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FOREWORD 

This  r e p o r t  encompasses  a paper  given at the New Y o  k Academy 
of Sciences '  Conference on Prevent ion of and Pro tec t ion  Against  Acciden- 
tal Explosions of Munitions, Fue l s ,  and Other  Haza rdous  Mixtures  during 
the s e s s i o n  enti t led P e r s o n n e l  Sensitivity on October 11, 1966. Much of 
the da ta  has  been published before  and is r e fe renced  accordingly.  A con- 
s iderable  portion of the information is new; namely,  that  dealing with the 
LD50 for  monkeys,  swine,  and sheep  for  "short"-durat ion b las t  waves;  
the threshold lung injury for sheep  a t  5 -  and n e a r  200-msec  durat ions;  and 
the effects of or ientat ion on the to le rance  of sheep  to b l a s t  waves  f r o m  
high explosives .  Also new a r e  the refined e s t i m a t e s  for  pe r sonne l  t o l e r -  
ance  to "short"-durat ion b las t  waves  including the significance of es tab-  
l ishing the p r e s s u r e  dose with r e s p e c t  to one ' s  or ientat ion to the b las t  
s o u r c e .  

The information h a s  a d i r e c t  bear ing on protect ion of pe r sonne l  
aga ins t  explosive events  and determinat ion of safe d is tances  for  pe r sonne l  
f r o m  explosive m a t e r i a l s .  
as well  as for  those in te res ted  in  environmental  medicine,  e i ther  m i l i t a r y  
o r  industr ia l .  

I t  is a l so  usable  for  weapons effects ana lys t s  

The r e s u l t s  r epor t ed  h e r e i n  a r e  a p a r t  of those gathered in a con-  
tinuing investigative effor t  a imed  at predict ing the r e sponse  of pe r sonne l  
to air b l a s t s  of var ious  wavefo rms ,  understanding the na ture  of in jur ies -  
t he i r  p rognos i s  arid t r e a t m e n t  -and formulat ing protect ive pr inc ip les .  

1 



ABS T R AC T 

Shock tubes and high explosives w e r e  used  to produce  b las t  waves  
of var ious  p r e s s u r e  - t ime pa t te rns  in o r d e r  to study the i r  biological effects .  
Data  obtained f r o m  these  expe r imen t s  showed that ,  aga ins t  a ref lect ing s u r  - 
face,  the LD50 ref lected p r e s s u r e  fo r  any given spec ies  r ema ined  fa i r ly  
constant at the "longer" dura t ions  and then r o s e  sharp ly  at the " shor t e r "  
t i m e s .  F o r  dogs and goats,  "long" durat ions w e r e  beyond 20 m s e c  and 
f o r  mice ,  r a t s ,  guinea pigs,  and rabbi t s ,  beyond 1 .to 3 m s e c .  At the 
" shor t e r "  durat ions,  r e sponse  depended to a g r e a t  extent on  the impulse ,  
and on peak p r e s s u r e  fo? the "longer" pulses .  Higher re f lec ted  p r e s s u r e s  
can be withstood if an ima l s  a r e  located beyond a ce r t a in  d is tance  f r o m  the 
ref lect ing s u r f a c e  w h e r e  they rece ive  the incident and re f lec ted  p r e s s u r e s  
in  two s teps ,  s e p a r a t e d  by a given t ime- in te rva l .  In f r e e s t r e a m  exposures  
to air blast ,  o r i en ta t ionwas  significant.  Animals  suspended ver t ica l ly  o r  
p rone - s ide -on  showed a lower to le rance  to b las t  waves  of a given intensity 
o r  at a given r ange  than those end-on because  the dynamic  p r e s s u r e  a p -  
peared to add to the i r  s ide-on p r e s s u r e  dose .  Except  f o r  e a r d r u m  r u p t u r e  
and s inus h e m o r r h a g e ,  an ima l s  exhibited a r e m a r k a b l e  to le rance  to "slow"- 
r i s ing  b las t  p r e s s u r e s  without the p r e s e n c e  of shock f ron t s .  

s tudies .  The r e l e a s e  of air bubbles f r o m  disrupted alveoli  of the lungs into 
the v a s c u l a r  s y s t e m  probably accounted fo r  the rapid dea ths .  The d e g r e e  
of lung h e m o r r h a g e  w a s  re la ted  to both the b las t  dose  and the i n c r e a s e  
in  lung weight ove r  control  values .  F o r  l a r g e r  an imals ,  the threshold fo r  
petechial  h e m o r r h a g e  w a s  n e a r  10 to 15 ps i  at ' r longrr  dura t ions  and 30 to 
35 p s i  fo r  pu lses  of 5 m s e c .  
four  t i m e s  no rma l .  

The lungs a r e  considered the c r i t i ca l  t a rge t  o r g a n s  in  b las t  effects  

At LD50 values lung weights w e r e  two to 

Ear injury w a s  not sys temat ica l ly  studied; however,  da ta  gleaned 
f r o m  lethali ty znd lung-injury expe r imen t s  indicated that: e a r d r u m  r e -  
sponse to blast  p r e s s u r e s  is subject  to wide var ia t ion;  a durat ion effect  was  
obse rved  in sheep,  with 38-per cent rup ture  r e c o r d e d  at 21.4 p s i  for  d u r a -  
tions near 100 m s e c  versus  no e a r d r u m  rup tu re  at 32.4 psi when the dura-  
t ions w e r e  about 5 m s e c ;  and the sever i ty  of e a r  damage  increased .wi th  
the intensity of the blast .  

F r o m  the p r e s e n t e d  data ,  tentative es t imat ions  of m a n ' s  r e sponse  
to "fast"-r is ing p r e s s u r e s  of 3 - m s e c  durat ion w e r e  compiled.  P r e s s u r e s  
f o r  threshold and s e v e r e  lung-hemorrhage  levels  w e r e  30 to 40 and above 
80 psi, respect ively.  The threshold for  lethali ty w a s  100 to 120 p s i  with 
a n  LD50 range  of 130 to 180 psi .  T ime-honored  e s t i m a t e s  fo r  human e a r -  
d r u m  rupture  values of 5 and 15 psi ,  respect ively,  fo r  threshold and 50-  
per cent could not be rev ised  at this  t ime.  

which may  be r ece ived  f r o m  the incident,  incident plus dynamic,  o r  re -  
flected p r e s s u r e ,  dependent on or ientat ion.  F o r  a n  individual against  a 
ref lect ing s u r f a c e  that is n o r m a l  to the incident shock ,  o r  prone with the 
cha rge  detonated overhead,  the max ima l  effective dose  is the ref lected 
p r e s s u r e .  If, however,  the man  i s  standing a few feet  f r o m  this  s a m e  r e -  
f lecting s u r f a c e  o r  d i rec t ly  below the charge,  he i s  subjected to p r e s s u r e s  

The e s t i m a t e s  w e r e  given in  t e r m s  of m a x i m a l  effective p r e s s u r e s ,  
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that r i s e  in two s teps ;  w h e r e a s ,  in  the f o r m e r  s i tua t ion ,  the m a x i m a l  ef-  
fect ive p r e s s u r e  would probably be the incident plus the dynamic  p r e s s u r e s  
in  the  f i r s t  s tep and, only the s ide-on incident p r e s s u r e  in 
the ini t ia l  s tep .  The exac t  d i s tance  f rom a ref lect ing s u r f a c e  w h e r e  the 
effective p r e s s u r e  changes f r o m  the re f lec ted  to incident,  o r  incident  plus  
dynamic,  cannot be s ta ted  for  man  a t  th i s  t ime .  F o r  pe r sonne l  standing 
or  p rone - s ide -on  to the cha rge  when it  is detonated at o r  n e a r  the s u r -  
face,  the s ide  -on incident plus  dynamic p r e s s u r e s  become the effective 
p r e s s u r e ;  however ,  with or ien ta t ions  end-on  in  this  s i tuat ion,  only the 
s ide -on  incident p r e s s u r e  appea r s  to be the max ima l  effective p r e s s u r e .  

in  the l a t t e r ,  
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THE RELATIONSHIP BETWEEN SELECTED BLAST-WAVE PARAMETERS 
AND THE RESPONSE O F  MAMMALS EXPOSED TO AIR BLAST 

Donald R .  Richmond, Edward  G. Damon, E. Royce F l e t c h e r ,  
I. Gera ld  Bowen, and Clayton S. White 

INTRODUCTION 

Even though high explosives w e r e  used  for  hundreds  of y e a r s ,  s u r -  
pr is ingly l i t t le  w a s  learned  about the biological effects of air blast  - l ea s t  
of a l l ,  the physical  p a r a m e t e r s  of the b las t  wave respons ib le  for  death 
and injury.  This  was  p'robably because  the f r agmen t s  f r o m  the explosive 
container  i tself  w e r e  the over r id ing  personnel  hazard ,  par t icu lar ly  in  
w a r t i m e .  Toward  the end of World W a r  11, however ,  high-explosive bombs 
w e r e  of sufficient s i ze  where in  the blast  o v e r p r e s s u r e  was  the 
mechan i sm for  buildings, and des t ruc t ion  f r o m  f r a g m e n t s  the l e s s  i m -  
portant  considerat ion fo r  the l a r g e r  explosive c h a r g e s .  

in  the sensi t ivi ty  of pe r sonne l  to air  b las t .  
Germany ,  the r e s u l t s  of which w e r e  not known until the end of the second 
World War ,  c lear ly  showed that as the weight of the explosive cha rge  w a s  
i n c r e a s e d  f r o m  50 to 2000 kg with corresponding i n c r e a s e s  in  durat ion 
f r o m  1 . 6  to 11 .8  m s e c ,  the le thal  p r e s s u r e s  for dogs dropped by a factor  
of about th ree-216 to 75 psi .  Since nuclear  explosives  w e r e  equivalent 
in  yield to t r emendous  quantit ies of high explosives ,  they would produce 
b las t  w,aves of -yery "long" dura t ion  which might prove to be ex t r eme ly  
hazardous-  to personnel .  

( I )  to s u m m a r i z e  r e s u l t s  f r o m  this  
labora tory  on mammal i an  to le rance  to air b l a s t s  -specif ical ly ,  the r e l a -  
t ionship between lethali ty,  lung injury,  and, to some  extent,  e a r d r u m  rup-  
tu re  in expe r imen ta l  an ima l s  and the p a r a m e t e r s  of the b las t  wave; and 
(2)  to p r e s e n t - e s t i m a t e s  of b las t  l eve ls  that  would be safe ,  cause  in ju ry ,  
o r  be le thal  to -man.  As a m a t t e r  of fact ,  these should be known before 
one can economically plan protect ive m e a s u r e s  for  man  against  explo - 
sions,  be they accidental  o r  o therwise .  At tempts  w i l l  be made  to empha-  
s i ze  .the e f f ec t s  of "short"-duration b las t ,  a r b i t r a r i l y  defined as  those l e s s  
than-20 m s e c  fo r  l a r g e  spec ies .  1t:must be r e m e m b e r e d ,  howeyer,  that  
many high-explosive accidents  have o c c u r r e d ,  and wil l  r e c u r ,  that  have 
yields grreater than those of the s m a l l e r  nuclear  devices ,  thereby making 
the included da ta  for  "long" dura t ions  per t inent .  

With the advent of nuclear  explosives,  t he re  w a s  a renewed in t e re s t  
Investigations conducted in  

The  pu rposes  of this  paper  a r e :  

. .  

METHODS 

q In- dealing with a i r - b l a s t  effects,  it is important  to m e a s u r e  and 
understand as much as  possibleof  the phenomena involved in o r d e r  to cor- 
r e l a t e  one o r  m o r e  of the physical p a r a m e t e r s  with the resu l tan t  level  of 
biological r e s p o n s e ;  that  i s ,  to es tabl ish a dose - r e s p o n s e  relat ionship.  
One m u s t  t h e r e f o r e  m e a s u r e  the p r e s s u r e - t i m e  cu rve  of the a i r  b las t  p r e -  
c i se ly  and as close to the animal  t a rge t s  a s  feasible .  F o r  th i s ,  piezo-  
e l ec t r i c  t r a n s d u c e r s  having a high-frequency r e sponse  a r e  used.  Usually,  



the output of these  t r a n s d u c e r s  is amplif ied and displayed on a cathode- 
r a y  osc i l loscope .  Ai r  b l a s t s  have been r,outinely genera ted  in th i s  labo-  
r a t o r y  by c o m p r e s s e d - a i r  -opera ted  shock tubes and by high explosives  
f i r e d  in the open. The ave rage  ambient  p r e s s u r e  at th i s  s ta t ion i s  12. 0 
ps ia ,  and, un less  o therwise  s ta ted ,  the p r e s s u r e  c u r v e s  and r e s u l t s  apply 
to that  b a r o m e t r i c  p r e s s u r e .  

cha rges .  
s ide-on  a t  2 -1 /2  and 12 in.  above the  s u r f a c e  f r o m  a cha rge  detonated 
overhead  a t  a n  18-ft  b u r s t  height.  The d i ag ram i l l u s t r a t e s  the incident 
shock f ront  t rave l ing  outward in  a sphe r i ca l  manner .  Upon s t r ik ihg  the 
su r face ,  the magnitude of the p r e s s u r e  is magnified two o r  m o r e  t i m e s  
because  of ref lect ion.  Di rec t ly  beneath the cha rge ,  the flow assoc ia ted  
with the incident shock is r e v e r s e d  by the re f lec ted  shock which t r a v e l s  
in  the opposi te  d i rec t ion .  m e a s u r e s  the in-  
cident and re f lec ted  p r e s s u r e s  as a s ingle  r i s e  to 146 ps i .  Gauges "b" 
and "c, a t  2 - 1 / 2 -  and 12-in.  heights,  r e c o r d  them a s  two d is t inc t  shock 
f ron t s  s epa ra t ed  by t i m e s  on the 'o rde r  of 0.25 and 1 . 2  m s e c ,  r e spec t ive -  
ly.  I t  can be s e e n  that  the  re f lec ted  p r e s s u r e  decayed markedly  over  the 
f i r s t  one foot of t r ave l  and is only one- th i rd  what i t  was  on the su r face .  

