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ABSTRACT 

y 
Tests were conducted &t.-t:JPSHar-KNOTHOLE, Shots 9 and 10, in 

which various fabric systems as used in U.S. Arm;y clothinc were 
exposed to the effGcts of atomic weeLpons. Stilllples were e~osed to 
energies ranging fran approximately 9 cal/C1112 t.o 75 cal/cm o ~ 

Three of the fabric assqmblies, each with and without a fire 
resistant treatment, corresponded to the same fabric s7stems on the 
animals used in Project 8.5~9.!!il>lies were (1) the "Tem erate" 
(a four-layer assembly identicQl with the standard Army co -wet 
uniform without the frieze liner) which provided the greatest 
resistance to thermal transfer and damage in this group at all levels 
of energy to which it was exposerl, i.e., up to 75 cal/CJ112, (2) the 
hot -wet 50/50 assembly (5.2 oz oxford over 10.5 oz 50 per cent wool/50 
per cent cotton underwear fabric) which offered very good protection 
up to the highAst energy level to which it was exposed (40.5 cal/C112) 
for both the treated 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 
level to which it was exposed (9.5.C? 26.0 cal/cm2) whether or ncl. it ../ 
was fire resistant treated . "!he. fire resis rea ;iiierit~­
enhance the resistance of the fabric to thermal transfer when the 
assemblies were in contact with the backing but wu, definitely 
superior to the untreated assembly wh~n the canbination 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 corubinat:lon 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 sf.me weight. Both were very ~~perior to the lightweight 
cotton underwear fabric. 

Th,, wool/synthetic blended fabrics showed that for 15 per cent 
synthet ic fiber there was very little or no difference from the all 
wool fabric regardless of the synthetic. With higher percentage 
blends the differentiatiot, became greater. The higher the per cent or 
synthetic the poorer the resistance to thermal damage and heat transfer1.' 
The all synthetic fabrics shO'll~d Dynel to be the best with Orl~n next I' 
and Acrilan a poor third. 

¥ -· 1-rrr' ~),, PIM A-1- ' C4rl I 
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Reflect ance and spacing studies i nvolving systems consisting of 
three fabric layers and a backing material yielded results complicated 
by sustained glowi ng 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 t,o glow phenanenon than two other 
spaci ng systemi:, in which one had all three layers in contact with e.a.ch 
other and the s econd ha1 the outer layer spaced away from the lnner two 
laye!'s which were in ccnta.::t with each other. In addition: a system 
with a more highly reflect.ant outer layer was more susceptible to this 
glow effect than a system with a less reflectant outer layer. In 
generd, the system wi.th a space between the outer and middle layer 
yielded t he lowest beneath fabri c t emperatures and one with a space 
between the middle and 1.1..l'J.der laye:.· yielded the higher backing tempera­
tures. 

Results of ::.he tests demonstrated that flaming and glo,dng of 
.fabrics can occur. Fire resistant treating of the outer layer elimi­
nated this effect, 

The .'.l:::-ea of exposure studies showed that for protective layers of 
fabric there is a minimum exposure area below which lateral hea~ losses 
becoma signific;;.ntly great.er with decreasing area size. It appears that 
more heat is transmitted per unit area through the larger areas than 
through tho smaller area. 

It is recommended that 8tudies be carried out in the laboratorJ to 
determine the primary mechanisms of heat transfer through fabric system5 
and that the effects of reflectance, SJ)llcing, fabric cons·truction 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 exercises. 
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FOREWORD 

This report is one o! the r eports presenting the results or the 
78 projects participating in the Military Effects Tests Program o! 
Operation UPSHOT-KNOTHOLE, which included 11 test detonatious. For 
readers interested 1n other pertinent test information, reference ia 
made to WT- 782, Sunmary Report ot the Technical Director, Mil itary 
Effects: Progri.i:l. Thia summa17 report includes the !ollowir,g infonn.a­
tion or possible general interest. 

a. An over-all description o! each detonation, including 
yield, height of burst, ground zero location, time or 
detonation, ambient atmospheric conditions at detonation, 
etc., tor the 11 shots. 

b, Ccmpilation and correlation of all project results on the 
basic measurements of blast and shock, thennal radiation, 
and nuclear radiation. 

•• Compil ation and correlation of the various project 
results on weapcns effects . 

d. A summary or each project, including objectives and 
results. 

e. A complete listing,.o! all reports covering the Military 
Effects Tests Program. 

- ~~~ •, 

DATA 
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CONFIDENTIAL 

CHAPTER l 

INTRODUCTION 

1.1 OB.JECTIVE 

The providing of protection against flame and thermal agents is 
an integral part of the over-all requirement for protection of the 
individual against enviromiental and special hazards. A program to 
provide prote~tion against flame and thermal agents was initiated 
during World War II, with particular emphasis on protection against 
flame. However, the develoJ:111ent of other munitions has broadened this 
problem to include protection against the thermal eff11cts of phospho­
rous, flame throwers, napalm, and atomic weapons. 

field tests at UPSH<Yl'-KNOTHOLE, Shots 9 and 10, on performance 
characteristics of clothing materials exposed to thermal radiation wer~ 
designed and conducted: 

(1) To yield infonnation on field perfonnance characteristics of 
standard Anned 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 sua­
tained by pigs (Project 8.5) subjected to the same conditions ot thennal 
radiation and wearing the $ante fabric cC111binations in the fonn of spe­
cially- designed garment.s. 

(3) To determine the performance characteristics of blenrl~d 
fabrics containing various percentages ot wool and different synthetic 
fibe~s to the thermal effects of a nuclear detonation. 

(4) To provide data on the mi.~i.arum area of exposure required to 
give realistic thermal radiation transfer data. This information is 
needed !or evalu~tion 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 exothennic reactions 
occur in fabrics as a result of a nuclear explosion, and if ~o, during 
what phase of the explosior they take place, and how long the7 persist. 

(7) To utilize thes~ data in establishing laboratory evaluation 
methods which can be used as screening techniques for detenrlning the 
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relative thermal characteristics of protective barriers which may be 
used in the developnent of combat or field uniforms . 

Thus, it was desired to obtain information through dat a 
developed in this project and data of other i nt erested agencies which 
would make possible valid laboratory evaluat i ons of pr otect:!. •!e bar r i ers 
without the need for ext~nsive and costly field studi es invol ving the 
use of clothed animals . 

In order to acccmplish t he objectives as outlined abov,a, i t 
was necessary to obtain f ield data which would fill in gaps on pr-~:·."ious 
test.s. 

(8) In addi ... ~,,n, a very limited number of Chemical Corps i tems 
and Quartennaster Corps packaged material s were exposed to obtain some 
i ndicat i on of thermal effects upon the former and blast and thermal 
effects upon the l atter . 

1. 2 BACKGROUND 

In several previous rocercisea including Operations CROSSROADS, 
SANDSTONE, GREENHOUSE, RANGER, BUSTER and TUMBLER-SNAPPER, the 
Quartennaster Corps exposed fabrics, a limited number of clothing and 
packaged items, and some other miscellaneous materials to the effects 
of atomic explosions. 

From the sta9dpoint of clothing fabrics the mopt,important of 
these were RANGER,\lJ TUMBLER-SNAPPER,{2) and BUSTER.\J, Whereas, the 
ener@Y levels of exposure for the UPSHOI'-KNOTHOLE aeries r,111ged fr•• 
9.5 cal/cm2 to 75.0 cal/cm2, those for the previous testR were con­
siderably lower, being 0.5 to 12.0 caliCll\2 1n RANGER, 1.6 to 2'1.0 
cal/ ca2 in BUSTER, and 4.0 to 1.3.0 cal/cm'2 in TUMBLER-SNAPPER. The 
results of these early tests indicated that reflectance, fabric thick­
ness, weight, special finishes, and position of the fqbric (i.e., 
spaced away from or in contact with the backing material) influence the 
thermal characteristics of fabric assemblies. 

Early work in this field was directed toward the determination of 
the d~gree of fabric destruction or bum. Howev~r, it soon became 
apparent that the critical factors were the amount and rate of thermal 
energy reaching the backing material and that the degr-~e of burn or 
scorching of a fabric was not necessarily a good index of the heat 
transmitted from the outer to the inner surface or a fabric system. 
The criterion or whether a fabric did or did not burn gave no con­
clusive indication of how much heat was transferred to the backing. 

In these earlier tests based on beneath-fabric temperatures, aa 
measured with passive indicators , and thermal damage to underneath 
fabric layers, hea·ner fabrics (whether the adc.ied weight was e. !unctiO!'l 
of thickness or tl-,e addition of fabric layers) were found to give better 
protection than fabrics of lighter weight. White fabrics transmitted 
more heat than those dyed an olive drab color, but were more resistant 
to damage by thenul energy. L:!.ght colored fabrics appeared to give 
better thennal protection than ~~rk ones. The temperature behind 
camouflage fabric~ designed to absorb infrared rays was somewhat, but 
not seriously, higher than that behind regular olive drab materials. 
At RANGER, an alwninized fabric was tested which, by virtue of its high 
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refledance , was expected to give superior the:nnal protection. Such 
was not t he case, however ~ when another sample alWllinized in a different 
manner was t.ested ~t '!'UMBLF.R-SNAPPER, it va.s superior to all fabrics 
evA.luated. 

~ool Md cotton fab:ics were round to be thermally degraded in 
different ways, t.h e, cotton charring and the wool tending to melt and 
!o:nn a cel lular char . At low intensities of thennal energy, the cotton 
was as gooti as the wool in protective value and perhaps slightly better, 
but at higher energy lev8ls the superiority of the wool was indicated. 
The synthetics, in general, were found to be worse in both thermal 
resist ance ar." protection. than the natural fibers. A 70/30 wool/nylon 
fabr ic at TUMBLER-SNAPPER was considerably damaged but the perfonaanc~ 
of an 85/15 wool/nylon sampl& wa,1 not found to be canparable to all wool 
fabric. H~at treated Orlon 'loffien tested at BUSTER was shown to be 
resist~nt to thermal damage, but not outstanding in reducing heat 
transfer to the backing. 

Some of the tabl'ics tested at BUSTER were treated for fire­
resistance with several diffe1'ent compounds. The results or 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 ot 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 wi'i:,h tbs backing. In TUMBLER­
SNAPPER exposures it was noted that a 1/2 in. space provi ded mor~ 
protection t~llll 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 and tbi; bottom layer. 

At TUMBLER-SNAPPER some complete uniforms were exp08ed on torso 
forms with passive temperature indicators beneath the uniforms. Here it 
was found t.ha.t the temperatures beneath the un'iforms were lower than 
thoee beneath the same fabrics exposed on panel•. 

These field tests and other work with fire bombs have established 
that from the standpoint of thermal protection, the important coosidera.­
tion is the amount of heat traumitted through a barrier system. to the 
backing, not the extent to which the protective barrier itself is 
damaged. In view of this, tt~ objective of most laboratory work has 
chane;ed from determination o '" fabric damage to determination of thermal 
transfer through fabrics. 7'·:'i the tests at UPSHar-KNarHOLE, while fabric 
damage was noted, primary consideration \<ld.S given to the temperatures 
attained beneath t.he !'abrios as a criterion ot their protective value. 

1.3 EXPERIMENT DE.SIGN 

1.3.l General 

There were several different phases to the exposures carried 
out on Proj~ct 8.6 as follows: 
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(1) Thi.s phase concerned the evaluation of military clothing 
assemblies of various weights and numbers of layers. 

(2) The second phase was an evaluation of 15, 30, and 50 per 
cent synthetic- wool blends as compa1·ed to all-synthetic and all-wool 
fabr ics. These fabrics were mostly aerges and the principal blend 
fibers were the newer eiynt.hetius, Dynel, Orlon, and Acrilan. An 85/15 
wool/nylon blend was also included. 

(3 ) A third phu e combined a preliminary study of the surtaca 
~eflectance with =pacj.ng. Two cotton fabric3 were axposed in thia 
phase, one dyed so as to give an infrared reflectance of 7 per cent and 
the other ot 65 per cent . Samples of these fabrics were expotied on 
specially construc 4-"1 panels in superimposed layers, each set of layere 
so arranged that a space was provided between two of them while the 
balance were in contact with each other, the position of the apace, 
i.e., whether it was between the second and third layers, between the 
bottan layer and the panel backing, or other was systematically vari ed 
tr~~ panel to panel. 

(4) The fourth phase was planned to yield information oo the 
effect of exposure area size on thermal transfer. In this phase, 
fabrics were exposed behind aluminum shields in which holes of variou1 
sizes fran 1/8 in. to 4 in. in diamttter had been cut. These exposure, 
were designed to bridge , the gap between laboratory tests where existing 
equipment required the concentration of energy over a amall area, and 
field tests where the area of exposure can be very much larger. The 
specific purpose of thi1 work was to determine how ]1.1.rge an area must 
be exposed in the laboratory to give results that can be correlated with 
large-area field exposure,. 

(5) A fifth phase was desig!'led to demonstrate whether fabric, 
can be set on fire by the tht1rmal "Jnergy tran an atanic bomb. In thi1 
stu~ fabric strips were suspended vertically on a special rack, the 
lower part of the strips exposed to the radiant energy and the upper 
part shielded by" a cylindrical cover. It we.!! expected that it the 
fabric strips flamed , the tire would extend up into the prctect$d 
portions and continue burning though the flaming below the shield might 
be extinguished by- tht! blast wave. On the other hand, it no tlamL,g 
occurred, damage or destruction ot the samples would be eharpl,y limited 
to the unprotected portion. 

(6) A final phase concerned the exposure of a number of 
miscellaneoun items of military interest including packaged rations, 
baled clothing, and certain Chemical Corps items of issue. 

