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I n  t tm studios on tho F o t a c t i o n  & etothing ogainst  tho t h u d  
m d i a t l o n  asaoetst.6 w i t h  nueloar dotomt iom, tho No-1 m t o r i o i  , 
Laborstory has invsst1gat.d tho s f fus t l on  i n  which tho Ho tUo t  U n i f o m  
a s d l y  la w p r o t o d  fmr tho f a t  akin a f f r o d  distanco of E.. 
Tha fabr ic  a s s a b l y  
arc pulsed to  simulate tb tWcl t ad in t i on  aasodated with nwlear 
btoM tiona . 

tho radiant  oxposurom to UU.~ burns r w u l t i n g  i n  ad# on skin - f  
ef amath.tlzod r8ts -0 IL?, 16.2. 16.3* m d  19.7 cmI/c& far 
th. m r m l  rad ia t i on  f lux c w r a p o n d i n g  to 250. 1o00, 2900. and 
10,OOO k i l o t o n  dotont lons,  rospoct iwly .  t h o  a i t i c a l  rad lan t  
wpauro for a 10 regta t b - 1  pulse is 
t lmt  far a E!p k i l o t o n  pulse .  

le= than those l r q u i m d  for Ignit1an of tho fabric Systoa. Th. 
t h m h o l d  burns at-• cmaed by the v o l o t I l o  producta.trenmforrod 
from tho hoatod cloth to tho &in. Losions m s u i t i n g  in oschu or0 
produod by v o l a t l I o  pmdueta when the sk in  t r p e m h l r m  1s hold 
betwean b3 and 15% f o r  e t  least  5 seconds. 

of thenrat rad ia t i on  an other cotton u n i f o r m  u d e r  r i n l l a r  mndi t ions.  

i r rad lo tod  by tho m d l m t  f lux fm a UM- - 

i 

I- 
p u c r r t  p a t a r  than 

Tho a i  t i c a l  m d i a t  rxpowrrr tb prodvG0 nchar a m  st i @tl y 

The data f r o m  this a p e r i a e n t  can bo w d  A prod ie t  tho off.clm 
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I WRCDUCTI ON 

N 0 - I  b h r l a l  Labomtory is studying th. influ.nco of 
h c t m  r*l.vlrnt to p r o h c t i o n  by unit- e ( p i m t  am.d by 
tho t h u d  rad ia t i on  M.oc iatod wi th  nuc1.u &mtions. ~ h .  
purpe. of t h i s  In+-tiptiOn ma to study tho inf lue- of m p o n  
y i e l d  on t h o c r i t i u l  (or a i n i m l )  md ian t  .X-W., h i C h  . a i d  
muso burns t o  skin *on behind and sopara t4  f ro l  th. uni fom. Tho 
8 k h  of a n a t h e t i u d  * h i t o  rats 111s ap ioyod as the s*\.ing ~ I ~ . n t t  
tho f a b r i c  s p t o a  invsr t lgatod IDS tho ~ - ~ ~ l l o d  g ~ t + ~ t *  m i t o m .  
Tho hunt h n s f r  mochmism, t.ap.rmture8, and o t h u  p h y i c a l  pk.cnwwi 
as6ociat.d w i th  such burns also -re studlad as part of this 
i nvmtigat ion.  

Tlm un i fo ra - fa t  sptom was expored t o  a m d l f i o d  carbon 0% .haw 
i m d i a n e o  was caraod to w r y  so as t o  roprenent th t h u s l  flux ~ 

r l t t o d  by nuclow dotonations w i t h  y io lds ranging from 250 to 10,oOO 
ki lotons. Tho r p a u r o  Iovel of i d i s t o  intomst was tlnt whlch 
would r a u l t  in minim1 whi t e  bums end oschar. Owing tho n p o o u m  
tho rats.' *In surfaco h . p . r a t u r r  w e  rotordod. Th. NWe skln 
s i u l m t s  wore 0tpcg.d behind tho fabr ics t o  tho SW. radiant 
mpwuros rn tho nts. 
and a t  a O.@ em dopth 16 the s k i n  s i u l e n t s .  

Tompereturos wero mc0rd.d Q) the a w f ~ s o  

Tho - lets ovo lmt lon  of  tho protect ion of a fabr ic  cr unifm 
systoa i n v o t m  tho consideration of  several important oxpauro 
peramotors. The fabr ics my be e i ther  i n  contact oc S p c d  f r a  tho 
body, tho Iayors m y  be doubled as i n  reinforced areaa, or tho i n n r  
lay- m y  not be present, M fo r  legs and arms. 
which tho la  e s of tho uniform am in  contact tms b o a  i nv rs t ig td  
and ropartod!l!. The next inportant s i tua t ian  requ i r ing  study 1s tho 
n a r d  uniform assombly w b n  spaced, this gsometry also roprrsonting 
important a r u c  of the unifwa. Tho study of  two o t h w  i m p a t a n )  
s i t u a t i o n ~ l t l p l e  layerr 8nd s i n  9 I layrs,hss boon dmfrrrd, 
although sao infwatisn can be in for rod fra tho siapte contact ond 
spacing studios. A t  pre8ont data an bums under f a b r t u  S0fLamt.d 
fma tho skin which result from the absorption of tho thormt r a d i a t l a  
of nuclrrr detomt ions are  drawn pr inc lpa t l y  f m  laboratory .rpoMlra 
to constant-lrradianco pulsos or from f i e l d  exposures t q a  *:(lrn#M 
rang. of rapon yields. 
&ta f o r  m e  i n  p d i c t i n g  rosults In-actual  sitwtiom the uncrhd;it: 
I n  such p d i c t i o n s  my be considerable, 