F i g u r e  1B gives  r e c o r d s  taken by gauges a t  a 20-ft ground range  
f r o m  a 64-lb cha rge  detonated at a 12-ft  he ight -of -burs t .  At that  range  
and n e a r  the  su r face ,  the rgf lected shock h a s  over taken  and m e r g e d  with 
the incident shock to f o r m  the mach  s t e m ;  a t  th i s  point, the flow becomes  
pa ra l l e l  with the su r face .  Gauge I'd, I '  mounted above the su r face  face-on 
to the flow, r e c o r d s  the s ide-on plus dynamic p r e s s u r e ,  and gauge "e, I '  

mounted s ide-on  in the s u r f a c e  a t  the s a m e  range ,  r e g i s t e r s  the s ide-on 
p r e s s u r e .  The s ide -on  plus the dynamic p r e s s u r e  i s  about twice the s i d e -  
on p r e s s u r e  a t  that  l eve l .  The d i f fe rence  between the face-on  and s i d e -  
on p r e s s u r e s  i s  the dynamic p r e s s u r e .  I t  i s  equal  to the air dens i ty  t i m e s  
the squa re  of the pa r t i c l e  velocity divided by two. 

F i g u r e  1B ( r e c o r d  e )  shows a b l a s t  wave as i t  is usual ly  po r t r ayed  
m e a s u r e d  s ide-on .  It is cha rac t e r i zed  by a near - ins tan taneous  r i s e  to  a 
peak  in  the shock front ,  followed by an  a l m o s t  exponential  decay  to below 
ambient .  The peak  p r e s s u r e  i s  genera l ly  e x p r e s s e d  in  units of pounds p e r  
s q u a r e  inch ( p s i ) ,  a t m o s p h e r e s  ( a t m ) ,  o r  k i log rams  of f o r c e  p e r  s q u a r e  
cen t ime te r  (Kgf /cm2) .  The t ime  the p r e s s u r e  r e m a i n s  above n o r m a l  a m -  
bient is t e r m e d  the dura t ion  of the b las t  wave,  which, in  th i s  c a s e ,  is 
about 3. 7 m s e c .  The posi t ive impulse  is the in t eg ra l  of Pd t  - commonly 
s ta ted  as ps i .  m s e c ,  a t m .  m s e c ,  o r  m s e c * K g f / c m 2 .  As the wave t r a v e l s  
a w a y  f r o m  the s o u r c e ,  i t  d e c r e a s e s  in  magnitude and grows in  dura t ion .  I 

b las t  dose  by imagining prone  and standing personnel  in  the  vicinity of the 
gauges in  F i g u r e s  1A and B. 

A shock tube i s  s imply  a long duct  c losed  a t  one o r  both ends .  I t  is 
divided into a h i g h - p r e s s u r e  s ide  ( compress ion  c h a m b e r )  and a low-pres -  
s u r e  s ide  (expansion c h a m b e r )  by a rupturable  d iaphragm.  At d iaphragm 
rup tu re ,  the r e l e a s e  of the  h i g h - p r e s s u r e  gas  gene ra t e s  a shock f ront  that  
t r a v e l s  down the expansion chamber .  Except  a t  long  d is tances  downst ream 
(approximate ly  1 6  t i m e s  the length of the high-pressur .e  chamber , ) ,  the 
shock wave in the tube is typically f la t - topped.  This  is in con t r a s t  to the 
peaked waves f r o m  high explosives .  

F i g u r e  1 p r e s e n t s  the p r e s s u r e - t i m e  h i s t o r i e s  f r o m  64-lb TNT 
F i g u r e  1A shows the p r e s s u r e  wavefo rms  a t  the su r face  and 

Gauge "a, ' I  a t  the su r face ,  

The r e a d e r  may recognize  the complexi ty  of es tabl ishing the air - 
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F i g u r e  1. P r e s s u r e - T i m e  H i s t o r i e s  f r o m  64-Lb T N T  Charges .  F i g u r e  
A IS P r e s s u r e - T i m e  Record ings  f rom Piezoelectric Gauges 

' Mounted (a) F l u s h  with the Ground Surface  and (b) and- ( c )  
Side-On at 2-1 /2  and 12 I n . ,  Respect ively,-  above the Surface .  
Height -of -Burs t  Was 18 F t .  F i g u r e  B Is P res su re -T i r r . e  
Record ings  f r o m  P iezoe lec t r i c  Gauges Mounted (d )  F a c e  -On 
and ( e )  Side-On a t  20 -F t  Ground Range and 12 -F t  B u r s t  Height.  
All Measuremen t s  Were  Made a t  an  Ambient P r e s s u r e  of 12 
Psia. 
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F i g u r e s  2A and  B i l lus t ra te  the p r e s s u r e - t i m e  h i s to r i e s  in a closed 
shock tube used  to genera te  ref lected shocks and in a n  open-ended one f o r  
f r e e s t r e a m  conditions. It should be pointed out that  the s a m e  physical  
l a w s  that  govern the behavior of shock waves  in  the air f r o m  high explo- 
s ives  a l so  apply to- those in shock tubes - except it m u s t  be borne in mind 
that, in  the .shock tube, the wave is t ravel ing in only one direct ion.  By 
modifying the configuration of the shock tube,  the a i r - b l a s t  pa t te rn  can  be 
ta i lored to a g rea t  extent in r e g a r d  to magnitude, duration, and na ture  of 
the leading edge of the pulse.  One big advantage of shock tubes in s i m u -  
lating b l a s t s * i s  that  Itlong'' -durat ion waves  a r e  readi ly  ogtained that would 
o the rwise  r e q u i r e  l a r g e  amounts  of high explosives .  

E' 

k 

BIOLOGICAL TOLERANCE TO "SHARP" -RISING 
PRESSURES O F  VARIOUS DURATIONS 

The geomet r i e s  of exposure  in these  s tudies  w e r e  those in  which 
an ima l s  w e r e  placed against  a ref lect ing s u r f a c e  e i ther  lef t -s ide-on against  
the endplate that c losed the end of the expans ionchamber  of the shock tube- 
( F i g u r e  2A) o r  in the prone posit ion on a concre te  pad with the c h a r g e s  
detonated overhead  ( F i g u r e  1A). In both ins tances ,  .the max ima l  "load" . 
received by the subjects w a s  the reflected p r e s s u r e .  
the "long"-duration pulses  w e r e  f r o m  the shock  tubes and the "short"  ones 
f r o m  high explosives .  

D o s e - r e s p o n s e  da ta  in  the f o r m  of probi t  mor ta l i ty  c u r v e s  re lat ing 
the per-cent  m o r t a l i t y a t  24 hour s  to the log ref lected p r e s s u r e  for  "long" 
(180 to 400 m s e c )  3-5 and "short"  (2.1 to 4.6 m s e c ) 3 ,  6, 7 durat ions appea r  
in F i g u r e s  3 and 4, respect ively.  Tables  1 and 2 give the corresponding 
LD50 values ,  p robi t  r e g r e s s i o n  equation cons t an t s , ,  and re la ted  an ima l  
information. S ta t i s t ica l  analysis  showed that the s lopes  of the c u r v e s  did 
not v a r y  significantly f r o m  one another ,  and so  they w e r e  adjusted to a 
common slope in  both c a s e s .  

That  the mor ta l i ty  c u r v e s  a r e  essent ia l ly  pa ra l l e l  suggests  that  all 
spec ies  a r e  dying f r o m  s i m i l a r  m e c h a n i s m s ;  a prominent  one of which is 
the consequence of air embol i  enter ing the vascu la r  s y s t e m  f r o m  the d a m -  
aged lungs and t ravel ing to the h e a r t  and bra in .  The s teep,  s lopes  of the 
c u r v e s  indicate a relat ively s m a l l  r ange  in  p r e s s u r e  dose f r o m  the LD1 
to the LD99 leve ls .  It is a s o r t  of "all"- o r  "none"-type response .  In 
t e r m s  of ground r ange  f r o m  a s m a l l  explosion, this  es tab l i shes  a r e l a -  
tively s h o r t  zone between the dis tance at which all the an ima l s  a r e  killed 
and the r ange  beyond which they all survive. .  As a n  example,  for  sheep  
prone-side-on,  it w a s  roughly between 17- and 21-ft ground r anges  f r o m  
a 64-lb c h a r g e  at a 6 - f t  b u r s t  height. 

Into one 
group fal l  s m a l l  rodents ( m i c e ,  h a m s t e r s ,  r a t s ,  guinea pigs ,  and r a b -  
b i t s )  and into the o ther ,  the l a r g e r  an ima l s  (dogs,  goats,  sheep, cat t le ,  
and swine) .  Cats  and monkeys also fall into the l a r g e r - a n i m a l  grouping 
by v i r tue  of the i r  to le rance .  

In Fi u r e  5, the above LD50 values,  as well  as those r epor t ed  e l s e -  
where ,  - Fo for  " sha rp" - r i s ing  re f lec ted  p r e s s u r e s  a r e  plotted a s  a func- 
tion of durat ion.  It can be seen  that,  for  a given spec ie s ,  the median  le thal  

For the most  pa r t ,  

The  LD50 cu rves  in F i g u r e s  3 and 4 fall into two groups.  
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F i g u r e  3 .  Mortal i ty  Curves  fo r  Animals  Exposed to "Long" -Durat ion 
Reflected P r e s s u r e s  While Mounted Side-On Against  the 
Endplate  of a Shock Tube.  P rob i t  Regres s ion  Equation: 
y = a t b log x ;  Where y Is the P e r - C e n t  Mortal i ty  in P r o b i t  
Units ,  a and b the In te rcept  and Slope Constants ,  and x the 
P r e s s u r e .  Data Taken f r o m  Refe rences  3 to  5;  Al l  
Measu remen t s  Were  Made at Ambient P r e s s u r e  of 12  P s i a .  
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F i g u r e  4 .  Mortal i ty  Curves  for Animals  Exposed  to  "Short" -Durat ion Reflected P r e s s u r e s  f r o m  
High-Explosive Charges Detonated Overhead  While Mounted P r o n e  o n  a Concre t e  P a d .  
P r o b i t  Regres s ion  Equation: y = , a  t b log x; Where  y Is the P e r - C e n t  Mortal i ty  in 
Probi t  Units,  a and b the In te rcept  and Slope Constants ,  and x the P r e s s u r e .  Data  
Taken f r o m  References 3 ,  6,  and 7 ;  All  M e a s u r e m e n t s  Were  Made a t  Ambien t  
P r e s s u r e  of 12  Ps ia .  
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TABLE 1 

LD50 AND PROBIT REGRESSION EQ.UATION CONSTANTS FOR 

ANIMALS SUBJECTED TO "LONG" -DURATION REFLECTED PRESSURES 

Species  Mean . 
and Body LD50, Durat ion,  P rob i t  Equation Constants  

Number Weight ps i  m s e c  in te rcept ,  a slope , b 

Mouse. 20.7 g 26. 7 339 -17. 072 15. 466b 

Ham s t e  r 

200 ' (25. 5-28. O ) a  

89.2 g 28. 6 361 -17.513 15.466 

34 0 -17.928 15.466 Rat  200 g 30.4 

Guinea P i g  424 g 25. 9 34 2 - 16.858 15.466 

110 (27. 1-30. 0) 

150 (29. 1-31. 7) 

120 (24. 7-27.2) 

'3.7 kg 24. 8 35 1 -16.561 15.466 Rabbit  

Cat  2.5 kg 43. 6 368 -20. 361 15.466 

Dog 15. 1 kg 47.9 4 14 -20.993 15.466 

Goat 20.5 kg 52. 8 412 -2 1.637 15.466 

Sheep 53.6 kg 54.9 212 -2 1.902 15.466 

Catt le  ' 180 kg 42. 7 184 -20.21 1 15.466 

40 (22. 6-27. 3 )  

48 (40. 3-47. 3) 

35 (44. 0-52. 3 )  

30 (48. 0-58. 1) 

39 (50. 7-59.6) 

27 (38. 7-47. 0) 

a 95-per  cent  confidence l imi t s .  
b Standard e r r o r  of the slope constant = *l. 368. 
Note: 24 -hour  mor ta l i ty .  

Ambient  p r e s s u r e ,  12 ps ia .  