1.4 DESCRIPTICJi OF EXPOOURE F.QUIPMENT 

The basic panel used in this tel!ri; was made frcm 1/4 in. oak 
veneer and is deta:l.led in Fig. l.l. The actual exposure area was 9 in. 
x 12 in., with one-half or the wood be.eking in contact with the over­
laying test material and one-half spaced 1/4 in. away-. The fabrics were 
placed on the panel with just enNgh tensior. to keep them in contact 
with the one side of the panel &lJ properly spaced tran the other halt. 
The panels for the "effect of area studies" wers the same as th, basic 
panel e~cept that elUlllinum shields (Fig. 1.2) with circular openings 
varying from 1/ 8 in. to 4 in. in diameter were placed over the test 
fabrics. 16 
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Fig. 1.1 Exposure Panel 

The racks and cylinders used in the flaning stud,:·· 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 or the blast wave the ~nel portion wu 
released and de,cended to a position horjzontal with the ground. Th11 
was done in order to reduce the destruc~ive action of the blast wave 
and the abrash·e action of the particles carried by the blast wave. 
The racks we:r." \fflll anchored w1 th metal stakes and ~ wires. 
(Fig. 1.3) • 

The e~osure racks were positioned as close to ground tero ~s 
75.0 cal/cm2 and extended out to 8.7 ca.1/tm?-. Table 1.1 ehows the 
distribution am number of racks at each station. 

1.5 TE)ll>ERATtJRE INDICATOl§ (Paper Thermometers) 

While ti:llle-temperature curves showinr. the history of the thermal 
trans fer would. have been most desirable, the necessary inat.ruw&ntation 
tcr the use ot thermocouples could not be provided due to lack ot 
anilable circuity tor such an operatlon. rn addition, the cost or the 
lar~e number of multi-ehannel high speed recorders was almost prohibi­
tive. In view of this, tem;-,erature indicators or paper thermaneters as 
developed by the Research aud Development. Laborato17 ot the Qua1~ermaster 
Corps were used. These indicators had been used in previous weapons 
tests am also in work involving fire banro. 
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Fig. 1.3 Exposure Rack with Panels 

The indicators consisted of a bl11 ck absorbent paper coo.ted with a 
thin layer or a suitable pure organic 1~hemical. F.ach chemical used as a 
coating has a specif'.l.c melting point. This c~ting gives the paper a 
greyish to white appearance. On melt:i.ng, the chemical is absorbed by 
the paper exposing its black color. Thua, when a paper turns black, it 
is positive proof that the organic coat:lng had attaint9d a temperature 
at least equal t o that or its melting pdnt. The effective temperature 
and active :i.ngredient or the indicator ~\\\pers are lieted in Table 1.2. 

Pieces 1/.4 in. x 1 in. or each of t-he 20 temperature indicators 
were mounted on very thin transparent, d0'1ble coated, pressure sensitive 
tape. These in turn were adhered to the contact and spaced side or the 
oak veneer panels as shown in l'ig. 1.4. In this photo§raph the 540c and 
62°C indicators on the left or contact side aid the 54 C indicator on 
the right or spaced side have changed. The indicator Jape:rs revealed 
only one tact relative to the therDBl emrgy traneierred t hr ough 't,he 
fabric; this !'act being that a beneath-fabric temperature equal to at 
leHt the melting point or t:.he highest indicator change had been 
att.ained. 

19 

CONFIDENTIAL- RESTRICTED DATA 



TABLE 1.1 - Distr i bution of the Exposure Racks 

-Thermal Synt hetic 
Energy · Uniform Wool Reflectance Area 

Shot ( cal/cm2) Fabricn Blends & S'!>&cina: Studv Flammabilitv 

9 9.S 1 

_;Lq 9.0 1 

lo- 2. 12 .s 1 1 

J ~1 12.s 1 1 2 

Q 16.0 l 1 1 --
10 17.0 1 2 1 1 

Q ?1.'i 1 1 

10 ?l..o 1 1 

q 2Q.'i 1 1 

,o ~'1.'i 1 2 

9 1'1.Cl 1 1 

,n 1'0. 'i 1 2 

Q so.o 1 1 

10 .t.o o 1 I 

q "'i.O 1 1 

Total I u 6 2 8 'i 

Note: Some racks included panels other than those which are shown 
as a heading tor a rack. 
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TABLE 1.2 - Tawysratare Indicators 

Temn. 0c Compound 

1. 54 Triphenylthiophosphate 

2. 62 S-Di-n-Butylthiourea 

3. 69 Stearic Acid 

4. 77 Sucrose 0ctaacetat.e 

5. 85 n-Diphenylbenzene 

6. 94 Sorbitol Hexaacetate 

7. 101 a-Dextrose Pentaacetate 

8. 107 Dichloro-diphenyl-tetramethyl 
ethane 

9. 115 Mannitol nexaacetate 

10. 121 Phenyl-p-Tol:ylsultone 

ll. 127 Hydroquinone Dibenzyl Ether 

12. 142 Adipic Acid 

1.3. 163 Benzanilide 

14. 172 S-Di-o-tolythiourea 

15 • 196 p-etho:xybenzoic Acid 

.. , 
205 Dicyandiamide .J.I.J• 

17. 228 ~exachlorobenze:,e 

,o 239 Carbanilide ... u. 

19. 254 Phenolphthalien 

20. 305 Theobrornil1e 
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Fig. 1.4 Panel with Temperature Indicators 
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CHAPTER 2 

MILITARY CLOTHIOO ASSElffiLIFS 

2,.1 GffiERAL 

This phase of the investigation, undertaken to provide data on the 
performance characteristics of complete assemblies and canponent parts 
of militar-.f clothing, was divided :!'lto 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 pig experiment. An experimental aluminized duck fabric was also 
included 1n the second sub-phase. All the spe.cimen:s wcr-e exposed to the 
thermal effects of nuclear detonations 1n the fonn of test panels with 
temperature indicators beneath the materials as described in Chapter 1. 

The specimens were positioned at distances fran ~ound zero 
corresponding to estimates of the maximum energy levels against which 
they would provide protection. These estimat~s were based on laboratory 
data obtained by the University of Roehester.~4) Other specimens were 
exposed at the next nearer and next farther stations. In addition, some 
exposures were made to atudy certain effects manifested at energy- level• 
lower than those found to be critical from the protaction standpoint. 
Some of the uniform assemblies, for example, were exposed at the more 
distant stations to observe their tendency to glow or flame, although 
they were lmown to perform 3atisfactorily close to ground zero. Table 
2.1 sU11111&rizes the uniform panel exposures for both shots. As indieated 
previously the pu::-pose 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 i::~gs (Project 8.5) exposed E1t 
the same time to the same conditions wearing the same fabric combinations. 

2.2 UNIFORM FABRIC ASSF,l,ffiLIFS 

2.2.1 Experiment Design 

Five different assambli~s of fabrics were exposed to the thermal 
effects or nuclear explosions on Shots 9 and 10. The en~rgy levels to 
which they were subjected varied £ran 9.0 to 75.0 cal/cm2, as indicated 

2.3 
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TABLE 2.1 - Sunrnary of Uniform Fabri c Panel Exposures 

• ~ ~ ~ t Energy (cal/cm2) 0 ~ 0 "' 0 ~ "' II\ "' "' ';1 
• . • • . • • • • • • • • • ~ "' ~ 0 s ~ C"'\ c,,. '° ~ ~ ~ ~ ~ 0-

I"- "' C"'\ C\I N E-< 

Assembly 

HW 
2 3 2 3 2 3 ~ , ,t 

HWFR 
1 3 2 3 1 3 3 , t. 

HW 50/50 2 2 2 2 2 3 2 3 3 3 '!)J. 

HWFR 50/50 1 1 2 2 2 2 ,n 
Temperate 

4 4 5 5 2 2 2 '!)I. 

*Shot 10 (all others Shot 9) 

in Table 2.1. The rive assemblies included the fabrics composing tbs 
Hot-Wet unironn with cotton underwear; tho Hot...Wet (fit} uniform. 11rith 50 
1,:,er cent wool/50 per cent cotton underwear (HW 50/50) J each of these 
,combinations with the outer layer treated with a fire retardant (HWFR 
1md HWFR 50/50) J and the Temperate uniform (T} which wna not treated !01• 
fire resistance. This latter unifonn &Hembq is the same as the stand~ 
ard Cold-Wet, but without the frieze liner. 

The fabrics composing oach or these uniform assemblies are as 
follows, starting in each case trcm the outer layer: 

1. Hot-Wet (HW) 
a. Cloth, Cotton, Penneable, 5.2 oz, Shade U6 
b. Cloth, Cotton, Knit

1
3.5 oz 

2. Hot-Wet 50/50 . (HW 50/501 
a. Cloth, Cotton, Penneable, 5.2 oz, Shnde 116 
b. Cloth, 50% wool/SO% cotton, Knit, 10.5 oz 

3. Hot-Wet, Fire Resistant (HWFR) 
a. Cloth, Cotton, Penneable, 5.2 oz, Shade ll6 

Fire Reeiatant Treated 
b. Clotb., Cotton, Knit, 3.5 oz 

4. Hot-Wet 50/50 FiN Resistant (HWFR 50/50 FR) 
a:-cro(n,~~D, Permeable, 5:Toz, Sliide-n:6, 

Fire Beaiatant Treated 
b. Cloth, 59% wool/~ cotton, Knit, 10.5 os 

5. T!!J!!rate (T} 
a. Clotli,Totton, Wind Resistant, Sateen, 9 oz, 

We.ter Repellent, 00107 
b. Cloth, Cot"..:on, Wind Beaiatant, Oxford, 5.5 011, 

Water Bepellent • 00107 
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c. Cloth, 85% wool /15% nylon, Shi rti ng, 16 oz, 
00108 

d. Cloth, 50% wool/50% cotton, Knit , 10. 5 oz 

2.2 .2 Results 

2.2.2.l Temperatu es Attai ned Beneat~ Fabrics 

The temperat ures beneath the vari ous fab~ic assemblies as re­
corded by t he passive i ndi catm.·s are sh Olm in Tabl e 2 .2. These are 
avtirages of t he temperatur es under the two or three r eplicate specimens 
of each as!H1111ul.y expoPed at each locat ion, As can be seer. in Appendix 
Table A.l the var iation among the replicate specimens in mo3t cases was 
nc,t very great. 

The results of these tests may be swmnarized as follows: 
(1) Based on T-Max, beneath-fabric tsmperatw·es, .~t may be 

seen f r an 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 
bei ng much bett2r than the Hot-Wet . Roughly, the order of magnitude tor 
the beneath-fabric temperatures in contact with the backing was 54oc or 
l ess for the Temperate, 127° ,. 142°c for the Hot-Wet 50/50 arxi 205° -
254°c for the Hot-Wet, 

(2) In 24 out of 27 cases, involving HW, HWFR, HW 50/ 50 and 
HWFR 50/50, both in contact and spaced fr om the backing, significantly 
lower temperatures were r ecorded on the spaced side of the panels as 
against the contact; these temperature differentials being of the order 
or 110 to 127°c. Maximum contact and spaced temperature differences 
were noted for those assemblies where the highest, contact temperature• 
were observed, that is for the lighter weight fabric combinations. The 
lighter in weight a fabric assembly the greater appeared to be the effect 
of spacing . The tour layers of the 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 treated 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-fit<e resistant fabr ic~ versu.s the tire resistant 
treated fabrics performed about the same i n contact with respect to 
beneath-fabric temperaturoa . Howevsr, w'hen thase fnbrice were spaced 
away from the backing the superiority of the fire-resistant treated 
fabrics was indicated. Out of a total of:~ cases one wa5 equal, 2 were 
SCll!lewhat poor13r, and 7 were found to be markedly better than the non-fire 
r esistant fabrics. 

(5) From the nearest to the most distant station the quantity 
of thermal radiation received did not influence to a marked degree t he 
temperatures recorded beneq.• :1 any one fabr i c combin~tion. Some gradual 
decline in the temperature could be noted with distance fr an ground 
zero, but i t was not com.enaurate with the decline in thermal energy 
r eceived. 
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2. 2.2.2 Visual Evidence of Fabric Dama~e 

Comparison of the appearance of the exposed samples as an 
indication of r elative thennal damage was in virtually all cases 
limited to the second layer of each assembly, since the top layers were 
destroyed in over 90 per cent. of t he t est speci mem,. 

tor the purposA of comparison damage to the second layer has 
been arbitrarily di vided int o five categories as det ermined visually 
from "slight scorch" to "destroyed." (Fig. 2.1.) The l east damage was 
sustained by the second l ayer of the temperate assemblies except tor 
those expos6d at t .,e most dist ant station (12.5 cal/ cm2) which will be 
d~scussed below. The most severely damaged f abr ics wore those of the 
Hot-Wet assemblias , both wi th and without fire resistant treatment, while 
those of t he Hot -Wet 50/50 assemblies were j_nter.media te in extent ot 
damage. 

Also as expected, the panel fabrics exposed at the nea1est 
stati ons usually sustained 3omewhat more damage than t hose at the fart her 
stations. However, the extent of fabric damage at the close-in stations 
wa.s not i n proportion to the increased thennal energy of the c,xposure. 
In the third and fourth layers of. the Temperate assemblies it is note­
worthy that the trend of sli ghtly more damage at the stations nearer to 
ground zero wae reversed. These layers we1~e undamaged at 75.0 and 50.0 
cal/cm2 but at 41.0 cal/cm2 and less the third layer was scroched and 
discolored and the fourth yellowed. 

or special interest is the damage sustained by the tem~rate 
ensemble exposed at the farthest station on Shot 10 (12.5 cal/cmt). 