The sitwtlm la 

v 

While good inferences my b e  dram f r a  arch 
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During 1953-19% NML investigated the tanporaiuro r iso of a poly- 
ethylene sk in  simulant behind fabr ics  when ox 

s h w  that  spacing a uniform i n  front o f  the  subject necessitates h i g h r  
rad iant  exposures to  produce tho sa- e f f e c t s  as i n  the uncovered and 
uniform-in-contact si tuations. The Un ivers i ty  of Rochost r  r n p o r h d  
thst  spacing a cloth 5 ma f r o m  pigs o f f e  

as for  ignition of s ing10, fabr ic l  that  the  c r i t i c a l  rad ian t  ox 
m a  function o f  weapon y ie ld  . Whilo t )me m u l k  ind icate tho 
importsnce o f  studying the pknornenology o f  t h o  spacing bum, thoy 
do not  give the  c r i t i c a l  atpouros for bwns f r o m  nuclear-uonpcm 
thorns1 pulses; thoy do not  y ie ld  inforration on the Msic hmt 
transf m- phenomena. 

methods unployed i n  the invest igat ion of t h o  pro toc t iah  givon by 
uniforms. kpcsures  of skin s i l u l a n t s  spacod fmm ualforr nssublios 
as woll s other f a b r i c  a ing  s i t u a t i c r u  wero =do a t  O p m t i o m  
pIumbbob?5) and M r d t d T 6 f  It was detenained that the aposum a m  
of ( 7  mm diamotor approximtod by the s w w  oaployrd i n  this study 
Is adequate. The M r i a t i o n  of f lux w i t h  t i- of the laboratory sourco 
ws found t o  be satisfactory, W t  carefu i  accounting must bo made fa 
the f i n a l  phases o f  the pulso, which are not simulated i n  the  laboratory. 
Spectral differences between the l abo ra tay  source and the f i e l d  ~ O K M  
under same a n d i t i o n s  Qsve s i g n i f i c a n t l y  d i f f e r e n t  n s u l h  f o r  tho 
spec t ra l l y  selectiveUHot-HletYuniform. 
the burn phenomenology under s p c e d  fabr ics  in  those cases i n  w h i c h  
i g n i t i o n  i s  involved, tending t o  increase the amount Or protwtiac 
f o r  the lwer run* of weapon yields. 

d to constant- 
i r rad iance therm1 exposures o f  t h e  carbon a r c  -7 . Those studies 

carbon a r c  constant-irradiance exxposures 87 . In h y  19% HML I s p w t d  
increased protect lon to 

TI 

In the f ie ld ,  studies tuw bem a d s  of t he  v a l i d i t y  of labomtory 

The b l a s t  waw m r k e d l y  a l t u e d  

F a  a pa r t i cu la r  co t ton  fab r i c  asselably there a r e  a t  l eas t  two 
important variables which can a f fec t  the production o f  burns i n  the 
spaced situation. One i s  the moisture content o f  t he  c l o t h  and 
other the a i r  supply t o  o r  flow o f  a i r  over the i r rad ia tod  a rm(  
During the oxpcsures the'Hot4VeP un l fo rn  was srrbjectod to an s i r  
stream of I ft/sec m i n t a i n e d  a t  65 percent r e l a t i -  h ra id i ty .  This 
pa r t i cu la r  s p c i n g  geometry was selected since i t  was easiest to 
contro l  experimentslly. Ear l ie r  experimmts ind ica to  thst an 
approxinote a i r  f l #  o f  I f t / s U  enhanced c l o t h  combustion a t  the  
larat possible radiant exposuro. Lower ra tes o f  f low muld caw0 
suf focat ion o f  any flames which m y  develop, while faster f low rates 
would i n h i b i t  ign i t ion .  The maintenance o f  a i r  f lm across tho 

5 



unlfwr 81.0 .xclud.. possible w r i a b l n  resu l t i ng  f r o m  frm 
cmvwc t ion. 

, C lo th  s a a p t n  for b s t i n g  am normally stored a t  65 p r m t  
n l a t l n  humldiiy. Themfore the a i r  stream i n  t h i s  o x p r l m t  ms 
cond l t i awd  to l o i n t o i n  this r e l a t i v e  hualdlty. 

l o m p r a f u n  h i s t a l e s  a t  th surfaco of  mt k i n  and a t  the 
8urfaca of m d  a t  a d q t h  of O a  ca i n  the s k i n  d u l a n t  we- 
r e d .  Pre-mxpc6ure monitoring of the rat's surface t a p o r a t u n  - 
i s  essential for cantrol of the rat skin's burn resporue. Despite 
such e f f o r t s  fa cont ro l led  exper iun ts  there are some wir iables 
a f f e c t i n g  results which are not eas i l y  control led. T h e  vlrriablea 
include var ia t ion8 i n  arc irradiance and pulsing mechanism, w r i a b l c  
rat skin mpmse and sub-epiderml temperaturns. 

krllw data on m t  burns and s k i n  s i m l s n t  temperatures have in- 
dicated that a temperature r i s e  maximum of 25% a t  a depth of 0.05 In. 
i n  the s im lan t ,  corresponded,with m i n o r  qua l i f i ca t i ons . to  m i n i m l  
whi te bwns i n  rats. This c r i t e r i o n  was derived from exposures of  
rat and akin sirmlant, uncovered and i n  contact w i t h  the cloth, for 
pulses q u i v a l e n t  t o  weapon yields ranging from LO k t  t o  I O  Yt.  