TABLE 2 

LD50 AND PROBIT REGRESSION EQUATION CONSTANTS FOR 

ANIMALS SUBJECTED TO "SHORT" -DURATION R E F L E C T E D  PRESSURES 

Species  Mean 
and Body LD50, Durat ion,  P rob i t  Equation Constants  

Number  Weight p s i  m s e c  in te rcept ,  a s lope,  b 

Mouse 2 2 . 2  g 25. 9 2 . 1  - 19.639 17.  428b 

R a t  205 g 35. 8 3. 6 -22. 074 17 .428  

Guinea P ig  568 g 31. 4 3. 8 - 2 1 .  080 17 .428  

Rabbi t  2. 0 kg  38. 2 3 .  6 -22.563 17.428 

Monkey 5. 7 kg 111 3. 6 -30 .659  17 .428  

Dog 1 6 . 0  kg 88. 2 4 . 6  -28. 908 17.428 

Goat 22 .7  kg 107 4 . 4  -30. 352 17 .428  

Sheep 5 3 . 3  kg 167 2 . 9  -33. 721 17.428 

Swine 5 5 . 6  kg 154 2 . 9  - 3 3 . 1 1 3  17.428 

120 (24. 8-27.  O ) a  

4 0  (33.4-38.  3)  

82  (29. 6-32. 9 )  

70  (36. 3-40. 3) 

12 (97 - 128) 

2 9  (80. 9-96 .8)  

15 (96-  119) 

57 (159- 176) 

16 (1 3 8 -  170)  

a 95-per  cent  confidence l imi t s .  
S tandard  e r r o r  of the s lope constant  = *2. 371 

Note: 24-hour mor t a l i t y .  
Ambient  p r e s s u r e ,  12 ps ia .  
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dose  r e m a i n s  f a i r ly  constant a t  the "longer" durat ions and then c l imbs  
sharp ly  a t  the "shor te r"  t imes .  The c u r v e s  f o r  the l a r g e r  animals  (dogs 
and goats)  bend upward around the 10- to 2 0 - m s e c  region,  w h e r e a s ,  for  
the s m a l l  spec ies ,  i t  r anges  f r o m  l e s s  than 1 m s e c  fo r  the mouse  to 
around 3 m s e c  fo r  rabbi t s .  At the "long"-duration end of the sca l e ,  the 
LD50 values r ange  f r o m  nea r  30 to 53 ps i  (a factor  of two) even though the 
an ima l s  var ied  in  s i ze  f r o m  m i c e  to sheep  and cat t le .  In cont ras t ,  at the 
" shor t e r "  dura t ions ,  the effect  depends m o r e  on spec ies  s i ze .  
to 4 - m s e c  region, the tolerance of nine spec ies  ( m i c e  to sheep)  v a r i e s  by 
a fac tor  of about five fFom approximately 30 to 166 psi .  

l ines  at the " shor t e r "  durat ions.  This  may m e a n  that the dose  o r  biolog- 
ica l  r e sponse  depends chiefly on the impulse.  The f igures  a r e  on the o r -  
d e r  of 5 to 10 p s i -  m s e c  fo r  the s m a l l  an ima l s  and 8 0  to 120 psi .  m s e c  for  
l a r g e r  an imals .  At the r ight  end of the graph, the c u r v e s  para l le l  the i so -  
p r e s s u r e  l ines ,  indicating that the r e sponse  depends chiefly on the peak 
p r e s  s u r e .  

F r o m  the information in F i g u r e  5, one may cons t ruc t  a s i m i l a r  
cu rve  for  a m a m m a l  the body weight of man  by extrapolat ion of i n t e r spe -  
c i e s  cor re la t ions  relat ing L D 5 0 ' s  to bady weight. 9 
i n t e r s p e c i e s  compar i sons  a r e  given in F i g u r e s  6 and 7 for  "long"-duration 
(180 to 400 msec )3 -5  and "short"-duration (2. 1 to 4. 6 msec)3 ,  6 ,  7 r e -  
f lected p r e s s u r e s .  F r o m  F igure  6 ,  one calculates  a 50 -pe r  cent le thal  
p r e s s u r e  for  a 70-kg man  of 47 .  6 p s i  and, f r o m  F i g u r e  7 ,  a 50-per  cent 
le tha l  p r e s s u r e  of 147 ps i .  These  e s t i m a t e s  apply only to ref lected p r e s -  
s u r e s  with exposure  s ide-on against  a ref lect ing s u r f a c e  n o r m a l  to the 
incident shock and a t  an ambient  p r e s s u r e  of 12  p s i a .  They w i l l  be dea l t  
with again l a t e r  in this  r epor t .  

At the 2-  

The c u r v e s  appea r  to approach  para l le l i sm with the i so - impu l se  

Examples  of these  

E F F E C T S  O F  ORIENTATION ON BIOLOGICAL RESPONSE 
TO "SHARP" -RISING PRESSURES 

The r e su l t s  r e p o r t e d  in this sect ion show that,  for  exposure in the 
f r e e s t r e a m ,  or ientat ion of the biological t a rge t  can significantly affect  
r e sponse .  F i g u r e  8 3  c o m p a r e s  the 50-per cent le thal  conditions for guinea 
pigs in different posit ions in the f r e e s t r e a m  of an open 12-in.  d i a m e t e r  
shock tube (F igure  2B) with those against  the closed end of the s a m e  tube 
( F i g u r e  2A). the durat ion w a s  beyond 15 m s e c  
and, in the l a t t e r ,  s e v e r a l  t i m e s  that.  Both of these  may  be considered 
to be v e r y  "long" for  an an ima l  of that  s i ze .  The b a r  graph shows that,  
in t e r m s  of s ide-on  incident p r e s s u r e s ,  17 to 18 ps i  accounted for  50-per  
cent lethali ty for  those suspended ver t ica l ly  o r  prone -broadside;  w h e r e a s  
incident p r e s s u r e s  of 25 to 26 ps i  w e r e  r equ i r ed  for  the s a m e  effect  with 
those head-on o r  tail-on. F o r  an ima l s  against  a ref lect ing sur face ,  the 
incident shock p r e s s u r e  was  the lowest (10 ps i ) .  T h e r e  wa9  be t te r  a g r e e -  
men t  between LD50 p r e s s u r e s  for  the different  conditions when the dy-  
namic  p r e s s u r e  w a s  added to the s ide-on p r e s s u r e  as the max ima l  effec-  
tive dose the upright and p rone - s ide -on  an ima l s  rece ived .  A comparable  
f igure was the s ide-on p r e s s u r e  for  the end-on an imals .  The max ima l  
ref lected p r e s s u r e  was the significant p a r a m e t e r  o r  max ima l  effective 
dose  f o r  those tes ted  against  the endplate of the shock tube. 
v e r y  t rans ien t  ref lected shock f r o m  the animal  i tself  was involved in con- 
t r ibut ing to the effective dose cannot be s ta ted a t  this t ime .  

In the f o r m e r  si tuation, 

Whether the 
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Studies a r e  under  way to extend these  findings to  a l a r g e  spec ie s  
using "short"-durat ion air b l a s t s .  7 Sheep, a t  different  or ien ta t ions  and 
at s e v e r a l  r a n g e s ,  a r e  exposed  in the open to b l a s t s  f r o m  64-lb c h a r g e s  
a t  and above 6-ft  he igh t s -o f -bu r s t .  Based  on the  r e sponse  of sheep  to 
"short"  -durat ion r e f l ec t ed  p r e s s u r e s  on the s u r f a c e  a l r eady  mentioned 
in  Table  2 (LD50 and  95-per  cent  confidence l i m i t s  of 167 ps i  and 159 to 
176 psi ,  respec t ive ly) ,  one would expect  50-per  cent  le thal i ty  fo r  v e r t i -  
cal ly  suspended and prone-broadside an ima l s  at a d is tance  w h e r e  the s i d e -  
on plus  dynamic  p r e s s u r e  is within the f igu res  shown, and a t  d i s t ances  
w h e r e  the s ide -on  p r e s q u r e s  a r e  of that  o r d e r  fo r  end-on an ima l s .  

Some of t hese  r e s u l t s  which appea r  in Table  3 show that  the upright  
and p rone -b roads ide  sheep  exper ience  50-per  cent  le thal i ty  at 18 f t  w h e r e  
s ide-on  plus dynamic p - r e s su res  r eco rded  w e r e  on the o r d e r  of 177 p s i .  
The head-on an ima l s  a l l  surv ived  at that  range  w h e r e  the  incident  s ide-on  
p r e s s u r e  was  8 3  ps i .  The l a t t e r  would have to be placed a t  c l o s e r  r anges  
to  sus t a in  50 -pe r  cent mor t a l i t y .  

BIOLOGICAL RESPONSE T O  BLAST WAVES 
THAT RISE IN T W O  S T E P S  

It h a s  been found that  an imals  can  withstand h igher  re f lec ted  p r e s -  
s u r e s  if they a r e  beyond a ce r t a in  d is tance  f r o m  the re f lec t ing  s u r f a c e  
r a t h e r  than aga ins t  i t .  Those  located s h o r t  d i s t ances  u p s t r e a m  f r o m  a 
re f lec t ing  s u r f a c e  a r e  f i r s t  s t r u c k  with the incident  shock and then, a v e r y  
s h o r t  t ime  l a t e r ,  by the  re f lec ted  shock f r o m  the opposi te  d i rec t ion .  The 
t i m e  between shocks  is r e l a t ed  to the  d is tance  f r o m  the su r face ,  and to 
s o m e  extent  by the shock s t r eng th .  F igu re  9 gives the mor t a l i t y  f o r  five 
s p e c i e s  t e s t ed  s ide-on  a t  var ious  d is tances  f r o m  the endplates  c los icg  the 
24-  and 40-in.  d i a m e t e r  shock t u b e s . 9 ~ ~ ~  They w e r e  exposed to "square"  
w a v e f o r m s  of "long" dura t ion  s i m i l a r  to those a l r eady  shown in F i g u r e  2 ,  
r e c o r d s  a and b. The incident shock p r e s s u r e  was  18 ps i  and re f lec ted  
to 5 2  ps i .  The re f lec ted  shock p r e s s u r e  does  not decay  in the shock tube 
at these  d i s t ances  a s  i t  does  for  "short"-durat ion waves in the open.  These  
pressures  produced 100-pe r  cent  le thal i ty  fo r  mice ,  r a t s ,  gu inea  pigs ,  
and rabbi t s  and 50-per  cent  mor t a l i t y  f o r  dogs when all w e r e  aga ins t  the 
endplate.  As the subjec ts  w e r e  moved a w a y  f r o m  the re f lec t ing  s u r f a c e  
(endplate) ,  t h e r e  was ,  for  each  spec ie s ,  a c e r t a i n  d is tance  where  the p e r -  
cent  le thal i ty  dropped.  
s i z e  o r ,  m o r e  specif ical ly ,  to the i r  body width. Apparent ly ,  a t  a c e r t a i n  
d is tance ,  a pa r t i cu la r  spec ie s  would expe r i ence  the incident and re f lec ted  
shocks  a s  two s e p a r a t e  events ,  which w e r e  l e s s  damaging than a t  s h o r t e r  
d i s tances  where  they w e r e  one. The t i m e s  between shocks r equ i r ed  fo r  
g r e a t e r  r e s i s t a n c e  w e r e o n  the o r d e r  of 0.04 m s e c  fo r  the mouse  and 0.38 
to 0. 71 m s e c  f o r  the dog. 

The s u r p r i s i n g  thing was  that the re f lec ted  shock in the second s tep ,  
given by i t se l f ,  would be m o r e  le thal  than the two combined.  
as if the f i r s t  s t ep  "pro tec ts"  the t a r g e t  f r o m  the second.  I t  may  be that  
the f i r s t  s tep,  if not in i tself  a le thal  dose,  may  p ro tec t  the an imal  f rom 
the second shock by effect ively providing a new and higher  ambient  p r e s -  
s u r e  ex terna l ly  as wel l  a s  in t ra thorac ica l ly ,  thereby  making the second 
shock l e s s  effect ive.  Shock-tube s tudies  have made  i t  c l e a r  that  as the 

T h e s e  d i s t ances  w e r e  d i r ec t ly  re la ted  to spec ie s  

I t  i s  a l m o s t  
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TABLE 3 

E F F E C T  OF ORIENTATION ON THE RESPONSE O F  SHEEP 

TO "SHORT" -DURATION AIR BLASTS 

P r e s s u r e ,  p s i  
Side -On 

P lus  Duration, Lethal i ty  
Orientat ion Side -On Dynamic m s e c  at 18 ft:: 

Pr one-H e ad- On 8 3  177 3 .  6. 

Prone-Side-On 8 3  177 

Suspended 8 3  
Ve r t i  c ally-Fa c ing 

177 

3 . 6  

3. 6 

31 6 
50% 

41 8 
5 0% 

* Ground range f rom 64-lb T N T  cha rges  detonated a t  a 6-ft 
height-of-burst .  