This assembly was expected to be spared any severe damage. In~t~ad, the 
outer layer of sateen was destroyed (although some char remained) and the 
second layer of oxford was heavily scorched on the contact side of the 
panel and hear.ly charred, with glow holes, on the spaced aide. Under 
the spaced portion ot the specimen there was r.harring in the third and 
fourth layers beneath the glow holes in the second layer. 

A change in color on the wood backing was noted on the temper­
ate panles at the very nearest station. Those behind the Hot-Wet and, 
to a much lesser extent ~ beh:'_nd the Hot-Wet 50/50 assemblies (untreated) 
showed a green color. This green stain aleo appeared on the underwear 
layer of the HW 50/50 ensemble3. A deep brown stain, quit~ ditterent 
in appearance frClll the brown discoloration m:>ted above, appeared con­
sistently on the backing and underwear layers of the tire resistant 
treated assemblies. The fact that green and brown stains appeared on 
the surface of the wood backing was evidence that hot gases f rom the 
decomposition of the outer layers penetrated through the fabric system. 

2.2.3 Discus~ion. 

2.2.3.1 Effect of Fabric Assembly Weight on Beneath-Fabric Temperatures 

The ~elative protectir. afforded by th6 various uniform fabric 
assemblies as indicat ed by their beneath-.f'abric temperatures appears to 
be a !'unction of their weight, the heaviest (Temperate) giving the most 
prol'.ection and the lightest (Hot-Wet) gi ving the least. When the total 
weight (ounces per aquare yard) of each assembly is computed and plotted 
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against. the average maximum beneath-fabric temperature !or all exposure 
stations the curves st.own in Fig. 2.2 are obtained !or contact and 
spaced temperatures and averages of the two.* It will be noted that all 
the points ( exce...,+, for the combination of sateen and heavy cotton under­
wear which will L>e discue,sed ln 2. 4~ fall rea~onably close to t,he curve, 
r epresenting a decline in benea.th-•fabric temperature with an increase in 
weight. 

2.2.3 . 2 Effect of Fire Reslstant Treatment on Temperature Data 

As stat~d i n paragraph 2.2.2.1 the beneath-fabric contact 
temperatures were about t~e same for the fire resistant andmn-tire 
reeistant fabrics. However, when the fabrioe were spaced away fran the 
backing the supe~iority of the fire resistant treated fabrics was in­
dicated. There are several mechanisms that may play a role in either 
increasing or decreasing thermal transfer through fire resistant treated 
fabrics as canpared to W1treated. The most important of these from a 
practical s t andpoint is that the treated materials do not support a 
contirruing flame or glow. Especially !or fabrics in close skin contact, 
such flamin~ or glowing can cause a severe bum as shown in many of the 
pigs in Project 8.5 (5J that wore untreated uniforms. 

In adctl.tion, th'! fire resistant treatment adds to the weight 
of the fabric. In canputjng the total weights of the tire resistant 
assemblies in Fig. 2.2, approximately 25 p~r cent w~s added in each case 
to the outer layer of the corresponding untreated &seembl ;y.H When the 
spaced and contact temperatures are averaged, the HWFR has sane 
advantages over the HW and the HWFR 50/50 over the HW 50/50. This 
advantage may in sane degree be due to the additional weight, but thil 
appears to be a relatively unimportant factor, since the additional 
protection found in many cases was much more than could be accounted tor 
for by the extra wei~ht alone. 

More important is a mechanism that might work to the dis­
advantage of the fire resistant treated fabrics. This is that a tire 
resistant treatment increases the rat, e,t which gases and tars are 
evolved from the decomposing fabrics.t6J This fact has been advanced 
to explain laboratory indications that a fabric in contact with a 
backing transmits more heat to that backing if the fabric is tire 
resistant treated than it it is untreated. It is hypothesized that, 
with more gaseo anrt tars being evolved, there is a greater chance that 
some of these may not escape but go into the fabric where their heat 
would be rnade more readily available to the backing. The dark brown 
coloration noted on the contact side of the wood backing under the 

*To the data obtained on the full unifonn fabric assemblies have been 
added, in Fig., 2.2, the data obtained similarly for two-fabric combina­
tions of sateen with three different underwear fabrics, 3.5 and 10-oz 
cotton, and 10,5-oz 50/50 wool/ -,tton. These will be discussed in 2.4. 

ffThe weight add-on of the brominated triallyl phosphate treatment used 
in these tests is appro.ximAtely 25 per cent. 
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treated fabri c panels is evidence that these tars conden~ed on the back­
i ng, raising the temperature by r eleasing t heir heat of vaporization, 

2, 2,3,3 Effect of Spacing on Temperature Data 

Figure 2.2 shows that the average contact temperat ures were 
consistent ly higher than the spaced temperatures, Thie is easy t o under­
stand, since the air space between fabrics and backing acts as an effec­
tive insul ating layer, 

Spacing has emerged from this and other studies on the subject 
as an extremel y important consider~tion. It is especially true with fire 
resistant clothing l.11at thi, tlegree ot protecti on afforded is to a large 
extent dependent upon whet her or not the garment is loose or tight 
t itting. Referr ing again to Fig. 2, 2, the average contact temperatures 
ar e slightl y higher for t he f i re resistant treated assemblies than tor 
th~ correspondi ng untreated assemblies. The average spaced tempnratures, 
on the other hl,!.nd, are much lower for the treated fabric assemblies than 
f or t hei r untret,t ed courr~erpartB. 

2.2 .3,4 Effect of Thermal Energy Received on Temperature Data 

All other th:l.ngs being equal, it b r~il.:,onable to assume that 
the sampl es exposed near est ground zero ( those e:x:poee1 to the most 
intense thermal radiation) would develop the hi ghest beneath-fabric 
temperatures. Generally it can be eiaid that the temp,ratures beneath 
Lhe assemblies exposed at the close stations were slightly higher than 
beneath like assemblies exposed at the far ot.A.t. i ans. By no meo.ns, 
however, was there anything approaching ~ , traight-llne relationship 
between energy and temperatures, Table 2,2 sho'W'S that in lll&J1Y instances 
the same assembly showed no change in beneath-fabric temperatures for 
several successive exposure stations. 

In other cases, particul arl y tor t h~ HW 50/50 combinaLions1 • 

plot of maximum temperatures versus energy would result ilia U-shaped 
curve, with the highest temperatures recorded at the extremely near and 
far stations and the lowest temp'!ratures at the int ermedi 2i.te stationa, 
Such behavior has been noted in laboratory w-.>rk, and has been explained 
by leH extensive destruction at lower energy levels, all,>wing more 
fabri c to remain and act as a heat reservoir transferring its energ 
through the system. At inte1.113diate levels the 11ru1rg may be sufficient. 
to deetroy ·the fabric and thus remove this heat ree1ervoir. At the 
hi ghest levels the en.~rgy may be more than su!!ici~•nt for complete 
destruction of t.he ouhr layer and the energy in exceH or that required 
tor such detttructic',n ma~ be absorbed by the UJ'l~ ~r layers. Thue fabrics 
in turn wi,y act as a heat reservoir, thus rurther raising the temperature 
beneath them. 

The failure ot the reciprocity law to hold in the case of 
radiant exposure versus beneath-fabric temperature and tota.l fabric 
destroyed is worth considering. ,t the close-in stations wher-e the 

2 thermal energy was extremely high (being of the order ot 75,0 cal/cm) 
it was expected that total fabric damage, in terms of the numbe1• of 
layers destroyed, would be considerable and that beneath-fabr:lc tempera­
tures would be much higher than at he more distant stations. As stated 

jO 

CONFIDENTIAL- RESTRICTED DA'f A 



n 0 z ..,, - C
 

ff
l z ~
 

>
 

,- I ,a
 

\,
,)

 
I-

' 
ff

l "' .... ,a
 - n ~ ff

l 
C

 

C
 >
 
~
 

>
 

: 

TA
BL

E 
2

.2
 -

A
ve

ra
ge

 M
a..

.ic
im

um
 T

em
p

er
at

u
re

s 
A

tt
a
in

e
d

 
(D

eg
 C

) 
U

nd
er

 F
a
b

ri
c
 A

ss
em

b
li

es
 

F
ab

ri
c 

?5
.0

 
50

.0
 

A
ss

em
b1

v 
C

 
s 

C
 

s 

HW
 

I~
 5

0
/5

0 

HW
FR

 
I 

T
 

'iL
. 

t;
L

 
I 

'i
L

 
t;

L
 

-
HW

 

HW
 5

0/
50

 

HW
FR

 

H
W

FR
 

'iO
l:i

O
 

S
ho

t 
9 

T
he

rm
al

 E
ne

r&
r 

(c
al

/c
m

2)
 

4
1

.0
 

29
.5

 
21

.5
 

C
 

t;L
. l,

D
.5

 
C

 

14
2 

14
2 

s 
C

 
s 

C
 

s 

2
0

5
 

12
1 

14
2 

lH
 

lL
..2

 
77

 

20
5 

1
2

1
 

t;
L

 
SL

. 
t;L

. 

S
ho

t 
10

 
T

he
rm

al
 E

ne
rg

y 
(c

a]
/c

m
2)

 

s 14
2 94
 

n
.5

 
2o

.O
 

C
 

s 
C

 

25
4 

14
2 

13
1 

14
2 

25
4 

14
2 

77
 

12
1 54
 

C
""

 C
on

ta
ct

 
S 

=
 S

p
ac

ed
 

s 25
4 

10
7 

12
7 77
 

54
 

lb
.O

 
12

.5
 

9
.5

 
C

 
s 

C
 

s 
C

 

20
5 

Q
L.

 
20

5 
10

7 
20

5 

11
9 

77
 

11
5 

77
 

16
3 

20
5 

1
2

1
 

20
5 

13
0 

20
5 

1
7

.0
 

12
.5

 
C

 
s 

C
 

s 

17
2 

12
7 

12
1 

85
 

20
5 

12
1 

20
5 

12
1 

12
7 

77
 

12
7 

77
 

-.
-

54
 

I 
54

 
54

 
54

 

I 
s 20
5 77
 

12
1 



previouGly, for a given assembly, neither fabric damage nor backing 
temperatures wflre commensurate with incr eased energy. There 11.r ~ s 
number of factors which may contribut e to t his phenomenon; delivery 
time of the then~al pulse; obscuration of the full prillary thermal 
effect by smoke ar.Lsing from t he test fabric or surrounding samples; 
and blast arr i val t.imP. . 

~r~2n ot Panel Data with Results on Clothed Pigs 
1E1:o ject~:!Jl 

Compari ison of the results of this phase of the pane· studies 
with those observm.~ : or the cl othed pig exper:1Jllent (P!'oject 8. 5) sho'!B 
t hat a paralleli sm exist s for the two sets of data. While it is not 
possible, because or limited data, to establish a corre1lation between 
the t wo experiments the over-all trends appear to bear a close relation­
shi p. The relative pi:-otective value of the various fabric aasemt•liea 
was fcu.-id t o be the same in the panel study as in t.he animal studyJ the 
Te~perate being best, the Hot-Wet worst, ani the Hot-Wet 50/50 inter­
mediate but much better than the Hot-Wet. 

When l:.he results of t he panel tests are cmpared with those on 
the unifonned pigs some light is throtm on the mechanism whereby the pig• 
were bur ned. 

For example, some severe burns were noted on pigs wearing fire 
resistant uniforms where the fabric was in close contact with the skin. 
The dark brown sta.in on the contact side of the panels with the fire re­
sistant assemblies was evidence that these pig bums might have been 
;:aused in part by condensation o! gases and tare which are known to be 
evolved at a faster rate when the fire retardant is present. 

The advantage of the fire resistant treatment was indicated in 
both studies in that high temperatures under the panels and severe bums 
on the pigs often occurred on the untreated assemblies at the tar stati~ns. 
That high temperatures and severe burns were noted at the rar et&tione 
suggests that flaming or glowing of non-fire resistant fabrics was more 
serious because it was given greater opportunity to proceed before the 
decomposing fabric was remov~d by the arrival of the blaat w-ave. 

The consistently higher temperaturgs on the cc:ntact sides ot 
the panels than on the spaced sides help explain wey more severe bums 
were encountered in areas such as those adjacent to the dravatrtng 
where the fabric was hdd tight.i, against the skin. Both studies 
pointed to the importance or spacing from the standpoint of thermal 
protection, e!pecially where fir~ resistant fabrics lfflre i nvol ved. 

A correlation of panel temperature data with the over-all 
burn injury to the animals is not warranted. Th-:i data, however, do 
show a broad assoc:l.ation between the panel temperatures and. animal 
injury. In the followirig di:scussion the maximum temperatures and moat 
severe large area bums on the pigs were considered. 

Beneath-fabric temperatures, of assemblies corresponding to 
those worn by the pigs, were div~~ed into three broad ranges. These 
were: (1) less than lOOOC, (2) ~01 to 200°c, and (3) over 201°c. Each 
of 36 animals (where comparisons COl1ld be made) were then listed 
as to major burn type. The fabric panel temperature was then listad 
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next to its animaJ. counterpart. This sort of tabulation showed that of' 
the 36 animals 21.. had 2/. burns,* 9 had 1,', and 3 had no burns. It also 
showed that of the 24 with 2/. bl!.'"?lS 21 matched up wit;h panels indicating 
backing temperatures over 2010c. Nine of those with lt burns fell into 
the 101° to ':!.<XJ°C range (more specifically a range of' 101 to 1500C), am 
1 of the 3 with no burns was in the less than lOOoC range (Table 2 • .3)~ 

For the conditions of t his particul6r test the data indicate 
that f 1,r l\ 2./- pig burn a beneath-fabric panel temperature of' over 20000 
had to be attained. Temperatures of' 100 to 15000 were indicative of' 1/. 
bum•• 

TABLE 2.::, -- Association of' Panel Temperature and Animal Burn 

Panels Clothed Ph:s 
Beneath-Fabric Burn

1
.,,. 

