








Reproduced Direct from Manuscript Copy by
AEC Technical Information Service

02k Ridge, Tennessee

Inquiries relative to this report may be made to

Chief, Armed Forces Special Weapons Project
Washington, D. C.

If this report is no longer needed, retura to

AEC Technical Information Service
P. 0. Box 401
Oak Ridge, Tennessee







ABSTRACT

Tests were conducted at-YPSHOT~-KNOTHOLE, Shots 9 and 10, in
which various fabric systems as used in U, S. Army clothin; were
exposed to the effects of atomic weapons. Ssmples were exposed to
energies ranging from approximately 9 cal/cm to 75 cal/em®,

Three of the fabric assemblies, each with and without a fire
resistant ireatment, corresponded to the same fabrie systems on the
animals used in Project 8.5.__These z=scmblies were (1) the "Temperate"
(a four-layer assembly identical with t}—l—e‘hmEWOH-weE ™
uniform without. the frieze iiner) which provided the greatest
resistance to thermal transfer and damage in this group at all levels
of energy to which it was exposed, i.e., up to 75 cal/cm?, (2) the
hot-wet 50/50 assembly (5.2 oz axford over 10.5 oz 50 per cent wool/50
per cent cotton underwear fabric) which offered very good protection
up to the highest energy level to which it was axposed (40.5 cal/cm?)
for both the treatad and untreated assemblies, and (3) the hot-wet }
assembly (5.2 oz oxford over 3.2 oz cotton underwear fabric) which
offered very little in the way of thermal protection at any energy y
level to which it was exposed (9.54.0 25.0 cal/em?) whether or not it ./
was fire resistant treated. The résistant treatment d
enhance the resistance of the fabric to thermal transfer when the
assemblies were in contact with the backing but was definitely
superior to the untreated assembly whea the cambination was spaced
away from the backing.,

In addition, other clothing fabrics, assemblies, and parameters
were studied. The cold-dry and cold-wet assemblies offered the best
protection against thermal transfer of any combination tested, In a
comparative test of three underwear fabrics, the 50 per cent wool/50
per cent cotton was much better than an all cotton fabric of apprcxi=-
mately the same weight, Both were very e-perior to the lightweight
cotton underwear fabric,

The wool/synthetic blended fabrics showed that for 15 per cent
synthetic fiber there was very little or no difference from the all
wool fabric regardless of the synthetic. With higher percentage
blends the differentiatior became greater. The higher the per cent of
synthetic the poorer the resistance to thermal damage and heat transfer
The all synthetic fabrics showed Dynel to be the best with Orlon next
and Acrilan a poor third,
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Reflectance and spacing studies involving systems consisting of
three fabric layers and a backing material yielded results complicated
by sustained glowing of the fabric layers., A system with the two outer
layers in contact with each other and with a space between these and the
under layer was much more susceptible to glow phencmenon than two other -
spacing systeme in which one had all three Layers in contact with each
other and the sscond hal the outer layer spaced away from the inner two
layers which were in contact with each other. In addition, a system
with a mcre highly reflectant outer layer was more susceptible to this
glow effect than a system with a less reflectant outer layer. In
general, the system with a space between the outer and middle layer
yielded the lowest beneath fabric temperatures and one with a space
between the middle and under layer ylelded the higher backing tempera-
tures.

Reanlts of lhe tests demonstrated that flaming and glowing of
fabrics can oceur. Fire resistant treating of the outer layer elimi-
nated this effect,

The aresa of exposure studies showed that for protective layers of
fabric there is a minimum exposure area below which lateral heat losses
becoms significantly greater with decreasing area size. It appears that
more heat is transmitted per unit area through the larger areas than
through the smaller area.

It 1s recommended that studies be carried out in the laboratory teo
determine the primary mechanisms of heat transfer through fabric systems
and that the effects of reflectance, spacing, fabric construction and
fiber combinations be studied in the laboratory to determine the inter-
relationships involved. The over-all results are to be checked in
future field sxercises.
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FOREWORD

This report is one of the reports presenting the results of the
78 projects participating in the Military Effects Tests Program of
Operation UPSHOT-KNOTHOLE, which included 11 test detonations, For
readers interested in other pertinent test information, reference is
made to WI-782, Sumnary Report of the Technical Director, Military
Effects Progran. This summary report includes the following informa-
tion of possible general interest.

b,

Se
d,

G0 e,
\'N ]

2 o u.a- lfs

& Ny
P °bq

An over-all description of each detonation, including
yield, height of burst, ground zero locatlion, time of
detonetion, ambient atmospheric conditions at detonation,
etc,, for the 11 shots,

Compilation and correlation of all project results on the
basic measurements of blast and shock, thermal radiation,
and nuclsar radiation.

Compilation and correlation of the various project
results on weapcns effects,

A summary of each project, including objectives and
results,

A complete listing of all reports covering the Military
Effects Tests Program.
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CHAPTER 1

INTRODUCTION

1.1  OBJECTIVE

The providing of protection against flame and thermal agents is
an integral part of the over-all requirement for protection of the
individual against envirommental and special hazards. A program to
provide protection against flame and thermal agents was initiated
during World War II, with particular emphasis on protection against
fiame, However, the development of other munitions has broadened this
problem to include protection against the thermal effects of phospho-
rous, flame throwers, napalm, and atomic weapons.