Reference  7. 
Note: Ambient p r e s s u r e ,  12 ps ia .  
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b a r o m e t r i c  p r e s s u r e  at the t i m e  of exposure  is inc reased ,  
s i s t ance  to b l a s t  goes up proport ionately.  11, 12 

an ima l s '  r e -  

Invest igat ions with b l a s t  waves tha t  r o s e  in  two s t eps  have been r e -  
por ted  for  peaked waves  f r o m  high-explosive c h a r g e s  f i r e d  in  the open. 13 
In t e r m s  of peak re f lec ted  p r e s s u r e ,  
the  ref lect ing plate  a t  0 and 4 c m  f r o m  the i r  necks  with t i m e - s t e p s  of 0 
and 0.  15 m s e c ,  but t o l e rance  r o s e  when the plate  was  10 c m  with a t i m e -  
s tep  of 0. 3 msec .  

Thus,  i n  t e r m s  of LD50 ref lec ted  p r e s s u r e s ,  t h e r e  a p p e a r s  to be a 
50- to 100-per  cent  i n c r e a s e  in  r e s i s t a n c e  when sufficient t i m e  (d is tance)  
s e p a r a t e s  the two shocks .  

r a t s '  t o l e rance  was  the s a m e  wi th '  

BIOLOGICAL RESPONSE T O  "SLOW" -RISING BLAST PRESSURES 

In genera l ,  biological s y s t e m s  a r e  r e m a r k a b l y  to le ran t  to p r e s s u r e  
pu l ses  that  r i s e  in  a "smooth" manner  without the p r e s e n c e  of shock f r o n t s .  
Such wavefo rms  have been r eco rded  in personnel  s h e l t e r s  subjected to 
nuc lear  b l a s t  that  f i l led through s m a l l  openings.  In ou r  l abora to ry  e x p e r -  
imen t s ,  dogs have surv ived  maximal  p r e s s u r e s  of 74 to 167 ps i  that  r o s e  
to peak in 30, 60,  90,  and 155 m s e c  (Table  4) .14 ,15  The leading por t ions  
of the p r e s s u r e  wavefo rms  a r e  shown in F i g u r e  10 and w e r e  of l o - ,  l o - ,  
20- ,  and 5 - s e c  dura t ions  fo r  r e c o r d s  a,  b, c ,  and d ,  respec t ive ly .  The 
b las t  i n ju r i e s  consis ted-of  e a r d r u m  rup tu re ,  m a r k e d  s inus  h e m o r r h a g e ,  
and,  in s o m e  c a s e s ,  i so la ted  lung h e m o r r h a g e s  of a t r iv i a l  na tu re .  The 
l a t t e r  w e r e  along the m a r g i n  of the cos tophrenic  por t ions  of the lungs .  
Smal l  an ima l s  showed a s i m i l a r  r e s i s t a n c e  to these  p r e s s u r e  pa t t e rns .  
Guinea pigs sus ta ined  p r e s s u r e s  of 50 to 80 p s i  having r i s e - t i m e s  of 20 
m s e c  and beyond and f r o m  0 . 8  to 25 s e c  in  dura t ion .  Mice surv ived  p r e s -  
s u r e s  up to 1 2 2  p s i  with r i s e - t i m e s  on the o r d e r  of 20  to 30 m s e c .  

That  an ima l s  can r e s i s t  ve ry  high, "smooth"- r i s ing  p r e s s u r e s  w a s  
wel l  i l lus t ra ted  by the work  of Wfinsche. 
p r e s s u r e  v e s s e l  to 28 a tm with a r i s e - t i m e  of 0.  5 to 0 .  6 s e c .  The hold-  
t i m e s  w e r e  10,  20, 30, and 40 s e c  and the decay  o r  decompress ion  t i m e s  
w e r e  4.35, 1 .20,  and 0.2 min .  At higher  p r e s s u r e s  of 3 3  to 46 a t m ,  m o r -  
tali ty did occur ,  but i t  w a s  re la ted  to hold- t ime and t i m e  of d e c o m p r e s -  
s ion and not to the ini t ia l  loading phase .  

Ra t s  surv ived  exposure  in a 

SELECTED BLAST INJURIES 

Lung Injury 

Lung damage  i s  respons ib le  fo r  the c l a s s i c  ex te rna l  s ign of b las t  
damage:  exudation of blood o r  bloody f ro th  f r o m  the mouth and nos t r i l s .  
One m u s t  has ten  to add that ,  under  some  c i r c u m s t a n c e s ,  s inus  h e m o r -  
rhage  may contr ibute  to  th i s .  Although the audi tory mechanism is prob-  
ably the s y s t e m  mos t  sens i t ive  to  the a i r  b l a s t ,  the lungs may  be con- 
s ide red  the c r i t i ca l  t a r g e t  organ .  Lung damage  ini t ia tes  the sequence of 
physiological changes in the body that  may  lead to the death of the an imal  
Espec ia l ly  impor tan t  i s  the or ig in  of a i r  bubbles,  
rupted alveol i  of the lungs.  

apparent ly  f r o m  d i s -  
These  appear  in the vascu la r  sys t em where  
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F i g u r e  10. "Slow" -Rising P r e s s u r e - T i m e  P a t t e r n s  with Var ious  Ra te s  of 
R i se .  Record ings  Made a t  Ambient P r e s s u r e  of 12  Psia. Data 
Taken  f r o m  Reference  14. 
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t he i r  quick t r a n s p o r t  to var ious  o r g a n s ,  including the h e a r t  and bra in ,  
l eads  to a rapid death.  
t o m s  of cen t r a l  nervous s y s t e m  d i s o r d e r s  obse rved  in an ima l s  subjected 
to intense air blast ,  and of in farc t s  found in the h e a r t s  and kidneys of 
blasted s u r v i v 0 r s . ~ , 5  It was  important ,  therefore ,  to l e a r n  the re la t ion-  
ship between lung injury and intensity of air b las t .  

dogs a t  and below the le thal  level  is s u m m a r i z e d  in F i g u r e  11. 31  171 18 It 
gives the lung weight and degree  of pulmonary h e m o r r h a g e  in re la t ion to 
the magnitude of "long"-duration reflected p r e s s u r e  in a shock tube. Any 
i n c r e a s e  in the lung weight of a blasted an ima l  above control  values gives 
an indication of the amount of blood and/or  edematous f luid in that organ.  
As s e e n  in F i g u r e  11, petechial  hem.orrhages f i r s t  appea red  in dog lungs 
a t  12 to 16 ps i .  Small ,  i solated h e m o r r h a g e s  w e r e  produced a t  20 to 30 
ps i .  It w a s  not until p r e s s u r e s  reached the le thal  r ange  that m o r e  s e r i o u s  
confluent h e m o r r h a g e s  o c c u r r e d  and lung weights i n c r e a s e d  important ly  
above control  values .  
l a ted  for  dogs subjected to ref lected p r e s s u r e s  of 2 0 -  to 4 0 - m s e c  durat ion 
w e r e  36. 3 p s i  and 30. 9 to 39. 1 psi ,  respec t ive ly .  
p s i  (46.6 to 50.3), the lung weight can be as much as two to foul t i m e s  the 
n o r m a l .  
dogs amounts  to approximately one-fourth of the LD50 dose and m o r e  s e r i -  
ous injury o c c u r s  a t  about th ree- four ths  of the LD50. 

tous changes ( en la rgemen t  and disrupt ion of the alveolar  sep ta)  in and a d -  
jacent  to the hemor rhag ic  a r e a s .  In the lungs of an ima l s  given 20  ps i  and 
above, per ivascular  and per ibronchial  clefting and s t r ipping of the b r o n -  
chial  epithelium w e r e  common findings. 

F o r  an ima l s  in the two groups exposed to 15 ps i  and l e s s  that  e x -  
hibited ne i ther  petechia nor  lung h e m o r r h a g e ,  the b las t  had no detectable  
effect  on  the i r  h e a r t  and r e s p i r a t o r y  r a t e s .  
detected in the e l e c t r o c a r d i o g r a m s  of these  an imals .  However ,  the r e s -  
p i r a t o r y  r a t e s  of dogs having smal l ,  i solated h e m o r r h a g e s  usually in-  
c r e a s e d  a t  20  to 4 0  min  a f te r  exposure.  Usually,  confluent pu lmonary  
h e m o r r h a g e s  produced an immedia t e  i n c r e a s e  in the r e s p i r a t o r y  r a t e  and 
the animals '  breathing w a s  rapid and shallow. Significant slowing of the 
h e a r t  r a t e  w a s  noted only in an ima l s  that  r ece ived  le thal  b las t  d o s e s .  

Once the relat ionship between the d e g r e e  of lung injur-y and the p r e s  - 
s u r e  dose was  worked out in s o m e  de ta i l  fo r  one of the l a r g e r  spec ie s ,  it 
w a s  possible  to d e t e r m i n e  the threshold leve l  in o ther  large'speci'es for  
o ther  conditions of exposure using fewer- a n i m a l s .  

F o r  rrlonglr -durat ion p r e s s u r e s ,  the threshold for  petechial  hemor  - 
rhage  in the lungs of goats was found to be n e a r  10 ps i ' ( s ide -on  p r e s s u r e )  
having a durat ion of 230 m s e c .  The an ima l s  w e r e  exposed in the open, 
r igh t -s ide-on  aka  ground r ange  of :960 f t  f r o m  a 500-ton T N T  cha rge  in  
the f o r m  of a h e m i s p h e r e  a t  a b a r o m e t r i c  p r e s s u r e  of 13.6 psia .17 S imi -  
lar values  for  sheep  against  the endplate of a shock tube,  with an ambient  
p r e s s u r e  of 12 ps ia ,  w e r e  found to be between 16 and 18 ps i  for re f lec ted  
p r e s s u r e s  n e a r  100-  and 120-msec  dura t ions .  7 

A i r  bubbles are  a l so  the probable cause  of s y m p -  

The d e g r e e  of lung injury inflicted by g raded  d o s e s  of a i r  b las t  in 

The LD1 and 95-per  cent confidence l imi t s  ca lcu-  

At LD50 leve ls ,  48.  2 

It a p p e a r s  that  the threshold fo r  petechial  lung h e m o r r h a g e  in 

Microscopic  examination of the lung t i s sues  revealed emphysema-  

Neither could any changes be 

. 
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F i g u r e  1 2  p r e s e n t s  the lung weight and extent  of pu lmonary  he rnor -  
rhage  fo r  sheep  exposed to "short"-durat ion re f lec ted  p r e s s u r e s  of v a r i -  
ous  le.vels a t  an  ambient  of 12 ps i a .  7 
damage  in sheep  can be s e e n  to be around 30 to 35 ps i  (dura t ion  of 5. 7 
m s e c ,  64- lb  cha rge  a t  32-ft  b u r s t  height) .  The an ima l s  w e r e  prone  on a 
conc re t e  pad with cha rges  detonated overhead  as a l r eady  d e s c r i b e d .  The 
threshold ,  in this  c a s e ,  w a s  sl ightly l e s s  thanone- four th  of the LD50 dose  
of 166 p s i  with 64- lb  c h a r g e s  because  of the " longer"  dura t ion  encountered  
as the  d is tance  f r o m  the charge  was i n c r e a s e d  in  going f r o m  n e a r  L D 5 0  
heights (17 f t )  with d u r a t i o n s  of 3 rnsec  to 32-f t  he ights  with 5.  7 -msec  
dura t ions .  I t  s e e m s  safe  to genera l ize  on the m a t t e r  and use  one- four th  
of the dose  as the beginning of lung injury and th ree - fou r ths  of the LD50 
(about the threshold  fo r  le thal i ty)  as the beginning of s e v e r e  lung in jury .  

F r o m  this  the th re sho ld  f o r  lung 

Ear I n i u r v  

A subsequent  paper  a t  this  conference  by D r .  F. G. H i r s c h  wil l  r e -  
view the informat ion  on  e a r  injury.' Even  though no s y s t e m a t i c  s tud ies  on 
e a r  in jury  have been undertaken a t  th i s  l abora to ry  to da te ,  a few r e m a r k s  
should be made  in  pass ing .  F i r s t ,  t h e r e  i s  a r e m a r k a b l e  var ia t ion  e n -  
countered  in  e a r d r u m  r e s p o n s e s .  F o r  ins tance ,  in  Operat ion Snow Ball  
w h e r e  a 500-ton TNT cha rge  was  detonated on the su r face ,  the e a r d r u m  
rup tu re  in goats  exposed s ide-on  in  the open ranged  between 55 p e r  cent  
a t  10 p s i  (965-ft  r a n g e )  and 75 p e r  cent  a t  60 p s i  (430-ft  r ange ) .  At seven  
r anges  between the above, the percentage  of e a r d r u m s  rup tu red  seesawed  
f r o m  67 to 100 p e r  cent.  17 

Second, the da t a  in Table  5, f r o m  the sheep  threshold  lung s tudies ,  
sugges t  t h e r e  may  be a dura t ion  effect .  
r u p t u r e  w a s  r e c o r d e d  a t  21 .4  ps i ;  w h e r e a s  t h e r e  w e r e  no e a r d r u m s  r u p -  
t u r e d  a t  32 .4  p s i  when the dura t ions  w e r e  " s h o r t . "  
expe r imen t s ,  the pinnae of the sheep  w e r e  taped to  the tops of t he i r  heads  
so they would not a c t  a s  f lapper  va lves .  

would have a m a r k e d  effect  on e a r d r u m  rup tu re ,  a c u r s o r y  su rvey  of the 
da t a  failed to provide adequate  n u m b e r s  to subs tan t ia te  th i s .  Tha t  is, for  
an ima l s  t e s t ed  s ide-on  in  the f r e e s t r e a m ,  the s ide  of the head facing the 
b l a s t  ( the ou te r  cana l )  should be loaded with higher  p r e s s u r e s  than on  the 
opposi te  s ide .  