Although investigations a t  NML have shwn that the kpct..ot mft 
and b a n s  d i f f e r  by a ratio of I &  tD b i t  m y  bs assumed that, a t  
radiant .xposure levels causing burns associated with c l o t h  COT 
bustion, bwns would resu l t  i n  bath subjects. 
where boundary e f f e c t s  occur, such as burns resul r ing  from v o l a t i  l e  
products, would the m i n i l a t  c r l t i c a l  rad ian t  exposure for humn skin 
be less t b n  that o f n t u a .  Assuming that burn sever i ty i s  d i r e c t l y  
re la ted to the skin's temperature r lse and that the radiant exposure 
t o  cause the temperature r i s e  i s  i n  turn i n d i r e c t l y  p.OportiOM1 t o  
the square root of the k p c product b percent less radiant nposun 
would be requlred t o  produce the same damge t o  human * i n  as to 
)he &in of -thetized 

Only i n  thase area8 

EXPWIKNTAL APPARATUS AND PRaCEMLRE 

In this seriea of exprlgnh, the r a t s  and s k i n  s i w l a n t s  were 
a t m o d  and 6 m, respctiveIy,behind a'Hot-Ylet'unIforr suspended 
v r t l a l l y  i n  the expasure plane o f  a high-intensity carbon a r c  whae 
radiant flrrx was varied w i t h  t ime to simulate therm1 pulses p m d u c d  
by nuclear weepons and whose tis to second maximum ranged f r o m  0.5 

6 
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to  3.2 S.Conds. The appsratus and procedure were the same as tho60 
eap loyed i n  the cloth-contact study except f o r  the addl t ion of thm 
s p c e r  and the a i r  f l o w  apparatus. 
in  F i p r e  1. 

The apparatus is shown i n  sect ion 

The thsrrml source was a m x l i f i e d  &-inch Naval carbon-arc 
searchlight u t i l i z i n g  an e l l i pso ida l  f i r s t -sur face  aluminum m i r r a  
w i th  foci a t  I1 and 52 inches. The lamp was water cooled to allow 
the employment of h igh current densi t ies w i t h  the I 1  n m ~  U l t r a c  
pos i t ive carbons and Orot ip  negative carbons. 

s t r ipped of t h e i r  copper jackets t o  p r e m t  s p l a t t e r i n g  of 
ml ten copper on the m i r r a .  

!I% The 
spectrum of this source has not been measured but  i s  
s i m i l a r  t o  ttnt of the NML source.pmvicusIy measured 
irradiance d i s t r i b u t i o n  i n  the exposure plane was e s s m t i a l l y  
gaussiin w i t h  the i r rad iance ninety percent of the naxiaum MIUO a t  
a m d i s l  d i s k n c e  of 0.6 an. The rad ia l  vane shutter o f  the search- 
l i g h t  was dr iven by a c m to produce pulses .qu ivo lent  to the 

The negstive carbons 

No door glass was employed. The 
blY MrY 

generalized f i e l d  pulse h) . 
A radiometer, w i t h  a f a s t  response recorder. measured the 

va r ia t i on  o f  i r rad iance d w i n g  the pulse. The time t o  second 
anximum, t,, for the equivalent nuclear weapon pulse curve WM 
determined by m t c h i n g  the irradiance h is  tory to  the generalized 
f i e l d  pulse i n  the v i c i n i t y  o f  maximum irradiance. A copper b u t b n  
calorimeter measured the rad iant  exposure (laborstory), 91, and 
mwimum irradiance, tl,,,, incident a t  the  expasure plane. F a  the 
g e n r a l i r e d  pulse the f i e l d  rad iant  exposure, Qf,  i s  re la ted  to the 
nsximum irradiance, b, and time to  second mximurn, tmr 

Since 91 k Hmtms where 91 i s  the I a b o m t w y  rad iant  ecposure 
and k i s  a constant of propor t ional i ty ,  Qf 

The rat io ,  2.57/k, describes the compensa t i on  necessary t o  compare 
the energy poduced i n  the laboratory w i t h  tha t  produced in  the t i o l d  
since the pulse i n  the laboratory i s  a r b i t r a r i l y  stopped a t  a time 
equal t o  approximately IO t,. k has a magnitude o f  abcut 2.0, md 
varies SI I g h t l y  as the shutter mechnisn wears .  

- 2-57 Ql/k. 
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During the  exposures,the’Hot4!et” uniform was sub.iccted t o  an 
a i r  stream of I ft/sec conditioned a t  654: R.H. resu l t i ng  i n  
an environmental s t a b i l i t y  i n  the s i r  surrounding the uniform. Since 
c l o t h  samples f o r  t e s t  are stored a t  65;: R.H. the a i r  stream was 
conditioned t o  m i n t a i n  t h i s  standard. 

Temperature h i s t c r i e s  during the thermal i n s u l t  were recorded a t  
the surface of the r a t  s k i n  and in  the s k i n  s i n u l a n t  on the surface 
and a t  0.05 c m  depth. The a i r  f l o w  m s  adjusted by passing i t  through 
a manometer. Moisture was added to the a i r  by passing i t  through spun 
glass saturated w i t h  water. 
5 tab i I i r ed  by passing i t  through a chzlnber containing a saturated 
j o t u t i o n  of ammiurn n i t ra te .  
a long tube w i t h  a cross section I x 2 inches which terminated coin- 
c iden t l?  w i t h  the uniform’s edge. 
s top-cock va I ve . 

