9 50 S
40 4
50 4
Avg. 50 4 3
Fabric #74 — 20 - - Avg, 4750 202 100
S0/50 Nomex/Xevlar
6.0 oz/sq yd 0.2 270 0 4 4170 164
3920 158
3970 162
Avg. 4020 161 80
S 9 4190 151
4410 150
4040 154
Avg, 4220 152 73
10 15 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
98
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Tensile Properties in the Warp Directica of Navy Shipboard Work Clothing Fabrics During

Fabric Description

Fabric #74 (cont)

- W W et  wt s W aee o e e we -

Appendix Tabls 1 (coat)

Exposure to Various Bilateral Radiant Neat Plux Levels

Radiant

Heater

Heat Flux Tewp  Exposure Time (sec)
{cal/cml/mec) _(OC) At Btart At Supture

0.3 350 0 H

S 10

10 15

20 28

60 65

0.35 400 0 5

) 10

10 15

20 u

60 (2]

0.6 500 0 4

S 9

10 14

99

Rupture
Modulus Load Strength
(1bs/inch width/ (lbs/inch Retention
unit strain) width) {8
3990 144
3a00 144
3910 140
Avg, 3900 143 n
3ooo 108
3140 110
3000 108
Avg. 3050 109 54
2970 [ 11
2430 89
2703 91
Avg., 2700 89 “
2330 89
2330 81
2500 87
Avg. 23190 86 43
2350 8¢
2410 84
2290 84
Avg. 2350 84 42
3la60 132
3800 132
386¢C 132
Avg. 3840 132 (3]
2700 85
2650 93
2900 91
Avg. 2750 90 45
2600 78
2050 79
2390 88
Avg. 2340 82 41
1830 46
1530 49
1690 4
Avg. 1590 50 as
1140 3
1100 k!
1110 s
Avg. 1120 k1] 19
2530 ”
2430 78
2480 72
Avg, 2480 76 38
1090 29
1220 32
1440 3s
Avg. 1250 32 16
940 23
930 23
840 a
Avg. 900 22 11



Tensile Properties in the Warp Direction of wWavy Shipboard Work Clothing Pabrics During
Exposure to Various Bilateral Radiant Heat Piux Levels

,

Fabric Description

Appendix Table 1 (cont)

Radiant . Heater

Heat Flux Temp Exposure Time (sec)

(cal/cm?/sec) (°¢) At Start

Fabric $74 (cont)

Fabric #73
95,5 Nomex/Kevlar
5.3 oz/sq yd

20

60

0.8 s$€) ]

10

20

25

0.2 270 [

10

20

60

100

At Rupture
24

62

14

22

25

10

13

25

6%

Avg,

Avg.

Avg.

Avg.

Avyg.

Avg.

Avg,

Avg.

Avg.

Avg,

Avg.

- Avg.

Avg.

Modulus
(1bs/inch width/

—unit strain} _

560
520
510
530

290
290
240
270

1990
1890
1890
1950

990
980
850
940

590
520
sl
540

19¢
210

290

1780
1790
1780
1780

1580
1530
1430
1510

1320
1380
1320
1340

1220
1270
1240
1240

1390
1380
1530
1430

Rupture

Load

(1bs/inch
width)

Strength
Retention
(%)

27

10

<l

100

81

74

67

63

87
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Tensile Properties in the Warp Directiom of
Bxposure to Varicus Bilater

Pabric Description

Pabric 473 (cont)

Radiant
Heat Flux

(cal/cn/sec)

0.3

0.3%

Appendix Table 1 (cont)

Heater .
Temp Exposure Time (sec)
%) At Start At Rupture
350 0 5
L] L
10 1¢
20 24
60 64
400 ] 4
L] 9
10 14
20 a3
(14 62
500 ] 3
L 7
10 1
lo1

Avg.,

Avg.

Avg.

Avg,

Avg.

Avg.

Avg.

Avg,

Avg.

Avg.

Avg.

Avg.

Avg.

Nodulus
{1bs/inch width/

unit serain)

1200
1230
1290
1240

890
a70
840
870

640
760
120
700

640
690
12
670

640
5%0
860
630

1420
1420
1320
1390

a40
700
850
800

600
700
100
660

480
530
570
530

440
440
520
470

1260
1290

230
1300

370
370
20
380

70
%0
%0
%0

Mavy Shipboard Work Clothing Pabrics During
al Radiant Beat Flux Levels

Rupture
Losd
{lbs/inch

width)

69
7n
6
72

[ XTI TRy

Strength
Retention

— 8

56

k1)

k3

29

k2

61

30

24

21

1s

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

Appendix Table 1 (cont)

Rupture
Radiant Heatar Modulus Load Strength
Heat Flux Tenp Exposure Time (sec) (1bs/inch width/ (lbs/inch Retention
rabric Description _(_cal/cnz/sec) {9C) At Start At Rupture unit strain) width) (8)
Pabric $73 (cont) 0.8 560 0 2 1110 35
1140 37
1090 3
Avg. 1110 35 27
- 6 40 2
50 2
50 2
Avg, 50 2 2
Pabric #39 ——— 20 - -— Avg. 1120 173 100
nylon, butyl coated
12.5 oz/sq yd 0.2 270 0 13 720 97
/20 101
130 101
Avg. 730 100 58
5 18 $90 97
580 96
630 %
Avg. 600 96 56
10 23 330 94
540 95
540 96
Avg. 540 95 55
20 32 500 91
480 89
490 98
Avg. 490 93 sS4
60 72 400 8
420 79
490 bi]
Avg. 400 79 46
0.3 350 0 12 570 n
580 72
590 24
Avg, 560 k| 42
S 14 410 53
400 57
400 57
Avg. 400 56 32
10 17 350 42
- 340 (31
280 50
Avg. 360 4" 25
20 23 40 3
49 3
: 70 ]
Avg. 50 4 2
0.3% 400 0 8 470 50
480 L1
430 53
Avg. 480 52 30
1) 10 290 32
. 260 28
290 29
Avg. 280 30 17
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Appendix Table 1 (comt)

Tensile Properties in the Warp Direction of ¥Navy shipboard Work Clothing Pabrics During
Bxposute to Various Bilateral Radiant Neat Flux Levels

" Rupture
Radiant Reater : Modulus Load Strength
Heat Flux Tesp Exposurey Time (sec)  (lbs/inch width/ (lbs/inch Retention
Fabric Description  {(cal/cmi/sec) {9C) At Start At mupture unit_strain) width) O]
rabric $39 (cont) 10 1 140 9
120 ?
- 4
150 7
140 8
9. 140 7 4
1s 15 Avg. 0 0 0
0.6 500 0 ‘ 300 ’ 26
370 26
400 32
Avg. 360 . 28 16
s 5 Avg. (] 0 (]
0.8 560 (] 3 300 17
360 20
Joo 13
Avg. 320 17 10
s H Avg. (] 0 0
Fabric 0% — 20 -— -— Avg. 1300 72 100
cotton, resin modi- )
fied, butyl coated 0.2 270 ° [ 1300 68
10.5 oz/sq yd _ 1260 ’ 58
1090 57
Avg. 1220 61 8s
s 10 1270 60
1260 s3
1140 49
Avyg. 1230 54 75
10 14 1310 s4
1180 43
1230 46
Avg. 1241 48 67
20 b33 1060 2
1130 42
1020 !
Avg. 1070 39 34
€0 (11 1080 s
1040 40
940 32
Avg. 1010 E3 50
(% | 350 ] s 760 30
840 39
' 20 »
Avg. 840 ‘ 3% S0
L) 10 70 32
830 . 36
20 32
Avg. 8350 33 4
10 15 790 30
750 28
840 28
Avg. 790 F1) 40
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Appendix Table 1 (cont)