Four th ,  the  s e v e r i t y  of e a r  damage  grows 
with the intensi ty  of the  blast. 
d r u m s  intact  with s l ight  h e m o r r h a g e s ,  e a r d r u m s  pa r t ly  gone', e a r d r u m s  
completely mis s ing ,  to e a r d r u m s  absent  and o s s i c l e s  (pa r t i cu la r ly  the 
ma l l eus )  e i the r  d i s rupted  o r  f r a c t u r e d .  

.I. 

At "long" du ra t ions ,  38-per  cent  

In these  pa r t i cu la r  

Thi rd ,  although one would suspec t  tha t  the  or ien ta t ion  of the head 

in  v e r y  gene ra l  t e r m s ,  
The d e g r e e  of e a r  in jury  r anges  f r o m  e a r -  

ESTIMATION OF MAN'S R E S P O N S E  TO 
"SHORT" -DURATION AIR BLASTS 

Table  6 s u m m a r i z e s - t h e  max ima l  effective p r e s s u r e s  e s t ima ted  to 
produ.ce va r ious  l eve l s  of e a r d r u m  rup tu re ,  lung in jury ,  and le thal i ty  in  

:::TO be published a s  a Technical  P r o g r e s s  Repor t  N o .  DASA 1858. 
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TABLE 5 

COMPARISON O F  EARDRUM RUPTURE IN S H E E P  F R O M  

SUBLETHAL PRESSURES OF "LONG" AND "SHORT" DURATION 

Reflected E a r d r u m s  Ruptured P e r  Cent of 
P r e s  s u r  e,  Durat ion,  Right Left  E a r d r u m s  

p s i  m s e c  Only Only Both Ruptured 

"Long" Durat ion:  

10 .3  

17 .7  

2 1 . 4  

"Short" Durat ion:  

98 

124 

121 

0 / 4 ::: O /  5 015 

115 O /  5 O /  5 

1 /4 014 114 

0 

10 

38 

32 .4  

4 7 . 9  

73.9 

5 . 7  O/ 6 0 / 5 ::: 0 / 5 ::: 0 

5.2 116 O/ 6 316 58 

4 .8  116 O/ 6 3 /  6 58 

* One an ima l  not a s s e s s e d .  

Note: Ambient p r e s s u r e ,  12 psia. 
Reference  7 .  
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TABLE 6 

TENTATIVE CRITERIA FOR PRIMARY -BLAST E F F E C T S  

IN MAN APPLICABLE. TO "FAST" -RISING AIR BLASTS 

OF "SHORT" DURATION (3 MSEC) 

C r i t a l  Organ  Maximal  Effective P r e s s u r e ,  . 
o r  Event  P s i:: 

E a r d r u m  Rupture:  

Threshold  

50 P e r  Cent 

Lung Damage:  

Threshold  

5 

15 

30-40 
Sever  e 80 and above 

Lethal i ty:  

Threshold  

50 P e r  Cent 

N e a r  100 P e r  Cent 

100-120 

130-180 

200-250 

* Effect ive p r e s s u r e  can  be the incident,  re f lec ted ,  o r  
incident  plus dynamic,  depending on o n e ' s  geomet ry  
of exposure  and the locat ion of the explosion ( s e e  
text  fo r  an  explanation).  

Note: Ambient p r e s s u r e ,  12 ps i a .  
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man.  It should be emphas ized  that  the range  of p r e s s u r e  leve ls  indicated,  
fo r  a given ef fec t ,  a r e  a f i r s t  approximation and no doubt will  be r ev i sed  
as work  in th i s  a r e a  p r o g r e s s e s .  F u r t h e r m o r e ,  s ince  the dura t ion  has  
such  a m a r k e d  e f f ec t  on the p r e s s u r e s  r equ i r ed  fo r  a given leve l  of r e s -  
ponse,  
dura t ion .  Except  f o r  the e a r d r u m  e s t i m a t e s ,  they a r e  based  on the r e -  
su l t s  f r o m  expe r imen ta l  an ima l s .  

The p r e s s u r e s  r equ i r ed  f o r  50-per cent  le thal i ty  for  m a n  of 130 and 
180 p s i  (ambient  p r e s s u r e ,  1 2  p s i a ) ,  e s t ima ted  f r o m  F i g u r e  7,  a r e  lower  
than those p r e v i o u s l y p r e d i c t e d  of 390 to 470 psi ( s e a  l e v e l ) l 9  and 431 psi  
(ambient  p r e s s u r e  of 12 ps i a ) .  9 The l a t t e r  w e r e  based  on in t e r spec ie s  
s tud ies  involving only five and s ix  an imal  spec ie s  of which two w e r e  l a r g e .  
The 130- to 180 - p s i  value given in  Table  6 i s  in c l o s e r  ag reemen t  with a 
300 ps i  a t  6 . 6 - m s e c  dura t ion  le thal  l imi t  based  on a n a n a l y s i s  of an actual  
human  exposure  and dog exper iments  a t  s e a  l e v e l l  and the 188 ps i  a t  3 -  
m s e c  dura t ion  sca led  recent ly  f r o m  dog and goat da ta .  18, 20 A detai led 
cornpar i sonof  these  values  will  be dea l t  with in a subsequent  paper  a t  this  
conference  by M r .  Bowen. ::: 

The threshold  f o r  le thal i ty  (100 to 1 2 0  ps i )  was  obtained by a s suming  
m a n ' s  dose - re sponse  cu rve  would pa ra l l e l  those of the expe r imen ta l  an i -  
m a l s  r epor t ed  h e r e .  between 30 
to  4 0  and for  s e v e r e ,  80 p s i  o r  above, w e r e  based  on the threshold  s tudies  
involving sheep,  dogs,  and goats desc r ibed  e a r l i e r  in  this  r e p o r t .  The 
p r e s s u r e s  of 5 and 15 ps i  r equ i r ed  fo r  th reshold  e a r d r u m  rup tu re  and 50-  
p e r  cent ,  respec t ive ly ,  w e r e  f r o m  a subsequent  paper  in this  conference  
by D r .  F. G. H i r s c h .  :::::: T h e r e  a r e  insufficient da t a  to ref ine them a t  the 
p r e s e n t  t ime .  

The maximal  effective p r e s s u r e  may be the incident p r e s s u f e ,  the 
incident plus dynamic,  or the re f lec ted  p r e s s u r e ,  depending on one ' s  ge -  
o m e t r y  of exposure  and location of the cha rge .  If the biological t a r g e t  i s  
aga ins t  a ref lect ing su r face  that i s  n o r m a l  to the incident shock wave o r  
i f  the  individual i s  prone and the cha rge  detonated overhead ,  the re f lec ted  
p r e s s u r e  becomes  the max ima l  effective p r e s s u r e .  The s ide-on  plus  dy-  
namic  p r e s s u r e  becomes  the effective p r e s s u r e  for  individuals standing 
o r  p rone - s ide -on  to the cha rge  when it  i s  detonated a t  o r  nea r  the s u r -  
face .  When the biological t a r g e t s  a r e  or ien ted  end-on to the explosive 
s o u r c e ,  the s ide-on  incident shock p r e s s u r e  a p p e a r s  to be the max ima l  
effect ive p r e s  s u r e .  

they w e r e  standing with the charge  detonated overhead  o r  if they w e r e  
s tanding a few fee t  f r o m  a ref lect ing s u r f a c e  that was  n o r m a l  with r e s p e c t  
to the incident shock. In the f o r m e r  ins tance ,  the s ide-on  p r e s s u r e  in 
the first s t ep  would probably be the e f fec t ive  dose ;  in the r a t t e r ,  the s i d e -  
on p lus  dynamic p r e s s u r e  in  the first s t ep .  The re f lec ted  wave would 
have decayed to noninjurious leve ls  by the t ime  i t  r e tu rned  to the  tho rac i c  
reg ion .  I t  could, however ,  add to the  dura t ion  and impulse  of the wave,  
but s ince  i t  is a t  the a f t  end of the pulse ,  i t  might  not be of s ignif icance.  
Moreove r ,  the t ime  - s t e p  between the incident and re f lec ted  shocks would 

those f igu res  given can apply only to  a i r  b l a s t s  of n e a r  3 - m s e c  

The values  for  lung damage threshold ,  

P e r s o n n e l  would be subjected to p r e s s u r e s  that  r i s e  in  two s t eps  if 

$ To be published a s  a Technical  P r o g r e s s  Repor t  No .  DASA 1857. 
*:: TO be published a s  a Technical  P r o g r e s s  Repor t  N o .  DASA 1858. 
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be s e v e r a l  mil l iseconds,  which, even if the wave w e r e  of "long" durat ion,  
would not make  the ref lected p r e s s u r e  dangerous.  The exact  dis tance 
f r o m  a ref lect ing s u r f a c e  where  the effective p r e s s u r e  changes f r o m  the 
re f lec ted  to incident o r  incident plus dynamic cannot be s ta ted fo r  man at 
this  t ime.  Nor can anything be said about exposure  on a ref lect ing s u r -  
face  hi t  a t  var ious angles  of incidence with the shock wave. 

effective p r e s s u r e  should apply. That  i s ,  the threshold would be 30 to 4 0  
psi re f lec ted  p r e s s u r e  for  pe r sonne l  against  a r e f l ec to r .  F o r  those in the 
open standing o r  prone-side-on,  it would be 30 to 4 0  ps i ,  of which 20 to 25 
ps i  would be the incident p r e s s u r e  plus 10 to 15 ps i  dynamic  p r e s s u r e .  
Thi r ty  to fo r ty  ps i  incident p r e s s u r e  would be r equ i r ed  for  personnel  
prone-end-on.  

As far as lung injury i s  concerned, the foregoing r e m a r k s  on max ima l  

2.8 



REFERENCES 

1. 

2. 

3. 

4. 

5. 

6.  

7. 

8. 

9. 

10. 

11. 

Desaga,  H . ,  "Blast  In ju r i e s ,  I' Chap. XIV-D, G e r m a n  Aviation Med-  
ic ine ,  World W a r  11, 11: 1274-1293, U.  S. Government  P r in t ing  Office, 
Washington, D. C . ,  1950 

Richmond, D. R . ,  C. S. Gaylord,  and E. G. Damon, "DASA-AEC- 
Lovelace  Foundation Blast-Simulation Fac i l i ty ,  Technical  P r o g r e s s  
Repor t  No. DASA 1853, Defense Atomic Support  Agency, Depar tment  
of Defense,  Washington, D. C . ,  August 1966. 

Richmond, D. R . ,  E.  G. Damon, I. G. Bowen, E. R .  F l e t c h e r ,  and 
C. S. White, "Air B las t  Studies with Eight Species  of Mammals ,  I t  

Techn ica l  Progress Repor t  No. DASA 1854, Defense Atomic Support  
Agency, Depar tment  of Defense,  Washington, D. C . ,  August 1966. 

Damon, E. G . ,  C. S. Gaylord,  J .  T. Yelverton, and D. R .  Richmond, 
"The To le rance  of Cat t le  to  'Long' -Duration Reflected P r c - - s u r e s  in  a 
Shock Tube,"  Technical  P r o g r e s s  Repor t  N o .  DASA 1855, Defense 
Atomic  Support  Agency, Depar tment  of Defense,  Washington, D. C. , 
August 1 96 6. 
Damon,  E. G. and R. K. J o n e s :  Defense Atomic Support  Agency P r o -  
j ec t ,  Lovelace  Foundation, Albuquerque, N. M. , unpublished da ta .  

Richmond, D. R . ,  V. C. Goldizen, V. R. C l a r e ,  and C. S. White, 
"The O v e r p r e s s u r e  -Duration Relationship and Lethali ty i n  Smal l  Ani- 
mals, ' ' Technical  P r o g r e s s  Repor t  No.  DASA 1325, Defense Atomic 
Support  Agency, Depar tment  of Defense,  Washington, D. C. ,  September  
10, 1962. 
Richmond, D. R .  e t  al. : Defense Atomic Support  Agency P r o j e c t ,  Love-  
lace Foundat ion,  Albuquerque,  N. M. , unpublished da ta .  

Richmond, D. R . ,  V. C. Goldizen, V. R .  C l a r e ,  D. E .  P r a t t ,  F. 
Sherping,  R .  T .  Sanchez, C. C. F i s c h e r ,  and C.  S. White, "The Bio-  
log ica l  Response  to  O v e r p r e s s u r e .  111. Mortali ty in Small Animals  
Exposed  in  a Shock Tube to  Sharp-Ris ing  O v e r p r e s s u r e s  of 3- to  4 -  
M s e c  Dura t ion ,  " Technical P r o g r e s s  Repor t  No.  DASA 1242,  Defense  
Atomic Support  Agency, Depar tment  of Defense,  Washington, D. C . ,  
J u n e  15, 1961. Also in  Aerospace  Med . ,  - 33: 1-27, 1962. 