Temn. Ran2e 0c 0 

100 1 

101-200 1 r • 
201 1 

T?tal 3 9 

*Actually these 9 were between 101 and 150°0 • 

• 

2 t -

3 
21 

24 36 

It is believed that one is not justified in attempting to ex-
trapolate the observed relationship (between panel data and pig burns) 
beyond the conditions of thi.s test. It should be remembered that panel 
temperatures are not necessaril_y th~ i:Uuue as tha arJ.mal ::kin temperature. 
Beneath-fabric temperatures of 20000 and over were observed only tar th• 
HW and HWFR assemblies; 100° to 150°0 f'or the HW 50/50 and HWFR 50/50; 
and below 100°0 tor the Temperate. Inasmuch as heavier fabric assem­
blies, such as the four layer temperate, would act as better heat 
reservoirs than two thin fabric layers, it is reasonable to believe 
that 2/. burns might be sustained for this uniform at beneath-fabric 
temperatures of' less than 200oC. The time element as wll as T-max 
must be taken into consideration. 

The re:mlts of pan'31 tempe'l"atures versus plg bums indicata 
that tor & fixed set of conditions of humidity, ambient temperature, 
fabric assembly, rate of delivery, and t ot~l thermal energy a correla­
tion between 't'-max, inanimate backing, and pig burn might be establiehed. 

* 0 
l,' -
2-t -

No bum 
Erythema (persist~ut reddening) 
Patchy coagulation (spotty whiteness). 
description of burn rating see Project 

3.3 

(For more detailed 
8.5) 
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2.J . l 

MILITARY CJ..ctl'HING ITI:MS ;-x:har than those in the Clothed Animal 
Experiment , ProjectM) 

Experiment Design. General 

Four different cold weather assemblies, three types ot underwear 
fabrics , two boot materi als , body annor, rr.inwear , and aluminized duck 
were exposed en Shots 9 and 10 as indicated in Table 2.4. 

2.3.2 Cold Weather Uniform Fabric Assemblies 

2.J .2,1 Experimen~ Desi,l'll 

Four different cold weather assemblies, three standard, and 
one experimental, were exposed on Shot 9 at 75,0, 50,0, and 41,0 
cal/cm2 stations. The three standard Quartermaster fabric aesem'.,lies 
i.~cluded two Cold-Dry assemblies (one with parka over-white and one 
'Without) and the Cold-Wet ensemble. The tourt.h assemblv coosisted of 
the materials canprising the experimental Coldbar suit,· 

1. The conventional Cold-Dry uniform with p&l'ka consists of 
the following fabrics listed in the order 1n which they are wom and in 
which they were exposed. Fran the outer to the inner layer these are: 

a. Cloth, Cotton Warp, N'ylon Filling, 5.5 oz, 
Water Repellent, White. 

b. Cloth, Cotton Wu•p, Nylon Filling, 5.5 oz, 
Water Repellent, 00 107, 

c. Cloth, Mohair, Frieze, 16 oz, White. 
d, Cloth, Rayon, Acetate, Saponitied, Rip-Stop, 

1.9 oz, 00 106. 
e. Cloth, Cotton, Wind Resistant, Sateen, 9 oz, 

Water Repellent, 00 107. 
f. Cloth, Cotton, Wind Resistant, ax.tord, 5,5 oz, 

Water Repellent, / } 1cq, 
g, Cloth, Mohair, Frieze, 16 oz, White. 
h. Cloth, Rayon Acetate, Saponified, Rip-Stop, 

1.9 oz, 00 106. 
1. Cloth, 85% Wool/15% Nylon, Shirting, 16 o~, 

00 108. 
j. Cloth, 50% Wool/50.C Cotton, Kn:i:t. 1 10,5 oz. 

2. The same assembly as above was also exposed without layer 
a, which represents the parka over-white. 

,3. The Cold-Wet assembly coosisted of the same fabrics as 1, 
but without layers a, b, c, and d, 

4, The Coldbar assembly consisted of the following: 
a. Cloth, Cotton, Wind Resistant, Sateen, 9 oz, 

Water Repellent, 00 107. 
b, Expanded Vieyl-Synthetic Rubber Cc:mpound. 

All these cold weathe- assemblies were exposed on Shot 9, 
the Cold-Dry with parka to 75.0 cal/ca2, and the Cold-Wet tc, 41,0, 
50.0, and 75.0 cal/ca2, 
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2.3.2 .2 Results a.-,d 'Diecussion 

The two Cold-Dry uniforms (with and without parka) survi ved 
the thermal pulse with about the same type and extent of damage. The 
cotton-nylon layer was destroyed and along with it, the whi t e parka 
fabri c where thi~ was included in the assembly. Heavy scor ching and 
charring on the upper pile surface of the frieze was noted, and t he 
acet at e r :lpstop layer of the outer liner was discolored. The layers 
beneath this lining f abr ic were undamaged. None of the temperature 
indi cators under these as semblies changed i ndicating complete 
pr otec~ion ( i . e ., t.1:11uper atur es below 54oc~ at energies as high as 75.0 
cal /cm•- . 

I n th~ Col d-Wet assembly, which was expos ed at 75.0, 50 .0, 
and 41.0 cal/cm~, the mo11t s evere damage occur red a t the farthest of 
these t hree stat.i ons. Here, the sateen was destroyed, the oxford 
he'lvi ly s corched with light char in some areas, the pile of the friezfl 
was heavily scorched, am the acetate ripstop fabric discolored, At 
the nearer etations (50.0 and 75 .0 cal/cm2) the satP.en was likewise 
destroyed, but t he oxford only heavily scorched, and the frieze un­
damaged except for a marked discoloration, Below the frieze there was 
no damage, The a ppearance of small gl0tt holes on the oxford and upper 
pile of the frieze gave a clue as to the reason for the more extensive 
damage at the farther station. It is believed to be an action similar 
to the phenomenon noted in connection with the Hot-Wet assemblies 
(untreated) where :in exothermic reaction (in the case of the Cold-Wet 
assembly, glowing) proceeds for an appreciable period of time before it 
is extingutshed. In spite of the da:anage to the outer layer, none of the 
temperature indicators under the Cold-Wet?assemblies changed, indicating 
good thennal protection up to 75 .o cal/cm-. 

In the Coldbar assembly the outer sateen lqer was destroyed 
as in the case of the other cold weathe~ assembliea. There W!.! a h~~vy 
surface char on the expanded plastic layer, but the depth of the char 
was not very great, Temperatures under the Coldbar assembly were 107°c 
on the cootact side and fran. 62.0 to 107°c on the spaced side of the 
panels. Thus, the thermal protection afforded by this cor.ibination ot 
materials would probably be in the range of that provided by the 
Temperate ensemble (see 2.2). The Coldbar assembly, however, was not 
as ef.t'ecti ve as the Cold-Dry or Cold-Wet i'abric con1binations. Since 
only very slight burns were mted on pigs wearing the Temperate asaembl1 
in Pro ject 8.5, it is reasonable to believe that the Coldbar uniform 
would provide ad~quate thermal protection to well within the lethal 
nuclear radiation :z,one. 

2 • .3..'.3 Underw~iar Fabrics 

2 • .3.3.1 ~iment Design 

Three ditterent types or underwear fabrics were exposed on 
Shot 9, each under a layer ot Cloth, Cotton, Wind Resistant, Sateen, 9 
oz, 00 10'7. The fabrics, which were exposed to 9,0, 12.5, and 16.0 
cal/cm2, were a :s follows: 
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lo Cloth, 50% Wool/50% Cotton, Knit, 10.5 oz. 
2, Cloth, Cotton, Knit, 3.5 oz, ( "T" shirt material). 
J. Cloth, Cotton, Knit, 10 oz. 

2.3~3.2 Results and Die~ussion 

In a.11 these panels the outer layer of sateen was destroyed, 
and the underwear fabri,::s scorched to vario"'a degrees. The samples 
exposed to 12.5 cal/ca2 of radiation showed evidence of glowing in the 
outer layer, &8 a resul t of which the fabrics beneath were charred. 

In gene1al, damage to the wool/cotton fabric was less than 
t hat of the heavy cot.ton, despite the similarity of their weights. Thi• 
heavy cotton fabric ~howed less damage than the light cotton, as expected. 
Th• temperature data shown in Tabln 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 not ~s 
great as might have been expected oo the basis oI fabric weight. 
Differences be"'~~th the contact and spaced tE111.peratures were less for 
the wool/cotton : amples than for ·the all-cotton samples. This phoneme­
non of more pronounced 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 
wool/50 per cent cotton admixture as against a like fabric of 100 per 
cent cotton, while significant, is not fully understood at this timl. 
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 decanposition products of wool with those of cotton, and the 
formation of a protective wool char may contribute to the better thermal 
insulative properties of the 50/50 wool-cotton mixture. Thia character­
istic of wool-cotton blends is under study as part of an investigation 
being conducted at Rhode Island University on the decomposition products 
or thennal~ degraded fabrics. 

Lightweight 
Cotton 

TABLE 2.5 - Average Maxim\.Ull Temperatures (Deg. C) 
Attained oo Underwear Fabric Panels 

2 
C 

Hea Cotton 

0 0 Wool Cotton 142 101 

illlnnerwear layer shows much evidence of glow. 
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2.3.L• Boot Materi.als 

2.3 .4.,1 Experiment Design 

Two boot materi~ls were exposed on Shot 9 to radiant energies 
of 41.0, 50.0, and 75.0 cal/cm.2. These were the upper f ran the Boot, 
Canbat , Leather, and the upper from the Boot, Combat, Ftu~ber, Insulated. 
Each was exposed over the rib-lmit wool fabric which is used for the leg 
portion of the Sock, Wool, Cushion Sole. Samples were expoeed on panels 
in cont act with the wood b~cking. For these materials it was unneces­
Bary to make any exposures spaced away from the backing since boots and 
shoes, unlike c1.othing, are for the most part close fitting. 

2.3 ,4.2 Results and Discussion 

Two replicates of the leather exposed to 41.0 cal/cm2 were 
r-ecovared. Both we~e heavily scorched, charred, and shrunk by the heat. 
One of the samples which became detached from the backing on three sides, 
showed a temperature of over 205°c. The other sample, which remained 
firmly attach6d to the panel , showed a 'oacking temperature ot 620C. At 
the two nearer st ations only one replicate of the leather at each station 
was recovered. ~'.'he one exposed at 50.0 cal/a?- was al.most 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 
leather was heavily charred, but it protected the sock fabric beneath it 
from any damage whatsoever. The temperature recorded beneath this sample 
was 62°c, Samples of the insulated boot material were re1:overed only 
from the 41,0 cal/ca2 s:tation. 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 indicatiom1 are that both the leather and 
the rubber in conjunction with the sock wool cushion sole provide fair 
protection from relatively large amounts of thermal energy. 

The leather was chrome-tanned, and the method used is thought 
to be responsible for the glowing noted. Chranes evidently catalyze the 
thermal degradation of leathers and actually help propagate glen,. It 
appears advisable in future laboratory tests t,o compare the thermal 
resistance of chrane-tannad leather to that of vegetable or synthetic­
tanned leathers. 

How serious 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 shrir:\age that might have occurred 
otherwise. However, the shrinkage in one of the samples, as noted above, 
1,ras enough to pull it loose from its backing on three sides. If su,ch 
nhrinkage took place in boots, and was extensive enough to destroy the 
fit, it may be a serious constd.eration. 

· The rubber sampJP · recovered withstood the thermal ef'fect a 
of the banb remarkably well except for slight damage to their outer 
surface, 
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2.3.5 Bogy Armor Panels 

2.3.5.1 §!periment Design 

Panels made from two t ypes of body annor , !J , S. Aney and 
U, s. Marine Corps, were exposed to 50.0 cal/cm2 on Shot 9 and 60.0 
caJJew2 on Shot 10. Each type was exposed over the Temperate uniform 
a1.,aembly. 

The Army body annor consist ed or multi-layer laminated cylon 
oxford encased i n thin vinyl plastic &.;1d covered with an outer l ayer of 
light weight nylor1 oxford. The Marine t ype consi st ed of ext remely hard 
plates of glass fat .. ... c lami.!18.ted plastic assembled in overlapp:1.ng 
posit i ons and set i n fabrii pockets, the whol e being covered with a 
light weight nylon fabric. 

2.3.5.2 Results and Discussi on 

The outer nylon fabric and vi nyl film of the Army body armor 
were destroyed by t he explosion, In some small areas the fi:i-st layer 
of the armor proper was destroyed and in others it. "'1!18 m~~:c.ed. In a few 
other small areas the second and third layers were al!o melt.ad. I r, t,t-, .• 
Marine armor the outer fabric layers and a number of the fabric pockets 
holding the armor pletes were destroyed and melted, allowing the plate, 
to fall out or be can-ied away by the blast wave. On• vest section 
which originally consi sted of riv~ platea was r ecovered with three or 
its plates missing. No temperature under the vests and clothing fabric 
assemblies with which t hay were exposed exceeded 54°c. 