Tensile Properties in the Warp Direction of Xavy Shipboard Work Clothing Fabrics During
Exposure to Various Bilateral Radiant Heat Plux Lavels

Rupture
Radiant Heater Kodulus Load Strength
Heat Plux Temp Exposure Time (sec)  (lbs/inch width/ (lbs/inch Retention
Fabric Description (cal/c-z/sec) (°C) At Start At Rupture unit strain) width) {%)
Fabric #5 (cont) 20 25 790 27
810 27
850 32
Avg, 820 29 40
60 62 50 1
60 1
30 1
Avg, 50 1 1
0.35 400 0 S 1160 50
1210 43
1220 49
Avg. 1200 47 65
5 10 750 27
910 31
880 EE]
Avg, 850 30 42
10 15 700 23
820 24
800 25
Avg, 780 24 33
20 22 90 1
40 1
100 3
Avg. 80 2 3
0.6 500 0 L) 1020 36
820 30
820 33
Avg. Q10 33 46
S 9 296 8
135 S
160 ]
Avg, 1%0 6 8
10 10 Avg. 0 0 0
0.8 560 0 5 680 : 23
610 22
610 21
Avg., 630 22 kXS
S ) Avg. ] 0 0
Pabric $32 —— 20 - -— Avg. 1440 158 100
nylon, neoprene
coated 0.2 270 0 7 1050 120
7.7 oz/3q yd 1130 128
1130 125
Avg. 1100 123 kL]
S 12 930 110
990 110
850 1]
Avg, 920 110 67
10 18 750 a3
790 102
130 KT}
Avg. 760 93 59
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Appendiz Table 1 { oat)

Tensile Properties in the Warp Direction of Navy Shipboard Work Clothing Pabrics During
Exposure to Various Bilateral Radiant Heat ?lux Levels

Rupture
Radiant Heater Modulus Load Strength
Heat Plux Temp Exposure Time {sec) {lbs/inch width/ {lbs/inch Retention
_Pabric Description (cal/cm?/sec) (°C) At Start At Rupture unit strain) width) (%)
| rabric #32 (cont) ’ 20 2 680 95
> 740 94
§10 23
Avg. 700 94 359
0.3 350 [ ] ? 630 70
640 (1]
40 70
Avg. 340 9 44
- L 12 480 62
400 50
400 52
Avg. 430 55 s
10 13 310 3
340 34
200 a
Avg. 310 2 20
15 . 15 Avg. 0 ’ ] (]
0.35 400 0 [ 490 48
440 48
s70 sL
Avg. 500 $2 3
! 5 ] 270 20
300 5
290 21
Avg. 290 22 _ 14
10 10 Avg. 0 0 0
0.6 500 0 1 380 25
430 32
400 2
Avg. 400 29 18
] s Avg. 1) 0 0
0.8 S60 0 3 450 20
“wo 18
460 20
Avg. 4350 19 12
s s Avg. 0 -0 (/]
rabric 118 : — 20 -— -— Avg. 350 €7 100
~ nylon, poly-
utethane coated 0.2 270 0 14 210 30
3.1 os/sq yd 190 29
- 210 3
Avg. 200 30 45
] 18 130 T 29
120 k)3
130 30
Avg. 130 30 43
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Tensile

Appendix Table 1 {cont)

Properties in the Warp Direction of Navy Shipboard Work Clothing Pabricu Dusing

Exposure to Various Bilateral Radiant Heat Flux Levels

Rupture
Radiant Heater Modulus Load Strength
Heat Plux Temp Bxposure Time (sec) {lbs/inch width/ {lbs/inch  Retention
Fabric Description jcal/cmz/sec) {°c) At Start At Rupture unit strain) width) ()
Fabric #18 (cont) 10 24 90 21
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
150 28
90 4
120 2 melted
Avg. 120 19 28
0.3 350 [+] H 140 7
120 ?
140 ]
Avg. 130 ? 10
s 6 — 1
— 2
=== 1
Avyg. -— 1 2
0.35 400 0 3 150 7
150 [
170 2 :
Avg, 160 7 10
5 5 Avg. 0 0 [ 4
0.6 500 0 1 170 3
160 3
160 3
Avg. 160 k) S
0.8 560 0 1 160 3
160 2
160 2
Avg. 160 2 3
FPabric $72 — 20 - - Avg. 3010 163 100
PAN
15.6 oz/sq yd 0.2 270 0 [ 2410 127
2500 130
2780 138
Avg. 2570 128 79
H 11 2130 131
2000 136
2130 1
Avg. 2080 133 [ ]
10 15 1900 129
1860 121
1900 139
Avg. 1890 130 (D]
20 24 1840 121
1970 1
1901 137
Ava, 1900 130 | [
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‘Appendix Tabla 1 (cont)

Tensile néportiu in the ¥Marp Direction of Mavy Shipboard Wock Clothing Pabrics During
Exposure to Various Bilateral Radiant Heat Flux Levels

' Rupture
Radiant Heater Modulus Load Strength
Heat Plux Temp  Exposure Time (sec) (lbs/inch width/ (1bs/inch Retention
Pabric Description gclléazguq {°c) At Start At Rupture unit strain) width) (%)
Pabric $72 (cont) 60 63 1920 84
- 1930 91
1930 87
Avg. 1930 87 53
0.3 3s0 -] [ 1990 113
2050 121
2000 113
Avg, 2010 116 n
-] 9 1710 126
1710 126
) 1840 123
Avg., 1750 125 ”
10 14 1840 1285
1780 118
1550 us
Avg., 1720 119 73
20 23 1570 95
1610 94
1580 [1]
Avg. 1590 92 56
[ 1] €0 600 [
1000 [ ]
600 [
Avg., 730 7 4
0.3% 400 [] [ 1780 113
1590 113
1670 123
Avg, 1680 116 7
-] 10 1630 120
1840 128
1563 118
Avg. 1679 121 74
10 4 1610 108
1710 103
1640 100
Avg, 1650 105 64
20 22 1890 1]
1040 43
1210 50
Avg. 1380 0 k}
60 €0 1190 8
800 [ 1
190 s
Avg. 930 7 4
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Appendix Table 1 (cont)