Richmond, D. R. and C. S. White, "A Tentative Es t imat ion  of Man 's  
To le rance  to  O v e r p r e s s u r e s  f r o m  Air  Blas t ,  'I Technical  P r o g r e s s  R e -  
p o r t  No. DASA 1335, Defense Atomic Support  Agency, Depar tment  of 
Defense,  Washington, D. C . ,  November 7, 1966. 

Richmond, D. R . ,  R. V. Tabore l l i ,  F. Sherping, M. B. Wetherbe,  
R. T. Sanchez, V. C. Goldizen, and C. S. White, "Shock Tube Studies 
of the  Effects  of Sharp-Rising,  Long-Duration O v e r p r e s s u r e s  on Bio- 
log ica l  S y s t e m s ,  ' I  USAEC Technical  Repor t  TID-6056, Office of Tech-  
n ica l  S e r v i c e s ,  Depar tment  of C o m m e r c e ,  Washington, D. C. , March  
10, 1959. 

Damon, E. G . ,  D. R. Richmond,and  C. S. White, "The Ef fec t s  of Am- 
bient P r e s s u r e  on the To le rance  of Mice to  Air  B l a s t , "  Technical  P r o -  
g r e s s  Repor t  No. DASA 1483, Defense Atomic Support  Agency, Depa r t -  
men t  of Defense,  Washington, D. C., Apr i l  1963. Also in  Aerospace  
Med. ,  37: 341 -345, 1966. - -  

29 



12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Damon, E. G . ,  C. S. Gaylord,  W. Hicks,  J .  T .  Yelver ton,  D. R .  
Richmond, and C. S .  White, "The Effec ts  of Ambient P r e s s u r e  on 
To le rance  of Mammals  to Air  Blas t ,  I '  Technical  P r o g r e s s  Repor t  No.  
DASA 1852, Defense Atomic Support  Agency, Depar tment  of Defense,  
Washington, D. C . ,  August 1966. 

F roboese ,  M. and 0. Wiinsche, "Todl ichkei tsgrenzen fiir Albino- 
Rat ten be i  Luf t s tossebe las tung  in  Abhzngigkeit von d e r  S t ros s r i ch tung  
und Druckver laufs form" Rappor t  Ber ich t ,  Band I: Text,  2/  59, F r e n c h -  
G e r m a n  R e s e a r c h  Inst i tute ,  Saint-Louis ,  F r a n c e ,  June  30, 1959. 

Richmond, D. R . ,  M. B. Wetherbe,  R. V. Tabore l l i ,  T.  L. Chiffelle,  
and C. S. White, "The Biologic Response  to O v e r p r e s s u r e .  I. E f fec t s  
on Dogs of F i v e  to Ten-Second O v e r p r e s s u r e s  Having Var ious  T i m e s  
of P r e s s u r e  Rise ,  ' I  J. Aviat .  M e d . ,  - 28: 447-460, 1957, 

Richmond, D. R . ,  D. E. P r a t t ,  and C. S. White, "Orbi ta l  'Blow-Out '  
F r a c t u r e s  in Dogs Produced  by Air Blas t ,  " Technica l  Progress  Repor t  
No. DASA 1316, Defense Atomic Support  Agency, Depar tment  of De-  
fense ,  Washington, D. C . ,  Apri l  10, 1962. 

Wiinsche, 0. , "Die Biologische Wirkung Hoher  S tos s f r e i e r  Druck-  
belastung, ' I  Rappor t -Ber i ch t  2/64,  F r e n c h - G e r m a n  R e s e a r c h  Inst i tute ,  
Saint -Louis ,  F r a n c e ,  1 964. 

P r a t t ,  D. E . ,  T. L. Chiffelle,  E. G. Damon, and D. R.  Richmond, 
" P r o g r a m  4 - P r o j e c t  4 . 4 .  Threshold  Lung In jury  in Goats  f r o m  a 
500-Ton Explosion, ' I  i n  "Biomedical  P r o g r a m ,  500-Ton Explosion 
(F ina l  Repor t ) ,  DASA Repor t  No. 1656, T a b  'ID, Defense Atomic 
Support  Agency, Depa r tmen t  of Defense,  Washington, D. C . ,  1965. 

White, C. S . ,  I. G. Bowen, and D. R .  Richmond, "Biological T o l e r -  
ance  to  Ai r  B las t  and Related Biomedical  C r i t e r i a ,  ",USAEC Civil  
E f fec t s  T e s t  Opera t ions  Repor t ,  CEX-65.4 ,  Depa r tmen t  of C o m m e r c e ,  
Washington, D. C . ,  October  18, 1965. 

F i s h e r ,  R. B . ,  P. L. Krohn,  and S. Zucke rman ,  "The Relat ionship 
Between Body Size  and the  Letha l  Ef fec ts  of B las t ,  
Minis t ry  of Home Securi ty ,  Oxford,  England, December  10, 194 1. 

Bowen, I. G . ,  A. Holladay, E. R.  F l e t c h e r ,  D. R .  Richmond, and 
C. S .  White, "A Flu id-Mechanica l  Model of the Thoraco-Abdominal  
Sys tem with Applications to B las t  Biology, 
p o r t  No. DASA 1675, Defense Atomic  Support  Agency, Depar tment  of 
Defense,  Washington, D. C . ,  June  14, 1965. 

Repor t  R .  C. 284, 

Technica l  P r o g r e s s  R e -  

30 



DL STRIBUTION 

ARMY AGENCIES 

Chief of Research and Development, Life Sciences Division, Dept. of the Army, ATTN: 

Chief of Research and Development, Dept. of the Army, ATTN: CRDNCB, Washington, 

Assistant Chief of Staff for Intelligence, Dept. of the Army, ATTN: DFISS, Washington, 

Chief of Engineers, Department of the Army, ATTN: ENGTE-E, Washington, D. C. 

Directorate of Transportation, U. S. Army Materiel Cmd. , Washington, D. C. 20315 

Commanding General, Medical Research and Development Cmd. , Dept. of the Army, 
ATTN: MEDDH-N, Main Navy Building, Washington, D. C. 20360 (2 copies) 

Commandiilg General, Medical Research and Development Cmd. , Dept. of the Army, 
ATTN: MEDPS-CS, Main Navy Bldg. , Washington, D. C. 20360 (2 copies) 

Commanding General, Medical Research and Development Command, Dept. of Army, 
ATTN: MEDDH-RS, Main Navy Bldg. , Washington, D. C. 20360 (2 copies) 

U. S. Army CDC Artillery Agency, Fort Sill, Oklahoma 73503 (1 copy) 
President, Aviation Test Board, U. S. Army Aviation Center, Fort Rucker, Alabama 

36362 (1 copy) 
Assistant Chief of Staff fo r  Force Development, Dept. of the Army, ATTN: Directorate 

of CBR and Nuclear Operations, Washington, D. C. 
Commandant, U. S. Army C&GS College, ATTN: Archives, Fort Leavenworth, Kansas 

66027 (1 copy) 
Commandant, U. S. Army Air Defense School, ATTN: Command & Staff Dept., Fort  Bliss, 

Texas 79906 (1 copy) 
Commanding Officer, U. S. Army CDC Armor Agency, Fort  Knox, Kentucky 40120 

Commanding Officer, U. S. Army CDC Artillery Agency, Fort Sill, Oklahoma 73503 

Commanding Officer, U. S. Army CDC Infantry Agency, Fort Benning, Georgia 31905 

Commanding Officer, U. S. Army CDC CBR Agency, Fort McClellan, Alabama 36205 

Commandant., U. S. Army CBR, Weapons School, Dugway Proving Ground, Dugway, Utah 
84022 (1 copy) 

Commanding General, Army Medical Service School, Brooke Army Medical Center, 
ATTN: DCCO, Fort  Sam Houston, Texas 78234 (1 copy) 

Commanding General, The Engineer Center, ATTN: Asst Cmdt Engineer School, Fort 
Belvoir, Virginia 22060 (1 copy) 

Commanding General, 9th $Hospital Center, ATTN: CO, U. S. Army Nuclear Medicine 
Research Det. , Europe, APO New York 09180 (1 copy) 

Commanding Officer, U. S. Army Chemical Research and Development Lab. , Edgewood 
Arsenal, Maryland 21040 (1 copy) 

Commandant, Walter Reed Army Institute of Research, Walter Reed Army Medical Center, 
Washington; D. C. 20012 (5 copies) 

Commanding General, U. S. Army Natick Laboratories, ATTN: Technical Library, 
Natick, Massachusetts 01760 (1 copy) 

CRDLS, Washington, D.C. 20310 (1 copy) 

D.C. 20310 (1 copy) 

D. C. 20310 (1 copy) 

20315 (1 copy) 

(1 COPY) 

20310 (1 copy) 

(1 COPY) 

(1 COPY) 

(1 COPY) 

(1 COPY) 

31 



Commanding Officer, U. S. Army, Combat, Development Cmd. , Institute of Nuclear 
Studies, Fort  Bliss, Texas 79906 (1 copy) 

Commanding General, U. S. Army Combat Development Cmd., ATTN: CDC CD-F, Fort 
Belvoir, Virginia 22060 (2 copies) 

Commanding General, U. S.. Army, Combat Development Command, ATTN: Combat I 

Support Group, Fort Belvoir, Va 22060 (1 copy) 
Commanding Officer, U. S. -Army, Combat Development Cmd, Medical Service Agency, 

Fort  Sam Houston, Texas 78234 (1 copy) 
Commanding General, U. S. Army, Combat Development Cmd, Combat Arms Group, Fort 

Leavenworth, Kansas 66027 (1 copy) 
Director Armed Forces Institute of Pathology, Walter Reed Army Medical Center, 

625 16th Street, N. W.,  Washington, D. C. 20012 (1 copy) 
Director, Waterways Experiment Station, P. 0. Box 631, ATTN: Library, Vicksburg, 

Mississippi 39180 (1 copy) 
Director, U. S. Army Ballistic Research Laboratories, Aberdeen Proving Ground, Mary - 

land 21005 (2 copies) 
Redstone Scientific Info Center, U. S. Army Missile Cmd, <ATTN: Chief, Document 

Section, Redstone Arsenal, Alabama 35808 (1 copy) 
Commanding General, Army Materiel Command, ATTN: AMCRD-BN, Washington, D. C. 

20315 (1 copy) 
Commanding Officer, U. S. Army Nuclear Defense Laboratory, ATTN: Librarian, 

Edgewood Arsenal, Maryland 21040 (1 copy) 1 

Commanding General, Army Materiel Command, ATTN: EOD Division, Washington, 
D.C. 20315 (1 copy) 

Office of the Secretary of the Army, Assistant Director of OCD, ATTN: Research, 
Washington, D. C. 20310 (5 copies) 

NAVY AGENCIES 

Chief of Naval Operations, Navy Department, ATTN: OPOSEG, Washington, D. C. 

Chief of Naval Operations, Navy Department, ATTN: OP-75, Washington, D. C. 

Chief of Naval Operations, Navy Department, ATTN: OP-922G2, Washington, D. C. 

Chief of Naval Personnel, Tech Library, Code 11B, Navy Department, Washington, D. C. 

Chief of Naval Research, Navy Department, ATTN: Code 811, Washington, D. C. 20390 

Chief, Bureau of Medicine and Surgery, Navy Department, ATTN: Code 74, Washington, 

Chief, Bureau of Medicine and Surgery, Navy Department, ATTN: Code 71, Washington, 

Chief, NAVSHIPS, Navy Department, ATTN: Code 423, Washington, D. C. 20390, (1 copy 
Chief, NAVSHIPS, Navy Department, ATTN: Code 364, Washington, D. C. 20390 (1 copy 
Director, U. S. Naval Research Laboratory, Washington, D. C. 20390 (1 copy) . 
Commander, U. S. Naval Ordnance Laboratory, White Oak, Maryland 20910 (1 copy) 
CO, U. S. Naval Mine Defense Laboratory, Panama City; Florida 32401 (1 copy), 
CO, U. S. Naval Unit, U. S. Army Chemical School, Fort  McClellan, Alabama 36205 

20350 
(1 COPY) 

(1 COPY) 
20350 

20350 (1 copy) 

20370 (1 copy) 

(1 COPY) 

D.C. 20390 (2 copies) ' 1  

D.C. 20390 (1 copy) 

(1 COPY) ' .  