Field tests at UPSHOT-KNOTHOLE, Shots ¢ and 10, on performance
characteristics of clothing materials exposed to thermal radiation wera
designed and conducted:

(1) To yield information on field performance characteristics of
standard Armed Services clothing and experimental fabric assemblies
when exposed to the thermal radiation of a nuclear weapon.

(2) To relate the data obtained in (1) to the burn injury sus-
tained by pigs (Project 8.5) subjected to the same conditions of thermal
radiation and wearing the same fabric combinations in the form of spe-
cially designed garments,

(3) To determine the performance characteristics of blended
fabrics containing various percentages of wool and different synthetic
fibers to the thermal effects of a nuclear detonation,

(4) To provide data on the minimum area of exposure required to
give realistic thermal radiation transfer data. This information is
needed for evalustion of laboratory work since existing instrumentation
concentrates the energy in a small area in order to approach field
levels,

(5) To obtain information on the effect of fabric reflectance
and spacing on the transfer of thermal energy to the backing material,

(6) To determine whether flaming or other exothermic reactions
occur in fabrics as a result of a nuclear explosion, and if so, during
what phase of the explosior they take place, and how long they persist,

(7) To utilize these data in establishing laboratory evaluation
methods which can be used as screening techniques for determining the
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reflectance, was expected to give superior thermal protection. Such
was not the case, however, when another sample aluminized in a different
manner was tested nt TUMBIFR-SNAPPER, it was superior to all fabrics
evaluated,

Wool and cotton fabrics were found to be thermally degraded in
different ways, the cotton charring and the wool tending to melt and
form a cellular char, At low intensities of thermal energy, the cotton
was as goou as the wool in protective value and perhaps slightly better,
but at higher energy levals the superlority of the wool was indlcated,
The synthetics, in general, were found to be worse in both thermal
resistance ard protection than the natural fibers. A 70/30 wool/nylon
fabric at TUMBLER-SNAPPER was consliderably damaged but the performance
of an 85/15 wool/nylon sample was not found to be comparable to all wool
fabric, Heat treated Orlon when tested at BUSTER was shown to be
resistant to thermal damage, but not outstanding in reducing heat
transfer to the backing.

Some of the fabrics tested at BUSTER were treated for fire-
resistance with several different compounds, The results of the
experiment indicated that the treated fabrics were only slightly
better than the untreated in thermal resistance and that they were no
better in protective value considering their added weight. No evidence
of flaming was noted in any of the samples included in this test,

Not only the materials themselves, but the way in which they were
exposed was shown to be important in these earlier tests. Fabrics
spaced away from the backing gave much better protection (as measured
by passive indicators), but were less resistant to thermal degradation
than fabrics exposed in close contact with the backing. In TUMBLER-
SNAPPER exposures it was noted that a 1/2 in. space provided more
protection than a 1/16 in. space. There did not appear to be much
difference in a two-layer assembly whether the space was between the two
layers or between the backing end the bottom layer.

At TUMBLER-SNAPPER some complete uniforms were exposed on torso
forms with passive temperature indicators beneath the uniforms., Here it
was found that the temperatures beneath the uniforms were lower than
those beneath the same fabrics exposed on panels,

These fleld tests and other work with fire bombs have established
that from the standpoint of thermsl protection, the important cansidera-
tion is the amount of hest tramsmitted through a berrier esystem to the
backing, not the extent to which the protective barrier itself is
damaged, In view of this, th» objective of most laboratory work has
changed from determination o~ fabric damage to determination of thermal
transfer through fabrics, - the tests at UPSHOT-KNOTHOLE, while fabric
damage was noted, primary cunsideration was given to the temperatures
attained beneath the fabrics as a criterion of thelr protective value,

1,3 EXPERIMENT DESIGN

1.3.1 General

There were several different phases to the exposures carried
out on Project 8.6 as follows:

15

CONFIiDENTIAL — RESTRICTED DATA







=% []

Pig. 1.1 Exposure Panel

The racks and cylinders used in the flaming study have been men-
tioned (1,3) and are described in more detail in Chapter 5,

Fifteen individual panels were placed in a metal rack designed to
permit the fabrics to be positioned perpendicular to the incident radia-
tion., This was accomplished by placing hinges at the point where the
upper portion of the rack and the A frame met. By the end of the
thermal pulse or on arrival of the blast wave the panel portion was
released and descended to a position horizontal with the ground. This
was done in order to reduce the destruccive action of the blast wave
and the abrasive sction of the particles carried by the blast wave.

The racks were well anchored with metal stakes and guy wires,
(Fig. 1.3).