Tensile Properties in the Warp Direction of Navy Shipboard Work Clothing Pabrics Curing
Exporure to Various bilateral Radiant Heat Plux levels

Rupture
Radiant Heater Modulus Load Strenath
Heat Flux Temp Exposure Time (sec) {1bs/inch width/ {lbs/inch Retention
Fabric Lescription {cal/cm?/sec) (°0) At Start At Rupture unit strain) xidth) [k
Fabric #72 (cont) 0.6 510 0 6 1350 125
1310 118
1410 120
Avg. 1360 121 74
5 9 1500 90
1510 95
15590 90
Avg. 1520 92 56
10 13 950 i3
900 39
950 s
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
5 8 1270 68
1290 68
1270 (1]
Avg. 1280 67 41
10 11 610 8
590 9
620 u
Avg., 610 9 6
15 15 470 3
440 3
3%0 2
Avg, 420 3 2
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Appendix Table 2
Time to Ignition for Ravy Shipboard Mork Clothing Fabeics Exposed to Bilateral Radian: Heat

Radiant Reater
Heat Plux Tewp Time to Ignition
Fabric Description (cal/cmd/sec) _(°C) { vds) Smoke Generation
rabric #36 0.2 270 Bo ionition, 2 min Light smoke at 45 saconds
1008 cotton ’
13.3 oa/sq yd 0.3 139 Glow only Nedium smoke &t 535 seconds
' 20
ki
j 1]
Avg. [ ]
0.35 400 Glow Only Seavy smoke at 35 seconds
50
50
50
Avg, 50
0.6 500 17 Beavy smoke at 18 seconds
’ 21
1
Avg. 19
0.8 560 9 Nedium smoke at 8§ seconds
10
un
Avyg. 10
0.9 600 6 Light smoke at S seconus
¢
s
Avyg. [
1.1 €30 4 Light smoke at 3 seconds
4
4
Avg. 4
rabris #38 0.2 270 ¥o iguition, 2 min WO smoke Jeneration
1008 cotton
10.3 oz/sq yd 0.3 3so %o ignition, 2 min Medium smoke at 30 seconds
0.38 400 Wo ignitiom, 2 min Nedium smoke at 13 leconds
0.6 . 500 Glow, 13 seconds Seavy smoke at S seconds
0.8 560 ] Light smoke at 43 seconds
L]
1
Avy. ]
0.9 600 ] Nedium smoke at 4 scoends
H
3
hvy, ]
1.} (L] 2 Reavy saoke at ignitioa
3
1
Avy, k)
109
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Time to Ignition for Navy Shipboard Work Clothing Pabrics Exposed to Bilateral Radiant Heat

Appendix Table 2 (coat)

Radiant Beater
Heat Plux Temp Time to Ignition
Fabric Description (cal/cnzjsec) (G} (seconds) Smoke Genwration
Pabric #70 0.3 350 Mo ignition, 2 min Medium smoke at 30 seconds
80/20 PPR
rayon/polyester 0.35 400 No ignition, 2 min Medium smoke at 20 secords
8.6 oz/sq yd
0.6 500 No ignition, 2 min Heavy smoke at 6-9 seconds
0.8 560 6 Medium smoke at 4 seconds
§
s
Avg., -
0.9 600 4 Nedium smok~ at 2-3 seconds
3
H
k)
3
Avg, 3
1.1 650 2 Heavy smoke at ignition
2
2
Avyg. 2
Pabric #71 0.2 270 ¥o ignition, 2 min Light smoke at 66 reconds
80/20 PPR rayon/
Nowex 0.3 350 ¥o ignition, 2 min Heavy smoke at 20 seconds
8.5 oz/sq yd
0.35 400 %o ignition, 2 min Heavy smoke at 15 saconds
0.6 500 7 Recvy smoke at 6 seconds
e
L]
Avg. ]
0.8 560 S r.ight smcke at 4 seconds
[
s
Avqg. L}
0.9 600 ] Light seoke at 3 seconds
[]
4
Avg, 4
1.1 650 3 Mo smoke generation
3
3
Avg, 3
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Appendix Tabls 2 (coat)

Time to Ignition for Mavy Shipbosrd Work Clothing Pabrics Exposed to Bilateral kadiant Haat

Radiant Heater
Heat Flux Temp Tizs to Ignitiom
Fabric Description  {cal/cm?/sec) _(°C) {seconds) _ Smoke Generation
rabeic 410 " 0.2 270 wo ignition, 2 min NG smoke generation
rayon varp
cotton fill 0.3 ise Glow Light-medium smoke at 63-90 seconds
8.2 os/9q yd -—
94
10
Avyg. 2
0.35 400 Glow fledium~heavy smoke at 20-25 seconds
34
30
3¢
Avg, 2
0.6 500 9 14 Beavy smoke at 7-19 seconds
10 ¢
) U
Avg, 11
0.8 560 [ I Light smoke at 3 seconds
8 ¢ . . .
3
Avg. ¢
0.9 600 1 Light smoke at 4 seconds
S
3
Avg, ]
1.1 650 4 Light smoke at 3 seconds
4
3
Avg. 4
Fadbric 934 0.2 270 Wo ignition, 2 nia No syoke generation
80/20 PFR rayon/Momexn
7.0 os/sq yd 0.3 350 wo ignition, 2 min Medium-heavy smoke at 210 seconds
0.33 400 No ignition, 2 ais Neavy smoke at 13 seconds
0.. 300 ] Seavy smoke at 7 seconds
3
Avg. ]
0.8 560 4 Nedius-heavy smoke at 2 seconds
3
3
Avy. 3
0.9 600 2 Light emoke at 1 second
T 2
1
2
1.1 650 1 Light smoke at <1 second
3
P
Avyg, 1
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Appendix Table 2 (cont)

Time to Ignition for Navy Shipboard Work Clothing Pabrics Exposed to Eilateral Radiant Heat

Radiant Heater
Heat Flux Tewp Time to Ignition
Fabric Dezcription (cnl/clz/ieci {°C) {seconds) Snoke Generation
Pabric 37 0.2 270  No ignition, 2 min No smoke generation
1008 cotton
5.1 oz/sq yd 0.3 350 Glow Only Medium smoke at 10 ssconds
35
35
35
35
0.33 400 Glow Only Medium to heavy at 10 seconds
21 .
23
23
Avg, 22
c.§ 500 6 Medium smoke at 4 seconds
6
5
Avg. [
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
Pabric 448 0.2 270 No ignition, 2 min No smoke generation
1008 cotton
4.3 oz/sq yd 0.3 350 81 Light smoke at 10 seconds
99 (glow only)
Avg. 81
0.3% 400 30 Medium to heavy smoke at 25 seconds
a3
35 (glow only)
Avg, 32
0.6 <00 13 Medium smoke at 12 seconds .
. 14
13
Avg. 13
0.8 560 7 Light smoke at 7 seconds
9
8
Avg., [}
0.9 600 [ Light smaoke at S seconds
7
[
Avg. 6
1.1 650 - Light smoke at 3 seconds
3
5
Avg. 4
PREVIOUS PAGE
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Appendix Table 2 (coat)