The moisture cmtent  of the a i r  was 

Linear f fav  was achieved, through use of 

The a i r  f l o w  was cont ro l led  by a 

A t  the t i n e  of i r r a d i a t i m  the rat was placed on a p la t form be- 
A 12 mn aperture was c u t  in the h ind a copper p la te  0.05 CD thick.  

p la te  to expose the r a t .  The r a t  was gent ly  pressed against the 
aperture and he ld  in  place w i t h  foam rubber pads backed by an aluminum 
plate. 
al low pssage  of thermostatical ly cont ro l led water which maintained 
the rat skin’s surface temperature between 51’ and P’C. 
diameter thermocouple MS suspended v e r t i c a l l y  behind the  copper p l a t e  
and i n  the center o f  t he  aperture i n  0.5 gm tension. The thermocouple 
was connected i n  series w i th  an i c e  bath and a recwd ing  potentiometer. 
The”Hot-VYet”uniform MS suspended ver t ica l1  y a t  the secondary focus 
under f i r m  tension. I n  i r r a d i a t i n g  the simulant the sk in  s i m t a n t  
thernncouples on the surface and a t  0.05 an depth were connected 
d i r e c t l y  to the recorder. 
temperature of the simulant. 

fo r  a t  least  four hours p r i o r  t o  the experiment. The moisture o f  the 
c l o t h  during exposure was kept a t  65% R.H. by the a i r  flow. 

Females, &.I -70 days o l d  and averaging 1 %  grams. were c l ipped and the 
hair was renoved w i t h  “Nair“ depi la tory  ‘& hours p r i o r  to exposure. 
The cream was left on the animals f o r  8 to 10 minutes. I n  e a r t i e r  
experiments t h l s  method resul ted i n  the most complete h a i r  removal 
w i t h  leas t  i r r i t a t i o n .  Anesthesia vms essential f o r  this operation. 

The outer edges of  the copper p l a t e  were double m l l e d  to 

A 0.006 cm 

No attempt was mde  to contro l  the i n i t i a l  

The”Hot-Wet“un~form WCIS s t a e d  i n  be l l  Brs min ta ined  a t  65% &HI 

Spra urOawley Alb ino ra ts  were emplcyed i n  t h i s  experiment. 

8 
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Twenty winut% &fore an expxu r -  ser ies the r 3 t  was anesthetized with a 
l r l l  so ld t i on  of veterinary Etombutsl i n  sal ine. in jectod in t raper i -  
toneally, i n  9 dose of @ cq p z r  kilo?r3!n of body w i g h t .  

I r m r i d i ¶ f ? l  y a f t e r  exposure the burns were assessed by  visual 
estimate as "no burn","mininaI*, "!mdcmte", or  "severe" red,  minimal^, 
"mo~erats" or "severe" whi tp. Th i r t y  minutes I s t o r  they wcre re -  
examin4 and aqain assessed, E i n g  the same c r i  ter ia. 
h w n t y - f w r  n,wrs l a t e r  they were examined h r  the Occurrence d scabs. 

Eighteen to  

11 M r c k  159, s k i n  simulants w r e  ex2osed 5 m behind the'Hot- 
wet"unifsrm ta pulses of equimlent y ie lds ranging from 250 to 13,OOO 
k t .  
?5*C were measured. Assunin7 that these rad ian t  exposures were 
c r i t i c a l  i n  the production cf minim31 white burns, rats  were exposed 
under the seme condi t ians a t  these radiant exposur? levels. Exposures 
were increased or decreased i n  13 pCwcent increments, dependin; upon 
the produc t im or non-x-oduction of n i n i a l  white 3orns. Using the 
Mnrch 19% d a t d  as a guide the r a t s  and s k i n  sirnulints were e x p e p  
to a second series during September and Oct3ber of the same year. 

The rad iant  exposures which would cause a tempersture r i s e  of 

RSULTS 

The frequency of c lo th i?n i t ion,  burns and eschar as a functiCJn 
o f  q : ' ivs lent  f i e l d  rad iant  M P ~ S U ~ ,  Q f ,  and time t:, second tnaximm, 
i s  \:iV;.n i n  Table 1. For t, of 1.9 and j.? secmds the numher of 
ex;msurcs repcrtad under " ; ~ Q . J : J ~ c  4ssessmnt" i s  qrmtn r  than that 
repzri.ed for t k  "& b u r  Assmsmxrt. Animal m r r a l i t y  explains 
th is  anomaly. 

" 

I n  Msr.:h t35S93l percent sf the toto1 ewmosures were cmducted. 
Dur in .1  t h i s  DNiod wh i te  burn5 ~ q . 1  ~ 3 6 b s  n o t  35s-i l t e d  W i  bh i; jOiti>n 
nf tw fa!iri:c werc fwnd, + s r ~ c i ~ I i y  f v  a t, of 1.7 semnjs. To 
inv:?s ' t iJ te  Vir. phen:>nenrir 1n.1 t? obtain s u f f i : i m t  data f o r  a prub i t  
analysis addi ti:nal exoerincnt' e r e  c.mlilcted I n  the period, September 
t.3 Deccnt-r 13W0 

Pu lse  titm-5 less 'h?~? t f 3 f  mrrdsponding t 3  a weapon y ie ld  of 
0.25 P t  writ-e n ? t  i n w s t i g * + ~ d  3cc'Juse the swrx c c w l d  wt  d e l i v x  
s u f f i c i c n f  rs : lJn t  exposure t o  e i f - c t  i g n i t i o n  af the"rco).-Vet u n i f r m .  