The exposure racks wers positioned as close to ground zero as
75.0 cal/em? and sxtended out to 8.7 cal/em®, Table 1.1 shows the
distribution and number of racks at sach station,

1,5 TEMPERATURE INDICATORS (Paper Thermometers)

While time-temperature curves showing the history of the thermal
trans fer would have been most desirable, the necessary instrumentation
for the use of thermocouples could not be provided due to lack of
available circuity for such an operat.on., ITn addition, the cost of the
large number of multi-channel high speed recarders was almost prohibi-
tive., In view of this, temrerature indicators or paper thermameters as
developed by the Research and Development Laboratory of the Quartermaster
Corps were used, These indicators had been used in previous weapons
tests and also in work involving fire bombs,

17
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TABLE 1,2 - Te

mpsrature Indicators

Temp, °C Compound

. 54 Triphenylthiophosphate
2, 62 S-Di-n-Butylthiourea

3. 69 Stearic Acid

| 77 Sucrose Octaacetat.e

5 85 n-Diphenylbenzene

6, 94 Sorbitol Hexaacetate

7. 101 a-Dextrose Pentaacetate
8, 107 Dichloro-diphenyl-tetramethyl

ethane

9. 15 Mannitol Hexaacstate
10, 121 Phenyl-p=Tolylsulfone
1. 127 Hydroquinone Dibenzyl Ether
12, 2 Adipic Acid

13, 163 Benzanilide

14, 172 S-Di-o-tolythiourea
15, 196 p~sthoxybenzoic Acid
16, 205 Dicyandiamide

17. 228 Pexachlorobenzene

18. 239 Carbanilide

19, 254 Phenolphthalien

20, 305 Theobromine

21
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CHAPTER 2

MILITARY CLOTHING ASSEMBLIES

| 2.1 CENERAL

This phase of the investigation, undertaken to provide data on the
performance characteristics of complete assemblies and component parts
of military clothing, was divided into two sub-phases, The first sub~
phase was in effect a supplement to the clothed pig experiment (Project
8.5) and included the same fabric assemblies at the same stations as
used for the clothed animals, The second portion of the test included
other military clothing items. These latter materials were not exposed
in the plg experiment. An experimental aluminized duck fabric was also
included in the second sub-phase. All the specimens were exposed to the ‘
thermal effects of nuclear detonations in the form of test panels with
temperature indicators beneath the materials as described in Chapter 1,

The specimens were positioned at distances from ground zero
corresponding to estimates of the maximum energy levels against which
they would provide protection. These eetimat?s were based on laboratory
data obtained by the University of Rothester, L) Other specimens were
exposed at the next nearer and next farther stations., In addition, some
exposures were made to study certain effects manifested at energy levels
lower than those found to be critical from the prctection standpoint,
Some of the uniform assemblies, for example, were exposed at the more
distant stations to obsarve their tendency to glow or flame, although
they were known to perform satisfactorily close to ground zero., Table
2.1 summarizes the uniform panel exposures for both shots., As indicuted
previously the purpose of the panel exposure of uniform assemblies was
to provide data, especially on beneath-fabric temperatures, that might
be associated with burns sustained by the rigs (Project 8.5) exposed &t
the same time to the same conditions wearing the same fabric combinatiocns,

2.2 UNIFORM FABRIC ASSEMBLIES
2,2,1 Experiment Desim

, Five different assemblies of fabrics were exposed to the thermal
effects of nuclear explosions on Shots 9 and 10. The energy levels to
which they were subjected varied from 9,0 to 75,0 cal/em?, as indicated

23
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¢. Cloth, 85% wool/15% nylon, Shirting, 16 oz,
G108 .
d. Cloth, 50% wool/50% cotton, Knit, 10.5 oz
2.2.,2 Results

2.2.2,1 Temperatur~es Attained Beneath Fabrics

The temperatures beneath the various fabric assemblies as re-
corded by the passive indicators are shown in Table 2,2. These are
averages of the temperatures under the two or three replicate specimens
of each assenily expored at each location, As can be seer in Appendix
Table A,1 the variativn among the replicate specimens in moat cases was
not, very great,

The resuits of these tests may be summarized as follows:

(1) Based on T-Max, beneath-fabric tamperatures, !t may be
seen from the data in Table 2,2 that the four layer Temperate uniform
assembly was superior to the Hot-Wet 50/50, with the Hot-Wet 50/50
being much bettzr than the Hot-Wet, Roughly, the order of magnitude for
the beneath-fabric temperatures in contact with the backing was 54°C or
less for the Temperate, 127° .. 142°C for the Hot-Wet 50/50 and 205° -
254°C for the Hot-Wet,

(2) 1In 24 out of 27 cases, involving HW, HWFR, HW 50/50 and
HWFR 50/50, both in contact and spaced from the backing, significantly
lower temperatures were recorded on the spaced side of the panels as
against the contact; these temperature differentials peing of the order
of 11° to 127°C. Maximum contact and spaced temperature differences
were noted for those assemblies where the highest contact temperatures
were observed, that is for the lighter weight fabric combinations. The
lighter in weight a fabric assembly the greater appeared to be the eftect
of spacing. The four layers of Lhe Temperate combination offered such a
high degree of protection (maintaining the beneath-fabric temperatures
at a very low level) that essentially no differences were observed for
conditions of contact and spaced., Where slight differences were noted
these were in favor of the spaced fabrics.