Time to Ignition for Wavy Shipboard Work Clcthing Pabrics Exposed to Bilateral Radiant Hest

Radiant
Heat Plux

Pabric Description (cal/cm?/sec)

PFabric $21 0.2
100% wool
15.7 os/sq yd 0.3

0.3%

1.1

Fabric $63 0.2
70/30 wool/modacrylic
12.8 oz/sq yé

0.3

0.3%

0.6
0.8
0.9
1.1
Fabric 423 0.2

100% wool
12.3 oz/8q yd 0.3

0.3%

0.6
0.8
0.9

1.1

gmoke Generation

No smoke generation

Medium smoke; slight intumescent
char at 60-70 seconds

Medium-heavy smoke, intusescent
char at 35 seconds

Heavy smoke; intumescent char at

Beavy smoke, intumescent char at

Heavy smoke, intumescent char at

Hsavy smoke; irtumescent char at

Medium smoke, slight melting at 80

Medium smoke at 55 seconds

Heavy smoke, slight melting at 30

Medium ke at 12 d

Light smoke at 5 seconds
Medium smoke at 2 seconds
Heavy smoke at 6 seconds’
Light smoke at 40 seconds

Nedium smoke, intumescent char
Besvy smoke at 35, intumescent char

Reavy smoke at 6-9 seconds
Light smoke at 4 seconds

Heavy swoke at 1 second

Neater
Temp Time to Ignition
{°C) {seconds)
270 Wo ignition, 2 min
350 o ignition, 2 wmin
400 Mo ignition, 2 min
500 Glow
105 15-20 seconds
110
120
Avg. 112
560 Glow with small
flame 15 seconds
60
54
&3
Avg., 58
600 33
44 $-12 seconds
3
Avyg. 37
650 k2]
14 T-10 seconis
11
k)
33
Avy. 24
270 No ignition, 2 min
seconds
350 Mo ignition, 2 min
400 Mo ignition, 2 min
seconds
500 Melts apart at 13
560 Melts apart at 9
600 Melts apart at 8
650 Melts apert at 6
270 wo ignition, 2 min
3s0 No ignition, 2 min
45-50 seconds
400 No ignition, 2 min
at 40 seconds
500 Melts spart at 13
560 Melts spart at 10
600 Melts apart at 8
650 Melts apart at 6

114
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Appendix Table 2 (cont)

Time to Ignition for Navy Shipboard Work Clothing rabrics Exposed to Bilateral Radiant Heat

Radiant Heater
Heat Plux Tesp Time to Ignition
Pabric Description (cal/cni/uc) (o) (seconds) Smoke Ganeraticn
Pabric #46 0.2 270 No ignition, 2 min No smcke generation
100% wool
(mothproof-treated) 0.3 150 Mo ignition, 2 min Medium smoke at 70, light intu-
11,6 oz/sq yd mescent char at 75 seconds
0.35 400 mo ignition, 2 min Heavy smoks, intumescent chac
. at 45-350 seconds
0.6 500 2 Heavy smoka, intumescent char at
70 20 seconds
80
Avg. 7
0.8 580 53 Heavy smoke, intumescent char at
58 15 seconds
51
Avg. 54
0.9 600 47 Heavy smoke, intumescent char at
44 13 seconds
45
Avg. 43
1.1 650 43 Heavy smoke, intumescent char at
36 9 seconds
30
Avg, 37
Pabric #62 0.2 270 ¥o ignition, 2 min Medium smoke, slight meltiny at 110
70/30 wool/modacrylic seconds
11.5 oz/sq yd
0.3 350 %o ignition, 2 min Heavy smoke at 45 seconds
0.3% 400 ¥o ignition, 2 min Heavy smoke, slight melting at 20
seconds
0.6 500 Glcw Only Heavy smoke, melting at 10 seconds
55
70
1s
Avg. 67
0.8 540 Melts aparct at 7 Medium smoke at 2 seconds
0.9 600 Nelts apart at ¢ Medium smoke at 2 seconds
1.1 €30 Melts apart at $ Heavy smoke at 4 seconds
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Appendix Table 2 (comt)
Time to Ignition for Navy Shipboard Work Clothing Fabrics Expoeed ta Bilateral Radiant Heat

Radiant Heater
Heat Plux Tenp Time to Ignition
Fabric Description gcalgcnzgue[ (°C) {seconds} Smoke Generation
rabric #28 0.2 . 270 Mo ignition, 2 min Mo sooke generation
90/10 wool/nylon
8.2 oz/a8q yd 0.3 350 No ignition, 2 min Light-medium smoke slight intu-
nescent char at 45 seconds
0.3% 400 No ignition, 2 min Medium-heavy smoke, intumescent
char, slight melting at 20-2%
seconds
0.6 500 Glow Beavy smoke, intumescent char at
80 10 saconds
120
08
Avg. 108
Small
0.8 . 560 Glow Plame Heavy smoke, intumascent char at
25 30 10 seconds
21 24
23 A
Avg, 24 29
0.9 600 21 Beavy smoke, intumescent char at
18 8 seconds
15
Avg. 18
1.1 650 19 Heavy smoke, intumescent char at
12 § seconds
10
Avg, 14
Fabric #2% 0.2 270 No ignition, 2 min ¥No smoke generation
55/45 polyester/wool .
6.6 oz/sq yd 0.3 aso No ignition, 2 min Mo smoke generation
0.38 400 No ignition, 2 main Heevy smoke, melting at 15 seconds
0.8 500 No ignition, 2 min BHeavy smoke, melting at 8-10 seconds
0.8 560 Glow Reavy smokc, melting at 4 seconds
25
30
20
Avg. 25
0.9 §00 17 Seavy smcke, melting at 6-9 seconds
20 :
16
Avg. 18
1.1 650 3 Nedium smoke at 2-~3 seconds
3
3
Avg. 3
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Appendix Table 2 (cont)

Time to Ignition for Mavy Shipboard Work Clothing Pabrics Exposed to Bilateral Radiant Heat