These tests indicated that the Aney body armor could continue 
to 1\mction as a ballistic protective gannont after subjection to the 
thermal effects of a nucli,ar blast. Whether this could be said of the 
Marine annor would depend upon th~ abi lity of the armor plates tu be 
re r.ained within the garaent.. The loss oi platei 1n this test waa 
su!fic:i.P.nt to make the Marine armer unserviceable. 

2.3.6 Poncho Materials 

2.3.6.1 Experiment Design 

Two types or poncho ~Ateriala were exposed on Shot 10 to 40.5 
cal/c-2. These consisted of the standard vinyl coated light weight 
fabric and an experimental vinyl coated lllb.i,tsdal known as 11Fiberthin. 11 

Both base fabrics are nylon, with the 11Fiberthin11 being distinguished 
from the standard by being made of extremely lOlo'--twist monorila;r,ents. 
Its tear resistance and abra~ion resistance are better than those of the 
standard, and it ia aleo more satisfactory fran the standpoint of 
adhesion or the vinyl coating. 

Both the standard and the 11Fiberthin11 fabrics were exposed 
over the Temperate uniform assemti.y or fabr.ics described in 2.2.1. 
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2.3.6.2 !!esults and Disc'U8sion 

Although both t he poncho materials were destroyed, t hey 
provided the Temperate assembly some addi t ional p.rotection and r3duced 
slightly- the heat transfe!"r ed t o the backi ng_ For t he assemblies not 
covered by any poncho material t he sateen layer was destroyed , the 
oxford fabric and shirting scorched, and the underwear layer slightly 
discolored . Under t he standard poncho fabric the sateen was only 
par t i all_y destroyed and heavily scorched and torn on ooo side. The 
oxford was scorched under both poncho fabrics (only- lightly under the 
"Fiberthin"). Neither the shirting nor the underwear fabric was 
damaged when tw,her of the two poncho materials was used. The tempera­
tures were less than 540c where the coated nylon fabrics were preaent; 
where they were not , sane temperatures of 6200 were recorded . 

2.3.7 Aluminized Duck Fabric 

2.3.7.1 Experiment Desim 

The purpose of this test was to eval ~te the t.hel"!nal resist­
ance of an experimental fabric designed for use in the fir~mens' Ct)!.ts 
and trousers. The fabric was an 8.25 oz cotton duck treated with a 
cormnercial fire retardant, and coated on the face with alwninwn and on 
the back with a low temperature neoprene rubber. It was exposed over 
a la7er of 50 per cent wool/50 per cent cotton underwear fabric to 40.5 
cal/cn2 on Shot 10 and to 29.5 and 41.0 cal/ea?- on Shot 9. 

2.J.7.2 Results a.~d Discussion 

The results on these samples demonstrated the value of a 
continuous reflecta.nt 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/0112 
th~ n~1y damage to the samples wa3 a slight dulling o! the aluminwn 
surface . At 41.0 and 40.5 cal/cm2 some small areas of the aluminum 
coating were deatroyed in addition to the dulling. Under these areas 
the duck fabric was charred and scorched. A few small holes appeared 
in the neoprene backing at the 40.S cal/cm2- station, but there was not 
sufiicient therma.l transfer through these holes to damage the layer of 
underwear fabric. 

The indications o.f this test are that men woaring a garment of 
this alwninized fabric would be prot~cted fran severe burning by the 
thermal radiatfon or a nuclear blast, and t'-.at the uoefulnass of this 
garment for end.ronmental protflction would not be greatly impaired, 
although Hs <dffectiveness as a protective barrier against thermal 
radiation would be reduced by virtue of its d\1.lling. 

2.4 Recommendations 

It is recOIIITlended that further work be carried O\\t i."l the labora­
tory to resolve and define the critical parameters involved in heat, 
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transfer through multi-layered fabric assemblies. 
It is furt er recommended that studies be continued in both th8 

field and the laboratory to till in the gaps in our present knowledge 
of damage to materials by thennal radiation. 
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CHAPI'ER 3 

THE THERMAL AND BLAST EFF1:CTS UPON 
WOOL/SYNTHETIC FIBER BLENDS 

3.1 OBJECTIVE 

This phase of Project 8.6 was carried out to obtain information 
on the perforniar, -: t; characteristics of blended fabrics containing varioua 
percentages of wool and different synthetic fibers to the thermal 
effects of a nuclear detonation. 

3 .2 EXPERIMENT D~ 

Exposures of serge fRbrics of three synthetic fibers each of which 
were blended in varying percentages with wool were made on panels 
similar to those used 1n the clothing studies (1.4). These panels were 
exposed to 17.0, 33.5, and 40.5 cal/cm.2 on Shot 10. The synteht.in 
fibers useci were Dynel, Orlon. and Acrilan, each being blen:ied with 
wool in the following percentages: 15, 30, 50, and 100. A 100 per cent 
wool serge was exposed as a ca,trol fabric. In addition, an 85 per cent 
wool/15 per cent nylon serge was exposed at 17.0, 33.5 and 40.5 cal/cm2~ 
an 85 per cent wool/15 per cent nylon shirtin~, at 33.5 and 40.5 cal/cm, 
and all-wool shirting at 26.0 am 33.5 cal/cm. 

All test samples were exposed as two layer systems with a 50 per 
cent wool/50 per cent cotton underwear fabric as the 1Jllder layer for 
each fabric • 

.3 • .3 RESULTS AND DISCUSSION 

.3 • .3.1 Beneath-Fabric Temperatures and FaL·ic Damage 

Tha temperatures attained beneath each fabric canbinatiOl!l a~e 
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 pictorial~ :n Figs. 3 • .3, J.4, 3.5, and 3.6 . 

On the basis or beneath-fabric t~mperatures and damage to the 
first a1:1d second layers or the test sa..'llples, gross results for the 
blended fabrics were found to be ae follows: 
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(1) Blendo up to 15% of synt hetic with wool were equal to 100% 
wool in prot ective value. 

(2) Blends of 30% Dynel and 30% Orlon with wool were border 
line cases with the over-ali results favoring 100% wool. 

(3) Blends of 30% Ac:rilan, and 50% and luc:% Dynel, Orlon, and 
Acrilan were definitely inferior in protective value to counterpart 
fabrics of 100% wool. 

(4) Whereas spacing of wool, cotton, and wool/cotton mixtures 
away from the backing has been found to increase their thermal protective 
value, a reversal of spacing and contact results (especially for the 
h:!.gher synthetic concentrations ) was observed in this test. As may be 
seen from Table A.2 and Fi~. 3.1 spacing of the blendod fabric away 
from the backing afforded less protection than when in contact. 'fhis 
situation had never been observed before with wool or cotton fabrics. 

(5) For this test the gross order of protection afforded by 
the blends of synthetic with wool was Dynel first, Orlon a close ,ecooo, 
ar.d Acrilan the least effect ive. 

(6) The blends of 85/15 wool/nylon perfonned equall_y as well as 
their 100% wool counterparts. 

l'.n addition to the empirical data obtained relative to the pro­
tective value of blended fabrics, the results also indicate that the 
!'!\A~ner in which fabrics respond to thermal stimuli is dependent to a 
large extent upon the chemical and physicochemical propertieB of their 
fiber make up, all other conditi ons being equal. 

If one eliminates such factors as reflectance and transmission 
arrl considers only the thel'rull energy absorbed by a fabric, such energy 
may be utilized in a number of possible ways. These are: (1) raising 
the temperature of the fiber; {2) endothennic and emthermic decomposi­
tion cf the fiber below its ignition point; (3) endothermic and exo­
thermic destruction of the fiber above its ignition point; (4) melting 
of the fiber; and (5) heating of the molten mass fran the melting 
temperature of the fiber to any point up to decomposition or ignition, 

Cotton does not melt but decanposes either endothermical.ly or 
exothermically on the application of heat. Wool shows a tendency to 
melt and will also char during the application of thermal energy. The 
synthetic tibers, especially those tested, m~lt before decomposing. If 
the decomposition temperature is high enough the melt can act as a 
reservoir for ca1siderable thermal energy with subsequent transfer of 
this energy to the backin~. 

The rasults of these tests on blends of synthetic with wool 
point to the need for a study of the manner in which heat is absorbed 
and dissipated by different fibers. Such information could be used &3 

& basis for select:!.ng fiber and fabric combinat '!.ons which, weight for 
weight, will yield the most protf.lction against thermal radiation. 

3.4 SUMMARY 

From the standpoint of bflr --~ th••fabric temperatures and damage to 
both the first and second fabric layars, all-wool fabrics afforded 
better protection against thermal radiation than acy of the blends in 
whi ~h the synthetic fiber exceeded 15 per cent. The 15 per cent blend 
was equal to the all-wool. 
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Or t he t hree synt hetic fibers tested Dynal yielded the best 
results, Orlon next, and Acrilan the poorest. 

In general for the blends havir1g t he higMl: 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 ca:1tact with the backing material. This was in direct 
contrast to results obtained with wool or cotton where spacing had a 
marked beneficial effect upon t he thermal protective value of the 
fabrics. 
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Fig. 3.4 : .~ond Laye1·s of Dynel Ser!.cw 
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CHAPI'ER 4 

EFFECT OF REFLEC'.'ANCE AND SPACING OF FABRIC LAYERS 
UPOO TRAM3MISSION OF THERMAL RADIATIOO 

4.1 OBJECTIVE 

Previous tests (1, 2, 3) have shown that the reflectance character­
istics of a fabric have a definite infiuence upon the protection the 
fabric affords against radiant thermal energy-. Spacing (1, 2, 3) ot 
cotton and wool fabrics away from the backing material has also been 
found to reduce the transfer ot thennal energy t,o the backing. 

The reflectance and spacing test had as its objective a two-fold 
purpose: (1) to yield additional information on the protectiu ettect 
of fabric reflectance; and (2) to demonstrate whether the position ot 
spacing among fabric layers has a bearing on the heat transferred 
through the system. 

4.2 EXPERIMENT DESIGN 

4.2.l Reflectance 

This portion of t.he test, as planned initia~, was to .include 
tour dark gray to very light gray fabrics havlng renectance values ot 
approximately 2, 7, 35, and 65 per cent ~n the infrared range ot 0.7 to 
lsl microns. The visual reflectances were to be ot the same order ot 
magnitude. Space limitations at the test site neeessitated the elimina­
tion ot two of the reflectance materials. The 7 and 65 per cent fabrics 
were selected. Th" basic fabric used was the 9 oz sateen. The desired 
retlectances were obtained by impregnating bleached fabric with carbai 
black pigment using carboxymethyl cellulose as n.e binding agent. 
Spectrophotometric curves for the fabrics are shown in Fig. 4.1. 

4.2.2 Spacing 

In the spacing phase the same fabrics as used for retlectancy 
studiee were exposed on panels (Figs. 1,1 and 1.4). Three layer systems 
-~re used with the inner two lqers being the 7 per cent renectant 
fabric in all cases. The outer lAyer was either the 7 per cent or 65 
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pet" cent reflectant fabric. The spacing combinations used were: (l) 
three layers in contact with each other; (2) the top layer of' fabric 
separated by 1/4 in. air space .t'rom the inner two layers which were in 
contact with each other; and (3) the outer two layers in contact with 
each other but separated fran the bottom layer by 1/4 in. air space. 
(Fig. 4.2.) Fabric reflectances and spacing arran~ements (reading f'rom 
lef't to right, i.e., top, middle, and bottom layer), were as f'ollo'Wt!: 

a. 71,, 7%, 71, b. 65%, 1%, 7% 
c. 7%, space, 7%, 7% d. 65%, space~ 71,, 7% 
e. 7%, 7%, space, 7% f'. 65%, 71,, space, 7% 

Combinations a and b will be referred to as 3-0, c and d as 1-2, 
and e and f' as 2-1. 

It is to be noted ~hat in ef'f'ect tha reflectance and spacing 
w1.thin fat-1·ic phases were combi ned as one experiment. A vertical examina­
tion of a, c, e, and b, d, t, will include spacing effect, while a hori­
zontal consideration encompasses the effect of reflectance. 

Principal exposures of these fabrics were carried out at 17.0 and 
26.0 cal/cm2 on Shot 10, with sane exposures at 21.5 tl.nd 29.5 cal/em2 on 
Shot 9. 

In addition, two layer systems of 7 ~er cent IR refiectant 
fabrics wert, e~osed at 12.5 and 17 .o cal/cm on Shot 10 and to 12.5 
cal/cm2- on Shot 9. A three layer system with all layers in contact with 
each other b,1t spaced 1/8 in. and 1/2 in. from the wood backing was 
"'XJ)O$Ad to 26.0 cal/cm2 on Shot 10. This was done in order to obtain an 
ndication or the effect ot varying the apace between the fabric and the 

backing. 

4.3 RESUL'l'S AND DISCUSSION 

Tht. results of the tests in tenns or backing temperatures are 
listed in Table 4.1 and shown graphicalzy in Figs. 4.3 and 4.4. Fabric 
damage to the various layerR is depicted in Fig. 4.;. T'ne occurrence 
of' glow in the various layers is indieatad in Table 4.2. 

The top layers of the samples were destroyed by the primary 
effects ot the thermal pulse~ This occurred in all cases except one 
set of samples at 21.5 ca1/ca2- in which the outer laver was a 65 per 
cent renectant fabric. The underneath layers suffered damaging 
effects varying from partial destruction and heavy s~orch to veey light 
scorch or no damage. The pattern of damage and beMath-fabric tempera­
tures was not consistent. A complicati.ng factor ot induced glow, as a 
secondaey thermal ef'teet, resulted in fabric damage and backing tempera­
tures which were not indicative of the protective effect or either 
refiectance or spacing against the thermal ra<iiP4:.ion ot the bOll'.b. Out 
or a total ot 51 specimens exposed 36 or the recovered pan&l$ showed 
poeitive eviden•~e .:,f t!USt,ained exothennic fabric deem.position ~a gl ow. 