(3) For 12 cases of fire resistant treeted fabrics (HWFR and
HWFR 50/50) in no single instant was the beneath-fabric temperature as
high for the spaced portion as for the contact portion,

(4) The non-fire resistant fabrics versus the fire resistant
treated fabrics performed about the same in contact with respect to
beneath-fabric temperatures., However, when these fabrice were spaced
away from the backing the superiority of the fire-resistant treated
fabrics was indicated, Out of a total of 2J cases one was equal, 2 were
gomewhat poorer, and 7 were found to be markedly better than the non-fire
resistant fabrics. .

(5) From the nearest to the most distant station the quantity
of thermal radiation received did not influence to a marked degree the
temperatures recorded bene=-1 any one fabric combination, Some gradual
decline in the temperature could be noted with distance from ground
zaro, but it was not cummensurate with the decline in thermal erergy
received,
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1. Cloth, 50% Wool/50% Cotton, Xnit, 10,5 oz.
2. Cloth, Cotton, Knit, 3.5 oz, ("T" shirt material),
3. Cloth, Cotton, Knit, 10 oz,

2.3.3.2 Results and Discussion

In all these panels the outer layer of sateen was destroyed,
and the underwear fabrics scorched to various degrees. The samples
exposed to 12,5 cal/cm® of radiation showed evidence of glowing in the
outer layer, as a result of which the fabrice bsneath were charred,

In general, damage to the wool/cotton fabric was less than
that of the heavy cotton, despite the similarity of their weights. This
heavy cotton fabric showed less damage than the light cotton, as expected.
The temperature data shown in Tablo 2,5 likewise show that best thermal
protection was provided by the wool/cotton fabric, The difference in
beneath-fabric temperatures for the two knit cotton fabrics was nct as
great as might have been expected on the basis of fabric weight.
Differences benesth the contact and spaced temperatures were less for
the wool/cotton -amples than for the all-cotton samples. This phoncme-
non of more pronuvunced effect of spacing for light weight fabrics and
fabric assemblies of poorer heat insulative value was also observed in
the case of the HW and HW 50/50 assemblies (see section 2.2.2.1).

The additional protective value observed for 50 per cent
wo0l/50 per cent cotton admixture as against a like fabric of 100 per
cent cotton, while significant, is not fully understood at this time,
That the addition of wool enhances the thermal protective value of
cotton fabrics has been shown not only in these exposures, but also in
previous tests with other flame and thermal weapons. The fact that wool
does not flame as readily as cotton, the admixture of less flammable
gaseous decomposition products of wool with those of cotton, and the
formation of a protective wool char inay contribute to the better thermal
insulative properties of the 50/50 wool=-cotton mixture. This character-
istic of wool=cotton blends is under study as part of an investigation
being conducted at Rhode Island University on the decomposition products
of thermally degraded fabrics,

TABLE 2,5 - Average Maximun Temperatures (Deg, C)
Attained on Underwear Fabric Panels

29 EM ‘ier | Ji‘%L s 12 9.5
C S _Jc 3 Z S _|c S8 ic S
Lightweight
Cotton 205 13111 205 1101 1 205¢ 98
|Heavy Cotton 169 1105} 230#1110 118! Q4
150/50 Wool/Cotton | 142 1101 ; 113 |85 99.1 851 99 1 771224 94 |

*Underwear layer shows much evidence of glow,
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2.3+l Boot Materials

2.3.401  Experiment Design

Two boot materials were exposed on Shot 9 to radiant energies
of 41.0, 50,0, and 75.C cal/cm<?. These were the upper fram the Boot,
Cambat, Leather, and the upper from the Boot, Combat, ku:zber, Insulated,
Each was exposed over the rib~knit wool fabric which is used for the leg
portion of the Sock, Wool, Cushion Sole, Samples were exposed on panels
in contact with the wood backdng. For these materials it was unneces-
sary to make any exposures spaced away from the backing since boots and
shoes, unlike ciothing, are for the most part close fitting.

2¢3¢4.2 Results and Discussion

Two replicates of the leather expcsed to 41,0 cal,’an2 were
recaversd. Both were heavily scorched, charred, and shrunk by the heat.
One of the samples which bscame detuched from the backing on three sides,
showed a temperature of over 2059C, The other sample, which remained
firmly attached to the panel, showed a hacking temperature of 620C, At
the two nearer stations only one replicate of the leather at each station
was recovered. The ons exposed at 50,0 cal/cm2 was almost completely
destroyed by glow, the remaining portions under the protecting wood
frame being severely charred, as shown in Fig. 2.3. At 75.0 cal/cu? the
lezther was heavily charred, but it protected the sock fabric bsncath it
from any damage whatsoever. The temperature recorded beneath this sample
was 62°C, Samples of the insulated boot material were recovered only
from the 41,0 cal/cm? station., The surface of the samples was wrinkled
and roughened by the thermal effects. The temperature beneath the
samples was 54°C,

The scope of this test was too limited to permit any definite
statements to be made, but the indications are that both the ieather and
the rubber in conjunction with the sock wool cushion sole provide fair
protection from relatively large amounts of thermal ensrgy.