Radiant Neater
Heat Plux Temp Time to Ignition
Pabric Description (caléc-z(ncl (°C) {seconds) Smoke Generation
T bric $#45 0.2 370 Mo ignition, 2 min Mo smoke generation
1008 acrylic
9.7 ocz/sq yd 0.3 330 Melts apart at 70 Medium smoke at 60
0.38 400 Melts apart at 45 Medium smoke at 35
0.6 500 Melts apart at 12 Light smoke at 10 seconds
0.8 560 Nelts apart at 9 Light smoke at 8
0.9 600 Melts spart at 8 Light smoke at 7 seconds
1.1 €50 Kelts apart at 7 Light smoke at 6 seconds
Pabric §78 0.2 270 o ignition, 2 min Mo smoke genera*ion
corespun, sesi-
carbon Kevlar 0.3 aso Mo ignition, 2 min Light smoke at 25 seconds
15.4 ox/8q yd
. 0.35 400 ¥o ignition, 2 min Light smoke at 20 seconds
0.6 $00 No ignition, 2 mia Light smoke at 15 seconds
c.8 560 ' Light Glow Onlv, Light smoke at 10 seconds
40
0.9 600 Light Small Light smoke at 8 seconds
Glow Plane
30 90
30 42
30 82
30 75
38 80
Avg., 130 14
1.1 650 5 Light to medium smoke at 8 seconds
28
21
Avg. 25
Fabric 478 0.2 270 %o ignition, 2 min Wo smoke generation
100\ Xevlar
8.3 oz/8q yd .3 3%0 No ignition, 2 min Mo smoke generation
0.35% 400 Mo ignition, 2 min WO smoke generation
0.6 500 Wo igaition, 2 min Mo smoke generation
0.8 560 Glow  Flame Nedium smoke at 35-45 seconds
40 70
30 70
50 —
40 -
4 =
Avg, &0 70
0.9 600 Glow Tlame Kedium sacke at 15 seconds
20 43
20 -—
23 36
20 32
20 26
Avg. 21 k1]
1.1 650 23 Nedium-heavy smoke at 12 seconds
22
21
Avyg, a2
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Appendix Table 2 (cont)
Time to Ignition for Navy Shipboard Work Clothing Fabrics Exposed to Bilateral Radiant Heat

Radiant Neater
Heat Flux Temp Time to Ignition

Fabric Description  (cal/cmi/sec) _{°C) (seconds) Smoke Genecation
rabric $47 0.2 270 No ignition, 2 main No smoke generation
1008 Nomex
8.1 oz/sq yd 0.3 3s0 wo ignition, 2 min No smoke generation
0.33 400 Mo ignition, 2 min Light smoke at 17 zeconds
0.¢ %00 wo ignition, 2 min Xedium smoke at 10 seconds
0.8 560 Nelis, 10-13 Nedium smoke at 7 seconds
0.9 600 Snall NMedium smoke at 5 seconds,
Glow zlame melts at 10
[1) [13
i ] k]
0 %0
Avg. 65 ]
1.1. 630 43 Nedium smoke at 4 seconds, melts
43 at 7
45
Avg. 44
Pabric §74 0.2 270 Mo ignition, 2 min No smoke generation
50/50 Nomex/Kevlar
6.0 oz/sq yd 0.3 350 Mo ignition, 2 min No smoke generation
0.35 400 Mo ignition, 2 min Mo smoke generation
0.6 500 No ignition, 2 min Light smoke at 15 seconds
0.8 560 Glow Medium smoke at 8 seconds
30
2s
23
Avg. 27
0.9 600 Glow Nedium swoke at 7 seconds
20
15
pLy
Avg. 17
1.1 6350 19 Nedium-heavy smoke at 7 seconds
19
12
Avg. 18
Pabric ¢73 0.2 270 %o ignition, 2 miz No smoke genecation
95/5 Nomex/Kevlar
5.3 o3/8q yd 0.3 aso Mo ignition, 2 min Light smoke at 15 seconds
0.38% 400 o ignition, 2 min Medium smoke at 13 seconds
0.6 500 No ignition, 2 min Nedius smoke at 7 seconds
0.8 Sév Light Glow, 40 Medium smoke at 3 seconds
0.9 $00 Smsll Nedium to heacy smoke at 3-5
. Glow Plame seconds
13 30
20 kL }
FURY 1}
Avg. 17 a
1.1 650 16 Seavy smoke at 4 seconds
19
a3
Avg. 19
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y e Appendix Table 2 (coat)
I* s
' Time to Ignition for Navy Shipboard Work Clothing Fabrics Exposed to Bilateral Rediant Heat
Radiant Beater
Heat Plux Temp Time to Ignition
Fabric Description (cal/cmi/sec) () {seconds) Smoke Generation
Pabric #39 0.2 T 270 Mo ignition, 2 min Mo smoke generation
nylon, butyl coated )
12.5 ox/sq yd 0.3 350 Nelts, 20-2% Light smoke at 10 seconds
0.38 400 Nelts, 12 Light smoke at 8 seconds, blisters
at 10
. 0.§ 300 Glow Only Melts at 5, light smoke and blister-
23 ing at 8 seconds
13
18
Avg, 19
0.8 560 9 Blisters at 4, light smoke and melt-
8 ing at 7 seconds
8
~ Avg, [ ]
0.9 600 6 Light ke at $ 4
6
8
. Avg, 1]
} ' 1.1 €50 4 Light smoke at 3 seconds
L}
4
Avg, 4
- Fabric 48 - 0.2 270 Bo ignition, 2 ain No smoke generation
cotton, resin modi-
fied, butyl coated, G.3 3%0 %o ignition, 2 ain Light smoke at 1% seconds
10.5 ox/sq yd
- v.38 400 Glow Only Medium smoke, coating melts expos-
4 (13 ing base fabric at 23 seconds
63
60
Avg, [%) .
0.6 500 13 Nedium smoke, coating melts at
16 8 seconds
1e¢
Avg. 135
!
| i 0.8 560 7 Nedium smoke st S seconds
| / |
/ 2
/ Avg. 7
; ) 0.9 600 s Light smoke at S seconds
; [}
/ s
Avyg. [
; 1.1 630 L] Light smoke at 3 seconds
! -
]
Avg. 5
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Appendix Table 2 (comt)
Time to Ignition for Navy Shipboard Work Clothing Fabcics Exposed to Bilateral Radiant Heat

Radiant Neater
Neat Plux Tenp Time to Ignitiom
)

Pabric Description ‘cnge-z/uc) (9¢) { ds) 8moke Generation
Pabric $32 0.2 270 Wo ignition, 2 min No smoke generation
nylon, necprene .
coated 0.3 350 Melts, 1% Light smoke at 10 seconds
7.7 oz/sq yd
0.3% <00 Melts, 10 Light smoke at 10 seconds
0.6 500 Nelts, S Medium-heavy smoke at 3 seconds
0.8 560 10 Kediun smoke, melts at 4 seconds .
12
. 1
Avg. 11
o 0.y - €00 ] Nediua swoke, melts at 4 seconds
9
s
Avg. 8
1.1 630 S Nedium smoke at 4 seconds
4
L]
Avg. 4
Pabric 918 0.2 270 Melts slightly, 40 No smoke generation ‘
nylon, polyurethane
coated 0.3 350 Melts, 10 Light smoke at 5 seconds
3.1 oz/8q yd
0.38 400 Melts, § Ho smoke generation
0.6 $00 Nelts, 4 %O smoke generation
0.8 560 Helts, 2 No smoke generation
0.9 600 Melts, 2 %o smoke generation
1.1 650 2 %O smoke generation, melts at 1
2 second
4
Avg. 3
rabric 972 0.2 270 Mo ignition, 2 min Wo smoke generation
PAN
15.6 oz/sq yd 0.3 aso Mo ignition, 2 min Light smoke at 23 seconds
0.3% 400 No ignition, 2 mia Light smoke at 15 seconds
0.6 500 ¥o ignition, 2 min Nedium to heavy smoke at 10 seconds
0.8 580 Light glow, 30-35 Beavy smoke at 10 seconds
0.9 600 Light glow, 30-35 Nedium smoke at 7 seconds
1.1 €30 Light Small Nedium smoke at $ seconds
Glow Flame
18 24
18 32
1 s
Avg. 18 32
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Appendix Table 3