In some instances, as shown by Fig. 4.6, fabric destructicrt of the thir,1 
layer occurred directly under a second layer area which ra'fl,ained intact. 

On a gross basis less fabric damage and slightl,Y lower beneath­
fabric tomperatures were observed for the t!U"ee layer systems in which 
the outer layer was 7 per cent reflectant than where it was 6; per cent. 
reflectant. On the same basis the over-all results favored the 1-2 
system of spacing with the :3-0 next, and the 2-1 combi.-lation the poorest. 
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Fig. 4.6 Fabric Destruction Du.a to Glow Note: This is a 2-1 System 
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It is ir.it erestin~ to note t hat tor the 65 per cent, retlectant 
outer ~er assemblies induced fabric glow occurred in 67 out or a 
t otal of 108 fabric layert , whereas only 51 layers out of 170 showed 
evidence of glow in the 7 per cent outer layer reflectant assemblies. 
These data were compiled on the basis that each panel consisted of two 
distinct parts, i . e., spaced and c011tact (Fig. 1.1). 

For the spacing arrangements, 18 instances of glow damage cut of a 
possible 72 cases n s recorded tor t he 1-2 canbination, 27 for the 3-0, 
and 49 for the 2-1 system. Each of the latter two systems involved the 
same total of fabric specimens as the 1-2 cClllbination, that is 72. 

The data also showed more cases of glow tor the fabrics which were 
spaced away fr--- the backing than where the bottan layer was in contact 
with the backing. 

The two layer s_ystems of 7 per cent IR 9 oz sateen fabrics exposed 
at 26.0 am 17.0 cal/cm2 followed much the same pattern as round tor the 
three layer system in that only a limited degree of glow damE'.ge waa 
found tor the contact with backing side of the panel and extensive 
ti~e" d1-1e to glow on the spaced side of the panel. 

Beneath-fabric temperatures tor the three layer (3-0) assemb~ 
with 1/8 in. and 1/2 in. spacing !ran the backing material were 101 C 
and 540c respectively. The same three layer combination spaced 1/4 in. 
from the backing showed a beneath-fabric temperature or 54vo. 

4.4 CONCLUSI0?6 

No sreciric conclusion can be drawn !ran the results or these 
tests on the roll or renectance ;!Uld spacing in the transfer of thermal 
energy through the fabric system tr0111 the primary effects of the batlb. 
However, it does appear that optical characteristics or non-fire 
resistant cotton fabrics and spacing arrangements within the fabric 
layers are inter-related ani ·have a definite bearing on the initiation 
or ew,t.ainuv. glow. 

The study or the influence ot fabric renectance and spacing 
within fabric systems should be turther investigated in the laborator, 
whore canplications due to sustained exothermic reactions can be 
elillinated isnd spacing can be closely cootrolled. 
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CHAPTER 5 

FLAMING OR GLMOO OF TEXTILE FABRICS OOE 
TO RADIANT TiiERMAL .mERGY 

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 lmowledge is required in order to de­
tenuine what emphasis should be placed on tire resbhnt fabrics in con­
nection with protection against thermal radiation. 

5.2 EXPERIMENT DESIGN 

Single fabrics and multiple layer fabric assemblies were expo9ed 
in the rorm of 3 in. wide stripi, mounted in special holders which in 
turn were placed on a special.l,y designed rack. The fabric holders were 
designed in such a manner that the upper halt (18 in.) of the fabric 
strip would be shielded from the direct rays of the thermal pulse and 
from. tht111 blast wave. The lower halt of the fabric was exposed to the 
incident enerQ. The rack and the sample holders were set perpendicular 
to the center ot the burst. The rack with samples in position is illus­
trated in Fig. 5.1. The samples were secured inside ct the cy-linder by 
a pin which passed through the cylinder am through a loop in the fabric 
strip. The lower portion of the fabric was then clamped to a bar acroH 
the bottom of the rack. The JJurpose of this arrangement was to permit 
any flame or glow that might be induced on a fabric to travel upwarde 
into the cylinder. Thus, it no flaming occurred there would be a verr 
sharp deai-catia between the expoeed and protected portions; U there 
wer111 tlaming, a po?"tion of the fabric inside tt . ., cylinder would be de­
stroyed or char reci and t.he e<'l.ge ?"emaining would be irregul.a.r, In order 
to reduce further the effects of the blast wave three specimens had th.e 
lower exposed pcri.ions encased in cylinders of clear plastic. (Fig. 5.1.) 

The fabrics and fabric assemblies exposed on thee!! r!!.~ka were: 
l. Bruahed Rayon (ot "Torch Sweater" fame), 
2. Cloth, Cotton, Percale, 3.2 oz, Unbleached. 
3. Cloth, Cotton, Ox:f'ord, 5.2 oz, Shade 116, Fire 

Resistant Treated. 
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4. Cloth, Cotton, Sateen, 9 oz, CG 107. 
5, Cloth, Cotton, Sateen, 9 oz, 00 107, Fire 

Resistant Treated .• 
6. Two layer H0t-Wet Assembly (chap. 2, para. 2.2.1). 
7. Two layer Hot-Wet 50/50 Assembly (chap. 2, para. 2.2.1). 
8. Four layer Temperate Assembly (chap. 2. ~ara. 2.2,1). 
9. Hot-Wet, Fire Resistant Assembly (chap. 2, para. 2.2.1). 

A total or 70 specimena ·itere exposed to 16.0 cal/cm.2 on Shot 9, 
e.nd t.o 9.0, 12.5, and 17 .o cal/cm2 on Shot 10. The lower energy · 
values were selected because it was desired to obtain longer time 
intervals between the end or the thermal pulse and the arrival or the 
blast wave than wruld T'revail at the closer stations. In this manner, 
any ignited fabric would be given an opportunity to burn inside ttie 
cylinder before the blast wave might extinguish it. 

Fig. 5,1 Flammability :tack 
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5.3 RF.SULTS AND DISCUSSIOO 

All the sa.Diples of the brushed rayon exhibi ted evidence of a 
f lame which burned off the deep nap. This could have been a flaeh t ype 
ot flame and would have required a very short perivd of time to travel 
evar tha 18 in . or so of th~ shielded rayon. This fabric burns at the 
rate of approximately 6 to 13 in./sec. A total of six samples of t he 
oxford and percale at t e 12.5 cal/cm2 station showed charred streake 
extending from ·che exposed por-tion into the cylinder& These streaks 
were similar to those observed in the laborato17 in the Vertical Flame 
Resistance Toot. At th~ 9.0 cal/cm2 station some of these samples 
~howed evidence o: 3:Lowing. Although definite evidence of flame or 
glow was found in only 16 out of a total 70 specimens exposed th11 
results of the tests demonstrated that sustained exothermic decomposi­
tion of non-fire resist ant teA-tile fabrics can occur. A valid question, 
however, might, be raised as to the extunt and seriousness of persistent 
flaming or glow in fabrics exposed to thermal radiation of the bomb. 
'.lhis applies particularly to clothing fabrics. For the answer to this 
question it is necessary to tum to other sources of information. 

Thirty-six out of the 51 panftls exposed in the Rcfiectance and 
i:Jpacing Study (Chapter 4) of this project showed coriclusive evidence 
that flaming or glow, particularly glow, d.id occur. For example, in 
the underlayers of the 9 oz sat.een (used in this test) glow destruction 
to area.s as nruch as 6 in, in diameter were observed. This indicated 
that sustained glow proceeded for at least l2 minutes since glow travels 
through 9 oz s9.teen at the ra·1~e of approx:lmat.ely 1/4 in./min. Evidence 
of glow phenomena was also found in 23 of the clothing fabric assemblies 
(Chap. 2). 

Irrefutable evidence of sustained flaming or glow was fo11nd in the 
clothed pig experiment (Project 8,5, conducted concurrently with the 
panel exposure tests). Colored motion pictures taken on both Shote 9 
and 10 at exposure;; cf 12 • .5, 17 • .5, 21 • .5, a.."ld 33.5 cal/cmJ. showed flami."1,g 
of the untreated uniform fabrics between the end o.f 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 an:i severity which have onl:, been seen in the laboratory when 
flaming or glowing fahrie was in contact with the akin. Further evidence 
of sw,tained flame or glow was found in numerous instances where thermal 
destruction of the uniforms extended well into those areas which were 
~hadc~-ed from the direct radiation of the banb. 

5.4 CONCLUSIONS 

On the basis of the shielded fabric experiment alone, no definite 
conclusions can bf; drawn as to e::-.-tcnt and seriousness of sustained exo­
thermic reactions in exposed textile fabrics, However, the results ot· 
this study, that of the Reflectance and Spacing investigation, and 
Clothing Fabric Panels supports the conclu~iC',ns reached in Project 8.5 
that flame and glow can and do occur and are sufficiently serious to 
warrant the use of fire retardants in the ou.ter layer of combat 
uniforu. 
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CHAPTER 6 

EFFJ".~ OF AREA EXPOSED ON THE TRANSFER 
OF THERMAL ENERGY THROUGH FABRIC SYSTuiS 

6,1 OBJECTIVE 

This study was :made in 01•der 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 existi."lg laboratory sources of radiant thermal energy-, 
having Siltnewhat comparable characteristics to that ot a nuclear detona­
tion, have been limited to small area sources it was necessar;y to in­
vestigate the effects of a large area source on larger exposure areas 
than those obtainable under laboratory conditions, 

Circular exposure areas having diameters ot 0,125, 0825, 0,5, 1,0, 
2,0, and 4,0 in. were selected for stull¥• These were obtained by using 
the 9 in. x 12 in. panel (described in Chapter l) and placing over the 
test specimens an aluminum shield in which circular holes or the desired 
diameters had been cut. (Fig. 1.2.) The shields were mad~ ot 0,051 in. 
aluminum sheeting and in the panel assemb~ were positioned. 1/4 in. 
above the outer layer or fabric. F.ach shield was designed so that the 
edge ot al'l1 one hole would be separated from the edge ot ~n adjacent 
hole by a distance equal tc the sum ct their r-1.1.dii. This was done in 
order to minimize t,h., Gffect~ of a possible overlapping or hea.t trcn 
two adjacent holes du.e to a lateral spreading. &ough panel.a and 
shields were made so that at least three replicates or each temperature 
indicator could be e:cposed under each site t, -:le at each stat.ion. A rack 
or panel assemblies with shields is illustrated in Fig. 6.1. 

The f,1bri c assemblies consisted ot an outer layer or 9 oz sateen, 
00 1(17, backed with 1, 2, .3, or 4 la;yers or J.9 oz undyed Balloon Cloth 
depending upon the stat ion at which t.hti panel was exposed, The balloon 
cloth was treated with diammonium p!1onphate in order to lowE,r the 
scorching temperature, thue making it easier to determine l.nteral heat 
spread, The diannonium phosphate also acted as a glow r etardant. The 
fabrics in tum were baeked with ten-..,erature indicators placed so that 
they coincided with the holes in the shield. It was expected that the 
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depth of. damag~ and the temperature indi cators would serve as a double 
check on the effect of ar ea exposed upon t h11rmal transfer . Racks with 
the shielded panels were exposed to 12.5, 16.o, ~1.5, 41.0, 50.0, am 
75 0 cal/=2 on Shot 9 and to 12.5 cal/ a;?. on Shot 10 as a ch3ck. 

6 • .3 RESUL'rS AND DISCUSSIOO 

The beneatt -f abric temperature data for the various stations are 
given in Table 6.1 and tha avi,r~ge temperature over all the stati·ons for 
each hole size i s plot ted in Fig. 6.2. There n s no pronounced differ­
ence frr.m stat~on to station between the beneath-fabric temperat ures for 
a given hol e sise. Pl ~tting the backing t emperature versus hol e si ze 
data f or each exposure station resulted in a family of curves which were 
o! the same shape and differed only slightzy fran each other with respect 
to temperature f or a given exposur·e area. Because of thi s close simi­
lar: ty and because the same concl'usions result from the entir-, famil;y ot 
curve8 as from one canpc,ai te CW"'re the latter method was used to express 
the relati onship shown in Fig. 6.2 

The data from the 50.0 and 75.0 cal/cm2 stations are not included 
because of the extensive blast damage sustained by the t est panels and 
fabrics at these stations. However, the results of the limited number 
of test specilt:ens recovered at these forward locations shewed the same 
trend ot more heat per unit area being transmitted through the larger 
exposure areas than through the smaller ones. 

Fi gure 6.2 is essentially sell-explanatory. Fran this it can be 
seen that for cotton fabrics in contact with the backing an exposure 
area of between 1 and 2 inches in diameter is requ:!.red to overcane the 
effects of lateral neat spread. It should be noted that beneath-fabric 
temperatures were determined at the ceni.tu· 0£ ~i11:1 d:rcul.;.:r cl.:ra.r.a. This 
loss of thermal energy laterally as against transfer through the fabric 
or fabrics is readily understood wh~n i t i A remembered that an irradiated 
area 0.2 in. in diameter has an area to edge or circumference ratio ot 
20 to l whereas an area 2.0 in. in diameter h~s ~ ratio of 2 to 1. 

In those cases where the fabric was spaced away from the backing it 
was found that en area of appr.oximate~ 2.5 in. was required to overcome 
the heat losses. This is as would be expected since, conditions are more 
favorable !or diffusion ot hftat to the side by convection and radiation. 

In addition to higher beneath-fabric temperature, having been 
!"ecorded tor the large exposure ai~eas, visual examination showed that 
thermal damage in the form of chatTed or scorched tabric extended to a 
greater depth fort-he larger openings. This is illustrated in Figs. 
6 • .3 to 6.7. 

Figure 6.3 illustrates the panel with,Jut its shield. Note the 
sharp circular areas burned o-~t of the outer layer. Figure 6.4 is of 
the second layer and here t he lateral spread of the heat can be seen. 