The leather was chrome-tanned, and the method used is thought
to be responsible for the glowing noted. Chromes evidently catalyze the
thermal degradation of leathers and actually help propagate glow, It
appears advisable in future laboratory tests to compare the thermal
resistance of chrcame~tannsd leather to that of vegetable or synthetic-
tanned leathers,

How serdious the shrinkage of the leather might be cannot be
stated at this time because of the fact that the samples were fastened
to the panels thus impeding the full shrirlage that might have occurred
otherwise, However, the shrinkage in one of the samples, as noted above,
was enough to pull it loose from its backing on three sides, If such
shrinkage took place in boots, and was extensive enough to destroy the
tit, it may be a serious consideration,

' The rubber sample - recovered withstood the thermal effects
of the bomb remarkably well except for slight damage to their outer
surface,
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2.3.6.2 Results and Discussion

Although both the poncho materials were destroyed, they
provided the Temperate asscmbly some additional protection and raduced
slightly the heat transferred to the backing For the assemblies not
covered by any poncho material the sateen layer was destroyed, the
oxford fabric and shirting scorched, and the underwear layer slightiy
discolored, Under the standard poncho fabric the sateen was only
partially destroyed and heavily scorched and torn on one side., The
oxford was scorched under both poncho fabries (only lightly under the
"Fiberthin"), Neither the shirting nor the underwear fabric was
damaged when s..her of the two poncho materials was used, The tempera-
tures were less than 54°C where the coated nylon fabrics were present;
where they were not, some temperatures of 620C were recorded,

2.3.7 Aluminized Duck Fabric
2.3.7.1 Experiment Design

The purpose of this test was to evaluate the thermal resist-
ance of an experimertal fabric designed for use in the firemens' roats
and trousers, The fabric was an 8.25 oz cotton duck treated with a
commercial fire retardant, and coated on the face with aluminum and on
the back with a low temperature neoprene rubber, It was exposed over
a layer of 50 per cent wool/50 per cent cotton underwear fabric to 40,5
cal/cm? on Shot 10 and to 29,5 and 41.0 cal/cm? on Shot 9,

243,742 Results and Discussion

The results on these samples demonstrated the value of a
continuous reflectant surface in resisting thermal transfer, None of
the underwear fabrics under these aluminized materials were damaged and
the temperatures beneath them were kept below 54°C., At 29.5 cal/em?
tha only damage to the samples wag a slight dulling of the aluminum
surface, At 41.0 and 40,5 cal/em< some small areas of the aluminum
coating were destroyed in addition to the dulling. Under these areas
the duck fabric was charred and scorched. A few small holes appeared
in the neoprene bhacking at the 40,5 cal/cm® station, but there was not
sufficient thermal transfer through tiiéss holus to damage the layer of
underwear fabric,

The indications of this test are that men woaring a garment of
this aluminized fabric would be protected from severe burning by the
thermal radiation of a nuclear blast, and t'.at the usefulness of this
garment for environmental protection would not be greatly impaired,
although iis sffectiveness as a protective barrier aguinst thermal
radiation would be reduced by virtue of its dvlling,

2.4 Recommendations

It is recommended that further work be carried out in the labora-
tory to resolve and define the critical parameters involved in heat
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CHAPTER 3

THE THERMAL AND BLAST EFFECTS UPON

WOOL/SYNTHETIC FIBER ELENDS

3.1 OBJECTIVE

This phase of Project 8.6 was carried out to cbtain information
on the performarn.c characteristics of blended fabrics containing various
percentages of wocl and different synthetic fibers to the thermal
effects of a nuclear detwunation,

3.2 EXPERIMENT DESIGN

Exposures of serge fabrics of three synthetic fibers each of which
were blended in varying percentages with wool were made on panels
similar to those used in the clothing studies (1.4). These panels were
exposed to 17,0, 33,5, and 40,5 cal/em? on Shot 10, The syntehtin
fibers used were Dynel, Orlon, and Acrilan, each being blended with
wool in the following percentages: 15, 30, 50, and 100, A 100 per cent
wcol serge was exposed as a control fabric. In addition, an 85 per cent
wo0l/15 per cent nylon serge was exposed at 17,0, 33.5 and 40.5 cal/cn?
an 85 per cent wool/l5 per cent nylon shirting, at 33.5 and 40.5 cal/cmé,
and all-wool shirting at 26,0 and 33.5 cal/am<,

All test samples were exposed as two layer systems with a 50 per
cent wool/50 per cent cotton underwear fabric as the under layer for
each fabric,

3.3 RESULTS AND DISCUSSION

3.3.1 Beneath-Fabric Temperatures and Fat.dic Damage

The temperatures attained beneath each fabric combination are
tabulated in Table A,2 of the Appendix and shown graphically in Fig. 3.1.
Fabric damage as determined by visual examination is recorded in Fig. 3.2
and illustrated pictoriallr .n Figs., 3.3, 3.4, 3.5, and 3,6,