32 



Nuclear Medicine Division, School of Submarine Medicine, U. S. Naval Submarine Medical 
Center, Box 600, U. S. Naval Submarine Base, New London, Groton, Connecticut 
06340 (1 copy) 

CO, U.S. Naval Hospital, ATTN: Director, REEL, NNMC, Bethesda, Md. 20014 

CO and Director, U. S. NRDL, ATTN: Tech Info Div, San Francisco, California 94135 

CO, Nuclear Weapons Training Center, Atlantic, U. S. Naval Base, ATTN: Nuclear 

CO, Nuclear Weapons Training Center, Pacific, U. S. Naval Air Station, North Island, 

CO, U. S. Naval Damage Control Training Center, Naval Base, ATTN: NBC Defense 

Superintendent, U. S. Naval Postgraduate School, Monterey, California 93940 (1 copy;) 
U. S. Naval Schools Command, T. I . ,  NBC Defense Dept. , Box 104, Bldg 194, ATTN: 

Commanding Officer, U. S. Naval Air Development Center, ATTN: NAS, Librarian, 

Officer in Charge, U. S. Naval Supply Research and Development Facility, Naval Supply 

Commanding Officer, U. S. Naval Medical Research Institute, National Naval Medical 

Commandant, U. S. Marine Corps, ATTN: Code A03H, Washington, D. C. 20380 (1 copy) 
U. S. Naval School of Aviation Medicine, U. S. Naval Aviation Medical Center, ATTN: 

Commanding Officer, U. S. Naval Weapons Laboratory, Dahlgren, Virginia 22448 (1 copy) 
David Taylor Model Basin, Code 258, Washington, D. C. 20007 (2 copies) 
Commander, Naval Facilities Engineering Command, Department of the Navy, Washington, 

Commander, U. S. Naval Applied Science Laboratory (Code 900), Naval Base, Brooklyn, 

U. S. Naval Ordnance Test Station, Code 4563, China Lake, California 93555 (2 copies) 

(1 COPY) 

(4 copies) 

Warfare Department, Norfolk, Virginia 23511 (1 copy) 

San Diego, California 92135 (1 copy) 

Course, Philadelphia, Pennsylvania 19112 (1 copy) 

Tech Library, San Francisco, California 94130 (1 copy) 

Johnsville, Pennsylvania 18974 (1 copy) 

Center, Bayonne, New Jersey 07002 (1 copy) 

Center, Technical Reference Library, Bethesda, Maryland 20014 (2 copies) 

Director of Research, Pensacola, Florida 32508 (1 copy) 

D.C. 20390 (1 copy) 

New York 11251 (1 copy) 

AIR FORCE AGENCIES 

HQ USAF (1 copy) 
HQ USAF (AFMSPA) T-8, Wash DC 20333 (1 copy) 
HQ USAF (AFMSR), T-8, Wash DC 20333 (1 copy) 
HQ USAF, Chief of.Operations and Analysis, Wash DC 20330 (1 copy) 
HQ USAF (AFRSTA), Wash DC 20330 (1 copy) 
HQ USAF (AFTAC); 6801 Telegraph Road, Alexandria, Va. 22310 (1 copy) 
HQ USAF (AFRDD), Wash DC 20330 (1 copy) 

AIR FORCE MAJOR COMMANDS 

AFSC (SCS-7), *Andrews AFB, Wash DC 20331 (1 copy) 
AFSC (SCB), Andrews AFB, Wash DC 20331 (1 copy) 
AFSC (SCTR), Andrews-AFB, Wash DC 20331 -(1 copy) ~ 

ADC, Asst for  Atomic Erfergy, ADLDCA, Ent AFB, Colorado 80912 (1 copy) 
AUL, Maxwell AFB, Alabama - 36112 (1 copy) 
SAC (OA), Offutt AFB, Nebraska 68113 (1 copy) 
SAC (SUP), Offutt AFB, Nebraska 68113 (1 copy) 

33 



TAC (OA), Langley AFB, Virginia 23365 (1 copy) 
AU, Office of the Surgeon, Maxwell AFB, Alabama 36112 (1 copy) 
ATC, Office of the Surgeon, Randolph AFB, Texas 78148 (1 copy) 

AFSC ORGANIZATIONS 

AFSC Scientific and Tech Liaison Office, RTD, ATTN: AFUPO, Los Angeles, California 

HQ, RTD (RTTW), Bolling AFB, Wash DC 20332 (1 copy) 
HQ, FTD .(TDFBD), Wright-Patterson AFB, Ohio 45433 (1 copy) 
HQ, BSD (BSR-l), Norton AFB, California 92409 (1 copy) 
HQ, ASD (ASMM), Wright-Patterson AFB, Ohio 45433 (1 copy) 
HQ, RTD(SEG/SENS), Wright -Patterson AFB, Ohio 45433 (1 copy) 
AFAPL(APS), Wright-Patterson AFB, Ohio 45433 (1 copy) 
AFAL(AVS), Wright-Patterson AFB, Ohio 45433 (1 copy) 
AFML(MAS), Wright-Patterson AFB, Ohio ' 45433 (1 copy) 
HQ SSD(SSTR), AFUPO 45, Los Angeles, California 90045 (1 copy) 
RADC(EMEAM), Griffiss AFB, NY 13440 (1 copy) 
AFWL(WLR), Kirtland AFB, New Mexico. 87117 (1 copy) 
AFRPL(RPPP), Edwards AFB, California 93523 (1 copy) 
HQ ESD (ESLE), L. G. Hanscom Fld, Bedford, Mass. 
HQ AMD (AMR), Brooks AFB Tex 78235 (1 copy) 
HQ AMD (AMRB), Brooks AFB Tex 78235 (1 copy) 
HQ AMD (AMRO), Brooks AFB Tex 78235 (1 copy) 
AFSWC (SWLA), Kirtland AFB NMex 87117 (1 copy) 
AFWL (WLIL), Kirtland AFB NMex 87117 (1 copy) 
AFWL (WLRB), Kirtland AFB NMex 87117 (2 copies) 
USAF SAM (SMB), Brooks AFB Tex 78235 (1 copy) 
6570 AMRL, Wright-Patterson AFB, Ohio 45433 (2 copies) 
6571 ARL, Holloman AFB NMex 88330 (1 copy) 

90045 (1 copy) 

01731 (1 copy) 

OTHER AIR FORCE AGENCIES 

AFCRL, ATTN: CRWT-2, L. G. Hanscom Fld, Bedford, Mass. 
Director, USAF Project Rand, AF Liaison Officer, Rand Corp (Library), 1700 Main St. , 
Medical Service School (Rad Branch), Sheppard AFB Tex 76311 (1 copy) 
HQ OAR (RROS), 1400 Wilson Blvd, Arlington, Virginia 22209 (1 copy) 
AFOSR (SRGL), 1400 Wilson Blvd, Arlington, Virginia 22209 (1 copy) 
AFIT (Tech Library), Wright -Patterson AFB, Ohio 45433 (1 copy) 
Air Force Western Test  Range (WTOSM), Vandenberg AFB, California '93437 (1 copy) 

01731 (1 copy) 

Santa Monica, California 90401 (1 copy) 

DEPARTMENT OF DEFENSE AGENCIES 

DDC, Cameron Station, Alexandria, Virginia 22314 (20 copies) 
Director of Defense Research and Engineering, ATTN: Tech Library, Washington, D. C. 

Director of Defense Research and Engineering, ATTN: Chief, Medical Services Division, 

Director, Defense Atomic Support Agency, ATTN: Document Library, Washington, D. C. 

20301 (1 copy) 

Office of Science, Washington, D. C. 20301 (1 copy) 

20301 (3 copies) 

34 



Director, Defense Atomic Support Agency, ATTN: STMD (For TTCP), Washington, D. C. 

Commander, Test  Command, Defense Atomic Support Agency, Sandia Base, Albuquerque, 

Commander, Field Command, Defense Atomic Support Agency, Sandia Base, ATTN: 

Commander, Field Command, Defense Atomic Support Agency, ATTN: FCTG, 

Director, Armed Forces Radiobiology Research Institute, National Naval Medical Center, 

Director, Weapons Systems Evaluation Group, Washington, D. C. 
U. S. Documents Officer, Office of the United States National Military Representative- 

SHAPE, APO, New York, New York 09055 (1 copy) 
Director, Armed Forces Institute of Pathology, Walter Reed Army Medical Center, 

Washington, D. C. 20012 (1 copy) 
Director, ARPA, DOD, ATTN: Tech Info Officer, the Pentagon, Washington, D. C. 20301 

Director, DIA, ATTN: DIAAP-IKZ, Washington, D. C. 20301 (1 copy) 

20301 (12 copies) 

New Mexico 87115 (1 copy) 

Surgeon, Albuquerque, New Mexico 87115 (1 copy) 

Albuquerque, New Mexico 87115 (1 copy) 

Bethesda, Maryland 20014 (2 copies) 
20305 (1 copy) 

(1 COPY) 

OTHER FEDERAL AGENCIES 

Atomic Energy Commission, ATTN: Asst. Director for  Medicine & Health Research, 

Atomic Energy Commission, Civil Effects Branch, Div of Biology and Medicine, Washing- 

Atomic Energy Commission, Div of Technical Information Extension, P. 0. Box 62, Oak 

Director, National Aeronautics & Space Admin., Washington, D. C. 20546 (1 copy) 
National Aeronautics and Space Admin. , ATTN: Director, Life Sciences Program, 

National Library of Medicine, Accessions Branch, 8600 Wisconsin Ave. , Bethesda, 

Federal  Air Surgeon, (AM-1) HQ Federal Aviation Agency, 800 Independence Ave. , S. W., 

Public Health Service, 4th and Jefferson Drive, S .  W., Washington, D. C. 20201 (1 copy) 
Public Health Service, Southwest Radiological Health Lab., ATTN: Tech Library, P. 0. 

USPHS, Research Branch, Division of Radiological Health, 1901 Chapman Av. , Rockville, 

USPHS, S. E. Radiobiology Health Laboratory, PO Box 61, Montgomery, Alabama 36101 

Lawerence Radiation Lab., U. of Calif., P. 0. Box 808, ATTN: Information Integration 

Argonne National Laboratory, 9700 South Cass Ave., ATTN: Medical Div., Argonne, 

Batelle N. W. Laboratory, P. 0. Box 999, ATTN: Dr. Bair, Rickland, Washington 

Brookhaven National Laboratory, Tech Information Div. , Documents Group, Upton, 

Los Alamos Scientific Laboratory, ATTN: Biomedical Research Group, P. 0. Box 1663, 

DBM, Washington, D.C. 20545 (1 copy) 

ton, D. C. 20545 (150 copies) 

Ridge, Tenn. 37830 (300 copies) 

Washington, D.C. 20546 (1 copy) 

Maryland 20014 (1 copy) 

Washington, D.C. 20553 (1 copy) 

Box 684, Las Vegas, Nevada 89101 (1 copy) 

Md. 20853 (1 copy) 

(1 COPY) 

Group, Livermore, California 94550 (1 copy) 

Illinois 60440 (1 copy) 

99352 (1 copy) 

New York 14100 (1 copy) 

Los Alamos, New Mexico 87544 (1 copy) 

35 



Lawrence $Radiation Laboratory, U. of California, P. 0. Box 808, ATTN: Biomedical 
Research Div., Livermore, California 94550 (1 copy) 

NON FEDERAL AGENCIES 

National Academy of Sciences, ATTN: Richard Park, 2101 Constitution Ave. , Washington, 
D. C. 20418 (5 copies) 

Eric H. Wang Civil Engineering Research Facility, Box 188, University Station, U. of 
New nhexico, Albuquerque, New Mexico 87106 (1 copy) . . 

Southwest Research Institute, ATTN: Technical Library, 8500 Culebra Road, San Antonio, 
Texas 78228 (1 copy) ? 

Medical College of So. Carolina, Dept of Surgery; ATTN: Dr. 'M. S. Rittenbury, 
55 Doughty St. , Charleston, So. Carolina 29403 (11 copy) 

Cincinnati General Hospital, Radioisotope Lab. , ATTN: Dr. E. L. Saenger, Cincinnati, 
Ohio 45229 (1 copy) 

New York State Veterinary College, Cornel1 U. , Dept. of Physical Biology, -,ATTN: 
Dr. Comar, Ithaca, New York 14850 (1 copy) 

Lovelace Foundation'for Medical Education & Research, 5200 Gibson Blvd., .S. E., ATTN: 
Dr. C. S. White, Albuquerque, New Mexico 87108 (50 copies) 

The Rand Corporation, 1700 Main St.,  Santa Monica, Cam. 
U. of Rochester, School of Medicine & Dentistry, Dept of Radiation Biology, P. 0. Box 

287, Station 3, Rochester, New York 14620 (1 copy) 
U. of Rochester, P. 0. Box'287, Station 3, ATTN: Atomic Energy Project Library, 

U. of New Mexico, ATTN: Library, Albuquerque, New Mexico 87106 (1 copy) 
U. of Pennsylvania Medical School, Medicals Library, ATTN: Librarian for Blast Biology, 

San Francisco State College, 1600 Holloway Ave., ATTN: Dr. Curtis Newcombe, 

Baylor University, ATTN: Document Library, 5th and Speight, Waco, Texas 76703 , 

University of California, ATTN: Director Radiobiology Lab. , Davis, California 95616 

Laboratory of Nuclear Medicine & Radiation Biology School'of Medicine,t U. of Calif. , 

Colorado State University, ATTN: Dir Collaborative Radiological Health Laboratory, 

Mass  Institute of Technology, ATTN: MIT Library, .Cambridge, Mass 02139 (1 copy) 
Polaroid Corp, ATTN: Tech Library, 119 Windsor St., Cambridge, Mass  02139 (1 copy) 
Medical College of Virginia, ATTN: Dept of. Biophysics, 523 N. 12th St., Richmond, 

Sandia Corporation, P. 0. Box 5800, ATTN: Dir of Research, Albuquerque, New Mexico 

904012 (1 copy) 

Rochester, New York 14620 (1 copy) , I  

Philadelphia, Penn. 19104 (1 copy) 

San Francisco, Calif 94132 (1 copy) 

(1 COPY) ' 

(1 COPY) 

- 

ATTN: Library, 900 Veteran Ave., Los Angeles, Calif 90024 (1. copy) 

Ft. Collins, Colo 80521 (1 copy) c ,  

Virginia 23219 (1 copy) 

87115 (2 copies) 

36 



Security Classification . .  
DOCUMENTCONTROLDATA- RBD 

(Security c lass i f ica t ion  of t i t l e .  body of abstract end indexing annotation must be entered when the overall report 15 c l a s s i f ~ e d )  

1 ORIGINATING ACTIV ITY (Corporate author) 2 a  R E P O R T  SECURITY C L A S S I F I C A T I O N  

Lovelace Foundation f o r  Medical Education & Research 
Albuquerque, New Mexico 87108 

UNCLASSIFIED 
2 b  GROUP 

3. REPORT T I T L E  

The Rela t ionship  Between Selected Blast-Wave Parameters and t h e  Response of 
Mammals Exposed to A i r  B l a s t  

4. DESCRIPTIVE NOTES (Type of report and inclusive dates )  

5 AU=fLasI name. f i rs t  name, initial) 
Pr 

Richmond, D.  R. ; Damon, E.G. ; Fle t che r ,  E. R. ; Bowen, I . G .  ; White, C. S. 