! 9 



Tabto 2 presents tho f i f t y  percent r f f e c t i v e  rad ian t  a p c n w s ,  , and the n im)y - f l vo  percant confidence l i m i t s  for c lo th  i g n l t t o n  
b w m ,  and f s abs. The modified p rob i t  method O+ 

L i t c k f i e l d  and Wileoxon was used i n  this analysis. 

There is a 40 percant increaso in  R E 9  f o r  a chaw of pulse .< I m g t h  f m a b  o f  0.5 second to 5.2 soconds. This pulse n n g o  
ropfasents nuclear &tonstions i n  the lower atnosphero of  rapon 
y io lda ranging f r o m  250 k t  t o  I O  M t .  Durlng the experintentation I t  
M noted that  *hi t m  burns :-red in  s i tua t ions  ehich d i d  not rowit 
In ignltion of the cloth. On the other hand. som m d  burns, accwdin! 
t o  I m d l a t e  assasaunt. evontual ly developed I n t o  leaions w i t h  scabs. 
Analysis of the data indicates a b to 7 p r c e n t  lower "50 f o r  whit. 
burns than for c lo th  ign i t ion,  and a 2 to  9 percent larar A% for 
s a b  burns than for white burns. The occurrenceof burns i n  non- 
i g n i t i o n  s i tuat ions was unexpec e . The lower energy roquiremmt f e  

t lw i n  hours f o r  a l l  scab burns, tncluding those whloh d i d  not resu l t  
from i g n l t i o n  of the fab r i c  system. 

W n t y - f o u r  hours a f t o r  exposure each a n i m l  m s  aaminod for  
lesions. I f  scabs wero present the i r  davelopwnt was followod until 
their disappearance. 
intorvals, the reported durat ion times are given i n  a u l t i p l o s  of 

scabs had bwn noted proviorely h 7 . Table 3 presmts  th. healing 

Sinee scabs were observed only a t  &-hour 

12 hOUm. 

Sub-Ignitlcm scabs were deep pink or l i g h t  tan a t  the i n i t i a l  
&-hear assossmnf. These turned b r m  subsequently. Tho ignitlon 
scabs, however, w e r e  deep b r m  a t  the &-hour a s s r s m n t .  Ignition 

the bare r a t  and f o r  the r a t  i n  contact  scabs l i f h d  l l kc  those 
w l t h  tho'Hot401YUnifa-a . The non-Ignit ion scabs, howewr, faded 
amy. 

The a ~ r a g e  d u a t l o n  of eschar i s  presented i n  Table 4.fOr tho 
various equlvalent weapon y ie lds investigated. The heading, "Total 
Scabs", includes a l l  scabs, i gn i t i on  and run-ignit ion. I t  Is t o  bo 
n o t d  tlmt scabs not associated wi th  i g n i t i o n  heal faster than thoso 
associated wi th  i g n i t i o n  of the fabric. 

f9 

A t  $as d 0.5 and 1.0 seconds the average &ra t ion  of a l I " % t d o t n  
8pec.d s c a b  was longer than that fo r  the contact and bare 8 iha t l on r ,  
.h.r.as the bare and contact scabs reminod longer for pulses w l t h  
a tm of 3.2 seconds. 

10 
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Figure 2 presents the maximum temperature r i s e  a t  the surface 
?f r a t  sk in  as a function of the equivalent f i e l d  rad iant  exposure) 
5.71 i d  oo ints  ind ica t ing  temoerature r i s e s  which are associated w i t h  
suasequent scab burns. I t  i s  to be noted t h a t  the naxilaurn t a p e m t u r e  
r i s e s  associated w i t h  c l o th - i gn i t i on  s i tua t ions  were always higher 
than 20.C snd resu l ted  i n  scabs. The scab burns associated w i t h  
s i tua t ions in  which the c lo th  d i d  not i g n i t e  represent 29, 23, 52 and 
& percent of the t o t a l  scabs far t,lr of 0.5 1.0,. I .7 and 9 SWondS 
resDectively. The w ink  in  Figure j represent a l l  the exposures 
f o r  which temperatures were measwed. However, temperatures were no t  
recorded during a1 I exFosures due to the breaking of thermocouples 
during the experiaent. Temprature'mxima l e  s than &*C, a t  which 
rlsrdy e t  a1 repor t  i r rovers i  ble tissue damage?I3), seldom resul led  
i n  burns except fo r  an equivalent tm of  1.2 seconds, fw which soma 
burns Occurred a t  s l i g h t l y  lower temperatures. 

spacod behind the Hot-Yet Uniform i s  about 13.C. 
contact s i t u a t i o n  the mximum temperature r i s e  i s  about 21 to  &'C., 
and naxiwm temperature r i s e s  on hare r a t  sk in  range from 45 t o  2TC 
f z r  pulses w i t h  t m  ranging from 3.5 t o  3.2 seconds. Analysis of the 
tenp?raiure h i s f c r i e s  indicatestthat the temperature r i s e s  behind 
srrced c lo th ing  a r e  maintained the I o n p s t  wh i le  those O f  bare r a t  
skin usually tend to follow thr s*pe of the i r rad ia t i ng  pulse, with 
te.rperatura r i ses  for  the contact s i t u a t i o n  lagging the pulse somewhat 
wi th  respect t o  the time in terva l  f o r  which the temperature i s  
m i  n ta i  ned. 