On the basis of beneath-fabric temperatures and damage to the
first and second layers of the test samples, gross results for the
blended fabrics were found to be as follows:
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Of the three synthetic fibers tested Dynel yielded the best
results, Orlon next, and Acrilan the poorest,

In general for the blends having the highsy percentage of
synthetic (50 and 100%) spacing of the fabric away from the backing
resulted in higher beneath-fabric temperatures than were observed for
the fabrics in contact with the backing material, This was in direct
contrast to results obtainad with wool or cotton where spacing had a
marked beneficial effect upon the thermal protective value of the
fabrics,
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Fig. 4¢3 Effect of Reflectance and Spacing on Beneath-Fabric Tamperature
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CHAPTER 5

FLAMING OR GLOWING OF TEXTILE FABRIC3 DUE
TO _RADIANT THERMAL ENERGY

5.1 OBJECTIVE

Previous field tests had not demonstrated conclusively whether or
not sustained flaming of fabrics occurred when exposed to the thermal
energy from an atomic bomb, Such knowledge is required in order to de-
termine what emphasis should be placed on fire resistant fabrics in con=-
nection with protection against thermal radiation.

5.2 EXPERIMENT DESIGN

S8ingle fabrics and multiple layer fabric assemblies were exposed
in the form of 3 in. wide stripa mounted in special holders which in
turn were placed on a specially designed rack, The fabric holders were
designed in such a manner that the upper half (18 in.) of the fabric
strip would be shielded from the direct rays of the thermal pulse and
from tha blast wave. The lower half of the fabric was exposed to the
incident energy. The rack and the sample holders were set perpendicular
to the center of the burst, The rack with samples in position is illus-
trated in Fig. 5.1, The samples were secured inside cf the cylinder by
a pin which passed through the cylinder and through a loop in the fabric
strip. The lower portion of the fabric was then clamped to a bar across
the bottom of the rack, The purpose of this arrangement was to permit
any flame or glow that might be induced on a fabric to travel upwards
into the cylinder. Thus, if no flaming occurred there would be a very
sharp demarcatiom between the axposed and protected portions; if there
wera flaming, a portion of the fabric inside tle cylinder would be de-
stroyed or charred and the edge remaining would be irregulsr. In order
to reduce further the effects of the blast wave three specimens had the
lower exposed poriions encased in cylinders of clear plastic. (Fig. 5.1.)

The fabrics and fabric assemblies exposed on theee racks were:

1, Brushed Rayon (of "Torch Sweater" fame),

2, Cloth, Cotton, Percale, 3.2 oz, Unbleached,

3. Cloth, Cotton, Oxford, 5.2 oz, Shade 116, Fire
Resistant Treated,

£
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5.3 RESULTS AND DISCUSSION

All the samples of the brushed rayon exhibited evidence of a
flame which burned off the deep nap. This could have been a flash type
of flame and would have required a very short period of time to travel
evsr tha 18 in., or 80 of the shielded rayon., This fabric burns at the
rate of approximately é to £ in./sec. A total of six samples of the
oxford and percale at t.ie 12,5 c«l/c:m2 station showed charred streaks
extending from the exposed portion into the cylinder, These streaks
were similar to those observed in the laboratory in the Vertical Fleame
Resistance Test, At the 9,0 cal/cm? station some of these samples
showed evidence of ~lowing., Although definite evidence of flame or
glow was found in only 16 out of a total 70 specimens exposed the
results of the tests demonstrated that sustained exothermic decomposi-
tion of non-fire resistant textile fabrics can occur, A valid question,
however, might be raised as to the extent and seriousness of persistent
flaming or glow in fabrics exposed to thermal radiation of the bomb,
This appiies particularly to clothing fabrics, For the answer to this
question it is necessary to turn to other sources of information,

Thirty-six out of the 51 panels exposed in thc Reflectance and
Spacing Study (Chapter 4) of this project showed conclusive evidence
that flaming or glow, particularly glow, did occur, For example, in
the underlayers of the 9 oz sateen (used in this test) glow destruction
to areas as much as 6 in, in diameter were observed, This indicated
that sustained glow proceeded for at least 12 minutes since glow travels
through 9 oz sateen at the rae of approximately 1/4 in./min. Evidence
c(:f glow phenomena was also found in 23 of the clothing fabric assemblies

Chap. 2),

Irrefutable evidence of sustained flaming or glow was found in the
clothed pig experiment (Project 8.5, conducted concurrently with the
panel exposure tests), Colored motion pictures taken on both Shots 9
and 10 ab sxposures of 12.5, 17.5, 21,5, and 33.5 cal/cm? showed flaming
of the untreated uniform fabrics between the and of the thermal pulse
and the arrival of the blast wave, In this same experiment certain of
the clothed animals at the more distant stations sustained burns of a
type and severity which have only been seen in the laboratory when
flaming or glowing fahric was in contact with the sikin, Further evidence
of sustained flame or glow was found in numerous instances where thermal
destruction of the uniforms extended well into those areas which were
shadewed from the direct radiation of the bamb,