6. R E P 0  RT DATE 

-November 1966 
7 e .  T O T A L  NO.  O F  PAGES 7 6 .  NO. O F  R E F S  

38 20 

DASA 1860 

1 1  SUPPLEMENTARY NOTES 

96. O T H E R  R E P O R T  N M S )  ( A n y  OtJternumban, that may be aasigned 
this report) 

12 SPONSORING MIL ITARY ACTIV ITY 

DA SA 

8 a .  C O N T R A C T  OR G R A N T  NO. I 9a. ORIGINATOR'S REPORT  NUMBER^) 

DA - 49 1146-XZ-372 
b. P R O J E C T  NO.  

03.012 
C .  

d. I 
10. A V A  ILABIL ITY/L IMITATION NOTICES 

Dis t r ibu t ion  of t h i s  r epor t  is unlimited.  

Security Classification 



Security Classification 
14. 

K E Y  WORDS 

B l a s t  
Shock 
B i o  logic a 1 
Effect 
R e f l e c t e d  Overpressure 
Pressure/Time Re la t ionsh ip  

INSTRUCTIONl 

1. ORIGINATING ACTIVITY Enter the  name and address  
>f t h e  contractor, subcontractor, grantee, Department of De- 
‘ense act ivi ty  or other  organization (corporate euthor) i s su ing  
.he report. 
Ze. R E P O R T  SECUlaTY CLASSIFICATION: Enter  t h e  over- 
all securi ty  c lass i f ica t ion  of the  report. Indicate  whether . 
‘Restr ic ted Data” is included. Marking is to b e  in  accord- 
ance with appropriate securi ty  regulations. 
Ib. G R O U P  Automatic downgrading is spec i f ied  in  DOD Di- 
,ect ive 5200.10 and Armed F o r c e s  Industr ia l  Manual. Enter  
.he group number. Also, when appl icable ,  show that  optional 
markings have been  used for Group 3 and Group 4 ‘as  author- 
ized. 
I: R E P O R T  TITLE: Enter t h e  complete  report t i t l e  in  $1 
:apital letters. T i t l e s  i n  a l l  c a s e s  should b e  unclassified. 
:f a meaningful t i t l e  cannot  be  se lec ted  without c lass i f ica-  
ion, show t i t l e  c lass i f ica t ion  i n  all c a p i t a l s  in  parenthes is  
mmediately following the title. 
I, DESCRIPTIVE NOTES If appropriate, enter  the  type of 
eport, e. g., interim, progress ,  summary, annual, or final. 
> ive  the inclusive d a t e s  when a spec i f ic  reporting period is 
:overed. 
i. AUTHOR(S): -Enter  the  name(s) of au thods)  a s  shown on  
w i n  t h e  report. 
f military, show rank and branch of service. T h e  name of 
h e  principal author i s  a n  absolu te  minimum requirement. 
i, Enter  t h e  d a t e  of the  report a s  day, 
nonth, year; or month, year. If more than  one  da te  appears  
in t h e  report, u s e  d a t e  of publication. 
le. TOTAL NUMBER O F . P A G E S  T h e  total  ,page count  
;hould follow normal pagination procedures, i. e., enter  t h e  
lumber of p a g e s  containing information. 

7b. NUMBER OF R E F E R E N C E S  Enter the  total  number of 
.eferences c i ted  in t h e  report. . 

3 8 .  CONTRACT OR GRANT NUMBER: If appropriate, enter  
.he appl icable  number of t h e  contract  or grant under, which 
.he  report w a s  wr i t ten  
,b, 8c, & 8d. PROJECT NUMBER Enter  t h e  appropriate 
iilitary department .identification, such  a s  project  number, 
ubproject number, sys tem numbers, t a s k  number, etc. 
a. ORIGINATOR’S R E P O R T  NUMBER@): Enter  t h e  offi- 
i a l  report number b y  which the  document will b e  identified 
nd controlled by t h e  originating activity. T h i s  number must 
e unique to  t h i s  report. 
b. OTHER R E P O R T  NUMBER(S): If t h e  report h a s  been 
ss igned  any other  report numbers .(either b y  the  originator 
r b y  the  sponsor), a l s o  enter  t h i s  number(s). 

Enter  l a s t  name, first name, middle initial. 

REPORT DATE: 

. 

. L I N K  A 

R O L E  W T  

L I N K  .B 

R O L E  W T  

L I N K  C 

.O. AVAILABILITY/LIMITATION NOTICES Enter  any lim- 
i ta t ions on further disseminat ion of the report, other than thost 
imposed by securi ty  c lassi f icat ion,  using standard s ta tements  
such as: 

(1) 

(2) 

(3) 

“Qualified requesters  may obtain copies  of t h i s  
report from D D C ”  
“Foreign announcement and disseminat ion of t h i s  
report by DDC is not authorized.’! 
“U. S. Government agencies  may obtain c o p i e s  of 
t h i s  report direct ly  from DDC. Other qualified DDC 
u s e r s  i h a l l  request  through 

. 

I #  

(4) - “U. S. military a g e n c i e s  may obtain c o p i e s  of t h i s  
report direct ly  from D D C  Other  qualified u s e r s  
sha l l  request  through 

I #  

(5) “All dis t r ibut ion of t h i s  report is controlled. Qual- 
ified DDC u s e r s  shal l  request  through 

P t  

If t h e  report h a s  been furnished to t h e  Office of Technical  
Services ,  Department of Commerce, for s a l e  to the public, ind. 
c a t e  this fac t  and enter  t h e  price, i f  known. 
11. SUPPLEMENTARY NOTES: U s e  for additional explana- 
tory ’notes. 
12. SPONSORING MILITARY ACTIVITY Enter  the  name of 
t h e  departmental project  off ice  or laboratory sponsoring (pep 
ing for) t h e  research  and development. Include address. 
13. ABSTRACT: Enter an abstract  giving a brief and factual  
summary of  the document indicative of the  report, even  though 
it may a l s o  appear ,e lsewhere in the  body of t h e  technical  re- 
port. 
sha l l  be  at tached.  

ports b e  unclassif ied.  Each paragraph of the  abstract  sha l l  
end with’ a n  indicat ion of the  mil i tary-securi ty  c lassi f icat ion 
of the  information in the  paragraph, represented a s  (TS), (S), 
‘C), or (U). 

ever, the suggested length i s  from 150 to.225 words. 
14. KEY WORDS: Key words a re  technical ly  meaningful terms 
or short  phrases  that character ize  a report and may b e  used as 
index entr ies  for cataloging the.report. Key words must b e  
se lec ted  so that no securi ty  c lassi f icat ion i s  required. Iden- 
f iers ,  such  a s  equipment mo,del. designat ion,  t rade name, wili- 
tary project code name, geographic locat ion,  may be  used a s  
key words but  will tie followed by an i,ndication of technical  
context. T h e  assignment of l inks,  rules ,  and weights i s  
ootional. 

If additional s p a c e  i s  required, a continuation.sheet 

It i s  highly desirable  that  the abstract  of, c lass i f ied  re- 

There  i s  no  limitation on the length of t h e  abstract .  HOW- 

/-- 

Security Classification 



DD Form 1473 Cont inued  

DASA-1860 (Abstract) 

was related t o  b o t h  t h e  b l a s t  d o s e  and t h e  increase i n  lung we igh t  o v e r  
c o n t r o l  v a l u e s .  Fo r  larger an ima l s ,  t h e  t h r e s h o l d  fo r  p e t e c h i a l  hemorrhage 
was n e a r  10 t o  15 p s i  a t  "long" d u r a t i o n s  and 30 t o  35 p s i  f o r  p u l s e s  of 5 
msec . A t  LDs0 v a l u e s  lung  w e i g h t s  were t w o  t o  f o u r  t i m e s  normal .  

from l e t h a l i t y  and l u n g - i n j u r y  expe r imen t s  i n d i c a t e d  t h a t :  eardrum re- 
s p o n s e  t o  b l a s t  p r e s s u r e s  is s u b j e c t  t o  wide v a r i a t i o n ;  a d u r a t i o n  e f fec t  was 
obse rved  i n  sheep ,  w i t h  38-per  c e n t  r u p t u r e  r e c o r d e d  a t  21 .4  p s i  for  dura -  
t i o n s  n e a r  100 msec v e r s u s  no eardrum r u p t u r e  a t  3 2 . 4  p s i  when t h e  dura-  
t i o n s  were about  5 msec; and t h e  s e v e r i t y  of ear damage i n c r e a s e d  w i t h  t h e  
i n t e n s i t y  of t h e  b l a s t .  

From t h e  p r e s e n t e d  d a t a ,  t e n t a t i v e  e s t i m a t i o n s  of man's r e s p o n s e  
t o  " f a s t " - r i s i n g  p r e s s u r e s  of 3-msec d u r a t i o n  were compiled.  P r e s s u r e s  
f o r  t h r e s h o l d  and s e v e r e  lung-hemorrhage l e v e l s  were 30 t o  40 and above 
80 p s i ,  r e s p e c t i v e l y .  The threshold  for  l e t h a l i t y  w a s  100 t o  120 p s i  w i t h  
a n  LD50 r a n g e  of 130 t o  180 p s i .  Time-honored estimates f o r  human ea r -  
drum r u p t u r e  v a l u e s  of 5 and 15 p s i ,  r e s p e c t i b e l y ,  ?or t h r e s h o l d  and 50- 
p e r  c e n t  c o u l d  no t  be r e v i s e d  a t  t h i s  t i m e .  

The estimates were g i v e n  i n  terms of maximal e f f e c t i v e  p r e s s u r e s ,  
w h i c h  may be r e c e i v e d  from t h e  i n c i d e n t ,  i n c i d e n t  p l u s  dynamic, o r  re- 
f l e c t e d  p r e s s u r e ,  dependent  on o r i e n t a t i o n .  Fo r  an  i n d i v i d u a l  a g a i n s t  a 
r e f l e c t i n g  s u r f a c e  t h a t  i s  normal  t o  t h e  i n c i d e n t  shock ,  o r  prone  w i t h  t h e  
c h a r g e  d e t o n a t e d  ove rhead ,  t h e  maximal e f f e c t i v e  dose  i s  t h e  r e f l e c t e d  
p r e s s u r e .  If, however, t h e  man i s  s t a n d i n g  a f e w  feet f r o m  t h i s  same re- 
f l e c t i n g  s u r f a c e  o r  d i r e c t l y  below t h e  c h a r g e ,  h e  is s u b j e c t e d  t o  p r e s s u r e s  
t h a t  rise i n  t w o  s t e p s ;  whereas ,  i n  t h e  former s i t u a t i o n ,  t h e  maximal ef- 
f e c t i v e  p r e s s u r e  would p robab ly  be  the i n c i d e n t  p l u s  t h e  dynamic p r e s s u r e s  
i n  t h e  rirst s t e m  and ,  i n  t h e  l a t t e r ,  o n l y  t h e  s ide -on  i n c i d e n t  p r e s s u r e  i n  
t h e  i n i t i a l  s t e p .  The e x a c t  d i s t a n c e  from a reflecting s u r f a c e  where t h e  
e f f e c t i v e  p r e s s u r e  changes  from t h e  reflected t o  i n c i d e n t ,  or i n c i d e n t  p l u s  
dynamic,  canno t  be  s ta ted f o r  man a t  t h i s  t i m e .  Fo r  p e r s o n n e l  s t a n d i n g  
or  prone-s ide-on  t o  t h e  charge when i t  is d e t o n a t e d  a t  or near the sur- 
f a c e ,  t h e  s i d e - o n  i n c i d e n t  p l u s  dynamic p r e s s u r e s  become t h e  e f f e c t i v e  
p r e s s u r e ;  however, w i t h  o r i e n t a t i o n s  end-on i n  this s i t u a t i o n ,  o n l y  t h e  
s i d e - o n  i n c i d e n t  p r e s s u r e  a p p e a r s  t o  be t h e  maximal e f f e c t i v e  p r e s s u r e .  

E a r  i n j u r y  was n o t  s y s t e m a t i c a l l y  s t u d i e d ;  however, da ta  g l e a n e d  
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