The te;npera ture r i s e  maxi mum associ a l ed  vi th mreshol d scabs 
For the'Hot-Wot" 

Figures 3 m d  present typ ica l  temperature h i s to r i es  essocfated 
wi th  scabs. 
temperature and slwer cooling i s  associsted w i th  an i g n i t i o n  
situation. The lower curves are associated wi th  non-ignit ion scab 
situations. A I  I teaperature h i s to r i es  fo r  rad ian t  exposures less t h n  
those required t o  cause c lo th  i g n i t i o n  have the same time dependence 
as the non-ignit ion scab curves $ut w i t h  less amplitude. As indicatod 
by the rreximum temperatures of Figure 3, temperature h i s to r i es  with 
mgnitudm between Wthme given fo r  each exposure i n  Figures4 and 5 
ra re ly  occwred. 

Temperature h i s to r i es  a t  the surface o f  the s k i n  sinulant wero 
s imi la r  to  those o f  r a t  skin f o r  s i m i l a r  si tuations. C o n t r a r y  t o  the 
predic t ion of theory, the maximum temperatures of the skin simulants 
were lower than t b s e  o f  the rat skin. This discrepancy vias a resuit 

In  each case, the curve w i t h  the higher maximum 



ot d i f f e n n t  spacing distanc.6 f o r  r a t  and sk in  s i u l a n t ;  b o e o ~ o  of 
d i f f i c u l t y  in  can t ro l l i ng  the bulgo of the rat through the 12 I 
a p o r t u n  the spacing w r i e d  fran 3.4 to 5.& nnn, whi le  the spacing 
for the s i u l a n t  was 6 110 ( S n  Figure I). 

Skin simulant mxi rum t o m p f f a t ~ r ~  a t  the surface and a t  a depth 
of 0.05 ea indicatod an 4vorage tanp ra tu ro  grediont of I O  to 15 
p o r e a t  f o r  non-Ignit ion and i g n i t i o n  s i t w t i o n s .  

Amlysls of s k i n  simulant tonperature h i s t a i e a  nvoal  that 
aftor 20 to jo seconds the tomperntvos in  depth were equal to s u r f m ~ o  
tapenturos f a  situations esoc la todw i th  chsrr ing and flaming. For 
s i tua t ions  which caused glow the temperature grediant was m i n t a l m d  
longer. Depth tomporstu~?~ sowt inss  wore higher than surface 
tomperaturos i n  the I e t e r  phases of the pulse, ind icat ing appvc iab lo  
k a t  loss a t  the surface. 

in  I g n i t i o n  of the'not-wei"unlforn i n  tho specod sitmtion, 
t r p e r a h r r e  rises of 15.C o r  highor wore loaintsinod a f t o r  tho m x i u m  
tamprstuuro had boon attained, for s e w n  times 4s long 4s typ lc l l l  

'Hot=Wet"contact soabsssaciated tempemturo historlo$, f o r  tm*.cl06.9,5, 
4nd hie. as long fo r  P#q of I .O a d  3.2 s&onbb. 

I n  non-ignit ion s i ) w t i o n s  the temperature r i s o  was d e  p r l a r i l y  
to h a t o d  air ,  steam and v o l a t i l e  products. 
ovidonco of  condonsation of moisture o r  t a r  produck f r o m  W e  cloth. 
Tho f i r s t  Isximum i n  tho h~apora ture- t im curves f o r  oquivalont tm 
of  0.5, 1.0 and 1.7 i s  due to  the rap id production of v o l a t i I o  
p d u c h  +or the most  i nhnse  per iod of the thermal pulse .  Tho 
tomporaturo of th. surface of the ra t ' s  sk in  does not roach rx imur  
unt i l  the i rradiance k s  reached i t s  mxiwn. Hoot is  not transfrrmd 
unt i l  a f h r  the rad iant  energy nas transforred enough heat to tho 
c l o t h  to  b o i l  the absorbed moisture and s u b l i m t e  the v o l a t l l o  
materials. As mentioned abow, the energy pulse Is terminated a t  10 
t i m e s  tal I n  non-ignit ion s i tuat ions,  i f the en t i re  p u l a  won 
d o l l v m d ,  tho a d d i t i o m l  v o l a t i l e  products which world bc roloasod 
could conceivably lower the threshold radiant energy f o r  producing 
sc8b bums. 

Thore was no v i s u l  

Since the tenpersture r i s e  naxinurn occvs  a t  IO t o  jo s-B 
a f t o r  zor0 time, possible voluntary OT invaluntary ebesl.cn a c t i o n  
could occur &r ing  a nuc tmr  attack. thereby avoiding tho ser ious 
krrnr carsod by ign i tod cloth. t 

http://ebesl.cn


Typical exposed cloths, representing n o w i g n i t i o n  and ign l t l on  
s i tuat ions a r e  presented i n  Figure 5, fo r  several equimlart weepon 
y i e l d s  and rad iant  exposure levels. I t  i s  to be noted that  the  data 
FreSOnted a m  f o r  the s i tuat ions i n  which actual . xpw ia*n ta t i cn  was 
arrid out m d  that  the  obssrwd ef fec ts  might have boon obtained 
a t  omer rad iant  mcposure levels. F w  0.5 second tr uhm f la r ing  
occurred the wter garment was f lashed of f  leaving the undorwr r  charrod. 
At  1.7 seconds In however both garmonk were consutwd. 
t i m e s  resul ted i n  r e l a t i w l y  e q w l  c lo th  destruction. Upon tominot ion  
of th pulw, the c l o t h  was allow& to burn or g l a  and the mt was b l d  In 
position u n t i l  _ -  to ta l  *tin tenparamre ctroppd to 19%. 