5¢4  CONCLUSIONS

On the basis of the shielded fabric experiment alone, no definite
conclusicns can be drawn as to cxtent and seriousness of sustained exo-
thermic reactions in exposed textile fabrics, However, the results of
this study, that of the Reflectance and Spacing investigation, and
Clothing Fabric Panels supports the conclusicns reached in Projsct 8,5
that flame and glow can and do occur and are sufficiently serious to
warrant the use of fire retardants in the outer layer of combat
uniforms,
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CHAPTER 6

EFFE.CT OF AREA EXPOSED ON THE TRANSFER
OF THERMAL ENERGY THROUGH FABRIC SYSTEHMS

6,1 OBJECTIVE

This study was made in order to obtain data on how thermal energy
transferred through a fabric system varied with the area exposed to the
thermal pulse of an atomic weapon,

6.2 EXPERIMENT DESIGN

Since exdisting laboratory sources of radiant thermal energy,
having siomewhat comparable characteristics to that of a nuclear detona-
tion, have been limited to amall area sources it was necessary to in-
vestigate the effects of a large ares source on larger exposure areas
than those obtainable under laboratory conditions.

Circular exposure areas having diameters of 0.125, 0,25, 0.5, 1.0,
2.0, and 4,0 in, were selected fur study. These were obtained by using
the 9 in., x 12 in. panel (described in Chapter 1) and placing over the
test specimens an aluminum shield in which circular holes of the desired
diameters had been cut., (Fig. 1.2.) The shields were mada of 0,051 in.
aluminum shesting and in the panel assembly were positioned 1/4 in.
above the outer layer of fabric. Each shield was designed so that the
edge of any one hole would be separated from the edge of an adjacent
hole by a distance equal tc the sum of their radii. This was done in
order to minimize ths sffecte of a possible overlapping of heat from
two adjacent holes due to a lateral spreading., Enough panels and
shields were made so that at least three replicates of each temperature
indicator could be exposed under each size h-le at each station, A rack
of panel assemblies with shields is illustrated in Fig. 6.l.

The fabric assemblies consisted of an cuter layer of 9 oz szteen,
0G 107, backed with 1, 2, 3, or 4 layers of 3.9 oz undyed Balloon Cioth
depending upon the station at which the panel was exposed., The balloon
cloth was treatad with diammonium phospnate in order to lower the
scorching temperature, thue making it easler to determine lateral heat
spread, The diammonium phosphate also acted as a glow retardant. The
fabrics in turn were backed with temperature indicators placed so that
they coincided with the holes in the shield., It was expected that ths

67
CONFIDENTIAL — RESTRICTED DATA







depth of damage and the temperature indicators would serve as a double
check on the offect of area exposed upon thermal transfer, Racks with
the shielded panels were exposed to 12,5, 16.0, 21.%, 41.0, 50,0, and
75.0 cal/cm? on Shot 9 and to 12,5 cal/em? on Shot 10 as a chock,

6.3 RESULTS AND DISCUSSION

The beneathr-fabric temperature data for the various stations are
given in Table 6,1 and tha average temperature over all the stations for
each hole size is plotted in Fig, 6.2, There was no pronounced differ-
ence from station to station between the beneath-fabric temperatures for
a given hole sire, Pl-tting the backing temperature versus hole size
data for each exposure station resulted in a family of curves which were
of the same shape and differed only slightly from each other with respect
to temperature for a given exposure area, Because of this close simi-
larity and because the same conclusions result from the entire family of
curves as from one compcsite curve the latter method was used to express
the relationship shown in Fig., 6.2

The data from the 50,0 and 75.0 cal/cm? stations are not inciuded
because of the extensive blast damage sustained by the test panels and
fabrics at these stations. However, the results of the limited number
of test specimrens recovered at these forward locations shcwed the same
trend of more heat per unit area being transmitted through the larger
exposure areas than through the smaller ones.

Figure 6.2 is essentially self-explanatory. Frem this it can be
seen that for cotton fabrics in contact with the backing an exposure
area of hetween 1 and 2 inches in diameter is required to overcome the
effects of lateral neat spread. It should be noted that beneath-fabric
temperatures were determined at the cenier of tue circular arsaa, This
loss of thermal energy laterally as against transfer through the fabric
or febrics is readily underatood when it is remembered that an irradiated
area 0,2 in, in diameter has an area to edge or circumference ratio of
20 to 1 whereas an area 2.0 in. in diameter hes a ratio of 2 to 1.

In those cases where the fabric was spaced away from the backing it
was found that an area of approximately 2,5 in. was required to overcome
the heat losses, This is as would be expected since conditions are more
favorable for diffusion of heat to the side by convectior and radiation.