With the sharply defined black circular areas of chu matching the out­
line of the holes in the outer layer. Figure 6.5 is of the third layer 
and shows the beginning or 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 
c',iameter u~~ens are not sharp ard show less dam&ge. Also it '\rl.ll be 
noted that th~ half inch holes show li~tle or no lateral damage 
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indicating a great ,er reduction in the quantity of heat penetrating to 
this depth than for the larger aperatures. Figure 6.6 is or the fourth 
layer and shows the large area as being more severely scorched than the 
others , although not clearly visible in the illustration. Thelin. 
diameter areas were acorched slightly more than the one halt inch 
diameter areas. Figure 6.7 shows the large area quite distinctly an:! 
the 1 in. diameter areas faintly. The one half inch diameter areas are 
very faint or do not shoW'. The light shaded triangular areas visible 
are the t emperature indicators showing through from the backing. Thi• 
panel was exposed tc, 75 cal/cm2 an Shot 10. 

The results of this test clearly demonstrated that area or exposure 
must be taken into ~Jnsideration in interpreting laboratory results. 
These finding;, pave also teen corroborated by the clothed pig experiment 
(Project 8.5)~5) w"here a peculiar type of edematous burn beneath pro­
tective layers of fabric was noted for the first time. This type of pig 
burn had not bee~ observed before in the laboratory although bums 
beneath fabric had been produced with the carbon arc with irradiances 
comparable to that in the field, except that a small area source am 
small exposure area were used in the laboratory. Work conducted by the 
University of Rochester has since demonstrated that the edematous type 
of burns can be produced in the laboratory by using a large exposure 
area and a magnesium flash source. 

Although not directly related to the specific objective of this 
test it is intereating to note that the effect of spacing cotton fabrics 
away from the backing was again clearly demonstrated. As may be seen 
from Fig. 6.2 ~ temperature differential of from Oto 9000 in favor ot 
the spaced f'abrics was observed. The complicating facto.· of induced 
and sustained glow phenomenon was eliminated from this test by virtue 
of the fact that all fabrics except the top layer had been treated with 
diamnonium phosphate. This was somewhat fortuitous for although it was 
known that diammonium phosphate was a good glow retardant it had been 
applied primarily to lower the scorching Lewpe~atur-as of the b~e~.i.~g 
fabrics. 

6.4 CONCLUSIONS 

For protective layers ,:,f fabric there is a definite minimum 
exposure area below which lateral heat losses become signiticant'.cy 
greater wUh decreasing area size. A quantitative order of magnitude 
fo:r lateral heat loss has not been established. However, this factor 
should be kept in mind when one is dealing with exposure areas less 
than 2 in. in diameter. 
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Fi~. 6.3 First Layer ot an Area Styd:' Panel 
(Exposed to 75.0 cal/-2) 

Fig, 6.4 Second Layer of an Area Study P-mel 
(Exposed to 75.0 cal/cm2) 
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.hg. 6.5 Third Layer or an Area Stydy Panel 
(Exposed to 75.0 cal/cm2 ) 

Fig. 6.6 Fourth Layer or an Area Study Panel 
(Exposed to 75.0 cal/cm2) 
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Fig. 6. 7 Fifth Layer of an A'rea Study Panel 
(Exposed to 75.0 c:al/cm2) 
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CHAPl'IB 7 

EFFEC: OF THERMAL RADH.TION CN 
CERTAIN M.ISCEl.J.AN.~OUS ITEMS OF MILITARY INTEP.EST 

7.1 OBJECTIV°! 

The objective was to obtain limited data on the performance 
characteristics of a few miscellaneous materials including some items 
of Chend.cal Corps issue which were aloo of interest to the Quartermaster 
Corps. 

7.2 CHEMICAL CORPS ITEMS 

7.2.1 Experiment Design 

The Chemical Corps has joint responsib:Lllty with th• 
Ouartermaster Corps, or rnay have sole responsibility, tor certain items 
or Protective Clothing. A few such items used, or i.~tended for use, tor 
gas warfare protection were to be field teated at. UPSHOT-KNO'fflOLE. 
Included in the test were a plastic protectiv~ cover, impregnated 
clothing fabrics, and gas l!lask components. 

7.2.l.l Materials 

Table 7 .1 lists the materials and combinations t.ested and 
the radiant energy to which they were exposed. 

The mylar film is a plastic under consideration as a material 
for protective capes. It was exposed over four fabric layers which 
simulated the double-layer field jacket, wool shirt, and underwear ot 
the temp.erate uniform. (Chap. 2) 

The impr~gnated materials exposed were supplied by the 
Chemical Corps and were impregnated with XJCC~ 

The gas mask material was a special fabric composed of randar1 
fiber batt impregnated with an absorbent material. 

The gas mask face pieces were from two types of civilian 
masks. They were made of rubber with plastic eye pieces. 

76 

it:ONFIDENTIAL- RESTRICTED DATA 



·----------------------·---------------------------

TABLE 7.1 - Chemical Corps Items Expoaed 

P.adiant Jiheritv 'cal/cm.2) I 

Item 60.0 iig.5 ,,.5 21.5 12.5 

Mylar film over temperate uniform 
asser11bly X 

9 oz sateen, impregnated, over 10 oz 
cotton underwear fabric, impregnated X x, X 

9 oz sateen, im11r~gnaterl., over 10 oz 
cotton underwear fabr ic, ,mimpregnated X X JI. 

Gas mask material X X 

Gae mask face pieces X X 

7.2,1.2 Methods of Exposure 

All the materials listed in Table 7,1 (except the face pieces) 
were exposed on panels with paper temperature indicators beneath, as 
described in par. 1,4. 

Two replbate panels of Mylar film we!'A exposed on Shot 10 at 
60.0 eal/cm". 

The impregnated sateens, as shown in Table 7 ,1 wet·e exposed on 
Shot 10 at three intensities over both impregnated and unimpregnated 
heavz ~otton underwear fabrics, Che panel of each was exposed to 40,5 
cal,cnr' and two replicate panels of each to 33.5 and 12.5 ca1/eri2,. 

The conriguratioo of the gas mask face pieces did not permit 
them to be mounted as the other materials ~1th temperature indicators 
beneath. Hence, they were attached to plywood boards and exposed normal 
to the burst. Visual evidence of damage was the only criterioo for their 
evalU&tion. The masks were exposed on Shot 9 to 12.5 and 21.5 cal/cm.2• 

7.2.2 Results and Discussions 

7 .2,2.1 H,y,lar Film 

Mng to the unexpected and severe blast damage at the 60,0 
cal/rz2. station, only one or the Mylar film p1snols were recovered 
intact. The out~r layers or this canbinntior .. , consistinp, of the film, 
sateen, and c,xf<Jrd, were thel'lll4lly destroyed, the middle layer 
{shirting) vu heavily scorched, and the underwear fabric was discolored, 
The temperature indicating papers showd that the temperature under the 
fabric system was less than 54uc. 

Canparison with previous results {Shot 9) on the same fabric 
assembly with no tilm at a comparable energy level (75 cal/ca2) 
indicated that the Mylar Ulm might ha.·,e had a detr imental effect on the 
t-hermal resistance or the fabrics, although the t1'1!1Peratures under the 
panels with and without the film were similar. In the previous exposure 
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only thi, outer sate,en layer was destroyed, the ox.ford was scorched or 
lightly charred in spots, the wool shirting was singed, and the undor­
wear fabric slightly discolored. These f'ind:i.nga cannot be considerod 
conclusive, however, 9ince only one panel with the Mylar film was 
recovered, 

7.2.2.2 Impregnated Fab.ics 

'!'~ble '; ,,. J ists t he visual evidences ot damage noted on the 
impregnated fabrics at the three stations and the temperatures recorded 
beneath each assembly. At all stations except the 12.5 cal/cm2 the 
impregnated. sateen .; ... J destroyed, the impregnated underwear was intact 
but badly discolored, and t11e unimpregnnted underwear was discolored and 
scorched. The much darker color on the impregnated W1derwear, which was 
also evident on the wood backing of these fabrics, was probably the 
result of decanposition of the impregnating canpound. 

At the 12.5 cal/cm2 station the critical energy of the 
impregnated sateens was not reached, and so the fabric remained intact 
although it was almost completely charred. Both the impregnated and 
unimpregnated \ll'lderwear fabrics were browned and scorched. In the 
absence of a completely unimpregnated assembly for a control, the 
results of the 12.5 cal/cm2 exposures can only be compared with the same 
untreated fabric assemblies which were exposed to identical energies on 
Shot 9. In this case the sateen was destroyed and the undenw-ear layer 
lightly scorched. The temp-,rature under the unimpregnated assembly was 
the same (205°c). It may be that the Impregnite caused a rise in the 
critical energy level so that the treated sateen on Shot 10 was spared 
and the untreated on Shot 9 destroyec. Absence or the brown color on 
the unimpregnated underwear fabric made it appear less damaged than the 
impregnated. 

The temperatures under the fabric assemb:U.es with the 
impregnated underwear were difficult to read accurately because the 
temperature indicators were stained with the same brown deposit that 
covered the underwear fabrics and wood backings. However, it appears 
that at all stations except, that farthest from the blast, the 
unimpregnated underwear was more effective tlvm the impregnated in 
thermal protection. This advantage was not noted at 12.5 cal/cm2 where 
the highest temperatures or all were recorded. The higher hliiPfsratures 
at the more distant stations are not inconsistent with other data on 
thermal effects observed during these tests. (See Chapter 2) 

In the case of the more distant station the outer fabric layer 
remained intact thus acting as a heat reservoir whereas at the closer 
stations canplete thermal destruction or the outer la,yer removed th• 
heat fetiervoir. This is reasonable and has been ob•ened in laborato17 
work 4J where cer+.,ain levels of thermal energy resulted in lese HVeN, 
~ume on pigs, protected by fabric layers, than were observed tor lowe1· 
energy levels. '!'hi111 suggests the distinct poesibilit7 t.hat two or more 
layers of light weight fabrics should afford greater protection agaiast 
the prlmary thermal effects of a nuclear detonation than one heavy layer . 
This should be especially true at thermal irr,3diances below the critical 
energy of a heavy fabric but above the critical energy tor one or more 
layers of light weight fabric. 
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7 .2.2.:3 Mask Matorial 

The mask material showed good resistance to thermal trA.n~t'er 
as evidenced by the failure of a."1Y of the temperature indicators beneath 
them to tum blax.k (i.e., the temperaturas ;;~ra las.; than 5/f C) .. At 
both 33.5 cal/~ on Shot 10 and 21.5 cal / 1!!.'fJif on Shot 9 the two outer 
layers of fabric were destroyed and the third layer partially destroyed 
and charred. It was dif icult to distinguish the char on the inner 
layers because of the black color of the i'iller used in each layer 9t 
the material. Further damage was caused by glow at the 21.5 cal/er 
station. Some portions, edges and corners in particular, 'fiara destroyed 
down to the wood b.,. ; :.:ing which was charred. Since these charred areas 
were not over the temperat·,,re indicators the change in temperature du" 
to glow could not be observed, but it must have been considerab~ 
greater than that under other areas of the mask material that did not 
glo,f, Other panels which exhibited glow over the temperature indicators 
had temperatures over 3050c. 

7.2.2.4 Gas Mask Face Pieces 

The rubber portions of the face pieces appeared to have 
sustained no damage, but the plastic eye pieces had blackened areas at 
both stations (12.5 and 21.5 cal/cm2). Sane areas of the eye piecee 
appeared to have be~m softened by the thennal pulse and to have remained 
plastic when the blast wave arrived. Dirt and small particles were then 
driven into the softened portions especially at the 21.5 cal/r::rz?. station. 
After 24 hours a ~een bloan appeared on the rubber portions of the masks 
from the 21.5 cal/cm2 station, and a few hours later a similar bloom, but 
lighter in color, also appeared on the face pieces exposed to 12.5 
cal/cm2• The significance ot this bloan is not lmmm at present. The 
wood backing W'lder the transparent f!lye pieces at both stations waa 
scorched and charred. 

7.3 PACKAGED Q:1 ITD6 

7.3.1 Experiment Design 

Four each of standard packs of ~C 5/1 rations, bale packs of 
clothing, and fiberboard boxes o.r clothing were exposed to 94.0, 40.5, 
12.5, and 6.9 cal/CIIJ.2 on Shot 10. At the closest station two each ot 
the three types or containers were staked and anchored to the groW'ld. 
This was done in order to canpare the blast effects upon anchored arn 
free containers. lt the tarther stations the bl~st effect was not 
expected to be sigx:dficant on these items. 

The 5/1 ru,ion containers consisted or a waterproofed fiberboal'd 
box in a waterproofed fiberboard sleeve. The clothing boxes were of the 
double wall corrugated fiberboard type. The clothing bale was of the 
standard type. A core of compressed clothi.lg with baling boards on top 
and bottom was wrappod in a waterproof Kratt paper and an outer layer 
of burlap. 
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7 ._3.2 ~ts and Discu~sion 

Information obtained from a previous test at Bikini which in­
volved some packaged materials showed considerable vari~tion in ~sults 
whi-:h could not be interpretesd due to lack of specific information con­
cerning the e..,cposure. Sine;; containers of !ood a."ld bales of clothing 
do not l~nd themselv s to lAbo~atory studies of this natura, field studies 
had to be conducted in order to evaluate the effects or an ate.wic axplo-­
sion and obtain guidance a;3 to :t'uture work on these items. 