Glow a t  a l l  

Fiwte 6 presmts the distance, i n  fwt, a t  which R 

am f m  d e t o m t i o m  In the I w e r  atmcaphere and forgtrnorpherlc 
transmissivity of-0.9 per land mile. 
w e a p ~ l  y l e l d  radiant e x p u r e ,  a d  distance from grmnd two,arw: 

~ c u m  
for eschar, as a function of weapon yleld. Th. r s l a t i o m h  7 ps n p l o p d  

The relat ionshipa ktmn tm, 

( 1 )  

(2) 

2 W t, , and, 

where W i s  the weapon y i e l d  i n  Regatons 

tc i s  the tils t o  second naxinu, (SIX) 

0 Is the distance froa burst In d l n  (5280 ft/mito) 
T equnls atmospheric transaissivity per land d l e  

and Q equals radiant exposure (car/&) 
Equations (I) and (2) hold only fa b)oMtiCUIS I n  th. ' i 

An empirical equation has beon f i t t e d  to the % scab d8ta 

/ 

lower atD8sph.r.. 

for themHot-Wet'uniforn separa td  from the backing: 

D * AWb, 

where D equals the equivalent distance fo r  scab in  land 
m i  la, 
W equals weapon y ie ld  megatons, 

! 



A equsls a constant (5.6 from 0.02 to 2.0 M t  and 

6.3 f r o m  2 M t  to I O  fit), and 

b q u a l s  a constrylt (0214 from 0.02 ht t o  2 M t  

and 0.27 fran 2 M t  t o  I O  M t )  

DISCUSSION 

Although 100 percmt scab production was expected a t  cloth- 
I g n i t i o n  radfant-exposure levels, the production of scabs a t  s b -  
ignition levels and those involv ing v o l a t i l e  Froducts was considered 
ra ther  un l lke ly .  A s  the pulse t ime is  increased the production of sub- 
i g n i t i o n  burns increases. In  the dwelopment of protect ive fabr ics  
this phenomenon necessitates, not  only tlre development of fabr ics  w i t h  
e f f i c i e n t  f l m e  retardant components, but also addi t ives which do npt 
v o l l t a l l r e  r e a d i l y  and fabr ics  nhjse absorption of moistum Is minimum. 

The d i f ference betwoen the R leve l  for  whito b v n s  and that 
f o r  scabs is. not  considered s i g n i f  Ep cant. Since the bum assessment 
Is made immdia te ly  a t  ter exposure. threshotd type white burns am 
not  l n e d f a t e l y  discernlble. 
s a s e s s m t s  hsve developed, on second examination, i n t o  white bvns 
and cubsequentl y i n  to  scabs. 
minutes a f t e r  exposure. The dif ference between the RE level far 
white burns and tha t  for scabs is, therefore, i n s i g  i f  cant. I t  should 
be pointed cut  that w i t h  the probit msthod employed r f 2 r t h e  f?% and 
95 percent confidence leve ls  are dependent t o  some extent  on t 
manner i n  which the best curve f i t  i s  estimated. 

However. sow sub-white i m e d i a t e  

The second assessnm t s  were made f i f tern 

The Increased protect ion afforded by the ‘Hot-Wet“ sysha spmcod 
from the bscking.relative to  that o f  the ‘bare’ and “contac). sIhrationa 
i s  more pronounced a t  thQ lower weapon y ie lds than a t  the higher yiold.. 

product a m  not  as severe as those resu t r ing  from c lo th  ignition. 
The observed neximm temperature associated w i th  nm- ign i t i on  bwns 
w r i f y  that  they arc threshold lesions. The scab5 associated wi th  
v o l a t i l e  products are less severs) than those produced i n  the contrc t  

Analysis of the scab data indicates tMt burns caused by v o l a t i l e  

L 
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and bare situations, whereas the  scabs due t o  i g n i t i o n  a re  more s e w r e  
than t h s e  produced i n  the bare a d  contact s i t u a t i m s .  E l iminat ion 
o f  f laming by non-volat i le flame retardents o r  evasive ac t ion  would 
lncmaaa th. RGjo tor th *cod '')(a)+iot" Untfwm. 

transferred bytho impirgirgof v o l a t i l e  p r & c t s  on the s k i n  surface. 
Since the temperature r i s e  i s  not appreciable u n t i l  a f t e r  the 
irradiance reaches i t a  maximum vsl ue, the temperature rim due t o  
d i r o c t  rad iant  onergy i a  negl igible. A t  Ian rad ian t  mpasuras th. 
moisture enttapped by the f i b e r s  i s  e m p a a b d ,  causing an lmmeam i n  
tanperature a t  the uniform backing. 
the v o l a t i l e  products i n  the c lo th  f ibers  are vaporized, resu l t i ng  i n  
scorching and charring. Sane steam and v o l a t i l e  profhcts o s c a p  a t  
the i r rad ia ted  uniform surface while the r e s t  t ransfers  b a t  to the  skin. 
A t  m d i a n t  exposurss causing s e w r e  c l o t h  char the v o l a t i l o  produck 
are i g n i t d  and thm flame during the i r r a d i a t i o n  period. A t  tho 
tom ina t ion  of the pulse, f l an ing  my cease b u t  i g n i t i o n  continuos as 
c l o t h  g l a .  
convection and Conduction, and i s  a function of th. lgn1t.d cloth 
orma, the distance of the c l o t h  frm the skin, and the transmlttsnco 
of tho v o l a t i l e  products. The v o l a t i l e  products and steam am tho 
agents fa m v e c t i o n .  
stmm and v o l a t i l e  products a t  the d t i n  surface. F a  the'Hbt+ot' 
speed s i tua t i on  heat t ransfer  i s  due mainly to mnvoct ion and 
conduction. 