In addition to higher beneath-fabric temperatures having been
recorded for the large exposure areas, visual examination showed that
thermzl damage in the form of charred or scorched fabric extended to a

eater6depth for the larger openings. This 1s illustrated in Figs,
3 to 6.7,

Pigure 6,3 illustrates the panel without its shield. Note the
sharp circular areas burned cut of the outer layer, Figure 6.4 is of
the second layer and here the lateral spread of the heat can be seen,
With the sharply defined black circular areas of char matching the out-
line of the holes in the outer layer. Figure 6,5 is of the third layer
and shows the beginning of the decrease in depth of penetration, Here
the larger holes (4 in, and 1 in.) show rather distinct outlines corre-
sponding to the areas under the holes in the shield, but the half inch
diameter sreas are not sharp and show less damsge., Also it will be
noted that the half inch holes show iiltle or no latersl damage
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TABLE 7,1 - Chemical Corps Items Exposed

Radiant Fnergy (cal/cm)
Item _ 60,0 4Ce5 133,5 | 21,5 | 12,5

Mylar film over temperate uniform
assenbly x
9 oz sateen, lmpregnated, over 10 oz
cotton underwear fabriec, impregnated x X, X
7 oz sateen, imy:egnated, over 10 oz
cotton underwear fabriec, unimpregnated x x x
Gas mask material x x
Gas mask face pleces x x

7e2:,1e2 Methods of Exposure

All the matcrials listed in Table 7.1 (except the face pieces)
were exposed on panels with paper temperature indicators bveneath, as
described in par. 1.4,

?0 replieate panels of Mylar film wera exposed on Shot 10 at
60,0 cal/em<,

The impregnated sateens, as shown in Table 7.1 were exposed on
Shot 10 at three intensities over both impregnated and unimpregnated
heav; otton underwear fabrics, One panel of each was exposed to 40,5
cal/cm® and two replicate panels of each to 33,5 and 12,5 cal/em?,

The configuration of the gas mask face pleces did not permit
them to be mounted as the other materials with temperature indicators
beneath, Hence, they were attached to plywood boards and exposed normal
to the burst. Visual evidence of damage was the only criterion for their
evalustion, The masks were exposed on Shot 9 to 12,5 and 21,5 cal/cm?,

Te2,2 Results and Discussions

7.2.2.1 Mylar Filn

Owing to the unexpected and severe blast damage at the 60,0
cal/ca? station, only one of the Mylar filw pancls were recovered
intact, The outsr layers of this cambinatior., consisting of the film,
sateen, and oxford, were thermally destroyed, the middle layer
(shirting) was heavily scorched, and the underwear fabric was discolored.
The temperature indicating papers showed that the temperature under the
fabric system was less than 54YC.

Comparison with previous results (Shot 9) on the same fabric
assembly with no film at a comparable energy level {75 cal/cm?)
indicated that the Mylar film might have had a detrimental effect on the
thermal resistance of the fabrics, although the tamperatures under the
panels with and without the film were similar. In the previous exposure
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7.3.2 Results and Discuesion

Information obtained from a previous test at Bikini which in-
volved some packaged materials showed considerabls variation in results
wnish could not be interpreted due to lack of spacific information con-
cerming the exposure, OSincs containers of food and bhales of clothing
do not lend themsslves to latoratory studies of this naturs, field studies
had to be conducted in order to evaluate the eflecis of an atwvule sxplo-
sion and obtain guidance as to future work on these items,

At the closest station all containers were destroyed, and the
contents which e-caped destruction were strewn over a large area. Some
of the ruptured food cins from the ratfon boxes were found as far back
a3 the 40,5 cal/em? station., These cans have the appearance of having
been in a fire and exploding. In addition, items of clothing from the
bales were scattered over distances ranging up to 1000 ft. One unit of
clothing waa recovered without its protective coverings and, on exanina-
tion, was found toe have had dust driven into it to depth of 4 to 5 in.

There was a progressive decrease in the amount of displacemsni
of the packaged items ae the distance from ground zero became greater.
This was as expacted. The clothing bales and hoxes were displaced
approximately 30 ft. at the 40.5 cal/cm? station snd just rolled over on
their side at the 12.5 cal/cm? station,

The thermal damage, however, was not conaistent. A4s in the blast
damage the most ssvere effects appeared to be at the closest station,
particularly as the food containers were concerned. The only other
station where severe damage was sustained was at the 12.5 cal/cm?
station where a bale of clothing was completely consumed by fire leaving
only the metal portions of the clothing and bale (Fig. 7.1). At the
10.5 cal/en? station the bales were stripped of their burlap covering.
The 5/1 ration boxes at this location were scorchea, Inasmuch as the
blast arrival time was such as to limit burning of the fabric to those
areas incident to the thermal radiamt energy it appears likely that the
unburnt portions were stripped off by the blast wave, blown away and
possibly consumed by fire which continued after the blast effect. The
ration boxes had the asphalt waterproof layer softened tc ths pcint where
it bled through the outer paper layer. Dust was found on the insids of
all baxes, although part of this may have resulted from dust stcrms
during the time the items were on location prier to the actual detonation
of the bomb,

At the 12.5 cal/cm® station the boxes were scorched and the outer
loyers of paper destroyed {Fig. 7.2).

The packagaed materials seemed to be scorched the hszsiest where-
ever there was black printing sxposed to the blast.

At the farthest station there was little or damage to the hoxss
or bales other than a very slight scorching on some of the items and a
elisht delamination of the paper from the asphalt layer on same of the
boxes,

Evaluation of the contents revealed that tha food and clothing
from all the stations except the closest were in & usable condition.
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