Heat Transfer to an Underlying Surface from Pabrics Exposed to
Various Unilateral Radiant Haat Plux Levels

Incident
Radiant
Heat PFlux Radiant Heat
Pabric No. {cal/cmi/sec) Time {sec) Transfer (%) Pabric Event Description
Single-Layer Pabrics:
36 0.40 s 5 ¢ 33 38 s Inftial peak
1008 cotton 40 40 45 64 79 16 Medium smcke
13.3 os/sq yd 54 34 S2 81 83 86 ¥eat transfer stabilizes
0.7% 4 4 4 N 3¢ n Initial peak
18 17 16 48 49 Ignition
1.238 7 6 6 26 28 -3 Ignition
38 0.40 3 3 3 33 560 3 Initial peak
100% cotton 25 28 2% 60 60 S0 Light smoke
10.3 oz/sc yad 45 48 45 67 64 57 Heat transfer stabilizes
0.75 2 2 2 0 38 37 Initial peak
15 14 12 118 116 119 Medium smoke
25 20 20 77 87 80 Heat transfer stabiliszes
1.2% 4 2 2 31 29 30 Initial peak
7 8 8 68 80 82 Ignition
70 0.40 3 3 3 4 S0 40 Initial peak
80/20 PFYR rayon/ 28 23 28 135 11 108 Nelting
polyester 45 40 40 . 61 61 68 Heat transfer atabilises
9.8 oz/q yd
0.7% 3 2 2 3¢ 42 7 Initial peak
13 11 10 114 135 129 Melting, heavy smoke
25 30 40 63 1% 80 Heat trarsfer stabilises
1.28 2 2 2 32 30 34 Initial peak
s s 3 3% 7 Ignition
n : 0.40 4 4 4 45 53 %3 Initial peak
80/20 PFR rayon/ 25 23 28 87 los 117 Light smoke
Nowmex 43 45 40 64 65 8 Heat transfer stabilises
8.5 os/8q yd
e.7% 3 3 2 53 %2 & Initial peak
13 02 9 114 93 s8¢ Beavy smoke
— - 10 — ——= 9§ Ignition
30 2§ -- 71 61 ~—— . Heat transfer stasilises
1.28 2 2 2 33 4 1 Initial peak
4 4 4 59 4 42 Ignition, heavy ssoke
10 0.40 ¢« 4 40 40 38 Initial peak
rayon warp/ 38 38 30 62 60 S2 Heat transfer stabilizes
cotton f£i1l
8.2 os/sq yd 0.7% a 2 2 43 435 4 Initial peak
18 == 15 70 === 83 Ignition with medium smoke
19 27 2¢ 8¢ 140 40 Maximuas hest transfer
1.2% 2 38 29 Initial peak

2 2
s 3 8 51 24 2 Ignition, heavy smoke
s 23 60 34 46 Maximum heat transfer
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Appendix Table 3 (coat)

Beat Transfer to an Underlying Surfacs from Pabcics Expoeed to

Various Unilateral Radiant Neat Flux Levels

Incident
Radiant
Heat Plux Radiant Neat
Pabric No. (al(ﬂzgm! Time (oec) Transfer (%) Pabric Rvent Description
Sirgle-Layer Pabrics: (cont)
34 0.40 3 3 3 S0 52 %2 Initial peak
80/20 PPR 3% 30 30 71 6 1N Heat transfer stabilizes
Tayon/Nomex
7.0 oz/8q yd 0.7% 3 3 2 @ 40 40 Initial peuk
14 13 12 123 127 128 Heavy smoke
30 20 13 €8 ¢ N Beat transfer stabilises
1.28 2 2 2 a8 41 4 Initial peak
s 5 5 3 N n Ignition
4“ 0.40 2 2 2 S0 S s2 Initial peak
1008 cotton 30 25 7 8 14 Heat transfer stabiliszes
6.6 oz/nq yd
0.7% 3 2 2 43 41 4 Initial peak
29 15 15 7% 66 10 Ignition
1.28 2 2 2 ¢ 27 2 Initial peak
7 6 4 sS 53 32 Ignition
50 0.40 2 2 2 S0 48 S0 Initial peak
100% cotton 30 25 28 M 67 N Heat transfer stabilizes
5.1 oz/3q yd
0.7% 2 2 2 53 42 40 Initial peak
8 23 23 61 88 &0 Ignition
1.25 2 2 2 31 28 M1 Initial peak
4 4 3 435 41 & Ignition
37 0.40 2 2 2 57 S0 48 Initial peak
1008 cotton 15 17 20 7% €7 74 Light smoke
5.1 oz/sq yd 40 40 38 (1) 4 € Heat transfer stabilizes
0.7% 2 2 2 0 41 42 Initial peak
e 7 6 2 1 N Ignition
1,25 2 2 2 3¢ 28 2 Initial peak
3 3 2 51 57 63 Ignition
48 0.40 4 1 2 2% 36 %0 Initial peak
1008 cotton 15 17 18 57 ¢ 35 Light smoke
4.3 os/8q yd 60 43 38 105 217 1uo0 Maxisum heat transfer
0.7% 2 2 2 o 15 Initial peak
7 8 8 4 36 €2 Ignition
29 27 ¢ 45 €2 Maximum heat transfer
1.29 3 3 3 s2 47 N Ignition
21 0.40 ¢ 7 ¢ $7 64 & Initial peak
1008 wool 30 23 2% 4 55 4 Light smoke
15.7 os/eq yd 40 435 37 7 4 82 fieavy smoke, intumesces
0.7% s 4 3 W 4« %2 Initial peak
20 17 30 9 %2 » Beavy smoke, intumesces
28 2% 50 29 30 40 Beat transfer stabilizes .
1.2% s s s 31 33 13 Initial peak
13 13 18 18 a1 % Heavy smoke, intumesces
60 15 20 $7 21 28 1Ignition
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Appendix Table 3 (cont)

Heat Transfer to an Underlying Surface from Pabrics Exposed to
Various Unilateral Radiant Heat Plux Levels

. Incident
Radiant
Heat PFlux Rodiant Heat
Pabric No. (cal[cnzguc! Time (sec) Transfer (%) Fabric Event Description

8ingle-Layer Pabrics: (cont)

63 0.40 S ¢ 4 37 312 n Initial peak
70/30 wool/ 30 28 27 107 90 o5 Heavy smoke
modacrylic 37 38 40 124 122 137 Maximsum heat transfar
12.8 ox/sq yd

0.73% 3 4 5 23 36 ¥ Initial peak

18 15 18 73 %1 2 Heavy smoke
20 18 -~ 100 100 -~ Pabric split
— = 20 ——— e=- 1231 Raximum heat transfer