At the closest station all containers were destroyed, and the 
contents which •-caped destruct.ion were strewn over a la.rge area . Soma 
of the ruptured food Cl .ns fran the rati on baxe5 were found 83 far back 
as the 40.5 cal/em2 station. These cans have the appearance of having 
been in ;. fire and exploding . In addition, items of clothing .i'ran the 
bales were scatte!'ed over distances ranging up to 1000 ft. Ono unit of 
clothing -wa~ recovered without its protective coverings and, on examina­
tion, was found to have had dust driven into it to depth ot I+ to 5 ir,. 

There was a progressive decrease in the amount of displacem;;nt 
of the packaged items ae the distance fran ground zero became greater. 
This was as expected. foe clothing bo.les and boxes were displaced 
approximately 30 rt. at the 40.5 cal/cm2 station and just rolled over on 
their dde at the, 12~5 cal/em2 station. 

The thennal 4amage, however, was not con3btent. Ae in the b1Aet 
damage the most severe effects appeared to be at the closest station, 
particularly a3 the food containers were concerned. The only other 
station where severe damage was sustained was at the 12.5 cal/cm2 
station where a bale of el~hing waa completely consumed bf !ire leaving 
only the aetal portions of the clothing and bale (Fig. 7 .1) • At the 
40.5 cal/m.2 station the bales were stripped oi their burlap covering. 
The 5/1 ration boxes at this locati6n were scorchea. Inasmuch as the 
blast arrival time was such as t o limit buming or th~ fabric to those 
&Nas incident to the thennal radiant 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 to th; point where 
it bled through the outer paper l~er. Dust was found 011 the inside or 
all boxes, although part of this may have r.esulted from dust st.c,rma 
during the time the items were on location prior to the actual detonation 
of the bomb. 

At the 12.5 cal/er,?. station the boxes were scorched and the outer 
l~rere ct peper d~stroyftd (Fi!. 7.2). 

The packaged materials seemed to be ncorched the h~~rtest where­
ever theN was black printing exposed to the blast. 

At the farthei,t station there was Utt.le or damage to the boxas 
or bales other than a very slight sP.orching on some or the items &1d a 
ell~ht delamination of the paper from the aspha.lt L~yer on sane of the 
boxes. 

Evaluation of thi, contents revealed that th9 food and clothing 
fran all the stations except the closest weN, in a usable condition. 
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Fig. 7 .1 Remains, Bale of Clothing Consumed by Fire 

Fig. 7.2 Ration Boxes after Exposure 
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Ala. A1".L'N: Director ,.,f Oboer,er Tra i ning 

97 Commondor, U.S. Huva l Ordnonco Luboro tory, Silver 151 !.!ommnnfier, Crev Tr o11~ ! :--.g Air Fot ;c , Rundolph Field , 
Spr.iuK 19 , Md . ;\Tnl: EE .,

52 
Tex. J1TI1l: 2CTS , DCS/0 

98 Ccmuondor , ll. s . No·,ul Ordnoncc l,nhorotor-.1, Sllvor Commander, tieodqunrtero, 'Iechnic ! l 1rrn1.n i ng A l r For ce,, 
Spring 19 , Md. l\Tm : Ell Gu.H'port , Mloo. ATI7i: l'A&D 

99 Commondor, U.S. Nnv,: l Ordmince Lubcrotory , Silver 153-1511 Com.ondont, Ah · Force ~chool of Pvh1tion Ml'ld1c :.ne,, 
Spri!"'.g !.9 , Md . ATI'H : R Randolph AFB , Tex. 

100 Ct"\IIIDondor , U .s . ?lovo.l Ordnonco Toot Stot1on, In.:,okeri·1, 155-160 Commnnder, Wr 1gbt A 1r Developmo1 1 t: onter, ',lr1g.~t-
Ch1no Loko , Col1 f , Po.tteroon AFB , Doyton , 0, A'IT! : WC05l 

Off icer- i n-Chur go, U .s. llnvol C ivtl Engineering Reo. 161-162 CC1m:rn.nder, Air Force Lo.mbr i dge Fr. •onrch Ct.:it"r, lJ.i 101 
und Evoluot ion Lob., iJ .fi . Uovul Conotruction Bat- Hon11com Field , Bedford ., ~1a&e. A r.t'D: CRQa'r• ·2. 
tol ion Cnnt~?", ?~rt Huonemo, Co \ :.f . AT"lll: Code 753 163-165 Con:;;:.onder , A 1r For c o Spociul Wor J ouo r.ent ,w I h i.~ -!. .. r.d 

102 Comm.anding Officor , U. S. N!lvol Modicul Reo eor ch Inot., AFD, N. Me!:: • .".Tl'N : Library 
N1Jt tonu l Nu vol Med i col Center, Detheod6 , ' Md - 166 Comnndont, USAF !notituto of T· c- ,mo:!r ~ . -..:; •il, .t-

103 Dtrectt'?' 1 ?:&val A!:- Experimental Station, Air Potteruon AFB, Deyton , o. k'1•f : HeuH,:,:: .--:r1:, .. : e,:e 
Me.ter1al Center, U. S . Havo.1 Duse, ?.-1.i ladelphla, 167 Cuwmo r1ddr~ Lovry A.FD, De nver , C ,:o. A:::"~ . · !'~·rCl-+,1,:,.)= 1.. 

104 
PeM, of /, rmo:,:.ont Tru inlng 

Direct or, U .s. Novol Reooorch Loborotory, Woehlngton :i. 68 Commander, 1009th Spec i ol Wo opo u Squc. ~"" -'•" P.,.:r.•~ -
25, D.C. A'PI'N: Code 2029 quo.rtero, USJ\F, Wuah i ngton 2~, lJ .C. 

105 Dir,,ctor, Th& :.~.-::terif1l T,o'tol;"otory, Nev York Novel Ship- 169-170 Tho RA.RD Corporw~ion, 1700 Mo i r. ~ t r t,c t , Sl.- t:to Ko:i i r. tJ, 
yord, Br ooklyn , ?LY. Col U'. AT.I'N: Nt.'.clour En.Jrgy D l\ :.d on 

106 
No:•folk, Vu. 171 Commander, Second Air Force, Bo •}r od.'l )."' ~, ~ ... Juiuinr.a, 

Co111111111ld ing Officer ond Direc tor, U.S. Navy llectronica Nl'l'N: Operutione Ann}.yeio Of f .c ~ 

107-110 
Loboro t ory , San Diego 52, Co li! . ATI'N: Code 42.?3 172 Coimr.nndor, Ei g!i ~;h ,\1r Force, WC'!t, ·r AFl3, Mn.ot1 . A'ITU: 

Coimoonding Office r, U.S . Novel Rodiologicol Defense Oporationo Annlyeie Office 
Loboratory, Son f r onc l oco 24 , Collf. ATI'N : Technicel 173 Commnndor, Fiftoonth Air Force, k ,• ; : AFB, Ct.lif. 
!:!!~rmot1rm Dlvioion .A'ITN: Opero.tiontl Anol.,vein Off le, 

111 Commundlu.g O!'fker end Director, Do•;1d W, T~lor Hodel 1711-180 Tochnicol Jnformution Sorvtce , J t.: R~dge, Tonn . 
Basin, Wasninl!tc-n 7, n.c . A'I'ffl : library (Surpluo) 

112 

113 

115-121 

Coei:!'.:l:',der, U.S. Nevul Air Dovelopment Cantor, Johns-
ville, Po.. 

Djrector, Otflco or Novo]. Reeeorcb Pranch O~.'tice, 1000 
Geory st., San F'ren.ciaco , Colit. 

Camanding otricor, Clothing Supp~i' Ofticr, Code lD-0, 
]rd Avenue o.nd :19th St., Brooklyn, N.Y. 

Technicol Informt.t i on Service, ou·k Ridga, Tenn. 
(Surplun ) 

AIR FORCE ACTIV ITIES 

122 A sot. for Atomic Energy, Hoodqvortnre, USAF, \loehlng­
ton 25 , D.C. A'l'l'N : OCS/0 

123 Dlroctor of Jporutiono, UoodqU6rtero, USAF, Wa&htngton 
25, D.C. A'l'ffi: Operotiona Anolyoie 

124 Dir ector of Plane , Houdquortoro, USAr", Woohington 25, 
D,C. ATTN: Wur Plona Div , 

..... ~ ::a.ru.:tr,l"' vr Bc;nocrch o.:1d D~".'el~r.~nt., RAnr\qunrtera, 
USAF, Woohlngton 2) , D.C. ATl'N: r. .,I!lbnt Cnmpnuento 
Div. 

126-127 Director of Intelligence, Heedquo.rters, USAF, Wtiuhing­
ton 25, D.C . ATni: AF0IN-ID2 

128 Tho Gurgoon Gonernl, Hcadqunrtoro, USAF, Wosh ington 25, 
D.C. ATm: Die. Def. Dr., Pro. Med. Div. 

129 Deputy Chier of ntnff, Intelligence, Heodquortero, U.S. 
A.tr Forces Europe, APO 6.33 , c/o FM, Nev York, N.Y. 
ATI'N : Directorate of Alr Tur~eto 

130 Conmond~r, 1• 9lth ReconnniBoonce Technical Squadron 
(Augmented) , A?C 6:n, c/o r,-,:, N~ w Y,wk, H .Y. 

131 Co:monder, 1-·or ioot Atr Fcrceo, APO 925, c /o FM, Son 
F.i:r.nc ioco, Colif. 

132 Conur.a.ndor-in-Chlef, Strategic Air Command, orti:.tt Air 
Force Bo.so, Omnhu, ::cbr.'lolm, ATI'JI: Sr,ecial \,feepone 
Branch , Inspector Div. , In:pector General 

133 Commander, Tocticol Air Comme~-:1 .- Longley AFB, Va . 
ATI'N : Documonte Security Branch 

134 Commondor, Air Defenee Com:nond, Ent ru'~, Colo. 
135·1]6 Commander, Wr1R..~t Air Dovelopment Cer.tor, WriS:;t­

Pntt:,reon AFD , Doyton, 0 . ATTN: WCRru:, Bloat 
1!:iiol!te Reoeurch 

137 Commander, Ai:- Tro i ni~ Ccmmand, Scott AFD, Dulleville, 
Ill. ATl'II: ocs/o GTP 

138 Aeois t unt Chief of Stuff, lnotullottor.o, lfeodquo.rtoro, 
USAF, Waoh1ngton 25 , D.C . ll'CTN: AFC!E-E 

139 Commnndor, Air Reoonrch ond De,;oJ.opment Cc~:1.nd, PO 
Bo• 1395 , Baltimore, Md. ATl:I: RDDN 

140 Coimnondor, Alr Provinp; Ground Coamond, Eglin AFB , 
Fl• . ATl'II: AG /'rnn 

181 

182 

184 

185 

186-l<ll 

192-193 

194-202 

203 

204-210 

211-213 

214-215 

216-220 

221-223 

224 

225-285 

OTHZR DEPAR™EIIT OF ,J'EFJ,;NSE AC'. !l I.TIES 

Aoot . St•crotory of Dofenno, Ro i oL,._. ch ond Oev1•.l. ,pment. 
D/D, Wnon1ngton 25, D.C. A'l'Tl: .tee>- . ~,P•.1.·or:, 

U ,S, Do•..:umonto Offico~I" , Office oi ~ .. .:. u .S . No tional 
Millt.ar ,y Reprooentative, S!IAI E, APO 55 , Nev York, 
?l. Y. 

·otroctor, Weopono Syotemo Evol t~t1on Group, OSD, Hm 
2ElOo6, Pent..ie,.,n, W,;i Rh1ngt.nn 25, D,C. 

Armed Sorvicea Explooiveo Sore ~Y Boord, D/D, Building 
T-7, Crovolly !?oi:it, W2ehing ;on 2~, !J.C . 

CommeMant, Armed Fort>~•· Btorr CC11l-t1ge, Norfolk u. 
Va . A'ITN: Sccretnry 

Coananding Generol, Field Camrmd 1 Aned Jorcea Spe­
cial Woepona Project, Fl) Bo> 5100, Albuquorqm, I. 

""'· C01111111ndlng General, Field Cea and, Armed rorcoa, Special 
Woapono Project, PO l'ox 510C, Albuquerque, II. Mer. 
ATTII: Technical Trolnlng Grc up 

Chioi, Anlod forcoa Bpeciol Wrnpona Project, Woahln«to11 
25, D.C. ATTN: Documonta Lil rary Franeh 

Orrico or tbo Technical Dlrec1 or, IJ!roctorote or Br­
focte Toate, Field Camand, A7SIIP, PO Box 5TT, 
Menlo Park, ColU. ATTII : Dr B. B. Doll 

Tochnical Information Service Oak Ridge, Tenra. 
(Burpluo) 

ATOM.I~ Brral!GY C0"'4IBS. Oll ACTl T!TIKS 

U.S. Atomic Energy t;on ,Jliaoiot, Cloaeitied Technical 
Library, 1901 ConstHutlun 1vo., Woehlngto;i 25, D.C. 
A'.r.t'"N: Mrn . J. M. "'L,ory {~ .,r llilA) 

Loe Alamoo Scientific .oborai >ry, Report Libr11:7• PO 
Box 1663, Loa Alomoe R. M« . A'.l'l'li : Bolon Radman 

Sondio Corporation, Cl. eoit1e 3 Doc\.Cll!lnt Dhiaiou. 
SbLdia Beee• Albuquo1 que, F. Mex. A'l'!ff : Martin 
Lucero , 

University ot Col.ttornh Rnd ttticn L!lboratory, PO Boz 
8o8, Livermore, Colt!. A'n : Margarat J:dlU!ld 

Weapon Dots Sectiot:., Te :hnic l lntonaetfoa Be"ice, 
Ook Ridge, Tenn. 

Technh:ol lntormnt1on S, ,rv1c •· , Ook Ric\t!P, 1 Tenn. 
(Surplw,) 
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