The maximum tomperature r i ses  of the r a t  sk in  a t  rad ian t  

A t  rad ian t  .xposurss belar t he  RE f o r  c l o t h  ignit ion, hest i s  

As the rad iant  etposure i s  increaaod, 

. 

Hoat transfer from the g l w i n g  f a b r i c  18 bv radiat ion, 

Conduction resu l ts  from the condonsation of 

exposur- less than those required to  cause i g n i t i o n  range fron I O  
to  I5.C. the higher temperature r i s e s  causing i r r e v e r s i b l e  t iasuo 
damgo as evidenced by scab burns. 
occurs, are much higher than thcse a t  non-ignit ion lewis. and rang. 
from 20 t o  LOT. 

The temperatures, when i g n i t i o n  

The inf luence of prsmeters,such as wind r p r d ,  moisture content 
of the uniform, and i n i t i a l  r a t  sk in  temperatum,wss not de temimd 
i n  th i s  experiment. These M r i a b l e s  w o u l d  inf luence the amount of hoat 
transferred by v o l a t i l e  pmducts, the energy requi red fo r  ignit ion, 
and the mergy transferred t o  t h  sk in  by the flaming cloth. Fo r  the 
contact si tuation, where the heat transfer i s  dui r i n l y  t o  conduction, 
these factors would M a e  I i t t l e  or no inf luenco. 
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L o w e r  ambient temperatures wtwld lower the temperatures o f  the 
c lo th;  but, unless the change was extreme, the haat transfer would 
be af fected I i t t l e  since khe degradation temperatures f o r  cotton ere 
r e l a t i v e l y  high. The inf luence of a change i n  moisture contmt m i d  
depend on the duration of the i r rad ia t i on  pulse. 
an increase i n  the moisture content of the c lo th  might decrease the 
rad ian t  exposures t o  cause burns, since there i s  an increase of the 
oaount of steam produced . 

For shcr t  pulses 

A i r  f l o w  bel- I ft/sec w u l d  allow the accumulation o f  v o l a t l l r  
products a t  the i r rad iated surface o f  the cloth, rrhich would then 
absorb some of the rad iant  f lux .  
products are p r t i a l l y  renoved, thereby Iessenipg the sever i ty  of the 
burns due t o  these products. S t i l l  higher wind speeds also i n h i b i t  
i g n i t i o n  and would extinguish the flame. The tadiant exposures to 
C ~ U S O  burns behind a c l o t h  separated from the backing, therofore, 
increase w i t h  wind speeds i n  -cess of 1 ft/sec. 
ap loyed i n  th i s  Bcperiment approxinates that  f o r  which the rad ian t  
exposures f o r  b v n s  behind spaced fabr ics  i s  a min imum.  

A t  higher wind speeds the v o l a t i l e  

The wind $ p o d  

Data-derived from t h i s  invest igat ion can be employed to dorlvo 
the ef fects  on other uniforms of cotton f ibers  in  s imi la r  si tuations. 
Fabrics made of synthetics or of wool would experience d i f f e r e n t  
e f fec ts  i n  the spaced s i tua t ion ,  f o r  the absorption of hetit by such 
fabr ics  usually r e s u l t s  i n  me1 tin;. 

CCNxUS IONS 

The distsnce from the pJ in t  o f  a nuclear detomtion, a t  which 
9 percent of t h e  r a t  population would receive scab burns may be 
re la ted  to the weapon y ie ld  in  megatons by the expression; 

D 9 AWb 

Data from which the constants for t h i s  equation mas derived are 3.5, 
5.7, 8.5 and l l ,g  land m i l e s  f c r  nuclear weapon yields of 0.25, 1.0, 
2.9 and I O  megat-. 

Threshold burns may be effected a t  radiant exposures wh ic i  do 
not cause ign i t ion.  



., 

Assuming heal fng t i n e  for  swbs as a good c r i  torion for burn 
severity, a uniform of f ibers w i t h  high I g n i t i o n  p o i n k  would n d u c o  
the nwber of burns f o r  a g i m  sltuation. 

F a r  &- ign i t ion  bums, heat transfer i s  mainly due b v o l a t i l o  
products. 
and conduction Of b a t .  

I gn i t im- t ype  b u m  arc -used by radiation, convectia, 

Maximam t.mpetature r i ses  associated w i t h  sub-igni t i o n  burns 
rango froa IO t o  15*c. 
burns range from 25 to U'C. 

influence the rad iant  exposures to cause burns under spaced clothlng. 

Data published in  this ropwt can be employed to predic t  e f fec t8  

kaximum t o a p r a t u r e  r i s e s  causing I g n i t i o n  

Wind speed, cloth moisture content and i n i t i a l  skin tomporaturo 

on other cot ton uniforms under s imi la r  conditions. 

i 
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TABLE I 
Freqwmy of Bums, Scabs and Cloth Effoct as I 
Function of Equivalent F h l d  Radiant Brp06uro 

Cloth a- mag.  . l aod ia  to Assoasm t Assrssmt  
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Time to 
Second 
Maximum Cloth 

(sec) Ignition 

0 -5 15.0 *, 1.3  

I eo 17.5 1.0 

I .7 18.9 $ 1.1 

1.2 21.9 2 1 .1  

TABLE 2 
The F i f t y  Percent Ef fect ive  Radiant Exposures 
Causing Cloth Ignition, White Burns And Scabs 

White 
Burns 

15.0 2 1.3 

16.8 f 0.7 

17.7 2 1.2 

19.8 2 0.8 
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TABLE 4 
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f a  Various Weapon Yields 
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