1.23% 2 2 2 16 22 7 Initial peak
s 8 7 72 80 86 Heavy smoke
15 10 15 100 100 loe rabric split
23 0.40 6 7 4 51 56 29 Initial peak
100% wool 34 34 24 83 1.0 110 Heavy smoke
12.3 oz/sq yd 43 30 S50 59 100 122 Heat transfer stabiliies
0.7% 3 4 3 96 %2 126 Melts, heavy smoke

20 13 10 100 100 100 Pabric destroyed

1.28 3 3 2 27 30 43 Initial peak
10 12 10 107 108 102 Melts, heavy smoke
15 == 12 100 -— 100 Fabric destroyed
- 30 -~ —— 127 - Ignition

46 0.40 8 S ¢ 27 %1 3 Initial peak
1008 wool 20 2% 130 rZ} 46 9 Medium smoke, intumasces
{(moth-proof treated) 45 62 4 4 73 359 Maximus heat transfer
11.6 oxz/sq yd
0.7% S 4 4 8 57 €2 Initial peak
12 16 10 13 48 36 lum smoke
- 20 25 - 30 4 Beat transfer stabilizes
4] o= - 79 o= e Naximum heat transfer
1.2% 2 2 2 43 42 66 Initial peak, heavy smoke
10 15 10 k x] 66 49 Intusesces
2) 30 18 9 64 52 Ignition
2 0.40 4 3 5 61 73 46 Initial peak
70/30 wool/ 0 17 28 3 7¢ 117 Heavy amoke
modaccylic N IS - 8 8 -~ Heat transfer stabilises
11.9% os/sq yd -— e 34 = == 146 Naximum heat transfer
0.7% 4« 5 3 a7 41 26 Initial peak

15 18 17 9 122 100 Reavy smoke
20 30 20 100 100 100 Heat tranefer stabilizes

1.2% 3 3 3 P38 24 21 Initial peak
s & 7 "% 97 84 Beavy smoke
11 10 10 100 100 100 Fabric split

28 0.40 S 4 3 33 3 38 Initial peak
90/10 wool/nylon 30 3% 130 45 [{} 54 Nedium-heavy smoke
8.2 os/8q yd 43 45 48 S4 60 52 Meat transfer stabilizes
0.75 4 4 4 31 36 32 1nitial pesk '
15 13 1s 45 4 %4 Heavy smoke, intumesces

30 3 30 108 116 93 Maximum heat transfer
s 3% 38 80 100 100 Heat transfer stabilizes

1.28 3 3 3% 4 n Initial peak
10 12 12 24 49 Heavy smoke, lntumesces
12 190 23 4 S50 10¢ Ignition

123




Appendix Table 3 (comt)

Neat Transfer to an Underlying Surface from Fabrics Exposed to
Various Unilateral Radiant Heat Plux Levels

Incident
Radiant
Heat Plux Radisnt Hest
Pabeic No. (cnl‘azgsa‘c)_ Time (sec Transfer (8} Pabric Event Description
Single-Layer Pabrics: (cont)
25 0.40 3 2 45 33 48 Initial peak
55/45 polyester/wool 30 25 2% 119 160 102 Heavy smoke
6.6 oz/8q yd 40 30 40 112 114 67 Heat transfer stabilizes
0.7% 2 2 3 41 37 38 Initial peak
11 15 18 72 146 109 Melts, heavy smoke
45 30 20 130 116 109 Heat transfer stabilizes
1,25 2 2 2 31 29 30 Initial peak
7 S 7 119 119 114 Ignition, heavy smoke
45 0.40 10 S ¢ 22 27 214 Initial peak
1008 acrylic s 45 37 110 9% 100 Heavy smoke
9.7 oz/sq yd 40 59 40 100 100 100 Fabric destroyed
0.75 3 4 5 12 13 13 Initial peak
24 17 -- 130 159 --- Ignition, heavy smoke
e - 25 -~ ew= 115 Heat transfer stabiliyes
1.2% 2 2 2 13 14 16 Initial peak
11 8 11 135 137 120 Ignition, heavy swmoke
78 .40 5 S > 47 54 49 Initial peak
Amatex 16HT65 45 40 45 63 65 62 Heat transfer stabilizes
Corespun semi-carbon
KXevlar FR 0.7% 4 4 4 47 7 4l Initial peak
15.4 oz/sq yd 30 30 130 60 61 61 Heat transfer stabilizes
1.2% 4 3 3 a1 36 32 Initial peak
25 W0 20 58 56 49 Heat transfer stabilizes
-- 60 60 -~ 56 49 Ignition
75 0.40 s 5 6 37 37 @ Initial peak
1008 Kevlar 35 30 30 63 53 58 Heat transfer stabilizes
8.3 oz/3q yd
.78 4 3 4 34 37 32 Initial peak
3 3v o 53 61 56 Heat transfer stabilizes
1.25 3 3 3 29 2% 27 Initial peak
20 20 20 62 60 62 Heat transfer stabilizes
60 60 60 ¢S &7 91 rabric glowing
4 0.40 4 3 3 4 40 18 Initial curve
1008 Nomex 20 20 23 £ 11 60 Heat transfer stabilizes
8.1 o3/3q yd
0.73 3 2 3 38 3 1 Initial peak
a3 20 30 s¢ S8 7 Heat transfer stabilizes
1,328 2 2 2 s 2% 29 Initial peak
20 45 22 123 100 122 Maximsum heat transfer
40 45 230 115 100 82 Ignition
74 0.40 3 3 41 41 %0 Initial peask
$0/50 Nomex/Kevlar 2% 20 230 87 335 €% Nest transfer stabilises
6.0 os/sq yd
0.7% 2 2 2 3¢ 13 3 tnitial peak
25 30 23 62 €3 60 Hest transfer stabilises
1.29 2 1 2 a1 2 112 Initial peak
43 37 23 7% € 67 Ignition
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Appendix Table 3 (coat)

Heat Transfer to an Underlying Surface from Pabrics Exposed to
Various Unilateral Radiant Heat Plux Levels

Incident
Radiant
Heat Flux radiant heat
#abric No. (cal/cml/sec) Time (sec) fransfer (%) rabric Event Description

Single-Layer Pabrics: (cont)

73 0.40 3 2 3 3 45 43 Initial peak
95/5 Mowmex/Xevlar 2% 20 25 9 63 €7 Heat transfer stabilizes
S.3 os/sq yd
0.78 3 2 2 32 36 2 Initial peak
20 20 20 S0 54 51 Heat transfer stabilizes
1.2% 2 2 2 28 28 2 Initial peak
15 13 15 3 58 53 Second peak
45 5S4 4S 69 65 65 Ignition
k1] 0.40 7 10 12 52 62 57 Initial curve
nylon - double 30 23 28 86 86 67 Nelts
butyl coated 44 43 3 a8 ¢8 117 Heat transfer stabilizes
12.5 os/sq yd
0.7% [} ? 6 31 31 26 Initial peak
15 16 16 81 132 140 Medium smoke

25 20 30 100 114 118 rabric destroyed

1.2% 3 4 4 17 30 22 Initlal peak
8 13 S 122 %% 19 Ignition
-] 0.40 3 3 4 33 57 3 initial peak
cotton, resin modified 2% 35 28 62 &7 6? Heat transfer stabilizes
butyl coated
10.5 ox/sq yd 0.7% 4 4 4 41 44 k] Initial peak
20 15 19 69 99 nedium swmoke
26 = - 8l == - Ignition
-~ 30 20 — 0 62 Heat transfer stabilizes
1.2% 2 2 2 22 3% X Initial peak
& 35 ¢ 33 34 0 Ignition
32 0.40 15 8 8 e 64 &7 Initial peak
nylon, neocprene 40 37 &0 79 7% 1) Nedium swoke
crated 45 45 50 1 74 169 Reat transfer stabilizes
7.7 os/sq yd
0.7% ¢ 3 ¢ 28 23 7 Initial peak
15 14 12 71 59 718 Meadium smoke
20 20 20 60 €3 &3 Neat transfer stabilizes
1.2% 5 4 8 109 33 33 Ignition
18 0.40 s 8 8 n n &« Initial peak
nylon, polyurethane 18 20 16 100 1¢0 100 ranric melted
coated
3.1 os/8q yd 0.7% 2 2 2 33 3¢ &1 Initial curve
3 3 ) 100 100 109 Melted
1.23% 2 2 2 2 711 78 Ignition
72 0.40 3 4 4 ¢ S0 &7 Initial peak
Polyacrylonitrile 4 %0 &0 73 bk 59 Heet transfer stabilizes
(PAN)
15.6 os/sq yd 0.73 ¢ 3 3 2 31 22 Initial peak
28 28 2% 77 81 7 Second peak
43 33 40 ¢ §7 63 Heat trensfer stabilisss
1.2% 3 2 2 38 3 Initial peak

10 11 12 52 33 82 Medium smoke
4 23 40 70 60 7% Reat transfer stabilizes
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Appendix Table ) (con®)

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

Incident
Radiant
Heat Plux Radiant Heat
PFabric No. (cal/c_gzlsic) Time (sec) Transfer (%) Pabric Event Description
Fabric Assemblies:
4 0.40 s &6 7 54 58 49 Outer shell melted
polyester shell, 34 32 35 73 65 &9 Medium 3moke
wool liner - 50 == - 116 - Maximum heat transfer
12.0 ox/sq yd 50 -= 45 58 ~-- 55 Heat transfer stabilizes
0.7% 4 4 4 43 43 & Outer shell melted
15 15 14 s1 55 84 Heavy smoke, liner
intumsesces
40 30 25 7 77 9% Maximum heat transfer
45 35 38 68 60 TO Hect transfer stabilizes
1.25 2 2 2 45 34 45 Guter shell melted
6 6 13 45 54 45 Heavy smoke, intumesing,
outer shell ignited
1A 0.40 5 2 4 23 18 28 Initial peak
polyester bett, 15 == == 127 =w= wee Assembly melts
nylon fabric -~ 1% 22 ——— 115 95 Heat transfer stabilizes
4.6 oz/%q yd
0.75 4 4 4 29 26 27 Assembly welts, medium
smoke
T 6 7 100 100 10C Fabric destroyed
1.25 2 1 2 112 70 SC Ignition
1 0.40 3 4 3 18 20 23 Initial peak
polyurethane 15 16 17 60 38 53 Secund peak
coated nylon and 20 = -~ 100 ~w= w—e- Assembly melts
1A above 20 40 45 100 80 63 Heat transfer stabilizes
0.7% 10 10 10 40 27 23 Assesbly melts, medium
smoke
23 13 15 8¢ 17 N Heat transfer statilizes
1.2% 3 3 2 28 i) 23 Ionition of lA only
13 0.40 7 10 10 20 32 29 Initial peak
$9/50 cotton/nylon 40 33 38 41 55 4 Medium smoke
fluorocarbon treated 40 36 52 41 107 88 Naximum hsat transfer
outer shell;
1008 nylen liner 0.7% 10 10 10 23 33 20 Medium smoke
20.0 os/%q yd 17 16 20 24 23 2 Heavy smoke
20 30 138 3 30 19 Assembly melts
1.2% -~ 3 3 - 11 12 Initial peak
3 7 @ ¢ 21 19 Ignition of outer shell
only
25 0.40 6 5 4 18 13 18 Initial peak
50/30 cotton/poly-~ a3 3 30 53 43 5% Light smoke
ester outer shell; S0 4% 40 58 48 S3 deat transfec stabilizes
1008 nylon liner
12.5 os/8q yd 0.73 3 3 4 20 14 18 Initial peak
10 11 10 41 39 39 Assembly ignition
1.2% -] 4 L 27 al 29 Assembly ignition
32 30 30 52 (1] 30 Maximum heat transfer
¢ 'ring ignition
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Appendix Table 3 (cont)

Heat Transfer to an Underlying Surface from Pabrics Exposed to
Various Unilatecal Radiant Neat Plux Levels

Incident
Radiant
Heat Plux Radiant Heat
Fabric No. (cal/mzlae'c) Time (sec) 2ransfer (%) _Fabric Event Description
Fabric Assemblies: (cont)
55 0.40 5 § S 2 45 Inicial -
50/50 cotton/nylon 30 32 33 a4 58 55 Medium smoke
fluorocarbon treated 60 60 &0 77 124 124 Maximum heat transfer
outer shell
(same as #13); 0.7% 4 4 4 U 4 7 Initial peak, medium smoke
1008 cotton liner; 1?7 25 40 60 87 99 Maximum transfer during
polyester batt/ ignition
nylon fabric
22.0 ox/sq yd 1.25 2 3 4 17 27 26 Ignition .
20 3 4 49 27 2 Maximum transfer during
ignition
212 0.40 7 7 [ 39 46 54 Initial peak
100% wool outer 30 25 30 37 39 32 Heavy smoke
shell; 100% nylon 55 S5 50 49 46 51 Heat transfer stabilizes
liner
24.9 oz/sq yd 0.7% 6 71 7 1 42 36 Iritial peak
1S 15 1§ 25 29 28 Heavy smoke, intumesces
33 45 3% 91 48 69 Maximum heat transfer
1.25 5 4 5 28 26 28 Initial peak
13 13 13 13 13 12 Heavy smok?:®, intumesces
15 28 22 25 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 35 160 78 98 Heat transfer stabilizes
preanated liner
10.7 ox/sq yd e.75 4 4 4 n i1 a Initial peak
s 8 8 88 86 85 Cuter sh2ll melts, medium
smoke
20 20 25 97 98 86 Haximum heat transfer
45 40 33 70 70 69 Beat transfer stabilizes
1.25 2 2 2 32 28 35 Initial peak
¢ 4 4 S0 Sz 32 Ignition, outer rhell
only
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